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THE GAS LAWS

Various gas laws were given from time to time to explain
the behaviour of gases.

1. Boyle’s law :  The volume of given mass of a gas is
inversely proportional to pressure at constant temperature,

V o % (at constant mass and T')

or PV =constant «(1)

2. Charles’ law : The volume of given mass of a gas is

directly proportional to absolute temperature at constant
pressure.

VeT

or ( L 4 =constant( ) «(2)

- aret's (oo )
3. Presnr;e-tempernture law : The pressure of a given
mass of a gas is directly proportional to temperature at constant

volume.

(at constant mass and P)

PoT (at constant mass and V')
or % = constant ..(3)
4. The Gas equation :

PV =RT (for one mole gas) ...(4)
and PV =nRT (fornmolegas) ..(5)
w w
= — % =— (6
PV i RT ( n=ar ) 6)

where, R is molar gas constant, w is mass of gas and M is
molar mass of gas.
5. Physical significance of R and its values in different
units: )
For 1 mole of an ideal gas
_ PV _ Pressure X Volume
k== Temporature
_ (Force / Area) X (Area X Length) _ Force X Length
- Temperature "~ Temperature
Thus, R represents work done per degree per mol. The
values of R may be calculated in different units.

Since, | mole of any gas at NTP (273 K and 1 atm)
occupies 22.4 litre.

R= %3—?—4 =0.0821 lit-atm per degree per mol
To calculate R in CGS unit,
n=1mole,

P=latm=76cm
Hg = 76 136 x981dyne /cm?

V =22400cc, T=273K
R =16x13.6x981 % 22400
273

=8.314x10 erg degree ™' mol ™'
NOTE : (i) While solving the numericals one should keep in mind

proper units.
Litre atmosphere CGS MKS
P atm dyne cm™ Nm~2 or Pa
14 litre cm’ or mL m’
w g g kg
M g g kg

R 0.821 litre - atm K™'mol™" 8.314 x 107 erg K™'mol™' 8.314 J K™ mol™'

T Kelvin Kelvin

The other values of R = 2 calorie K™' mol™'
=2x107 keal K™ mol™
=5.18976 x 10" VK™ mol™
=831 m*Pa K™'mol™' or kPa dm*K 'mol™’
=82.06atmcm’ K™' mol™
=62.36 litre torr K™' mol™
=2783 feet poundal K™' mol™'

(ii) Standard ambient temperature and pressure (SATP)
represents P =1 bar =0.987atm=10°Pa and
T =25°C.

(iii) Volume of 1 mole gas at 1 bar and 0° Cis 22.71 litre.

(iv) Volume of | mole gas at STP.

(v) Volume of 1 mole gas at SATP is 24.79 litre.

Kelvin



(vi) Isothermal compressibility constant for an ideal gas,

p=-1far) _1
V\oP),r P
(vii) Thermal expansion coefficient of an ideal gas,
‘u‘:l B_V —l
vioP),, T

6. NTP or STP : NTP is referred as normal temperature
and pressure.

STP is referred as standard temperature and pressure.

Both represent the state when

P =1atm = 76 cm, Hg = 760 mm, Hg = 760 torr

=101325 Pascal = 0.987 bar

T=0°C=273.14K=273K

7. Dalton’s law of partial pressure : The pressure
exerted by a gaseous mixture (P, ) is equal to the sum of
partial pressure of each component present in mixture, i.e.,

Py =P4 +Pg +Pc+.. A7)

where, P4, Pg...are partial pressures of each component
in the mixture, defined as the pressure which it would exert if
same amount is filled alone in the same container at same
temperature. The law is valid only for gases which do not
combine with each other under normal conditions.

Let n4 mole of 4, np mole of B... be filled in a container of
volume V at temperature 7, then

Pi=lng #ny +nc+...)R7T (8

Also, Pj=ny KVZ -9

Fd . B4 .(10)
PM ny +ng +nc+..
or P} =Py x mole fraction of A4 in mixture
or P’ =Py x mole fraction of
component in mixture ..(11)
Saturated vapours do not obey gas laws except
Dalton’s law of partial pressure, i.e.,
Pnnilps=Pdryga:+Pwnwrvapo\w

NOTE : 1.

Pd.ryys =Prnoi!ps"Pwncr vapour
= Proist gas —2Queous tension
2. Aqueous tension remains constant at constant
temperature.
3. Relative humidity
Mass of H,0y in air
= Mass of H,0y) required to saturate air
8. Graham’s law of diffusion : The rate of di.ffusion )
of a gas at constant temperature is d@rectly proportional to !ts
pressure as well as inversely proportional to square root of its
vapour density or molar mass.

ru:P and r“J——A:I——
P

or ""‘m

(at constant temperature)
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For gas I R < ———,__Ml
Py
For gas II r o< —‘ﬁr—z-
n_b, (..M_z-) (atconstant?)  ..(12)
n P M,

If pressure is also constant

n_ ((Mz)_ (ﬁ) (atconstantPand7) ...(13)
n M, d,

where, d,, d, are vapour densities of gases and

VD, = Tolarmess

The rate of diffusion » may also be expressed as
r= % where ¥ volume of gas diffuses in time ¢

r= % where n mole of gas diffuses in time ¢

r= % where d distance is travelled by gas molecules in
time ¢

. By Eq. (12) at constant T By Eq. (13) at constant P and T

W b , M\ P i b M,

—X—== || == |x— —X==_|— (14
t % (MI *P, 4 7, M, 1
n b Mz) Py n ot M,

Bz 22 )xl k2o I 22 (1
L om (MI Py 4 x"z M, (1)
d _n (Mz) P d tn M,

Axl= | 2 x2d Lx2= |2

4 d, M,) P, L dy M, (16)

Also, in terms of mass of gas diffused, Eq. (15) may be

written as
—‘Wl X—'M2t2= &
Mty wy M,
wo b [(M), M
tl wy Ml MZ
w b M,
or —X—==_[| — 5017
how (Mz) an

. Ifa mi{(ture of heavier gas B and a lighter gas A is placed
in contact with a porous barrier, the gas passing through will be
VM,

enriched in lighter component by a factor %, called
enr!'chment factor because lighter molecules effuse more
rapidly th.an heavier one. The remaining gas will be enriched in
the heavier component. Each passage gives an enrichment

M
M_: and so thousands of such barriers in

succession are necessary to provide sufficient enrichment of
heavier component.

factor equal to



Gaseous State

Thus, enrichment factor for first barrier or operation
fi= M
M,

ny/ng

ny/ng
where, n,, ny and n);, nj are the concentrations of two
isotopically different components before and after processing.

g the required enrichment of gas 4 is attained in x-operations
en,

. Overall separation or enrichment factor /" =

’

’
nying
e

nA/nB =f

or xlog fi =log [M]

nying

My 1" n'y/ng
or xlog| =2 | =log|l48
g[MA] og['u/"s]

x MB n;/’l;
or Zlog| —=|=log| 2=~
2 g[MA] Og['u/"a]

2'°3(:A;:B) 21

or  x= s ) _2logf (18)
lo ﬂ lo ﬂ
e\ 3z, 237

P

. oo o dP
Note : 1. Instantaneous rate of diffusion, P 7;{. .

On integration under limits A, to P, and from 0 to ¢, we

get
- ke
P,=R-e ¥
2. Rate of diffusion, %—t’ at constant P and 7, through a pin
hole of area 4
v _4 2
ar 3Vn ™
9, The kinetic equation : For a gas,
PV =%mnu,2m, (19)

where, P is its pressure, V is its volume, m is mass of one
molecule, 7 is no. of molecules of gas
U,me 18 root mean square speed

_ u,2+u§+u§+... _ _Zyi
- n N

Also, if n; molecules are moving with speed uj,nm,

molecules with speed u, and so on, then,
Vs =\/n|u,2 +mpu? + nyud 4. - f};m,z .2
n o+ ny +n In
If there is 1 mole of gas then m x N = molar mass
(sn=N =Av.No)
! 4

PV=§Mu,2,,. or Ui = =

.(20)

3
_ 3BV \_ [(3RT\_ (3P
o "'\/( M) \/( M )"\/(d) )
M
( iz 'dm"y)
NOTE : White calculating « one should keep in mind,
(a) The proper units of terms
CGS MKS
u cm/sec m/sec
P dyne/cm’® Nm?
Vv cm® m’
M g kg
R erg joule
d cm’ kg /m’

" If temperature is mentioned, always use u= ’ 3RT )

since, ¥, depends only on temperature and in independent of
P,Vandd.
w +uy tuzt...

Average speed, u,y = = «(23)
_muy; + MUy + njuz+...

or Upy = 7 i g «(29)

Average speed, upy = (%) (25)

and most probable speed, (-R 1 ) -(26)

UMP SUAV Tl it " J

UMP UAY Tl 2 1:1.128:1.224 (27

10. Kinetic energy (tor 1 mole gas)

PV —-3- Mi =3 x Ml % x KE /mol
Translational KE/mol = ‘; PV =% RT «(28)
Translational KE/molecule = % %r =%H‘ (29)

where, k is Boltzmann's constant and & = %‘ ~(30)
Fornmole ofa gas, KE = -:- nRT w3

11, Mean free path ¢ The distance travelled in between
two successive collisions of a molecule is fiee path, The
average of all such free paths is mean tee path,

Mean free path, A = oyt 'l;‘:‘“"’

where, d,,d,, ...,
molecule.

12. Collision frequency (£t No. of collisions taking
place in unit time

w32)

dy are free pathy travelled by a

. No,ot'e {
afim No.of collisions

Tine A ~(3)



13. Limitations of gas equation and van der Waals’
equation for gases : Gases show deviations from ideal gas
behaviour (i.e., PV = RT) preferably more at high Pand low T.
The deviations are expressed in terms of compressibility factor
(2) expressed as

_PV
Z= WRT (for n mole gas) ..(34)
_ BV
or Z= RT (for 1 mole gas) ..(35)

NOTE: 1. Z=Iforideal gas.

2.\ Z>1 means for positive deviation from ideal gas
behaviour; usually at high P:Z> 1, which means
PV > RT and attractive forces predominate.

3. Z>1 means negative deviation from ideal gas
behaviour; usually at low P:Z<1, which means
PV < RT and repulsive forces predominate.

4. Z = 1for real gases at normal P.

5. Z> 1for H, and He at all pressure.

van der Waals’ pointed out another equation to express
behaviour of gases as,

: [p + %][V —b]=RT (for 1 mole gas) ...(36)

[P + —"—z—a][V —nb]=nRT (fornmole gas) ...(37)
Vz et s

where, a =van der Waals’ constant for attraction
b =van der Waals’ constant for volume
NOTE : (i) Since ‘b’ is four times of the actual volume of gaseous
molecules

b=4N xv=4x Avogadro’s no.x%m’
where, r is radius of one gaseous molecule and v is

volume of one molecule of gas in rest. ,
. = 3 -
(i) Units of a = atm litre? mol 2 =atmdm® mol

=dynecm® mol?  (In CGS)
=Nm* mol™? (In MKS)
Units of b = litre mol™ =dm® mol™
=cm’ mol™ (In CGS)
=m’ mol™ (In MKS)

14. Molar heat capacity of ideal gases : Speciﬁc heat
¢. of a substance is defined as the amount of heat required to
rz,nise the temperature of 1 g of substance through 1°C, the unit
of specific heat is calorie g™ K™'. (1 cal is defined as the
amount of heat required to raise the temperature of 1 g of water
through 1°C).

Molar heat capacity C, is defined as the amount of heat
required to raise the temperature of 1 mole of a gas through1°C.
Thus,

Molar heat capacity = Sp. heat x Molar mass of the gas

Cp=c, XM ..(38)

Numerical Chemistry

C,=c, XM ) ...(39)

For gases there are two values of molar heats, i.e., Tollna:
heat at constant pressure and molar hegt at const:nt \g) u
respectively denoted by C, and C,. C, is greater than C,.

and Cc,-C =R ...(40)
== ..(41
Cp=Cv="f (41)
For a monoatomic gas C, = 5caland C, =3cal
I
Poisson’s ratio(y): Y= -Ev— ...(42)
5
===1.67
=3
For diatomic gas C, =7 caland C, =5cal
=1=140
Y= g =1.

For polyatomic gas C,, =8cal and C, =6cal
y= % =133

where, ¢, and ¢, are specific heats and M is molar mass.
15. Critical constants :

Critical volume, V,=3b ...(43)
Critical pressure, P .= ﬁ ...(44)
8a
iti = ...(45
Critical temperature, T, 7RG (45)

Note : 1. Liquefaction of a gas is a continous process.
2. Ideal gas can not be liquefied.

16. Boyle’s temperature : The temperature range at
which real gases obey gas laws is called Boyle’s temperature
(Ty)

a

17. Inversion temperature : The temperature below
which a gas on subjecting to Joule-Thomson effect shows
cooling effect (u; 1 = +ve) and above which it shows heating
effect (L, =—ve)is called inversion temperature (T;)

..(46)

=Rb ...(47)
M. is Joule-Thomson coefficient expressed as
8T) _
(SP)H =M. ...(48)
Wjr. =0 for an ideal gas.
18. Equation for law of corresponding state :
[P, + Vi][:w, -1)=8T, .(49)
r2
P |4
where P, =FC;V, =V—candT, =TL‘.
Note : At corresponding state; Z = %E%VL
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@ NUMERICAL PROBLEMS ®

A gas occupies 300 mL at 27°C and 730 mm pressure.
What would be its volume at STP? * N

A gas at0°Cand 1 atm pressure occupies 2.5 litre. What
change in temperature would be necessary if the
pressure is to be adjusted to 1.5 atm and the gas has been
transferred to a 2.0 litre container?

Calculate the volume occupied by 7 g N, at 27°C and
750 mm of Hg. '

. A container having 3 mole of gas occupies 60 litre at

pressure P and T. If 0.01 mole of gas are introduced at
same P and T, what will be the change in volume?

. Calculate the mass of CH, in a 9 litre cylinder at 16 atm

and 27°C. (R =008 L atm K™")

. 3.7 g of a gas at 25°C occupy the same volume as

0.184 g H, at17°C at same pressure. What is the molar
mass of gas? b ~

. 5 g of ethane are confined in a bulb of 1 litre capacity.

The bulb is so weak that it will burst if the pressure
exceeds 10 atm. At what temperature will the pressure
of gas reach the bursting value?

. In Victor Meyer’s experiment, 0.23 g of a volatile solute

displaced air which measures 112 mL at NTP. Calculate
the vapour density and molar mass of substance.

What should be the percentage increase in pressure fora
5% decrease in volume of a gas at constant temperature?
0, is present in one litre flask at a pressure of
7.6 x107'° mm of Hg. Calculate no. of O, molecules at
0°C.

The pressure of the atmosphere is 2 X 107% mm at about
100 mile above the earth and temperature is —180°C.
How many mole are there in 1 mL gas at this altitude?
A 1.5 litre sample of a gas having density 1.25 kg/m> at
1.0 atm and Q°C Was compressed to 575 atm resulting in
a gas volume of 3.92cm” in violation of Boyle’s law.
What is the final density of this gas?

The pressure exerted by 12 g of an ideal gas at
temperature ¢°Cin a vessel of volume V litre is one atm.
When the temperature is increased by 10 degree at the
same volume, the pressure increases by 10%. Calculate
the temperature ¢ and volume V. (Molar mass of the gas
=120). (11T 1999)
An iron cylinder contains helium at a pressure of
250 kPa at 300 K. The cylinder can withstand a pressure
of 1x10° Pa. The room in which cylinder is placed
catches fire. Predict whether the cylinder will blow up
before it melts or not, melting point of cylinder
=1800 K.

A volume of 95 mL N,O at 27°C is collected in a
graduated tube over mercury, the level of Hg inside the

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

tube being 60 mm above the outside mercury level when

barometer reads 750 mm.

(a) Calculate the volume of the same mass at STP.

(b) What volume would the same mass of gas occupy
at 40°C when the barometric pressure is 745 mm
and the level of Hg inside the tube 25 mm below the
outside level?

An LPG (liquefied petroleum gas) cylinder weighs

14.8 kg when empty, when full, it masses 29.0 kg and

shows a pressure of 2.5 atm. In the course ofuse at27°C,

the mass of full cylinder is reduced to 23.2 kg. Find out
the volume of the gas in cubic metres used up at the
normal usage conditions and the final pressure inside
the cylinder. Assume LPG to be n-butane with normal

boiling point of0°C. (IIT 1994)

A balloon blown up with 1 mole of gas has a volume of

480 mL at 5°C. The balloon is filled to (7/8)th of its

maximum capacity. Suggest,

(a) Will the balloon burst at 30°C ?

(b) The minimum temperature at which it will burst.

(c) The pressure of gas inside the balloon at 5°C.

(d) The pressure of gas when balloon bursts.

0.553 g of a boron-hydrogen compound created a

pressure of 0.658 atm in a bulb of 407 mL at 100°C.

Analysis showed it to be 85.7% boron. Calculate its

molecular formula.

1.47 litre of a gas is collected over water at 30°C and

744 mm of Hg. If the gas weighs 1.98 g and vapour

pressure of water at 30°C is 32 mm, what is the molar

mass of gas?

Calculate the density of CO, at100°Cand 800 mm Hg

pressure.

A mixture of CO and CO, is found to have a density of

1.50 g/litre at 30° Cand 730 mm. What is composition of

mixture?

A spherical balloon of 21 cm diameter is to be filled up

with H, at NTP from a cylinder containing the gas at

20 atm at27° C. The cylinder can hold 2.82 litre of water

at NTP. Calculate the number of balloons that can be

filled up.

A balloon of diameter 20 metre weighs 100 kg.

Calculate its payload, if it is filled with He at1.0 atm and

27°C. Density of airis 1.2 kg m ™.

[R =0.082dm> atm K™' mol™'] (Roorkee 1994)

The mass of 350 mL of a diatomic gas at 0°Cand 2 atm

is 1 g. Calculate the mass in g of one atom.

A flask is of a capacity of one litre. What volume of air

will escape from the flask if it is heated from 27°C to
37°C? Assume pressure is constant.



26.

27.

28.

29.

30.

31.

32.

33.

34.

A student forgot to add the reaction mixture to the round
bottomed flask at 27°C but put it on the flame. After a
lapse of time, he realised his mistake. Using a pyrometer
he found that the temperature of the flask was 477°C.
What fraction of air would have expelled out?

An open flask contains air at 27°C. Calculate the
temperature at which it should be heated so that,

(a) %rd of air measured at 27° C escapes out.

(b) %rd of air measured at final temperature escapes

out.

20% N 70, molecules are dissociated in a sample of gas

at 27°C and 760 torr. Calculate the density of the

equilibrium mixture. [Roorkee 1996]

Two flasks of equal volume connected by a narrow tube

(ofnegligible volume) are at27° Cand contain0.70 mole

of H,at 0.5 atm. One of the flask is then immersed into a

bath kept at 127°C, while the other remains at 27°C .

Calculate the final pressure and the number of mole of

H; in each flask.

A vessel contains 7.1g chlorine gas at pressure P and

temperature T K. On heating the vessel to 30° higher

temperature, 246 mL of chlorine at 1 atm and 27°C is
taken out to maintain same pressure in vessel. Calculate:

(a) the original temperature,

(b) if the gas is not allowed to escape out, the pressure
increases by 0.11 atm. Calculate the volume of
vessel and initial pressure.

A car tyre has a volume of 10 litre when inflated. The

tyre is inflated to a pressure of 3 atm at 17°C with air.

Due to driving the temperature of tyre increases to 47°C.

(a) What would be the pressure at this temperature?

(b) How many litre of air measured at 47°C and
pressure of 1 atm should be let out to restore the
tyre to 3 atm at 47°C?

A gas filled freely collapsible balloon is pushed from

the surface level of lake to a depth of 100 meter.

Calculate what per cent of its original volume, the

balloon finally has. Assume ideal gas nature.

Two glass bulbs of equal volumes are connected by a

narrow tube and filled with a gas at 0°C and pressure of

76 cm of Hg. One of the bulb is then placed in a water

bath maintained at 62°C. What is the new value of .the

pressure inside the bulbs? The volume of the connecting
tube is negligible.

Two glass bulbs of internal volumes 0.5 and 0.2 litre

respectively are connected by a narrow tubg of

negligible volume. The pressure of air in the vessel is 75

cm at17°C. The smaller bulb is immersed in melting ice

and the larger bulb in boiling water. Calculate final
pressure in the bulbs neglecting the expansion of glass.
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The volume of the average adult lung when expanded is
about 6 litre at 98.4°F, if the pressure of oxygen in
inhaled air is 168 mm of Hg, calculate the mass of O,
required to occupy the lung at 98.4°F. i
Two gas containers with volumes 01L an(i' l'bl
respectively are connected by a tube of negligible
volume and contains air at a pressure of 1090 mm ot.' Hg
at 0°C, If the temperature of smaller container 12 raised
to 100°C, what volume of air measured at 0 'C and
760 mm of Hg will pass from it to a larger Fontamer.
A 2 litre flask of N, at 20°Cand 70 cm P is ct;nnected
ith a 3 litre of another flask of O, at the same
::::::eramre and 100 cm P. What will bg the final
pressure after the gases have throughly mixed at tl:e
same temperature as before? Also calculate the mole %
of each gas in the resulting mixture. The volume of stop
cock may be neglected. )
Calculate the total pressure in a 10 litre cylinder which
contains 0.4 g of helium, 1.6 g of oxygen and 1.4 g of
nitrogen at 27°C. Also calculate the partial pressure of
helium gas in the cylinder. Assume ideal behaviour of
gases. Given, R =0.082 litre - atm K™"'mol ™.
(Roorkee 1997)
Equal masses of CH; and O, are mixed in an empty
container of one litre at 27°C. Calculate the:
(a) fraction of total pressure exerted by O,.
(b) total pressure if the masses of gases are 32 g each.
Two gases 4 and B having molar mass 60 and 45
respectively are enclosed in a vessel. The mass of 4 is
0.50 g and that of B is 0.2 g. The total pressure of the
mixture is 750 mm. Calculate partial pressure of the two
gases.
A 20 g chunk of dry ice is placed in an empty 0.75 litre
wine bottle tightly closed. What would be the final
pressure in the bottle after all CO, has been evaporated
and temperature reaches to 25°C ?
A gaseous mixture of O, and N, are in the ratio of 1: 4
by mass. Calculate their ratio of molecules,
50 litre of dry N, is passed through 36 g H,Oat27°C.
After passage of gas, there is a loss of 1.20 g in water.
Calculate vapour pressure of water.
O, is collected over water at 20°C. The pressure inside
shown by the gas is 740 mm of Hg. What is the pressure
due to O, alone if V.P. of H,;0is 18 mm at20°C ?
The density of a mixture of O, and N » at NTP is
1.3g litre™". Calculate partial pressure of O,.

An evacuated glass vessel weighs 50.0 g when empty,
148.0 g when filled with a liquid of density 0.98 gmL™
and 50.5 g when filled with an ideal gas at 760 mm Hg at
300 K. Determine the molar mass of the gas.

(11T 1998)
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A jar contains a gas and a few drops of water at TK.The

pressure in the jar is 830 mm of Hg. The temperature of
the jar is reduced by 1%. The vapour pressures of water
at two temperatures are 30 and 25 mm of Hg. Calculate
the new pressure in the jar.

. 2 gofagas 4 are introduced into an evacuated flask kept

at 25°C. The pressure is found to be 1 atm. If 3 g of
another gas B are added to the same flask, the total
pressure becomes 1.5 atm. Assuming ideal gas
behaviour, calculate :

(a) the ratio of molar masses of M 4 and M.

(b) the volume of the vessel, if 4 is O,.

A long rectangular box is filled with Cl, (at. mass

35.45) which is known to contain only C1** and CI*". If
the box could be divided by a partition and the two types
of chlorine molecules put into the two compartments
respectively, calculate, where should the partition be
made if the pressure on both sides is to be equal. Is this
pressure the same as the original pressure?

A narrow tube of uniform base, closed at one end has
some air entrapped by a small quantity of water. If the
pressure of the atmosphere is 760 mm of Hg and vapour
pressure of H,0 at12°Cand 35°Caare 10.5 mm Hg and
42 mm Hg respectively and the length of the air column
is 10 cm at 12°C, what will be its length at35°C?
Mercury diffusion pumps may be used in the laboratory
to produce a high vacuum. Cold traps are generally
placed between the pump and the system to be
evacuated. These cause condensation of mercury
vapours and prevent mercury from diffusing back into
the system. The minimum pressure of mercury that can
exist in the system is the vapour pressure of mercury at
the temperature of cold trap. Calculate the number of
mercury atom per unit volume in a cold trap at -120°C.
The vapour pressure of mercury at this temperature is
107'6 torr.

Helium is contained at 30.2° Cin the system as shown in
the figure. The levelling bulb (L) can be raised so as to
fill the lower bulb with mercury and force the gas into
the upper part of the device. The volume of bulb (4) to
the mark ‘a’ is 100.5cm? and the volume of bulb (B)
between the marks ‘a’ and ‘b’ is 1 10cm . The pressure
exerted by the He is measured by the difference between
the mercury levels in the device and in the evacuated
arm of the manometer when mercury level is at ‘b’, the
pressure is 20.14 mm of Hg. What is the mass of the
belium in container?

A glass capillary tube sealed at both ends is 100 cm
long. It lies horizontally with the middle 10 cm
containing Hg. The two ends of the tube which are equal
in length contain air at 27°C and pressure of 76 cm of
Hg. The tube is kept in a horizontal position such that
the air column at one end is at 0°C, the other end is
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maintained at 127°C. Calculate the length of the air
column and its pressure which is at 0°C. Neglect the
change in volume of Hg and glass.

. A column of Hg of 10 cm in length is contained in the

middle of a narrow 1 m long tube which is closed at both

ends. Both the halves of the tube contained air at a

pressure 76 cm of Hg. By what distance will the column

of Hg be displaced if the tube is held vertical?
(Roorkee Phy. 1989)

A vertical cylinder c!osed at both ends, is divideq ipto
two parts by a frictionless piston, each part containing
one mole of air. At temperature 300 K, the volume of
upper part is 4 times than that of the lower part. At \.Nhat
temperature will the volume of upper part be three times
than that of lower part?

A thin tube of uniform cross-section is sealed at both

ends. It lies horizontally. The middle 5 cm containing

Hg and the two equal ends containing air at the same

pressure Py. When the tube is held at an angle 60° with

the vertical, the length of the air column above and
below the mercury are 46 and 44.5 cm respectively.

Calculate the pressure P, in cm of Hg. (The temperature

of the system is kept at 30°C) [IIT Phy. 1986]

An under water bubble with a radius of 0.5 cm at the

bottom of tank, where the temperature is 5°C and

pressure is 3 atm rises to the surface, where temperature
is25°Cand pressure is 1 atm. What will be the radius of
bubble when it reaches to surface?

A mixture of N, and water vapours is admitted to a flask

which contains a solid drying agent. Immediately after

admission, the pressure of the flask is 760 mm. After
standing some hours, the pressure reached a steady

value of 745 mm,

(a) Calculate the composition in mole % of original
mixture.

(b) If the experiment is done at 20°C and the drying
agent increases in mass by 0.15 g, what is the
volume of flask?

(neglect volume occupied by drying agent)

A vessel of volume 5 litre contains 1.4 g of nitrogen at a

temperature 1800 K. Find the pressure of the gas if 30%

of its molecules are dissociated into atom at this

temperature.

A vertical hollow cylinder of height 1.52 mis fitted with

amovable piston of negligible mass and thickness. The

lower half of the cylinder contains an ideal gas and the
upper half is filled with mercury. The cylinder is
initially at 300 K. When the temperature is raised half of
the mercury comes out of the cylinder. Find the
temperature assuming the thermal expansion of

mercury to be negligible. (Roorkee Phy. 1993)

Two closed vessels of equal volumes contain air at

105 kPa and 300 K are connected through a narrow tube
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of negligible volume. If one of the vessel is maintained
at 300 K and other at 400 K, what will be the new
pressure in vessel? Also calculate the ratio of number of
mole in each vessel.

One litre flask contains air, water vapour and a small
amount of liquid water at a pressure of 200 mm Hg. If
this is connected to another one litre evacuated flask,
what will be the final pressure of the gas mixture at
equilibrium? Assume the temperature to be 50°C
Aqueous tension at 50°C =93 mm Hg.

A closed vessel contains air, saturated water vapours
and excess of water. The total pressure in the vessel is
760 mm Hg at25° C. The temperature is raised to100°C.,
Calculate the total pressure in vessel at100°C. Aqueous

tension of H,0 at 25°C and 100°C are 24 mm and
760 mm Hg.

- Find out the mass of water vapour per litre of air at

300 K when relative humidity is 50%. The saturation
vapour pressure at 300 K is 3.6 kPa.

Assume that dry air contains 79% N and 21% 0O, by
volume. Calculate the density of dry air and moist air at
25°C and 1 atmospheric pressure when relative
humidity is 60%. The vapour pressure of water at 25°C
is 23.76 mm.

[Relative humidity is given by percentage relative
humidity

100 x partial pressure of water ]
.~ vapour pressure of water at that temperature

. A mixture of H,0,,CO, and N, was trapped in a glass

apparatus with a volume of 0.731 mL. The pressure of
total mixture was 1.74 mm of Hg at 23°C. The sample
was transferred to a bulb in contact with dry ice (=75°C)
so that H,0, are frozen out. When the sample returned
to normal value of temperature, pressure was 1.32 mm
of Hg. The sample was then transferred to a bulb in
contact with liquid N, (=95°C) to freeze out CO,. In the
measured volume, pressure was 0.53 mm of Hg at
original temperature. How many mole of each
constituent are in mixture? .
What would be the final pressure of O, in following
experiment? A collapsed polyethylene pz?g of 30 l!tre
capacity is partially blown up by the addition of 10 htr.e
of N, at 0.965 atm at 298 K. Subsequently enough O, is
pumped into bag so that at 298 K and e.xtemal pressure
of 0.990 atm, the bag contains full 30 litre.

A mixture of N, NO and NO, in a closed container was
analysed by selective absorption of the oxides of
nitrogen. The initial pressure was 3.0 cm. After
treatment with water, which absorbs NO,, the pressure
left was 2.42 cm. A ferrous sulphate solution was then
shaken with residual gas mixture to absorb NO after
which the pressure was 1.24 cm. If vapour pressure of
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; : ing with H,O and in
?:S?éms%?f:i(:::vlvncl:maggr a?ﬁ).l% cm respectively
calcuthe the mole % of gases in initial mixture. Assume
all measurements are made at same P and T.

Calculate the change in pressure when 1.04 mol: ofNO
and 20.0 g0, in a 20 litre vessel opgmally at27 Cre;;lct
to produce the maximum quantity of NO, possible
according to the equation.

¢ 2NO(g) +0,(g)—> 2NO2(g)
A 40 mL of a mixture of H; and O, was placed in a gas
burette at18°Cand 1 atm P. A spark was applied so that
the formation of water was completoe. The remaining
pure gas had a volume of 10 mL at18°C and 'l atm P.olf
the remaining gas was H,, what was the initial mole %
of H, in mixture? .
A flask of capacity one litre containing NH; at 1 atr.n
and 25°C. A spark is passed through until all the NH; is
decomposed into N, and H,. Calculate:
(a) the pressure of gases left at 25°C.
(b) the mole of N, and H; formed.
At room temperature following reaction goes to
completion:

2NO +0; — 2NO;, —> N,0,

Dimer N ,04 at 262 K is solid. A 250 mL flask and a 100
mL flask are separated by a stop cock. At 300 K, the
nitric oxide in the larger flask exerts a pressure of
1.053 atm and the smaller one contains O, at 0.789 atm.
The gases are mixed by opening the stop cock and after
the end of the reaction, the flasks are cooled to 220 K.
Neglecting the vapour pressure of dimer, find out the
pressure and composition of gas remaining at 220 K.
(Assume gases behave ideally) (IIT 1992)
A compound exists in the gaseous phase both as
monomer (4) and dimer (4, ). The molar mass of 4 is
48. In an experiment 96 g of the compound was
confined in a vessel of volume 33.6 litre and heated to
Calculate the pressure developed if the compound exists
as dimer to the extent of 50% by mass under these
conditions.
60 mL of a mixture of equal volumes of Cl > and an
oxide of chlorine was heated and then cooled back to the
original temperature. The resulting gas mixture was
found to have volume of 75 mL. On treatment with
caustic soda solution, the volume contracted to 15 mL.
Assume that all measurements are made at the same T
and P. Deduce the simplest formula for oxide of Cl,.
The oxide of Cl, on heating decomposes quantitatively
toO 2 and Cl 2.
One litre of O, and one litre of H, are taken in a vessel
of 2 litre capacity at NTP. The gases are made to
combine to form water, Calculate:
(a) the mole and mass of water formed.
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(b) the amount of gas left in vessel.
(c) the total pressure if the vessel is heated to 100°C.
(d) mole of O, used for formation of water.
A space capsule is filled with neon at 1 atm and 290 K.
The gas effuses through a pin hole into outer space at the
rate that pressure drops by 0.3 torr/sec. If the capsule is
filled with 30 mole % of He, 20 mole % of O, and
50 mole % of N,. What is the pressure drop under same
condition?
20dm”* of SO, diffuses through a porous partition in
60 second. What volume be O, will diffuse under similar
conditions in 30 second? (Roorkee 1996)
Pure O, diffuses through an aperature in 224 second,
whereas mixture of O, and anothér gas containing 80%
O, diffuses from the same in 234 sec. What is molar
mass of gas?
One mole of nitrogen gas at 0.8 atm takes 38 second to
diffuse through a pinhole, whereas one mole of an
unknown compound of xenon with fluorine at 1.6 atm
takes 57 second to diffuse through the same hole.
Calculate the molecular formula of the compound.

(1IT 1999)
For 10 minute each, at 27°C, from two identical holes
nitrogen and an unknown gas are leaked into a common
vessel of 3 litre capacity. The resulting pressure is

. 4.18 bar and the mixture contains 0.4 mole of nitrogen.

81

82.

83.

What is the molar mass of unknown gas?

The rates of diffusion of two gases 4 and B are in the
ratio 1:4. If the ratio of their masses present in the
mixture is 2 : 3, calculate the ratio of their mole fraction.
The composition of the equilibrium mixture
(Cl, ==2Cl), which is attained at 1200°C, is
determined by measuring the rate of effusion through a
pinhole. It is observed that at 1.80 mm Hg pressure, the
mixture effuses 1.16 times as fast as krypton effuses
under the same conditions. Calculate the fraction of
chlorine molecules dissociated into atoms. (Atomic
mass of Kr =84) (IIT 1995)
A mixture containing 1.12 litre D, and 2.24 litre of H,
at NTP is taken inside a bulb connected to another bulb
through a stop cock with a small opening. The second
bulb is fully evacuated. The stop cock is opened for a
certain time and then closed. The first bulb is now found
to contain 0.10 g of D,. Determine the % by mass of the
gases in second bulb. (Roorkee 1998)
Calculate the relative rates of diffusion for 2° UFg and
28 UF, in gaseous form. Also if naturally occurring

uranium ore having U and U?® in the ratio 0.72 and
99.28%, and if it is desired to enrich the U** to 10% of
the sample, making use of relative rates of diffusion of
UFs having U®® and U?* isotopes, how many
diffusion stages are required?
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Naturally occurring hydrogen gas has abundance of
| H} H (molar mass 2) and | H?H (molar mass 3). The %
of '"H'H=900%. In how much operations during
diffusion of natural hydrogen gas will be enriched to
99.8% 'H'H.

. At20°C, two balloons of equal volume and porosity are

filled to a pressure of 2 atm, one with 14 kg N ; and other
with 1 kg of H, balloon leaks to a pressure of 1/ 2 atm in
1 hr. How long will it take for H, balloon to reach a
pressure of 1/ 2 atm?

At27°C, H, is leaked through a tiny hole into a vessel
for 20 minute. Another unknown gas at the same Tand P
as that of H, is leaked through the same hole for
20 minute. After the effusion of the gases, the mixture
exerts a pressure of 6 atm. The H, content of the mixture
is 0.7 mole. If volume of container is 3 litre, what is
molar mass of unknown gas? (10T 1992)
A mixture of 0.5 mole of CO and 0.5 mole of CO; is
taken in a vessel and allowed to effuse out through a
pinhole into another vessel which has vacuum. If a total
of A mole has effused out in time 7, show that
M| A+ M,(1-A)=36, where M, and M, are mean
molar masses of the mixture that has effused out and the
mixture still remaining in vessel respectively.

A straight glass tube has two inlets X and Y at the two
ends of 200 cm long tube. HCI gas through inlet X and
NH; gas through inlet Y are allowed to enter in the tube
at the same time and same pressure. White fumes first
appears at a point P inside the tube. Calculate distance
of P from X.

Atroom temperature, NH; gas at | atm and HCl gas at P
atm are allowed to effuse through identical pinholes
from opposite ends of a glass tube of 1 metre length and
of uniform cross-section. NH,Cl is first formed at a
distance of 60 cm from the end through which HCl gas
is sent in. What is the value of P?

The pressure in bulb dropped from 2000 to 1500 mm of
Hg in 47 minute when the contained O, leaked through
a small hole. The bulb was then completely evacuated.
A mixture 0f O, and another gas of molar mass 79 in the
molar ratio 1 :1at a total pressure of 4000 mm of Hg was
introduced. Find the mole ratio of two gases remaining
in the bulb after a period of 74 minute.

A 4:1 molar mixture of He and CH, is contained in a
vessel at 20 bar pressure. Due to a hole in the vessel, the
gas mixture leaks out. What is the composition of the
mixture effusing out initially? (1IT 1994)
Calculate the root mean square speed and average speed
for a sample of gas having 5, 10 and 15 molecules each
one in a set is moving with a speed of 15 x107,5 x10°

and10x10% ms™ respectively.
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. Calculate root mean square speed, average speed and

most probable speed of :

(a) O, atSTP.

(b) Ethane at27°Cand 720 mm of Hg.

(c) O;atl17°C

(d) O, ifits density is 0.0081g mL™" at 1 atm.

(¢) O, if 6.431 gof it occupies 5 litre at 750 mm.

() O3 at20°Cand 82 cmHg. (IIT 1985)

The average speed at 7; K and the most probable speed

at T, K of CO, gas is 9x10* cmsec™!. Calculate the
value of 7} and ;. (IIT 1990)

The average speed of an ideal gas molecule at 27°C is
0.3 msec™". Calculate average speed at 927°C.

Relate the three speeds with each other, i.e., Upmgs UAY
and Upp.
The average velocity of gas molecules is 400 m/sec.
Calculate its rms velocity at the same temperature.

(IIT 2003)
The mass of molecule A4 is twice the mass of molecule B.
The rms speed of 4 is twice the rms speed of B. If two
samples of 4 and B contain same no. of molecules, what
will be the ratio of P of two samples in separate
containers of equal volume?
Under 3 atm, 12.5 litre of a certain gas weigh 15 g,
calculate the average speed of gaseous molecules.
Calculate the pressure exerted by 102 gas molecules,
each of mass 10™%* g in a container of volume one litre.
The rms speed is 10° cm sec ™.
Calculate the root mean square speed, total and average
translational kinetic energy in joule of the molecules in
8 g methane at 27°C.
The mean kinetic energy of a molecule at 0°C is
5.621x107'* erg. Calculate Boltzmann’s constant. If the
value of R =8.314 x10” erg, then also calculate the no.
of molecules present in one mole of gas.
A glass bulb of 1 litre capacity contains 2x10?'
molecules of nitrogen exerting pressure of
7.57%10% Nm 2, Calculate the root mean square speed
and the temperature of gas molecules. If the ratio of upp
to u s is 0.82, calculate upp for these molecules at this
temperature. (IIT 1993)
Two bulbs 4 and B of equal capacity are filled with He
and SO, respectively, at the same temperature.
(i) If the pressure in two bulbs is same, calculate ratio

Of Uy for them.
(ii) At what temperature velocity of SO, becomes half
of the speed of He molecules at 27°C ?

(iii) How will the speeds be effected if volume of B
becomes four times?
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(iv) How will the speeds be effected if half of the
molecules of SO, are removed f[rom B?
The kinetic molecular theory attributes an average

3 RT .
translational kinetic energy of T each particle.

What rms speed would a mist particle of mass 19“2 g

have at room temperature (27°C) according to kinetic

theory of gases?

Two flasks 4 and B have equal Yolumes. Flask 4

contains H, at 27°C while B contains equal mass of

C,Hg at 627°C. In which flask and by }Pow many times

are molecules moving faster? Assume ideal gas nature

for both. )

Assuming O, molecule spherical in shape and

occupying the radius 150 pm, calculate:

(a) the volume of single molecule of gas.

(b) the percentage of empty space in one mole of O, at
_ NTP.

(c) comment on the percentage of empty space.

During an experiment, an ideal gas is found to obey an

additional law PV 2 =constant. The gas is initially at

temperature 7' and volume V. Calculate the temperature

when it expands to a volume 2V.

Py

For one mole of a gas if P = ,where Py and ¥,

2
V
1+ (70'
are constant. Find the temperature of gas when V' =¥,
Calculate the volume correction and pressure correction
for 44gCO, kept in 1 litre flask. Given
a=3.6atm L* mol ™ and 5=0.04 L mol™" for CO,.

The value of ‘b> for steam is 0.0305 litre mol~'. The

density of liquid water is 0.958 g/mL at100°C. What %
of volume of water molecules occupy in gaseous phase
of water in liquid phase?

Calculate the percentage of free volume available in
1 mole gaseous water at 1.0 atm and 100°C. Density of
liquid H,0 at 100°C is 0.958 g/mL. Assume ideal gas
behaviour,

Calculate the average volume available to a molecule in
a sample of nitrogen gas at STP. What is the average
distance between neighbouring molecules if nitrogen
molecules are spherical in nature?

Calculate molecular diameter of He from its van der
Waals’ constant b =24 mL mol ™",

Atomic and molecular sizes are of the order of a few
angstrom (1 A=10""" m). Assuming that N, molecule
is spherical in shape with radius 2 x 10~ m, calculate:
(i) the volume of single N, molecule.

(ii) the percentage of empty space in one mole of N,
gas at STP,
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Calculate the pressure exerted by 5 mole of CO, in one
litre vessel at 47° Cusing van der Waals' equation. Also
report the pressure of gas if it behaves ideally in nature,
Given that a =3.592 atm litre? mol 2,

b=0.0427 litre mol ™',

If volume occupied by CO, molecules is negligible,
then calculate the pressure exerted by one mole of CO;
gasat273K.a =3.592 atm litre? mol™.  (IIT 2000)

The compression factor (compressibility factor) for 1
mole of a van der Waals’ gas at0°Cand 100 atmosphere
pressure is found to be 0.5. Assuming that the volume of
gas molecule is negligible, calculate the van der Waals’
constant. (IIT 2001)
Calculate the compressibility factor for CO,, if one
mole of it occupies 0.4 litre at 300 K and 40 atm.
Comment on the result.
The compressibility factor for a given real gas is 0.927
at 273 K and 100 atm. Calcualte the mass of gas
required to fill a gas cylinder of 100 litre capacity under
given conditions. [Molar mass of gas =30]
The density of the vapours of a substance at 1 atm
pressure and 500 K is 0.36 kg m ™. The vapour effuses
through a small hole at a rate of 1.33 times faster than
oxygen under the same condition.
(a) Determine (i) molar mass, (ii) molar volume, (iii)
compression factor (Z) of the vapours and (iv)
which forces among the gas molecules are
dominating, the attractive or the repulsive?
If the vapours behaves ideally at 1000 K, determine
the average translational kinetic energy of
molecules. (IIT 2002)
Using van der Waals’ equation, calculate the constant,
‘a’ when two mole of a gas confined in a four litre flask
exerts a pressure of 11.0 atmospheres at a temperature
of 300 K. The value of ‘b’ is 0.05 litre mol™'.

(IIT 1998)
5.6 litre of an unknown gas at NTP requires 12.5 calorie
to raise its temperature by 10°C at constant volume.
Calculate:
(a) C, of gas, (b) atomicity of gas.
Calculate the temperature of gas if it obeys van der
Waals’ equation from the following data. A flask of
25 litre contains 10 mole of a gas under 50 atm. Given
a =5.46 atm litre? mol 2 and b =0.031 litre mol ™"
Compressibility factor (Z) for N ; at —50°Cand 800 atm
pressure is 1.95. Calculate mole of N, gas required to
fill a gas cylinder of 100 mL capacity under the given
conditions.
The critical constant for water are 374°C, 218 atm and
0.0566 litre mol ™', Calculate a, b and R.

()

one half the number of same type of molecules that have
the most probable speed at 300 K. What is 7'?

A bottle contains 1.0 mol He(g) and a second bottle
contains 1.0 mol Ar(g) at the same temperature. At this
temperature, the root mean square speed of He is
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One way of writing the equation of state for real gases
is:

B
PV RT[l +7 +..,

where B i8 a constant, Derive an approximate
expression for B in terms of van der Waals’ constants
and b, (IIT May 1997)
A certain gas ‘A’ polymerises to a small extent at a given
P and T as nA == [A],. Show that the gss obeys the

) . Py, (n-1)K¢
approximate equation RT [l T where
Ke = [A;’”] and V is the volume of container. Initially

(

1 mole of ‘A’ was taken in container.

The molar volume of He at 10,1325 MPa and 273 K is
0.011075 of its molar volume at 101.325 kPa at 273 K.
Calculate the radius of helium atom. The gas is assumed
to show real gas nature. Neglect the value of a for He.
A real gas is supposed to obey the gas equation
PV — b)=nRT at STP. If one mole of a gas occupies,
25dm? volume at STP, calculate:

(a) diameter of each gas molecule.

(b) compressibility factor for gas.

Calculate van der Waals’ constants a and b if critical

temperature and critical pressure are 30°C and 72 atm

respectively.

The critical temperature of O, and N, are 155 K and

126 K respectively. Calculate the ratio of reduced

temperature of O, and N, at 300 K.

Reduced temperature and reduced volume of benzene

are 0.7277 and 0.40 respectively. Calculate reduced

pressure of benzene.

van der Waals’ constant a and b for hydrogen are

0.246 L* atm mol™ and 0.0267 L mol™ respectively.

Calculate inversion temperature and Boyle’s

temperature of H, gas.

A vacuum pump has a cylinder of volume v and is

connected to a vessel of volume ¥ to pump out air from

the vessel. The initial pressure of gas in vessel is P.

Show that after n strokes, the pressure in vessel is
V n

reduced to P, = P[V = v] .

A graph is plotted between PV, along y-axis and P

along x-axis, where ¥/, is the molar volume of a real gas.

Find the intercept along y-axis. (IIT 2004)

1 g of He having rms speed 1000 m/s and 4 g of oxygen

having rms speed 1000 m/s are introduced in a

thermally isolated vessel. Find the rms speed of He and

O; molecules when thermal equilibrium is attained.

The number of molecules in a gas sample that have the

range of most probable speed (4, ) at a temperature Tis

Numerical Chemistry

1477 ms™" and that of Ar is 467 ms ™. What is the ratio
of the number of He atoms in the first bottle to the
number of Ar atoms in the second bottle having these
speeds? Assume that both gases behave ideally.
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1. Given, initially ¥, = l 000 htre, 2 —matm
Tz =300K
AtSTPV, =7, P, =latm, T} =273K
Now use, Bh Al
L
W =0.2622 litre
Volume (V')at STP =262.2 mL
. Given, P, =latm, V) =2.5litre, =273K,
P, =15atm, V,=20lite, T,=1?
Now use, Aly = Ll
h T

T, =327.6K or 54.6°C
; Givcn,w=7g,T=300K,P=%atmandM=283mol"

Now use, PV = ﬁRT (R =0.0821litreatm K™! mol™")
V =6.239 litre
Ven also V=kn
60=kx3 or k=200
AV =k-An
AV =20x 0.1=2 litre
P=16atm, ¥V =9litre, T=300K, M=16
PV =2RT
Now use, 77
w=96¢g
. For H,,
w=0.184g,T = 290K at pressure P and volume V.
PV=°—-‘28—4><Rx29o A1)
For the gas,
w=3.7g,T = 298 K at pressure P and volume V'
3.7
==-xRx298 (2
Py (2)

By Egs. (1) and (2), M =41.326 g mol ™
. w=5g, M =30for C;Hg,V =1litre

Let the bulb bursts at T kelvin, i.e., when pressure becomes
10 atm.

PV=YRT so 10xl=3—50x0.082|xT

T= 730 81K =457.81°C
" Volumc occupied by solute at NTP
= Volume of air displaced at NTP=112 mL

For volatile solute, PV = -1% RT -
at NTP P=latm T=273K
1x-U2 _ 023, 6 0871273

1000 M
M=4602gmol™ and V.D.=23.01

9. Given, P,

10.

11.

12.

13.

¥
V"V 100’

b4
or PxV=P, x( _WO)

P2=P2’

PV _PVy
T T
100
or P2 = 95
P, =1.0526P
Increase in P = 0.0526
% increase in P = 0.0526x100= 5.26l i
-10 7.6x10°
= = atm
P=7.6x10"" mm 260 al
T=273K

rz_r

V = 1litre,
PV =nRT
-10
1.6X107 o1 - nx0.0821x273
760
- n=14.46x10""* mole of O,
*. No. of molecule of
0, =4.46x107"* x6.023 x 10* =2.68 x10"°
2x1078
760

Given, P = atm, 7 =-180+273=93K,

1 S
V= =
ImL 1000 litre
PV =nRT
2220 %107 = nx0.0821% 93
n=3.45x10"" mol

2x107°¢
760

Mass of gas in 1.5 litre
or 1.5%107 m® =1.25x1.5x10 kg

-3
Mass  _ 1.25x1.5x10 kg /m?
ew volume  392x10°¢

=478.3 kg/m’

Case 1 Given, P=1lam, w=12g, T=(t+273)K,
V =V litre

Case II T=(r+283); P_|+l10‘:) 1latm, w=12g,

New density =

V=V litre

Using gas equation :

Casel 1xV=BxR(:+273)

Case II 1L.1xV =HXR(t+283)

By Egs. (1 AL =

y Eqgs. (1) and (2), T
1.1¢+300.3=1¢+283

0.1t=-17.3

t=-173°C=100K
le=%x0.082x 100 (- M =120)

V =0.82 litre

Also, from Case 1
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14.

15.

16.

Given, P, =250kPa, T, =300K
P,=1x10°Pa, T,=2

Since, volume of cylinder remains constant,
Therefore, L8 i

L T

250x10° _ 1x10°
300 T
Tz - 1200 K

The cylinder will blow up at 1200 K before its melting
(m.pt. 1800 K).

(a) - At STP
V] =95ml.=mllu'e V2=')
T, =300K T, =273K
P, =750-60= 690 rm = 820 =760 =
1 mm 76Oatm P, 7608tm latm
RV, _P¥,
T T
690% 95 _Ixy,

760x1000x300 273
- ¥V, =0.07848 litre = 78.48 mL
(b) VZ = ?n

T, =313K
770
P, =745+ 25= =
) 5+25=770 mm 760atm
- PV _ PV,
Again using T, T
690x95  _ 770xV;

760x300x 1000 760x 313
¥, = 0.0888 litre =88.8 mL

Mass of butane in cylinder
=29.0-14.8=142kg=142x10’ g

P =2.5atm, T=300K, Molar mass of butane = 58
- PV =2RT
M

3
2.5xr=&5’§"’-x0.0821x 300

= v =24x10’ litre = 2.4 m’
This is volume of cylinder or volume of gas.
Now the mass of gas left after use

=232-148=84kg=84x10’¢g
The volume remains constant.

in usi PV =X RT
Again usin i
3

Px2.412x10° =%xo.oszlxsoo

Pressure (P) of the gas left in cylinder =1.50 atm
Now, pressure of gas given out = 1
Mass of gas given out = 29.0—23.2
=58kg=58x10%g
Thus, volume of gas given out under these conditions is

3
1xy=%xo.oszmoo
V=24x10 lite=2.4 m*

Numerical Chemistry

17. Maximum capacity or volume of balloon

18.

19.

20.

=§x480= 548.57 mL

Also, V; =480mL, T = 278K, n=1mole
(a) The balloon will burst at the temperature say T, when
volume becomes 548.57 mL,
h B
n T
480 _ 548.57
278 T,
& T, =317.71K =44.71°C
Thus, balloon will not burst at 30°C
(b) The minimum temperature at which balloon bursts is
44.71°C
(c) Pressure of gas at 5° Chaving 1 mole and V' =480 mL

480
—— =1x0.0821x 278
Px 1000 -

P=47.5atm
(d) Since, ¥ increases with temperature rise from 5° Cto
44.71°C at which the balloon bursts and therefore
pressure remains constant. Thus presssure of gas in
balloon when it bursts is 47.5 atm.
For B-H compound,

P =0.658atm, V=%)701iue, T=373K, w=0.553g

PV=X
M RT
407 _ 0.553
0.658X —— = 2229
1000~ M x0.0821x 373

M =63.23 g mol !
100 g compound has 85.7 g B
63.23 g compound has = 8—5% gB=54.19g B

_54.19
“Tos g -atomof B=5g -atomof B

Formula becomes BsH,
5x10.8+x=63.25
x=9.25=9(an integer)

. Formula of compound is B sHy.
w=198g, ¥V =147litre, T=303K

P=744-32=712mm= 112
760 "™

For dry gas,

PV=2X
MRT

712 _1.98
76OXI'47—7)<0'082IX303

- M =35.76 g mol !
- 800 = =

P=2gp?tm T=273+100=373K

Let density be d for CO,.

For COz, PV:%RT

“
I
X~
=
S
N
Iz
I
|
N—
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21.

22.

800_d
760 = 4 X 0.0821%373

d =1.5124 g litre™
For mixture of CO and CO,, d =1.50g litre™

P=20m, T=303K

760
PV =X RT
M

p=2
VMRT

130 _1.50 W
T = L X 0.0821x 303 ( V_d)

M =38.85 g mol ™!

i.e., Molar mass of mixture of CO and CO, = 3885
Let % of mole of CO be a in mixture, then
ax28+(100-a)x44
100
_ 28a+4400~44a
38.85= 100
a=32.19
Mole % of CO =32.19
Mole % of CO, =67.81
Volume of one balloon which is to be filled

3
= %n(%) = 4851 mL =4.851 litre "

Average mol. mass =

Let n balloons are filled, then volume of H occupied by
balloons

=43851xn
Also, cylinder will not be empty and it will occupy volume
of

H, =2.82litre
Total volume occupied by H, at NTP
=4.851xn+2.82litre
Therefore, at STP available H,
P, = latm P, =20atm
V, =4.851xn+282 V, = 2.82litre
T, =2713K T, =300K
AW _PVy
T T
1% (4.851n+2.82) _ 20x2.82
o 273 =7300
n=10

Mass of balloon = 100kg = 10x 10* g

2
=4190x10° cm® =4190x% 10* litre

Mass of gas (He) in balloon = -’}:’—;”- ( PV = _A“_; RT)

3
Volume of balloon = i;-nr’ = % x —272 X (@ x 100)

_ 1x4190x10° x4 _ 4
= o0sxa00 - on13xiote
» Total mass of gas and balloon

=68.13%10* +10x10* = 78.13x10* g

15

6
Mass of air displaced = w%gsox_lo_ =502.8x10% g

Pay load = mass of air displaced — (mass of balloon
+ mass of gas)

Pay load = 502.8x 10* - 78.13x 10* =424.67x10% g

24. For diatomic gas

¥ =350mL, T=273K,

PV =YRT
m

P =2atm, w=lg

2x 330 _ 1,0,0821x273
1000 m

Molar mass ‘M’ of gas = 32.02

molar mass _ 32.02 _ y¢ o1
2 2

16.01

6.023x102
25, Suppose at T=27°C=300K, T, =37C=310K,
v =1litre, ¥, =?

Atomic mass of gas =

=2.66x102 g

Mass of 1 atm of gas =

At constant pressure ¥=;:_
1 _Nh 310 :
= ~V, ==—=1.0333 litre
300 310 ' 300 !

Since, capacity of flask is 1 litre.

*.  Volume of air escaped out
=1.0333-1=0.0333 litre =333 mL

26. AtT, = 300K, mole of air=n,
AtT, = 750 K, mole of air = n,
At constant P. V, "|T| = 'lsz

m x300=n; X750 or n,=%

xXny
or n = 04 m
. Mole of air escaped out=n; —n, =n, =047, =0.6n,
or fraction of air escaped out =0.6
27. (a) Initial temperature = 300 K
Let no. of mole at 300K = n
New temperature be =T K

Mole coming outat TK = —; n

Moleleftn\TK:n-%rm n

wir

Under constant P and ¥, mT, =T,

nx300=§uxT

o T=450K=177°C
(b) Initial temperature = 300 K
New temperature becomes = 7' K
Let no. of mole presentat 7 K =»n

Mole coming outat 7' K = —i n

.+ No. of mole at 300 K should be = n+ % A= “—;'

4—,:'x300-nxT
T'=400K =127°C
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31

N;0, = 2NO,
Mole present initially | 0
Mole at eq. (1-02) 04
> Motar mass of mixture = $8%92+0.4x 46 92}"’;" x46 _ 76.66

Now, PV=X
i RT

_PM _ 76.66x1 _ y
or ST = 1
RT ~ 0082x300 - 116glitre

-|=

| |__L o

2rc 127°c
Two flasks initially at 27° Cand 0.5 amm. have same volume
and 0.7 mole; thus each flask has 0.35 mol.

[anmleofgsmdiﬂ’usedﬁmnllmlonhuﬁnglhel]
flask at 127°C

Mole in I flask = (0.35+n)

and Mole in II flask = (0.35—n)
Thus, if new pressure of flask is P, then

For L, Py XV =(035+n)xRx300
For I, Poe x¥V =(035-n)xRx400
n=0.05

Mole in flask I =035+ 0.05=0.40
and Mole in flask 1= 035-0.05= 030

Also, 0.5% 2F = 0.7x 0.0821x 300(initial condition)
V' =17241lire
Thus, P, x17241=0.30x0.0821x400
P=05714 atm
(a) Mole of gas coming out on heating
wo PV __1x0246 _ 0000g7

T RT  0.0821x300
Thns.moleofgasleﬁ=%—0.(l)9987

=0.1-0.009987=0.09
Also, for 0.1 mole of gas PV = 0.1RT
for 0.09 mole of gas PV = 0.09R(T + 30)
By Egs. (1) and (2), T=2710K
Also, if gas is not allowed to escape, then for 0.1 mole
of gas

(1)
-2

®)

PxV=0.10xRx270 -3
(P+0.11)V =0.10x R x 303 (4)
By Egs. (3) and (4), P =099 atm
By Eq. 3), 0.99x¥ = 0.10x R x 270
V =2.239 litre
Given, V=10lite, P=3am, T=290K
(@) Afterdriving F=10liwe, P=?, T=320K
g—=;—;. \(at constant ¥ of tyre)
3_2%
P 320
P=331atm

32.

Numerical Chemistry

(®) At47C ‘
Nowvolumeistobctakenoutsothnttyrelsleﬂata
pmsumofl&aun.i.e.,decmseinpmssmeasamult

of it
=3.31-3.0=0.3]1atm

At 031 atm volume of air is 10 litre and therefore, at 1
atm this air will occupy V litre
= RV, =P
L 0.31x10=1xV;
V, =3.1litre
Pressure at 100 meter depth
= Atmospheric pressure + Pressure of water
=76%13.6x981+100x 100x 1x 981
=1013961.6+ 9810000 = 10823961.6dynccm'2
Let volume of balloon at the surface level be ¥; cm? and the
volume of balloon at the depth of 100 meter is ¥, then
PV, =PV, ]
76x13.6x 981x¥; =10823961.6xV , =
_ 76xl3.6x981xy
S T 0892061 ¢ i
10823961.6
¥V, =0.0937V,
Vy=937% of V;
v \'}

LI
I

273K

(temperature is 47° O)

1

273K

N S
[ L

273K 335K

Initially when both bulbs are at 273 K, the mole in each bulb

- Total mole _ P-2¥ _PV _ 76xV

. 2 RT _RT  Rx2713

01_1 heating II bulb, some mole of gas are transferred to bulb
1 till the pressure in two bulbs becomes same

For bulb 1, i<
Rx273
Forbulb@l,  n,=L2XV
) Rx335
Since, n=n, +n,
6%V _hAxv +P2xV
Rx273" "~ Rx273 ' Rx335 Ao A=P,
o P, =83.75 cm of Hg
34. Initial mole of air pmcm:ﬁ_;’_
- _T5%x07
76x 0.0821x 290

(V'=0.2+0.5=0.7 litre)
=0.029
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Now, let n, mole are present in boiling water vessel and n,
mole in melting ice vessel
n=0.029=n, +n,
Px0.2 Px0.5
0029= 5 0821x 273 * 0.0821% 373
(P remains same at equilibrium)
0.029
8.92x107 +16.33x107°
=1.15atm=87.4 cm of Hg
35. 98.4°F can be converted to ° Cas
F-32_C
9 S
984-32_C
5 =
C=3688°C or 309.88K

Pr=X
MRT

wl

Thus using,

168
760x6-—><00821)<309 88

2 w=1.67¢g
36. Mole present initially in 1 L container

RT ~ 760x0.0821x273
Mole present initlally in 0.1 L container

PV _ 1000x0.1 - -3
("2)=RT = T60x0.0821x 273 ~ >0 %10

ny +ny =587x1072 +5.87x10™ = 6.46x 1072
Also, on heating the vessel of 0.1 L to 373K, let ‘n’ mole
remain in it, then since, pressure will remain the same, then
# is constant in both

nx373 _ (6.46x107% —n)x 273
0.1 1
A n=4.40x10"
i, mole left in 0.1 litre container after heating
=4.40x107°
Mole moved from 0.1 L to 1 L vessel
=5.87x10"° -4.40x107°
=147x107
Volume of air moved at 0° Cand 760 mm

y = BRT _ 1.47x107 x0.0821x 273
P 1
=329mL
37. Iflask : Volume = 2litre, By, = 70cm, T = 293K

Il flask : Volume = 3 litre, By, =100cm, 7 =293K
Before mixing

PV ____ 70x2 __ _ -2
Mole of Nz = BT = T6x0.0821x 293 ~ 0>0x10
Moleof 0, =¥ = __100X3 __ _ 1441502

RT  76x0.0821x293
After mixing total volume becomes 5 litre.
; -2
WPy = nl;T _1.658x10 );0.0821x 293 _ 0.368atm

17
ART _ 16.41x 107 x 0.0821x293 _ o 99010

Fo, me 3
Py = Ry + Py, = 0.368+0.79 = 1,158 atm
-2
Mole % of Ny = ——1:638x10 % 100=31.8%

(7.658+16.41)x10™

Mole % of O, =68.2%
38. Given, ¥ =10litre, T=27+273= 300K

Moloot‘Ho-%-o.lo

MoleofOz-l—‘ZQ-O.OS

= — = ()0,

Mole of N, 28 0.05
Totalmole=0|0+005+005 020

Py, = Py x mole fraction of He =0.492 x == g ;g
= (,246 atm

Py, = Py, xmole fraction of O, =0.492 8‘2’3
=(.123 atm

R\, = Py xmole fraction of N, =0.492x 82(5)
=0.123 atm

39. Given, mass of CHy =massof O, =wg, V = 1litre,
T=300K

Mole fraction of CH, = —%/16 __ _2

W) Mol twction of Ol = o w333

Mole fraction of 0, =—%/32__ _ 1

w/16+w/32 3

P(;Z = P x mole fraction of O,
(Dalton’s law of partial pressure)
PO.'
Py
(®) Pey, X1=(32/16)x 0.0821x 300 = 49.26atm
Po, x1=(32/32)x0.0821x 300 = 24.63atm
Py =Py, +Py, = 49.26+24.63="73.89 atm
40. Given, mass of gas 4 = 0.50g, Molar mass of gas A =60
mass 0f gas B =0.2g, Molar mass of gas B = 45
Py =750 mm
From Dalton’s law of partial pressure
P4 = Py xmole fraction of 4

- 0.5/60 _
=750x W(O__z) =489.23 mm
60) \ 45
Now, Py =P, +P;
Py = Py — P, =750-489.23=260.77 mm
41. w=20g dry CO, which will evaporate to develop P.
M=44gmol™, ¥=075lire, P=9? T=298K

= mole fraction of O, =3



18

NOTE :

42.

45.

46.

Pr=X
MRT

Px0.75= %x0.0821x 298

P =14.828 atm
Pressure inside the bottle = P +atm. pressure
=14.828+1=15.828 atm
mass of O; = w,
mass of N, = w,
w_1

Wy 4
Also, Moleof O, = 2L
32

Let

** Given,

Mole of N, = %

Moleof Oz 1,28 _28,1.7 (. m_1
Moleof N, 32 w, 32" 4 32 Tw, 4
The water vapours occupy the volume of N, gas, ie.,
50 litre.

For H,0 vapour ¥ =50litre, w=1.20g, T=300K,
m=18

Pr=X
» RT
szo=1l—-82xo.oszlxsoo

P =0.03284 atm
=24.95 mm
According to Dalton’s law of partial pressure,
Given, Py, = 740 mm, Py,0=18mm
Py or Pyeo, =Fo, +Puyo
740=Fp, +18
Py, =722 mm
Partial pressure of O,, A3, = P,, X mole fraction
P, =1latm (given, NTP condition)
Pg, =1x mole fraction (1)

. w
_—'—R
For mixture PV M 1

Since,

=X RT
VP
M= 1.3xo.0t1321x27§ ( ¥=13g L..)

. Molar mass of mixture = 29.137g mol ™’
If n, and n, are mole of O, and N, respectively,
32xn +28xXn;y _ 29.137
(m +n2)
28m +28n, | _4m
ny +ny n +ny
m_20.137-28 _ e
ny+ny 4
Mole fraction of O, = 0.28
ByEq.(1), P, =028 atm
Mass of liquid = 148—50=98g

Now,

=29.137

47.

48.

49.

Numerical Chemistry

Volume of liquid = 69_98—8 =100 mL = volume of vessel

Thus, a vessel of 100 mL contains ideal gas at 760 mm of

Hg at 300 K.
Mass of gas = 50.5—50=0.5g
Using, PV =nRT
760, 100 _ 0.3, 0,0821x 300
760 1000 m
Molar mass of gas (m) =123
AtTK, Pgs = Pary gas + Pruvisture
& PMN=83O-;0=SWM
Now at new temperature 7; =7 — 100 =099T
Since, ¥V} =V>; §=constt.
800x0.99T _
Pdry gas = ——T—— =792 mm
. Pgag = Pary gas + Prooisture = 792+ 25=817 mm of Hg
Given, mass of gas 4 =2¢g

Pressure of 4 = latm, T =298K
Now another gas is introduced
mass of gas B =3g
Pressure of mixture = 1.5atm
From Dalton’s law of partial pressure

Py =P, +P;
1.5=1.0+P;
Pg =0.5atm
@ For gas 4, Py XV =—2_ xRT
M,
For gas B, PixV=—3_

g M, XRT
Py 2 M,
—_——

Py 3 M,
My o2, 2,051
Mg 3 Py 3710 3

() IfAis O,, molar mass of O, = 32
. P; xV=3£2xo.0821x298

2
IxV =%
32><().082]x298

V =1.529 litre
Average molar mass = M =3545
n +n;
where, n, and n, are mole of C1** and CJ3’ isotopes.
no344
n
PxVy =nRT
PxV, =nyRT
—l— =£
V2 ny

Now volume o mole, when other things being equal and
thus partition should be made at the point where mole ratio
is 344 : L Pressure at this condition is same as the original
pressure (" ¥, T, n are constant ).
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$0. P, 4 =760 mmat 285K,

Pyie =760-10.5= 749.5 mm Hg
Py s =760 mmat 308 K, .. P, = 760-42= 718 m Hg

Length of the air = 10cmat 285K

Volume of the air= 10x a (where, a is area of tube)
Let A be the length of air column at 308 K
o 718xhxa=nxRx308

749.5%10xa = nx R x 285
=308, 749.5x10

BT T
=11.28 cm
S1. Given, P=10""® mm, V—lhu'e T=273-120=153
oS =nRT
_PV 0“°xl

= -20
RT - 760x0.0821x153 - 1"05%10
Number of Hg-atom = 6.023x 10% x1.05x 1072
=6324 atom per litre

Pressure of He = 20.14 mm
Temperature of He =273 + 30.2 =303.2K
Volume of He =110+ 100.5=210.5cm’

w
= =—RT
PV =nRT i
PVYM

weRr
_ 20.14x210.5x4
~ 760% 0.0821x 303.2x 1000
Wio =8.96x107* g
53. According to problem
lmtmlly 2L+10=100
o L=45cm

B

—_—— =

P — D
9 10cm o

6(45—:)-.— (@5 +x) ——9

273K -
10cm

SS.

19

Let initial pressure be P, atm on each side. When one end is
cooled and other is heated, expansion of gas occurs at hoter
end till the pressure on two sides becomes same. Let Hg
column is displaced by x cm to cooler end,

ie., Pl = P2 =P
. Pyx45xa _ P (45-x)Xa
Now forend 4 : . 273 (1)

because mole of gas remains same at 273 and 300 K; a is
area of cross-section of tube.

. Py x45xa Pz (45+x)xa
Forend B: 300 200 (2)
Evaluating P, and P, from Egs. (1) and (2) and since
P =P
273x45x Py _ 400x45x Py
300x (45-x) 300x (45+x)
x=8.49 cm
Thus, length of air column at 0°C
=45-8.49=36.51cm
Length of air column at 127° C=45+8.49=53.49 cm
273x45%76 _
Also, pressure (P)=P, = 300x3651 85.25 cm of Hg
Let initially the length of air column on each side be L, then
2L+10=100
L=45cm
If the tube is held A

vertically, let the HSG—L{— Lq

column be displaced —p

downwards by y to 10cm

attain same pressure above and below the column of Hg.
Then,

Pg +10=P, (1)
Pressure are taken in terms of length of Hg.

Forend 4 : Since mole remains same on two sides
Poxan=PA X(L-y)xa 2
RT RT »(2)
LP,
Pji=at0 .3
“TT» o
Forend B :
Poxan=P,, X(L+ y)xa 4 B
RT RT )
LP Py
Py =—20 O
8 =T+y) (5) ;
By Egs. (1), (3) and (5)
LP, LP,
—|+10=
L+y (L-y)
Putting L =45cm and P, = 76cm
y? +684y—(45)* =0 ki
y=3cm 2| A
Casel,at 300K : %

Let pressure in upper half be P, and lower half be
P,. Also P is pressure of piston
Atequilibium P, =Py +P

-~
—
~



Let volume of cylinder be V litre

Volume of upper half = 4_;'
and Volume of lower half = %

Also in the two parts of cylinder, each part contains 1 mole
at 300 K and thus,

4
P, X?V =P, x%
Py
= @)
ByEgs.()and(2), A =PT° -3
Casell,at TK:

Now the temperature becomes T at which volume of upper
half is % and lower half is %

Again P,’x% =P x%
Py
2= (4
% 4)
_ P
ByEgs.(1)and(4), P/= = -(5)

Now using PV = nRT for upper parts of cylinder at 300 K
and TK

P x—45Z=lxRx300

Case I upper part
P,’x%’-:lxRxT
Case II upper part
B 16_ 300 A6)
P15 T
; 2,16 _300
Using Egs. (3) and (5) in Eq. (6)’3XE=T
7=300%3%13 . 21 875 K

2x16
56. Let initially the length of air column in tube be L cm, then
2L+5=46+5+44.5

L=4525cm

B A
——@—1—
5cm

When the tube is held vertically at 60°, the Hg will be
displaced to lower end, so that
Pg +5c0s60°= P,

57.

59.

Initial mole

Mole after dissociation

60.

Numerical Chemistry

1.3 -
or Py—-Pg =5x5—§—2.5cmof}{g 6))
Py xax45.25 _ P, x44.5xa
For end A e =
=425, p (2)
Fa =5 0
Py xax45.25 _ Pg xax46
Forend B :—2———— ‘;ET =2
Py = 45'25xPo (3

a 46
=75. f Hg
Also by Egs. (1), (2) and (3)Py=754cmo
The mole of air contained in bubble at the bottom of tank as
well as on the surface remains same.

= I’]Vl - PIVZ
Thus,  » = RT RT,
At bottom of the tank At the surface

3x§ux(o.5)’ ) lxgnr’

Rx278  Rx298
& r=0.74 cm
Given, Py, +Pyy0 =760 mm
H,Ois dried by drying agent and left pressure stands for N,.
Thus, Py, =745 mm
Pyy0 = 760-745=15mm
(a) Since, Py, = Py X mole fraction of N,

; =745 _
Mole fraction of N, = 760 0.9803

or % mole fraction of N, =98.03%
. % mole fraction of H,0=1.97%

(b) The mass of H,O in mixture = increase in mass of
drying agent

or

=0.15g
Mole ofHZO(n)=%

Now use PV =nRT for water vapours, in a flask of
volume V.
15 p 015
760’(‘,“ 18 %x0.0821x 293
(- T=273+20=293K)
V =10.16 litre
N, == 2N
14
28
14, 70 14.2x30
28 * 100 28
14,70  14x60 _14_[130
Total mole = ~= x 2 =
ole= L& 10, x[ ]
1.4x130
Px5=-—""=—
28x100
P =192 atm

Initially at lower end :

100x28 28 | 100
% 0.0821x 1800

P=76cmof Hg + 76cmof air =152cm,T = 300K, ¥ = %‘

where ¥} is volume of cylinder
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Finally at lower end :
P = 76cmof air + 38cmof Hg =114cm, T=?,

62.
152xW _ 114X ¥,
2x 300 4xT
T =114Xx3Xx2x300
152x 4
=3375K
6. P P
v I | v
e | G
T=300K T=300K 63.
1 |
Let each vessel contains #, mole initially since, both are at
same conditions.
P’x¥V =nRx300 (1)
PxV =nRx300 «(2)
P'+P=Pr =105x10° Pa
2nx R%300=105x10° x¥ “(3)

On putting one vessel at 400 K, mole from this vessel will

move to the vessel at 300 K. Let n; mole move from II

vessel to I. Also pressure in two vessel will be same. 64,
Py Py

v I | v
(n+m) | | (n—-m)
T=300K T=400K
I I
P XV =(n+m )XRx300 n>n (8
P, XV =(n-m )xRx400 «(5)

nem _ 400
n-n, 300
300n + 300n, = 400n—400n,

n =-%’l

65.

Vessel I has, n+ % mole =

<@

Vessel 11 has, n—% mole =

. Ratio of mole in vessel  and Il = % =

wis

21

2 x Rx300 _ 108x10° x¥

By Eqs. (3) and (4)
817'- % R % 300 A xv

3
o P| _IOSXIO xs-ooo()opn
2x7

o Total pressuto = 274 = 2x 60000 = 120000 Pa =120 kPa

S
1

V= 1litre 1 litre
The aqueous tension remains same in both the flask. Also
flasks are at same temperature.
Thus, Pl 1 - P] V2
(Initlally) (Finally)
Initial pressure of gas £ = 200—-93 =107 mm
Final pressure of gas = P
107

107x1=Px2 . P=—2--53.5mm

Since, aqueous tension or P,o, is also present in flasks,
equivalent to 93 mm.

~ Pressure of gaseous mixture = 93+ 53.5=146.5 mm
Pyt air = 760 mmat 298 K

Pdry air = 760-24 = 736 mmat 298 K

Now -}}:—‘ = 77:'— (The temperature is raised to 100° C)
2 I
A _n
736 298

o P, =921.23 mm Hg
Pw air 8t 100°C= P| +PH10 at 373 K =921.23 + 760
=1681.23 mm Hg
Usi PV=1 .
ing MRT

[For saturation vapour pressure of water=3.6x10 Pa,
V=1lire=1x 107> m*]
3.6x10° 107 = 2420 x8.314x 300

5 Wi,0 =0.026 kg =26g
Since, relative humidity is 50%.

Thus, mass of water vapour is =26x0.5=13 g
For dry air: P, +0y =760 mm

Py, = 189X79 _ 600,40 mm

27100
760x 21
Py, =160%21_ 159
01 100 159.60 mm
Let volume be 1 litre, then
PV 600.4x 1 2
moleof Ny =" —-=——— "~ ___ =3,
e of N, = T = T60x 0.0821x298 > 2 <10
mole of 0, = —19%6X1__ _ g 58x 1073

760 0.0821x 298

Density of dry air = mass of dry air in one litre
=3.23x107% x28+8.58x 107} x 32
=90.44x1072 +27.46x1072
=1.179 g/ litre



For moist air:

Partial pressure of water = % X 23.76=14.3 mm

Partial pressure of (N, + 02 )=760-14.3=745.7mm

Py , =745.7
5. xlOO 589.1mm

21
Py, =745.7x <L =
02 57x100 156.6 mm

Let the volume be 1 litre, then
Mole of water vapours

589. lxl
760x 0.082% 298
156.6x1
760x 0.082% 298

Total mass in one litre
=7.7x107* x18+3.17x 107 x 28+ 8.43%x 10~ x32=1.171g

- Density of moist air at 25° C=1.171 g litre ™!

66. Given volume of container = 0.731mL
Temperature = 23+273=296K
Pyy0, +Feo, + Py, =1.74 mm (1)
When H,O0, is frozen out, the pressure exists for CO, and
N, and therefore,

Mole of N, (n;)= =3.17x107?

Mole of O, (n3 )= =8.43x107?

PCO; +PN2 =1.32mm ...(2)

When CO, is frozen out, the pressure exist for N, only and
therefore,

Py, =0.53mm ..(3)

By Egs. (1), (2) and (3),
Pco, =0.79 mm,

Now for N;, PV =nRT
PV 0.53x0.731

“ M= BT = 760x 1000 0.0821x 296
Similarly for CO, n=31x10"
and H,0 n=17x10"
67. Given, pressure of N, = 0.965atm
Volume of N, =10 litre, Temperature of N, = 298K
For N, when bag is fully expanded,
Volume of N; (alone) = 30 litre at 298K
PV, =PV,
0.965x10=P, x 30
Py, (alone) in 30 litre bag at 298 K =0.322atm
Now Py _'P01 +PN2
0.990= Fp, +0.322
Po, =0.668 atm
68. PNZ +Pno +PN02 =3.0cm (1)
PNz +PNO +P|f|20 =242cm ...(2)
(H,0absorbs NO, and Py, 0 exist in gases)
PNZ +P1’H10 =1.24cm ..(3)
(FeSO, absorbs NO and Py, exists in gases)
Pli,0 =02cm and Pjy,0 =0.18cm

Py,0, =0.42mm

=2.1x10"*

Given

Numerical Chemistry

Py, =1.24-0.18=1.06cm ...(4)
pNO_242 1.06-0.2=1.16cm
Puo, =3.0-1.06-1.16=0.78cm

Mole % of Np = 1:2 06 x 100=135.33

ByEq. (3)
By Eq. (2) and (3)

Mole % of NO= 5’9 x 100=38.67

Mole % of NO, —0—7—8x 100=26.00

69. 2NO(g) + O (g) — 2NO;(g)
Mole  1.04 % 0
(Before reaction)
20 1.04 1.04
Mole 0 (32 3 )
(After reaction)
Total mole before reaction = 1.04+ %> 2‘2’ 1.665

Total mole after reaction = -§—g - 34 +1.04=1.145
Change in no. of mole during reaction
=1.665-1.145=0.520
Change in pressure G50 BB
= AnRT _ 0.52x X -
7 20 0.64 atm
70. Given reaction is 2H, + 0O, — 2H,())
Volume before reaction a b 0
Volume after reaction (a—2b) 0
Since at constant P and T, gases react in their volume ratio
Given a+b=40, a-2b=10
a=30mL, b=10mL
Therefore, mole % of H,

= Volume %of H, = 3gx 100="75%

71. 2NH; — N, +3H,
(a) Since no. of mole after reaction
(n3 )= 2X no. of mole before reaction (n, ) at same T
and V,Pen
Bl
Pz ny 2

Pressure after reaction =2 atm
(b) Given for NH,, p=latm, ¥ =1 litre, T = 298 K

PV I1x1 -2
Moleof NHy = 2 = __Ix1___
oleofNHy = 2T = G.0821x 298 - +087x10

Mole of N, formed = Mole of NH, x—;

-2
= L087XI07 w2043 x10°

Mole of H, formed = Mole of NH, x-‘;-

-2
” 4.087le0 X3 m6.1308 x 10-2
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72. ForNO: V=250mL; T=300K; P=1053atm
PV 1.053x 250 -2
" N0 = B = G0Ra1x 300x 1000 00X 10

¥V =100mL; T=300K; P=0.789atm

= 0.789x100 _ _ -2
no; = 55R21% 300x 1000~ 0> 2% 10
Now 2NO + 0, — N;O,

Mole before reaction 1.069x 1072 0.32x107? 0
Mole after reaction (1.069x 102 = 2x 0.32x102) 0 0.32x 107

=0.429%107
. Mole of NO left =4.29x10™
Pyo XV =nRT

Given T = 220K,

ForO, :

2504100 _ 350
V=
000~ 1000 7

Pro X 3050%- 429%107 x 0.0821x 220
Pyo left =0.221 atm

73. Smce A and A, are two states in gaseous phase having their
mass ratio 50%, i.e., 1:1

Moleof 4 =26x L =} ( =!)
2 48 m
96,1 _1
Moleof 4; = 22X —==
ole of 4, > X %3
Total mole of 4 and 4, are=1+ % %
Thus, PV =nRT
Px33.6=%x0.0821x 546
P=2atm
74. Cl, + Cl,0, — 2Cl, + (n/2)0,
Before reaction 30 mL 30 mL 0 0
After reaction 0 0 60 mL 15n mL
The volume of O, = Volume left after passing mixture
through KOH (KOH absorbs Cl;)
=5
15n=15
n=1
Formula of C1,0, =C1,0
75. 2H, + O,— 2H,0(g)
Volume before reaction in litre 1 1 0
Volume after reaction in litre 0 0.5 1

(a) Mole of HZOformed

1x1 -2
RT TRy S

Mass of H, O formed
=446x102x18=8.03x10"" g

(b) Gas leftis O, = 0.5 litre at STP =2.23 X 107 mole
Mass of O, left = -3’22—’2‘2—5 g=0.7143 g

(c) At100° CH,Oalso exists as vapours
Total mole present at 100° C
= mole of H,0 formed + moleof O, left
=4.46x1072 +2.23x107 = 6.69x107?

Volume of vessel = 2 litre
-2
P= nRT _ 6.69x10 x20.0821x 373 _1.02 atm
(d) Volume of 0, used for formation of H,0=0.5 litre
Mole of O, used for fon(r)msnon of H,0
D EB -2
524 2.23x10

30x4+20x32+50%28 _ 5, 60

76. Mol. mass of mixture =

100
Also, rate of diffusion in terms of change of P/sec for Ne
= 0.3 torr/sec
Let rate of diffusion in terms of change of P/sec for mixture
be = n, torr/sec
03 _ [21.60
»n 20
or r, =0.289 torr/sec
L gt X
7 n h V2 (M 1 )
20,30 zz)
or 60V (64

& ¥ =14.14 dm®
78. For gaseous mixture 80% O,, 20% gas
32x 80+20xm
100
(1)

- Average molar mass of mixture (M, ) =

Now for diffusion of gaseous mixture and pure O,

VOZ o M m <
or E X f’: = (Moz ) (. same volume diffuses)
1,23 _ (Mg
224 1 32
M,, =34.92 .(2)
By Eqgs. (1) and (2), molar mass of gas m=46.6
79. A, Mg A
n \M, P,
P myt o |My B

'l nj; M] P_z

- ()

M, = [ xﬂ] x 28

- 1.5
331

38 038

M, =252

Thus, compound is XeFs because it can have only one

xenon atom (since for two xenon atom,

g; Atomic mass of Xe=2x131=262, i.e., greater than
2).

80. P=4.18bar, V¥ =3L, T=300K
R = 0,083 barditre K™' mol™'
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81.

82.

np = PV _ _4.18x3
RT ~ 0.083x 300
nr =0.50

Total mole of gases diffused = 0.50
Mole of unknown gas ng diffused

=nr —ny, =0.50-0.40=0.10

n, t M
Now, By N2 _ |TN,
nN, g M, (tn, = tg =10 min)
or o1_ [
04 M,
M, =448 g mol !
Given L )
n 4w 3
We have a_ My
n M,
1 Mz A{2 1
Tt (o) —_—=
4 Ml ' 1 16

M =62.425
Cl, =—=2Cl
1 0
(1-a) 200
Normal molar mass
“Exp. molar mass
71
62.425
o =0.137 or

L]
(L) (m

T
At STP

Before diffusion
D, =1.12lit.at STP=0.2g =0.05 mol

H, =2.24 lit.at STP=0.2g =0.1mole

When these mole are placed in the bulb, the partial pressure
of gas will be different because ¥ and T are constant. Also
Pocn B

Thus,

For

=1+a

=1+0
13.7%

°} n Tbulb

PH A

After diffusion D, leftin [ bulb = 0.1g
or D, diffuses fromI into II (bulb)= 0.2-0.1=0.1

84.

8s.

Numerical Chemistry

Now for diffusion of D; and Hj

My ﬁ"_z)xi
M, My, ) Py,

Wp, ’uz ’Mu;) Pp,
—x X —
Ip, (Mﬂz PH:
111 T '( ) sl
t WHZ 2
Mass of gases in II bulb

= mass of D, + mass of H, =0.10g +0.14g =0.24¢g

%D, by mnss=g 010,100 = 41.66%

% H, in bulb I1 =58.33%
Molar mass of *** UFg = 235+ 19x 6= 349
Molar mass of **® UFg = 238+ 19x 6= 352
From Graham’s law at same P and T

wy, =0.14g

L (A&)
) M,
’3;: 352
28 (349) ML
UFs
2log (_'1" ;"5 )
Also, x= ';;'! s
log (M2
o (322

Here, np =U® in U®F, =0.72 and My =M!3m&
=U%n Umn =99.28 and M, =M xs

n% =Uin UF =10

np = U8 in UP8F, =90

4 2 g[ (10/ 90)

352
I
8 (349)

x=638 steps
H, present has. H1 Hand ! H Hin the ratio 99.8% and 0.2,

Fs

ie, ny, iny,. This has to be diffused to have the
outcoming sample enriched to 99.8% ' H'H.
n2H=9O "3H=10 21.:29
ng 10
ny, =998 nl =02 nMa_998
ng .2
Separation factor = 29:8X 10 _
4 02x90 - >4
Fouli e My 3
"3;; MZH 2
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Now,
nylng

[E]x =55.44

Xiog3=
5 log 5 =55.44

X =19.8=20 steps
86. Atconstant ¥ and T foragas Pecw
Thus, forN, : P, = 2atm P, =%m,m= 1hr, w, =14 kg

)X = l:n;ln', ]

W1=?

A_wm. 2_1

Pz W ’ 1/2 2
WZ:%k!Nz

Similarly, for H, : P, =2atm, Pz-‘-%m at

¥ '=th‘r, Wl-_-lkg' W2=?
A_w

for diffusion of N, and H,

WH, sz MH;
or —_— =
WN, IHp My,

/ .
3/4,60_ [(2 =1 -
2172 7 (28) (th hour 60nnmne)

t =16 minute
87. Mole of H, diffused = 0.7in 20 minute
Mole of gas diffused = n, in 20 minute
For gaseous mixture after diffusion
PV =nRT

- 6x3 _
"= 00821x300 - 0!

Mixture contains, mole of H, + mole of gas diffused =n
0.7+n, =0.731

M
Now "H;=( ‘)

(=

7,20 _ [[Me
0.031 2

0.7%0.7
0.031x0.031
M, =1019.T7

8|

M!_
2

Mole of CO= 0.5
Mole of CO, =0.5

Total mole diffused out = 4

Let Mole of CO diffused=a
Mole of CO, diffused = b
Then, a+b=4 (1)
Now,
M, = Mean molar mass of diffused portion
M, _ax28+44xb _ 28a+44b -2
! (a+b) A

Also, M, = Mean molar mass of left portion
- (0.5—a)x28+(0.5—-b)x 44 _14-28a+22-44b

(0.5—-a)+(0.5-b) 1-(a+b)
_36-28a-44b
1-4
using Eq. (1)
M. =36 _28a+44b
, =36 _28a+44b
-4  1-4
36 M A
M, =30 2172
271-4 1-4
using Eq. (2)
My(1- A)=36-M, 4
or M,A+M,(1- A)=36
89.
Y X
L e R

Let distance of P from X end is a cm.
For diffusion of NH; and HCl at same P

iy twa _ [(Mpa
tuy  dua Myy,

200-a, t _ ﬁ) ——
1 xa ( 17 (time is same)
a=8l1cm
90. Y x

For diffusion of NH; and HCI
Let pressure of HCl = P atm
Let pressure of NH; = latm
’N'H; - (MHO ]XPNH)
Ma Mwu, ) Pua
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Iy o tua _ [(Mua ), Py _ (5X15x10% )+ (10x 5x10% )+ (15% 10 10%)
iy dua My ) Paa 3410415
40 365). 1 =9.17x10* msec”
Fie (‘ﬁ“)"? (timeissame) g4, 1t T'is given always use
- P=2.198 atm . (::T)
91. 2000 mm pressure of 0, —'=47ma_, 1500 my
4000 mm pressure of mixture —=7430 _, 1. | (), 4 gag) (a) atSTP T=273K _
7 e : _ [T [xasexexoms
For pure O,, P_l="_| Uy fOr Oz = - _\ >
2 m ; i
When ; and n, are original no. of mole of O, and mole of =4.61x10* cm sec
O; after 47 minute. Now iy = iz X 0.816 )
g m _ 2000 and  upsy = U X09213 )
" 1500 5 uyp =3.76x10* cmsec™
ny =3/ 4)"'3 and  u,y =4.25x10* cm sec™
or mole of O, diffused in 47 I
2 n min = n - 4 2 (b) o onH‘ (3:{7‘)
n x74
0% oot Qy it fn Tt ey M=30, T=27+273=300K

=03936  (ifm =1 o u = [(3x8314x107 x300
Since, diffusion of O, in mixture also occurs at partial o= 30

pressure of 2000 mm. (The ratio of gas and O, being 1: 1) - 4

Now gas and O, both diffusing in form of mixture through Uy =4.99x10° cm sec

same orifice at the partial pressure of 2000 mm each. ByEq.(1), upp =4.07x10* cm sec™
L RO 8 (79) ByEq.(2), wu,y =4.60x10* cm sec™’
74 n
¢ (©) U 0f O, = ﬂ)
=ng 32 32 =0.249 M
’ V 79 ‘88 V 79 at T=17+273=290K
Mole of O, left after 74 minute = 1- 0.3936 = 0.6064 3% 8314107 X290
Mole of gas left after 74 minute = 1-0.249= 0.7510 Urms = 3\2)
0, :gas::0.6064:0.7510
’ m::l:l.zss =4.75x10* cm sec™!
92. Molar ratio of He and CH4 is 4:1 ByEq.(1), uyp =3.88x10* cmsec™’
Partial pressure ratio of He and CH, is 16: 4 ByEq.(2), wu,y =438x10* cm sec™!
(- total pressure = 20bar) (d) Density of O, =0.0081g mL™" =0.0081g cm™
me  [Mons  Pre and P=lam=1x 76 x 13.6 x 981dyne cm™
ncH, My,  Fou, T
(. time of diffusion for both is same) W, Uy = " J( XX ::(:8316x”l
= xlb=g: =1.94x10* cm sec™!
4 4
The composition of mixture initially gone out for He and ByEq.(1), uyp =1.58%10* cm sec™
e B BYEQ.(2), uay =1.78x10* cm sec™
93 "1“, +"z"z +"3" +. (¢) GivenforO,, w=6431g, ¥ =5lime
o Upmg = ny +ny; +n3+... P=750m=75m=;_2m
W
F(Ileoz) +10x(5x102 )2 +15x (10x 10 )? PV = LRT
_ , 5+10+15 75X5—6‘3‘x008"lxr
=9.79 x 10 m sec”’ 76
Ry +nyuy +nyuy+.., T= 299.05](

u =
Also, AY. ny +ng +ny+...
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95.

96.

97.

98.

Now

y— = (ﬂ)= 3x8.314x107 x299.05
- M 32

Ume =4.83 X10* cra sec

ByEq.(1), upp =3.94x10* cmsec™

ByEq.(2), uav =4.45x10* cm sec™
(f) ForO;:  T=20+273=293K

S (ﬂ)___ 3x8.314x107 X293
e M 48

Urms =39 %104 cm sec™!
ByEq. (1), upp =3.18x10* cm sec
ByEq.(2), uav =3.59x10* cmsec™!
o= (D), e = (2T

Average speed at T} K =MP speed at T, K for CO,
8RT, _ |[2RTy
M M
T, 4
2RT 4
= 10
Upmp ( M ) 9%

2% 8.314x107 xT, 4
o T 21=9x10

(1)

Also, for CO,

T, =2143.37K

By Eq. (1), T, =1684.0 K

Given upy =0.3msec™ at 300K

u =03= f(i‘in"—;@) (1)

at T=273+927=1200K

Uy = (ﬁ:—M—m") Q)
Y _ (m)
3 300
u; =0.6 msec™!
u = 3RT , = ’(ﬂ)
m M
Ums S UAV - Upp =1:E:J;j
=1:0.9213:0.816
Also  upp iUAY ‘Ums =l:m:m

=1:1.128:1.224

SRT )

u =
AV ™

99.

100.

101.

102,

27

I

P 2;{— -2

_ 3n

By Eqgs. (1) and (2), Urms = UAV xJ’—;

= 400 _—3"3;'“ =434 m/sec
Given, my, =2mp

Molar mass of 4 = 2x Molar mass of B (1)
Given U Of A =2X U of B .(2)

Also no.of molecules of 4 =No. of moleculesof B ...(3)

For gas 4 PiV4 =%M‘ufm4
For gas B PyVp =%Ma“f.,,,
2
PaVy Ma 24 (4)
PgVs My uj
Given Vai=Vs » -(5)
By Egs. (1), (2), (4) and (5), F:" =2x(2)* =8
PA -SP,
For gas PV=lRT
3x12.5= 5x00321xr
=13045
7
oy (%)=‘j(sxs.314x1zg x30.4x7)
=8.028 x10* cm sec™!
Given, n=10%, m=10"% g V =1litre=10’ cm®

Urmg = 10° cmsec™

PV=%mnu3,,,,
Px10® =%><10‘22 %102 x (10° )

P=33x10" dyne cm™
T=27+273=300K, R=8314x10" erg

U g for CH, = (_3&)= 3x8.314x107 x 300
M 16

=6.84 x10* cm sec™!
Now, K.E./mol CH, =%Muz =%x16x(6.84x10‘ )
=374.28 x 10® erg mol ™'

8
. KE. for—%mole CH4 - 37422)( 10 erg
_374.28x10®

2x107
=1871.42 joule

joule



103.

104.

105.

106.

Average kinetic energy
K.E/mol _ 374.28x10® -1s
=220 - 278.20X10_ _ 65 1410
Av.No.  6023x10% %

i =62.14x1072 joule
Average kinetic =M=ﬂ=!
. R = A No, " 2xN " 3X
k= 35621107 x2
3%x273
=1.372 x107"® erg molecule™! K
Avogadro’s no.
- R _ 8314x10’
k  1372x107%
P=1757x10° Nm™2, V=1lite=10"* m?
2x10%
6.023x10%
PV =nRT
21
7.57x10° x 1073 = —2x107
6.023x103
T=2742K
_ 3RT) _ (3x 8.314x274,2) ;
Uy = [| 25 | = [|2X8218X2742) (i
p \/( M \/ 28x1073 ®
=494,22 m sec ™!
Ive _ 082
U rmg
tupp =405.26 m sec™
Let the u s of He and SO,, be u; and u, respectively,

(i) ForHe: u = ,(31'{;7') =J@
R0 T~ V(%) % \/(3%7) (temp. is same)

ll_]-4
uz

(- T=273K)

Now
=6.059 x10%
Given,

R=8314 J, n= mole

Using
x8314xT

Now,

(i) Given, upm of SO, =5‘u,,,. of He

-+

(T = 300K for He)

T=1200K

(iii) Since speed is independent of P and ¥ terms and thus
no effect on speed by changing volume.

(iv) Since u m, is independent of no. of molecules and thus,
no effect on speed by changing no. of molecules.

Let mass of mist particle be m, then K.E. of this particle

= —;mu2 , where u is its rms velocity.

3RT
le= =221
Also K.E. per molecule D5
12 _ 3RT
Therefore, pmu’ = TN

107. ForH;:

108.

109.

110.

Numerical Chemistry
= ’l R, T
u= 3Nxm]
m=10"2g R=8314x10" erg, T=300K

3x8.314x107 X300 _ 0 35 cm sec-!
6.023x 102 x 107

(8R X 300)
Upy =

nx2
(= T =300K and molar mass = 2)
900
FOI'C;H‘:MAV = (8£:30 )
(" T =900 K and molar mass = 30)
UAVH, = (300)( 30) =2237:1
UAVCHg 900x 2

(a) Volume of 1 molecule = % nr (spherical shape)
¢~ r=150pm=150x 107'° cm)
.. Volume of 1 molecule = % x-272 x[150x10710}3

*)=141x10"% cm?

Thus, volume occupied by N molecules = N x¥;
=6.023x10% x1.41x1072 = §.49cm? per mol
Also volume of 1 mole of N, = 22400 cm> at STP

Thus, empty space = 22400 8.49 = 22391.51

o _ 22391.51 s o,
or Aemptyspace-mxloo 99.96%
99.96% is empty space and this accounts that most of
the space in container is empty in which a molecule can
move. Also it suggests for compressibility of gases to

®)

©

higher extent.
Pi’: nRT «(1)  forideal gas
PV?= 4;(( .(2) additional law
PY==
or vV v ss(3)
By Eqgs. (1) and (3)
‘ K _
3 V= nRT
Initially % =nRT
. K
F —=
inally W nRT,
T
2=
h
or Tl =I
2
Let P, ¥ represent pressure and volume at temperature 7.,
PV =nRT (D)
P°
o P=
At ViV, Pu-D P



Gaseous State

= ByEq.(1), %xvﬁmr
111 Prmueeonecﬁon:"—z"=m (,.:ﬁ)
v? (44 x1x1 4“4
=0.036 atm
Volume correction = nb = %‘ % 0.04 =0.004 litre
112 : b=4Nxv

[where v is volume of 1 molecule (of steam)]
.. Volume of 1 mole of steam
_ % - 00305 . _ 00305

———— 3 -
" 2 x10° mL = 7.625 mL

Also, volume of 1 mole of HyO(l)= #853
Volume of 1 mole steam _ 7,625x 6,958

Volume of 1 mole H,0 ~ 18

Volume of 1 mole of steam =40% of volume of 1 mole
of H 2 (0]

113. For gaseous water, PV =nRT
Thus, volume occupied by 1 mole gaseous water can be
derived as (T =273+100=373K)

e 30.62 litre

=0.4058

Also volume of 1 mole of liquid water = s
density

18 _18.79mL=18.79% 10 litre

~ 0958
Thus, volume percentage occupied by water molecules in
gaseous state

-3
=18.79x10 , 109 0.0614
30.62

Therefore, percentage of free volume
=100-0.0614 =99.9386

114. -: 6.023x 10 molecules of N, occupy 22400cm’

22400 an’
6.023x10%
or volume of one molecule of N, =3.72x 102 cm?
Also, the average distance betwegn two molecules = 2r
and %w’ =3712x1072

one molecule of N, occupies

P = 3.72x107 x3x7
4x22
r=20.7x10" cm
average distance = 2x20.7x107%
=41.4x10"° cm

Thus,

115. b=4x Volume occupied by the molecules in one mole of gas

=4xNx(%1:r’)

e 324
16x (22/ 7)% 6.023%x10%*

o d=2xr=2x1355x10"° cm=2.7114
116. (i) The volume of sph(:n:%nr3

173
] =1.355%10"% cm

Thus, volume of one N; molecule
=§x2_72x(2x10“° ) m® =3.35x10 cm?

(i) The total volume of one mole of gas at STP
=22400cm’

Also the volume of one mole of gas
= N X volume of one molecule
=6.023x10% x3.35x107% ¢m® = 20.2cm?

Empty space = 22400 20.2 = 22379.8cm’

22379.8
===—"2x100=99.9%
Percentage empty space 22400 00=99.9%
[NOTE : This result clearly indicates that particles of
gas occupy only a tiny fraction of the total gaseous

volume.]
117. Given,n=5V =1litre;T =47+273=320K
a=3.592; b=0.0427

Using van der Waals’ equation for n mole
2
na _
(P+F-] (V—nb)—- nRT

[P+2sx_f592][1-sxo.o427] = 5% 0.0821x 320

P =77.218 atm
Also, if gas behaves ideally, then PV = nRT
Px1=5x0.0821x 320=131.36 atm

118. For 1 mole : [P+L][V—b]=kr
Vz

if b is negligible, p=RT__a
vV p2
or PV2—RTV+a=0

The equation is quadratic in ¥, thus
y - +RT+VR*T? _4aP
2P

Since, ¥ has one value at given P and 7, thus numerical
value of discriminant = 0

or  RT?=4qaP
p= RIT? _ (00821) x(273)°
4a 4x3.592
119. z=E¥ _ o5

100xV
0.082x 273

& V =0.112litre
Now using van der Waals’ equation,

[P+Viz] [V1=RT

=34.96 atm

=05

(. bis negligible)
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120.

121.

122.

123.

or [P+ ﬂ
v v

100+ a 0 082x273
(0.112)2

0112 =199.88

4__ -99.388
(0.112)?

a=1.253 litre? mol? atm

Compressibility factor (Z) = %
n

—__40x04 _
1% 0.0821x 300 -
Since, Z value is lesser than 1 and thus, nRT > PV.In order
to have Z = |, volume of CO; must have been more at same
P and T or CO, is more compressible than ideal gas.

For real gas PV = Z-nRT = —Z';’IRT
Given compressibility factor Z=0927, T=273K,
P =100atm,” =100 litre

100x100= 0.927x%x 0.0821x 273

w=14.439x10° g
w=14.439 kg

v _ M,
To) V M,
1.33= | —=

)

M, =18.1
(ii) Molar volume at 500 K
7)= Molar mass
" Density of 1 mole
=50.25x107 m®

(iii) Compression factor
_101325x50.25x 107>

@ O

_18.1x107°
0.36

=1.225

[P= 101325 Nm™ = latm]
(iv) Repulsive forces operates among molecules

since Z> 1 3 3
-23
(b) Average K.E. == 2kT—ixl .38x 107 x 1000

=2.07 x 107" J/ molecule

van der Waals’ equation for n mole of gas is
[P + -—] [V —nb]=nRT
v?

Given, V =4litre; P=11.0atm; T=300K;

b=0.05littemol™'; n=2

Thus, [l]+—][4 2x0.05]=2x0.082% 300
42

a=6.46 atm litre> mol 2

Numerical Chemistry

- BV . __Ix56 25
naid "= RT ~ 0.0821x 273
Also, g=m-S-AT=025xC, x10
: 12.5=0.25xC, x10
C, =5 calorle
Also, c,=C, +R =5+ 2= Tcalorie
Cr_7
=—L=1=140
So, Y o
Thus, gas is diatomic.
125. Given, P=50atm, V =25litre, n=10
a = 5.46atm litre? mol~2, b= 0.031litre mol™’
Now van der Waals’ equation for n mole of gas.
2
P+"—"} [V - nb]=nRT
Vz
[so+m°:%5] [25-10%0.031] = 10x 0.0821x T
- T =1529.93K =1256.93°C
= PV
126. We have, Z= “RT
_PV ___ 800x100  _
Mole of Ny = b = T95% 00821223 22408

127. Given, T, =374°C=374+273=647K, P, =218atm
V.= o 0566 litre mol ™'
b= 3 =0 03556 =0.0189 litre mol !

a=3P.V2 =3x218x(0.0566)* =2.095 litre? atm mol 2

PV,
R= *_33 Al %&‘:;’566 =0.05086 litre atm K~' mol ™!
c

128. According to van der Waals’ equation
a
[P+ﬁ] [V-bl=RT
RT __a
V-b) p2

RTV _a
(V b) vV

or PV = RT[ V___a_
V-b VRT

or PV =RT (_2)_' sl
v) "Wt
b b (Y
[ V] —l+7+("7) .
PV= RT[1+ 5, -_]
VRT
PV = RT[I+( _“.)._1+
RT)V
B=ph-_9%_

RT
(4],

or P=

Multiply by V, then PV =

]

129.
Before association 1
After association
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kwll, o _ay!
(41" [1—:1]" n(l-a)"
4| Bl
vV
Sinceo.is small, thus & = Ke (1)
n Vn-l
Total mole of gas at equilibrium = 1-o+ E
PV = [l o+ ]RT
PV o _n-—no+ao
—=l-at+==—T"T=
or RT -0 = = [l (n=1) ]
5 PV (n-1)-Kc
By Eq. (1), BV o |q M-
y Eq. (1) RT [ =
130. For real gas: [P+%][V—b]=RT
Vv
or PV -b]=RT (neglecting a)
. 10.1325%x10% o, . _
- 01305 — W ~b1=0.0821x273(101325 Pa latm)
or 100[¥, - b]=0.0821x273=22.41 (1)
101.325x10°
101325 [V, —b]=0.0821x273
or [V, - b]=22.41 (i)
ByEq. (i), ¥; =0.2241+b ...(iii)
By Eq. (ii), ¥, =2241+b (iv)
. _0.2241+b
By Egs. (iii) and (iv), A 5241+ b
0.011075¥, _ 0.2241+b
V, . 2241+b

¥, =0.011075V; is given)
b= 0.024 litre mol ™" =24 cm® mol™

b=4N xv=4x6.023x10% x%m’
or 24=4x6.023x10% x%x2—72xr3

. r=1.33x10"% cm
131. (a) Given P(V-b)=nRT
1x (25-b)=1x0.0821x 273
(- ¥V =25dm> = 25 litre)

b=2.586litre
Also, diameter of molecule d = 2r
We have b = 4x N x Volume of molecule

=4%6.023x10% x%nr’

3
4,22 (d
x3X 7x(2)

d=1270x10"% cm
P(V -b)=nRT, PV —Pb=nRT
PV _Pb _,
nRT nRT

2.586=4x6.023x10%

(b) Given

31
_Pb
or V4 nRTBl
(2 =Zle , compressibility factor)
Pb 1%2.586
o Z=l+ =l ek 1S
8a -_4a
132. Te=gors =
TC _& b=RTC
A r 8P
b_00821X303-0M3““eM—I
8x72
a=27P xb? =27x72x(0.043)* =3.59 litre’ atm mol 2
. =T _30
133. ForO;: T, Te, 155
. =T _300
ForN,; : T”-T 126
Tn _126_gg12
T, 155

134. According to law of corresponding state
[P, +i][3y, —1]=8RT,
V2

r

P +—3_|[3x04-1]=8x0.7277
(0.4)
P, =10350
135. Inversion temperature,
2a __ 2x0246  _
i =R.p_00821x00267 4K
Boyle temperature,
L=-S-__0A6___ 1ok

136. Let pressure of gas left in v&ssel aﬂetl operation be P;. Let

n; mole are removed from vessel after 1 operation. Let n
mole were present initially.

Thus, Initial state PV = nRT (1)
PV =(n—n,)RT -..(i1)
PV =nRT —nRT
PV =PV —nRT (i)
The n; mole taken out has volume v at pressure P,
Thus, Piv=mRT (V)

By Egs. (iii) and (iv), P,V PV —-Pyv

4
or =P [V < ‘] V)

v T
l - =
Similarly, for II operation: P, = P, [V+ ] P[V—w]
Thus, for n operations P, P[ v ]
137. For real gases, van der Waals’ equation for one mole is:

P+y—"2][v_-b]=kr
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138.

or PV, —Pb+-9_38b _pr
Ve 12 1)

For intercept of PV, vs. P graph at y-axis, P = 0 and thus,
. ab .
Vm — . Thus neglecting Z and E terms in Eq. (1)

or PV, =Pb+RT «(2)
Thus, a graph between P¥,, vs. Pwill lead to an intercept RT
as Eq. (2) represents a straight line equation (y = mx+c).

Mole of He = Zl
Mole of O, -4_1
32 8
U = PﬁT
ForO, : 1000= [3X8.314xT
32x1073
[Mo, =32x107° kg]
To, =1283.0K
For He : 1000= 3x8.314xT
4x1072
My =4x107 kg]
Ty =160.37K

KE. pcrzlmole He=%x-‘%x8.3l4xl60.3= 5007

KE. per%molc 0, =% x—;x8.314x1283.0= 2000.036

At thermal equilibrium temperature (7°) becomes constant
as O, molecules provide heat energy to He molecules.
Heat given is expressedasnX ¢, X AT

(c, = %R for He and %R for 02)

Heat given by O, = Heat taken up by H,

b3 N T

§>(—2-RX(1283 T) 4szx(T 160.37)
5(1283-T)=2x3(T-160.37)

6415—5T = 6I' —962.22
T=670.7K

Numerical Chemistry

Thus, tt forO; = /————3)( 8'314)(370'7 =723 m/s
32x10
U for He = f_____3x8.314x_3670.7 =2045m/s
4x10

According to Maxwell’s molecular speed distribution :

(a) The number of molecules of a given gas having their
speed near to 1, increases with temperature.

(b) The number of molecules having their speed near to
up decreases with increase in molar mass for gases at
constant temperature.

(c) The number of molecules having their speed near to
u)p increases with increase in u yp .

AISO, ne<uyp

e |E . [T
M, M,
=M,
m_ |h
n I

T, =300, n, =£22_

139.

1_ /T
2 Y300
140. According to Maxwell’s molecular speed distribution :

Ng 1

OC ——
Zng

r=75K

um
I

ng

N
o ; (1 mole of both gases)

ul’ﬂl

UmsAr s Wrmae xnl
He
Mhe _ Mmsar _ 467

Pae  Uemame 1477 016
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'@ SINGLE INTEGER ANSWER PROBLEMS @

3.

| &

10.

11.

12.

13.

14.

. A container having 3 mole of ideal gas occupies 60 litres

at pressure P and temperature T. If 0.1 mole of gas is
introduced at same P and T in container the change in
volume will be ...... litre. * -+ :

{\n ideal gas on heating from 100 K to 109 K shows an
increase by a% in its volume at constant P. The value of
ais .. -
The ratio of inversion temperature and Boyle’s
temperature for a real gas is ..a=.

The specific heat of a gas are 0.125 and 0.075 cal/g. The
1/10™ value of its molar mass i .....

A bulb is having ideal gas at 27°C. On heating the bulb

to 227°C, 2 litre of gas measured at 227°C is expelled
out. The volume of bulb in litre is

. The mass of molecule 4 is twice the mass of molecule B.

The rms speed of 4 is twice the rms speed of B. If two
samples of 4 and B contain same number of molecule,
the ratio of pressure of gas samples of 4 and B in
separate containers of equal volume is ......

. Molar mass of air is 28.80 gmol™'. The volume of

N, (inmL) in 10 mL of sample of this air is ......

A cylinder containing 5 litre of O, at 25° C was leaking.
When the leakage was detected and checked, the
pressure inside cylinder was reduced from 8 atm to
2 atm. The ratio of mass of O, initially present to that
left after leakage is equal to ......

. 16 mL of He gas effuses through a pin hole in 4 sec from

a container having Py, equal to 1 atm. If same container
is filled with CH, having pressure 2 atm, how much
volume (in mL) of CH,4 will be leaked through same pin
hole in 2 sec?

U ;s of CH,4 at TK is 6 times of U ,,, of SO, at T\ K. The
temperature of CH, gas is ...... times of SO,.

Root mean square speed of a gas is 5 ms™'. If some
molecules out of 10 molecules in all are moving with
7ms~' and rest all the molecules moving with
3msec”!, then number of molecules moving with
higher speed is ......

A metallic carbonyl M (CO) y is in gaseous state. The
rate of diffusion of CH, is 3.31 time faster than this gas
under identical conditions. If at. mass of metal is 63.29,
the closest integer value of X'is ......

The ratio of rate of diffusion of He (at 4 atm) and CH,4
(1 atm) through same pin hole at constant temperature is
5 mL of a liquid [V.P. =8 cm at 400 K] having density
0.02 g/mL is placed in a container of 4 litre. It is
connected to another empty container of 4 litre at 400 K.
The resultant pressure of liquid shown is ......

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

A gas having molecular formula O,. If its vapour
density is 24. The value of n is ......

The percentage decrease in volume of gas at constant
temperature if percentage increase in pressure is 5.26, is
An ideal gas on heating shows a rise in temperature by
8% at constant pressure. The % increase in volume of
gasis ......

The density of vapours of a substance at 1 atm P and
500K is 0.3 kg m~. The vapours effuse 0.4216 times
faster than O, through a pin hole under identical
conditions. If R = 0.08 litre atm K™'mol™'. The molar
volume of gas is a x 10? litre. The value of a is ....
What mass of N, should be mixed with 11g of CO to
give a mean molar mass of mixture equal to 36 ?

A flask of capacity 5 litre containing air is heated from
27°C to 227°C. The volume (in litre) of air left in flask
on heating is ...

A flask of capacity 10 litre containing air is heated from
27°C to 227°C. The ratio of mole of air present at 27°C
to mole present at 227°C is ...

wy g of gas 4 and w» g of gas B shows a mixture of molar
mass 72. This (w; +w,) g mixture is placed in a container
of volume ¥ litre at 1 atm and 300 K. The density of
mixture at these conditions is ..... kg m™.

(R = 0.08 litre-atom K™! mol™)

A certain quantity of gas occupies 960 litre when
collected over water at 300 K and 760 mm pressure.
However the same quantity of dry gas occupies 608 litre
at 2 atm and 400 K. The number of mole of water
vapours present in wet gas is (R = 0.08 litre atm
K™ mol™)....

0.75 mole of solid 44 and 2 mole of gaseous O, are
heated to react completely in a sealed bottle to produce
gaseous compound A30,. After the compound is
formed, the vessel is brought to initial temperature, the
pressure is found to half of initial pressure. The value of
nis...

A graph is plotted for a van der Waals’ gas between
PV, vs P leading to an intercept of 22.16 litre-atm.
The temperature of gas at which these observations of
P and Vy were made is ............ *C.

(R =0.08 litre atm K™' mol™")

Two boxes 4 and B having their volume ratio 1 : 4 and
filled with Ne are inter connected through .. narrow tube
of negligible volume. Box A is kept at 300 K and box 8
at 600 K. The ratio of mole of Ne gas in box Bto box A is

The density of the vapours of a substance at | atm and
500K is 0.36 kg m™. If molar mass of gas is 18 g mol ', the
molar volume of gas is 5 % 10" m ™. What is the vaiue of a?



28. The root mean square speed of the molecules of

diatomic gas is u at temperature 7. On increasing the
tgmperature to 27, the molecules are dissociated. At this
time #mq of the atoms is au. The value ofais ...

29. The ums of the molecules of a gas of density 4 kg m™
and pressure 1.2x10° Nm? js 3x10° cm/sec. The value
ofais....

30. One 'li.tre of N; and 7/8 litre of O, under identical
conditions of P and T are mixed. The mass ratio of N,
and O, is ...

31. Density of a gas is found 5.46 ¢/L at 27°C and 2 atm
pressure. What will be its density at STP in g/L ?

32. Aballoon is filled with 2.4% 10 mole of He at 27°C and
80 mm 3pressure. An additional amount of He
(1.2x107° mole) is added at the same temperature
showing a rise in volume by 50%. The final pressure of
gas in balloon in cm is ...

33. A given sample of gas occupies 40.5 mL at a certain P
and T. If mass of the gas is doubled and absolute
temperature is lowered to 7/3 but pressure increases to
9P, the volume occupied by gas will be ........ mL.

34. The composition of air is 20% O, and 80% N, by
volume. If 10 litre of air is placed at 24.9584 atm and
304 K, the mole of O, present to closest integer values
are....

35. A closed container of volume 002m> consists 28g of
mixture of neon and argon at temperature 27°C and
pressure 1 x 10° Nm 2. If atomic mass of Ne and Ar are
20 and 40 respectively, the mass of Ne in mixture in (g)
i8

36. If pressure of gases at sun is 1.4 x10° atm, density is
1.4 g /mL and average molar mass of gaseous mixture is
2, the temperature of sunis2.4 x 10 K.The value of a is

37. Xﬂask contains a mixture of N, and CO, at 1.5 atm and
27°C.IfCO, is removed the pressure falls to 0.5 atm and

the mass of the flask drops by 22g. The mass of N, ing

in flask is ...... ‘
38. IfT, :Tp is2:], the ratio of uy of two gases 4 and B is

24/2 :1respectively. What would be the ratio of the rate
of diffusion of two gases 4 and B under same Pand 7'?

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Numerical Chemistry
A mixture of H, andO; in2:1volume ratio is allow?c'i to
diffuse through a porous gat.tition. The composition
ratio of H, :0, coming out initially wo:xld be .... .
A cylinder containing 5.0 litre 0, at25°C was leaking.
When the balloon leakage was detected and stopped,
there was a change in the pressure of the gas fror.n
30atm to 2.235 atm. The massing of O, leaked out is
...... many times the absolute temperature of a gas
gzu};?i‘;/ncreas); when u , of a gas in a container o_flﬁxed
volume is increased from 5X 10* cm sec to

10x10* cmsec™'? '
The ratio of pressure of a gas when U ofagasina

4 -1
container is increased from 5x10” cmsec to

10x10* cmsec ™.

11.2 litre of a gas at NTP requires 40 cal hea.t to raise its
temperature from 0°C to |0°(.1 'I.'he specific heat at
constant volume of gas in calories is ......

The ratio of root mean square speed of He and SO,
gases placed in two containers of identical volume at
same Pand T'is ......

A vessel having movable piston containers has 6.0 mole
of a gas at 8.0 atm pressure and volume 5.0 litre.
1.5 mole of gas are withdrawn as well as piston is pulled
isothermally onwards to make volume of vessel
10.0 litre. The final pressure of gas will be ......

The isothermal compressibility factor ‘a’ for an ideal
gas at 0.25 atm pressure is ......

The mixture of one mole of monoatomic gas and one
mole diatomic gas has molar specific heat at constant
volume (in cal) equal to ....

The heat used in calorie in doing work during the
heating of 1 mole diatomic gas at constant pressure in
order to increase the temperature of gas through 1°C.
At 400 K, the root mean square speed of a gas (molar
mass=40) is equal to the most probable speed of gas y at
60 K. The molar mass of the gasyis.... (IIT 2009)
To an evacuated vessel with movable piston under
external pressure of 1 atm., 0.1 mol of He and 1.0 mol of
an unknown compound (vapour pressure 0.68 atm. at
0°C) are introduced. Considering the ideal gas
behaviour, the total volume (in litre) of the gases at 0°C

iscloseto...... (IIT 2011)

SN - mmEm—

1. Two 2. Nine 3. Two 4. Four 5. Three 6. Eight
13. Eight 14. Eight 15. Three 16. Five 17. Eight 18. Six
25- Four 26. Two 27. Three 28. Two 29. Four 30. One

~= Seven 38. Two 39. Eight 40. Five 41. Four 42. One

7. Eight
19. Seven 20. Five

43, Eight
Four 50. Scven (Saturated vapours do not obey gas laws except Dalton’s law of vapour pressure)

8. Four 9. Eight 10. Six 11. Four 12. Four

21. Two 22, Three 23. Two  24. Four

31. Three 32. Eight 33. Three 34. Two 35, Four 36, Seven
44. One  4S. Four  46. Four 47. Four 48. Two
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1F
1K

. If X ), Xp and X are mole fraction, pressure fraction

and volume fraction respectively of a gaseous mixture,
then :

1 1 1 1
X =— = — — =
@) Xy X, - X, (®) X Xp X,
1 1 1
Xu=Xp=X —_—_———
©) Xu P v ) Xy Xr X,
. Virial equation is :
PVy =RT| 4+ B+ C ..
Vu Vo2
where 4, B, C are first, second, third ....... virial

coefficient respectively. For an ideal gases:

(a) A =unity and B, C are zero

(b) 4, B, C are all equal to unity

(c) 4 is dependent of temperature

(d) All 4, B, C depend on temperature

. Which of the following is intensive property?

(@) P ®) v

(c) Mole @r

Which one is not correct for gaseous state obeying van

der Waals’ equation ?

(a) Compressibility factor at critical temperature
=0.375

(b) For a gas if van der Waals’ constaint a =0, 7, =0

(c) Ideal gases do not have critical temperature

(d) Gaseous molecules showing H-bonding show
minimum deviations from Z =0.375

One mole of a gas is present in a vessel at STP. The

volume of container in which neither of the gas

molecule is present is :

(a) 224 litre (b) 2.24 litre

(c) 2.24x107" litre (d) 22.3776 litre

. The compressibility factor for definite mass of a van der

Waals’ gas at 0°C and 100 atmosphere is found to be_

0.5. Assuming the volume of gas molecules negligible,
the van der Waals’ constant ‘a’ for a gas is :

(a) 1.256 litre? mol* atm

(b) 0.256 litre> mol 2 atm

(c) 2.256 litre? mol~? atm

(d) 0.0256 litre> mol ™% atm

. The pressure exerted by 1 mole of CO, at 273 K, is

34.98 atm. Assuming that volume occupied by CO,
molecules is negligible, the value of van der Waals’
constant for attraction of CO, gasis:

(a) 3.59dm® atm mol2 (b) 2.59dm® atm mol 2
(©) 1.25dm® atm mol (d) 1.59dm® atm mol >

s OBJECTIVE PROBLEMS (One Answer Correct) g

10.

11.

12.

13.

14.

15.

Relative humidity of air is 60% and the saturation
vapour pressure of water vapour in air is 3.6 kPa. The
mass of water vapours present in 2 litre airat 300 K is :
(a) 52 (b) 312 g

(c) 26¢g (d) 52¢g

. A3:2molar mixture of N, and CO is present in a vessel

at 500 bar pressure. Due to hole in the vessel, the gas

mixture leaks out. The composition of mixture effusing

out initially is :

(a) nn, ingo ::1:2 (b) nn, incp ::6:1

(©) nco Ny :1:2 (d) ncg :nn, 1223

Number of N, molecules present in 1 litre vessel at NTP

when compressibility factor is 1.2 is :

(a) 2.23x10% (b) 2.23x10%

(c) 2.7x10% (d) 2.7x10%

Select the correct statement :

(a) A mixture of ideal gases is cooled up to liquid the
temperature (4.22 K) to form ideal solution.

(b) Ideal gas can be liquefied on applying pressure and
lowering temperature.

(c) Kinetic energy of a gas is zero at 0°C.

(d) Ideal gas on subjecting to Joule-Thomson effect do
not show cooling on account of absence of
molecular forces of attraction.

Select the incorrect statement :

(a) Compressibility factor for an ideal gas is unity.

(b) A real gas approaches ideal gas nature at high
temperature and low pressure.

(c) The compressibility factor Z >1, then for a gas
when repulsive forces predominate.

(d) ;an der Waals’ constant ‘a’ for NH} is smaller than

0.44 g dry ice is placed in an evacuated chamber of

5 litre at 27°C. The pressure inside the vessel when

whole dry ice has been evaporated to gaseous state is:

() 0.49 atm (b) 0.049 atm

(c) 49x10~ atm (d) 4.9 atm

An oxide of nitrogen has density 1.33 g/litre at 764 mm

Hg and 150°C. The oxide of nitrogen is:

(a) N,O; (b) NO,

(c) N0 (d) NO

If P, and P, are partial pressure of H,Q, and saturated

vapour pressure of H,0, respectively, than % relative

humidity is given by:
P,

(a) E %100

P, +P,

(©) ~£5—"x100

bP“yloo
()Pv‘

P, -P,
(d) =*—2x100
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16.

17.

18.

19.

20.

21.

22.

23.

A graph plotted between Pd vs. P where P is pressure of
C,Hg gas (assume ideal gas) and dis its density in g/L at

particular temperature [ﬂ] =20 when P =8.21atm,

dP
the temperature of gas will be :
(a) 400K (b) 1200K
(c) 300K (d) 600K

At low pressure when b is negligible for a van der Waals’
gas RT =2+/aP, then volume occupied by gas is :

RT 2RT
2P P
©) x7 @ 27

The pressure exerted by sodium vapours in a 2 litre
container is 50 bar at 1000°C. The number of atoms of
sodium in the container is :

(a) 5.76 x10' (b) 5.76 x10%

(c) 5.76 x10" (d) 5.76 x10"°

The quantity %, where k represents Boltzman’s

constant represents :

(a) Number of mole of gas

(b) Number of molecules of gas

(c) Mass of gas

(d) K.E./molecule of gas

A mixture containing Ne and Ar in a vessel at 250 K has
a total translational kinetic energy = 3 kJ. The total mass
of mixture is 30g. What is the mass % of Ar in mixture ?
(a) 28.3 (b) 71.7

(c) 50.3 (d) 30.2

An electric lamp is filled with an ideal gas having
density 0.75kg/m 3 and pressure 4 %10 Pa. On

switching on the lamp, the temperature of gas n:olecules
increases so that new pressure becomes 9 x 10" Pa. The

increase in u,ms of gas molecules in m/sec,is :

(a) 200 (b) 300

(c) 100 (d) 400

One mole of a monoatomic gas (7 = g]and one mole of

’

a diatomic gas ( = %)are mixed in a vessel. The value

of 7y for the mixture is :

(a) 1.5 (b) 3.06

(c) 1.53 (d) 1.43

At 10°C the density of a fixed mass of an ideal gas
divided by its pressure is X. At110°G, this ratio would

be:

10x (b)

283x
@ 110

383
383
(c) x OFrrid

24.

26.

27.

28.

29,

30.

31

32.

. Equal masses of m

Numerical Chemistry

The no. of atoms of a triatomic gas in 0'1!9 mol is :
(a) 1.8x10% ®) 6.02x1(2)3
(c) 1.8x10% (d) 3.6x10

ethane and oxygen are mixed in an
cmpty container at 25°C. :Ihe fraction of the total
pressure exerted by oxygen 1S :]

(a) 173 -

(c) 2/3 (d) 3‘ ng—g'

The temperature at which a real gas'obeys the ideal gas
laws over a wide range of pressure 1s

(a) Critical temperature

(b) Boyle’s temperature

(c) Inversion temperature

(d) Reduced temperature
The ratio of root mean square speed to average speed of

a gas molecule at a particular temperature is:
(a) 1.886 (b) 1.086
(c) 0.9213 (d) 1.426

Helium atom is two times heavier than a hydrogen
molecule. At 298K, the average kinetic energy of a
helium atom is :

(a) Two times of a H, molecule

(b) Same as of H, molecule

(c) Four times of a H, molecule

(d) 1/2 of H, molecule

Equal masses of methane and hydrogen are mixed in an
empty container at 25°C. The fraction of the total
pressure exerted by hydrogen is :

(a) 172 {b) 89

(c) 19 (d) 16117

The value of van der Waals’ constant ‘a’ for the gases
0,, N2~, NH; and CHy are 1.360, 1.390, 4.170 and
2.253 L* atm mol ™ respectively. The gas which can

most easily be liquefied is :
(3) 0; (b) N 2
(c) NH; (d) CH,

A liquid is in equilibrium with its vapours at it’s boiling

point. On the average, the molecules in the two phases

have equal :

(a) inter-molecular forces

(b) potential energy

(c) kinetic energy

(d) total energy

Rate of diffusion of a gas is :

(a) directly proportional to its density

(b) directly proportional to its molar mass

(c) dircctly proportional to the square root of its molar
mass

(d) inversely proportional to the square root of its
molar mass
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33.

3s.

36.

37.

38.

39.

41,

The average speed of an ideal gas molecule at 27°C is
0.3 m/s. The average speed at 927°C will be :

(a) 0.6 m/s (b) 0.3 m/s

(c) 0.9 m/s (d) 3.0m/s

In van der Waals’ equation of state for a non-ideal gas,
the term that accounts for intermolecular forces is :

(@ (V-0b) (b) RT
©) (P +V"—2) @) (R7)™

A bottle of dry ammonia and a bottle of dry hydrogen

chloride connected through a long tube are opened

simultaneously at both ends. The white ammonium

chloride ring first formed will be :

(a) at the centre of the tube

(b) near the hydrogen chloride bottle

(c) near the ammonia bottle

(d) throughout the length of the tube

The density of neon will be highest at :

(a) STP (b) 0°C,2atm

(c) 273°C,1atm (d) 273°C,2 atm

The rate of diffusion of methane at a given temperature

is twice that of a gas X. The molar mass of X is :

(a) 64.0 (b) 32.0

(c) 4.0 (d) 8.0

According to the kinetic theory of gases for a diatomic

molecule :

(a) the pressure exerted by the gas is proportional to
the root mean square speed of the molecule

(b) the pressure exerted by the gas is proportional to
the mean speed of the molecule

(c) the root mean square speed of the molecule is
inversely proportional of the temperature

(d) the mean translational kinetic energy of the
molecule is proportional to the absolute
temperature

At constant volume, for a fixed number of mole of a gas,

the pressure of the gas increases with rise of temperature

dueto:

(a) increase in average molecular speed

(b) increase rate of collisions amongst molecules

(c) increase in molecular attraction

(d) decrease in mean free path

Equal masss of ethane and hydrogen are mixed in an

empty container at 25°C. The fraction of the total

pressure exerted by hydrogen is :

(a) 1:1 (b) 1:2

() 1:16 d) 15:16

The van der Waals’ constant ‘a’ in L? atm mol ™ with

gases (not reported in order are given in list A and B.)

List A List B
(1) C¢He(2) (a) 0.217
(2) C¢HsCH; (g) (b) 5.464

42.

43.

45.

47.

48.

49.

(3) Ne(g) (c) 18.00

(4) H,0(g) (d) 24.060

Which one is the correct match?

(a) 1-a,2-d, 3-c,4-b (b) 1-d, 2-a, 3-b, 4
(c) 1-c,2-d,3-a, 4-b (d) 1-b, 2, 3-a,4d

Which of the following gas molecules has the largest
mean free path ?

(a) H; (b) N,

(c) O, @ Cl,

The ratio between the root mean square speed of H, at
50 K and that of O, at 800 K is :

(@) 4 (®) 2

()1 (d) 1/4

X mL of H, gas effuses through a hole in container in

5seconds. The time taken for the effusion of the same
volume of the gas specified below under identical
conditions is :

(a) 10s:He (b) 20s:0,

(c) 25s:CO (d) 555:CO,

The compressibility factor for an ideal gas is :
(a) 1.5 (b) 1.0

(© 2.0 (d) =

The critical temperature of H,O is higher than O,
because the H,O molecule has :

(a) A fewer electron than O,

(b) Two covalent bond

(c) V shape

(d) Dipole moment

According to Graham'’s law, at a given temperature the

ratio of the rates of diffusion % of gases 4 and B are
s
given by :

1 1
IATCA MO\(PLE
® (Pa)(Mn) ® (MB )(P;)

1

Pa\(Ms): M\ Fs
© (Pﬂ)(MA) (d)(Mn)(P.q)
(where P and M are pressures and molar masss of gases
A and B respectively).
A gas will approach ideal behaviour at :
(a) low temperature and low pressure
(b) low temperature and high pressure
(c) high temperature and low pressure
(d) high temperature and high pressure
Which of these gases exhibits behaviour that deviates
most significantly from that expected for an ideal gas?

Gas B

[

«| GasA x
- ®
@) s / (b) § s -
l' > >
> [, (p.nconst) a (n. T, const)
Temperature (K) Pressure in atm
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(c) remains constant

(d) show irregular behaviour

E 2\ GasD 53. The ratio of rates of diffusion of SO, and CH, placed in
< 23 e ratio of 8 : 1 at the same
(c) 2 (d 28 a container in the mass
2 g é temperature is : 5
& “2| (n, Tconst) (a) 1 8; "
Te in i C) 3 :

A ‘emperature (K) Volume in litre 54, Sl'he inversion temperature T; (K) of hydrogen is ...
Which of the following graph is in accordance to the (Given van der Waals’ constants a and b are 0.244 atm
(l;:a);:’v;(]:lnc(eiizt::;ution :)ut; ;nolecular speeds and its litre >mol~2 and 0.027 litre mol ™! respectively) :

P mperature? (a) 440 (b) 220
50 — Cow (c) 110 (d) 330 s K5
§3 High €3 temperature 55. The compressibility of gas is less than unity at .
(@ £3 temperature  (b) £ § Therefore : ) (IIT 2000)
cE|/ g (a) V,, >22.4litre (b) ¥, <224 litre
g (Peont) (©) V,, =22.4litre (d) Vy >44.8 litre
0 Spesd 0 S 56. The rms speed of hydrogen is /7 times the rms speed of
High nitrogen. If T is the temperature of the gas, then :
S o | temperature 52 [\ Low (?TZMO)
§3 ' §3 || temperature T(H,)=T(N;) (b) T(Hy)>T(N,
(c) 23 i d L2 (@) T(H, 2
ge|/ g2 © TH)<TMN2) @ TH)=VTT(Na)
/ iump 57. At100°C and 1 atm, if the density of liquid water_;s
0 Speed 0 Speed 1.0gcm™ and that of water vapour is 0.0006gcm™,
: . 1 then the volume occupied by water molecules in 1 litre
51. Which of the following graphs represents s vs P curve of steam at that temperature is : (IIT 2000)
3 3
for ideal gas at constant T'and n ? (a) 6cm (b) 60cm ,
(c) 0.6cm? (d) 0.06cm
58. The root mean square speed of an ideal gas at constant
@) (®) pressure varies with density d as: (IIT 2001)
(@ da* ®) d
: (© Jd @ —=
r Ja
@ 59. Which of the following volume (V') vs. temperature (T')
© plots represents the behaviour of one mole of an ideal
gas at one atmospheric pressure : (IIT 2002)
| -
1
. i Vvs — for
52. Which of the following graph represents 2 (38.8L i
9 : o W G ) vt e
ideal gas at constant 7 and n ? at273K) at273 K)
B e
* TK) — TK) —
22.4 L
@ ® A,e B G273k
© Ve, 4L 373K (@) UL
—_— e 2-73LK) (14.2L
[ 7N at 373 K)
TK) — TK) —
@ 60. When the temperature is increased surface tension of
© water : (IIT 2002)
P o 9 (a) increases
) (b) decreases
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61.

62.

63.

65.

Positive deviations from ideal gas behaviour takes place
because of : (IIT 2003)
(a) molecular interaction between atoms and % >1
n
(b) molecular interaction between atoms and . <1
n
(c) finite size of atoms and LV >1
n

(d) finite size of atoms and £ <1
nRT

The root ‘mean square speed of one mole of a
monoatomic gas having molar mass M is up,. The
relation between the average kinetic energy (E) of the

gas and u is: (IIT 2004)
= |3E - |2E

@) Ums = IM ) ums =337
- [2E = [-B.

© u..m—\/; @ trme =57

The ratio of the rate of diffusion of helium and methane
under identical conditions of pressure and temperature

is: (IIT 2005)
(@) 4 (®) 2
(© 1 (d) 0.5

. A monoatomic ideal gas undergoes a process in which

the ratio of P to ¥ at any instant is constant and equal to

unity. The molar heat capacity of gas s : (IIT 2006)
(a) 20R (b) 1.5R
(c) 2.5R d) o

The term that accounts for the attractive forces present
in a real gas in the van der Waals’ equation is :
(IIT 2009)

66.

67.

68.

39
2
(a) nb (b) r;/_za
(©) __aVn_zz (d) —nb

At 400 K, the root mean square (rms) speed of a gas X
(molar mass 40) is equal to the most probable speed ofa

gas Y at 60 K. The molar mass of gas Yis : (II'T 2009)
(a) 2 (b) 4
(c) 6 (d) 8

For one mole of a van der Waals’ gas when b=0 and
T =300 K, the PV vs. 1/V plot is shown below. The

value of the van der Waals’ copstant a
(atm.litre 2mol %) is: (1T 2012)

_ 246 [Graph not to scale]

5 231

E 21.6]-----"

§ 20.1)----nnnn

B

g

LY : :

0 20 30

_:,. (mol litre™)

(a) 1.0 (b) 45

(c) 1.5 (d) 3.0

For gaseous state, if most probable speed is denoted by
C", average speed by C and mean square speed by C,
then for a large number of molecules the ratios of these
speeds are : [JEE (Main) 2013]
(@) C":C:C=1:1.128:1.225

(b) C":C:C=1:1.225:1.128

(¢) C':C:C=1225:1.128:1

c
¢
d) C":C:C=1.128:1.225:1
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.". = SOLUTIONS (One Answer Correct) =".

2,
. (d)
. d) z=

7.

- (@)

< () - P’ —Py XM
and V'=V;.X,
where /\ Aris mole fraction

Also -P— = Pressure fraction i.e., X p
T

and = Volume fraction i.e., X}

v
’/
. Xyu=X P=Xy

PV = RT for ideal gases.
Tempemture 1s mass independent.

Fcve .
RT. Also,

H-bonding show maximum deviations in Z due to
increase in molecular attractions (e.g., ZforNHj3, H,O0,
CH3;CH =0.22t0 0.24)
Volume of molecules is negligible in comparison of
total volume occupied by gas. About 99.9% volume of
vessel is not occupied by gas molzcules. The volume in
which neither of the gas molecules is present
=BIXR4 _ 5 3776 litre.
100
PV

(a) z=2F =05

(a

gaseous molecules showing

~

2
Now, [P+"—2“][V—nb]= nRT
v

[p+"—2"]m= nRT (b is negligible)
2
1%

PV2 —nRTV +n’a=0
V= nRT +nR*T —4n’ax P
- 2P
Since, V is constant at given P and T and thus,
discriminant is = 0
n’R2T? = 4n*aP
R2T? _ (0.0821)% x(273)?
or a="2p - 4x100
=1.256 litre? mo

[P+—"7][V—b]=RT
V

172 atm

(a)

[P + iz] V =RT (bis negligible)

1%
or V?P-RTV+a=0
+RT+VR’T? —4Pa

2P
Since, V is constant at given P and 7, ¥ can have only
one value or discriminant = Q
R’T* =4Pa
RITY _ (0.0821)? x(273)?

_ e TR~ 3.59dm® atm mol
2P 43498 3.59dm" a

V=

8 (b) PV=

10.

11.
12.

13.

14.

15.

16.

. (d)

(®)

G
(C)]
(b

()

(b)
(c)

17. (a)

% RT (for vapours of H,0)

P=36x10° Pa; V=2x10"m?
T=300K .
3.6x10° x 18x2x 10~

8.314x300
=0.052kg

or Wy,0 = SZg
Since, relative humidity = 60% therefore amount of

H,0=52x0.6=31.2¢g
Molar ratio of N, and CO is 3:2
.. Pressure ratio of N, and COis 3: 2, i.e., 300 bar and

~ WH,0 =

200 bar respectively
Ay Moo BN . 3003
nco My, Feo 200 2
=PV
nRT
PV 1x1
"=ZRT ~ 1axo0821x273 - 007

Number of molecules
=0.037x6.023x 107 =2.23x10%
Ideal gas does not show cooling or heating.
Due to H-bonding in NH;.

Dry ice is solid CO,
Px5_°—44"jix00821x300
P =0.049atm
PV=%RT
M=_W_ PRT_133x00872;;<423x760 46

molar mass of NO, is 46 gmol™'.
RH.= Partial pressure of H,0,
" Saturated V.P.of H,0

Pr=X
MRT

x100

or d="2L

7= 2x821x30
0.0821x 20

P+V%JIV-b1=Rr

=300K

PV+5=RT

or PVi4a-RTV =0
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y = RTVR?T? -4aP _RT
2P 2P
(A given P and T only one value of veviat, thus
discriminant is zero)

18. (b) PV =nRT

N =

i A No. of molecules

. nXN=—
s kT

20. (b) Let a g of Ne and b g of Ne and Ar be present
respectively
a+b=30 (1)
: 3|la_ b 3
K.E. of ture = =| —+— =
of mix 2[204-40]RT 3Ix10
a,b__3x10°x2 _
20 40 3x8.314x250
2a+b=3848 «(2)
a=8.48and b=21.52

% b (i.e., Ar) = 2!_‘-32><1oo= 71.7%

21, (8) v U = 37”

su= 3P -JF)
=\[_3'_X[W-J4XT]

’ 200
075)(100 msec™

2. (a) Monoa:om:cgas:y:%; c, =%RandC =3g

REnIEETn, (Y P =l
Diatomic gas : 7—5, Cy 2RandC 2R
(3 5
For mixture of 1 mole each : C, = 2 2 and
5.7
4=
c =(2 2
£ 2
Cp _6R_3_
Y—a—ﬁ—i—l.s
d
23. P=—=RT
(b) i
.1
p T
dy P2 _ 1,383
A T M
dy _dy 283
p2 p 383

_____—

P, 383 383

24. (o)
25, (a)

26. (b)
27. (b)

28. (b)

29. (b) —P—z—

30. (¢)

31. (¢)

32. (d)

33. (a)

34. (c)

35. (b)
36. (b)

38. (d)

39. (a)

40. (d)

41. (¢)

41

0.1 mole has 0.3 N atom of gas.
Pg, = Py xmole fraction of O,
% P’ = l
A ﬁ mole fraction O, = TR
16 32
It is definition of Boyle’s temperature.
RT . _ |8RT
Um = '37’[ i Uw 'u“ﬁ
M 1,086
8

i

w
Pi = mole fraction H; = 2
M _g +

Greater the value of ‘a’ i.e., intermolecular forces of
attraction for a gas, the more easily the gas will be
liquefied.

At a given temperature (see equilibrium exist) kinetic

energy of gas liquid = %RT

Graham’s law of diffusion; r o< "1—:,—

8RT .
“‘“"\)nM 4z J T
. 03_ ’300 - ’1200 - -1
o 1200 or, u 300 x0.3=0.6ms

Pressure correction in gas equation by van der Waals’
is -4 = a
is = for 1 mole. Thus Py, —[P+ =

HCI diffuses at a slower rate because of its higher
molar mass.

Density of 5 =PM. . el
ty of a gas, e RT € Pande T
37. (3 TeHy _ | M.
I Mcu,
2_ M
Thus, = =,— .. = =
usl 16 M, =4x16=64.
KE.=3RT
2N
PV=%mrm2
for one mole, PV = ;Mu Pocu?
Py =
—ﬂ-—moleﬁ'actionofﬂz= 2__15
M w,ow 16
2 30
Due to higher molar mass of C¢Hs - CHj.
Due to higher repulsive forces.

42. (a)
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49.

51.

52.

53.

5S.

- (©)

xR
Thus, (U g ), = ‘/3+5° at50K

So,

(®)

- (b)

@

(c)

()
)

(c)
©

®)

U 3RT

(1)

(2)

IxRXS
WUrne o, =,fx~3f°—°msoox

ey _ [50x32 _,
Umedo, V2x800

U =!«JI
Se ry 7 M(P.T)

My _ (Mo, my
R, MH; ’ R,

132

> st =20sec

X
—L==x
5

PV o
RT - Z(compressibility factor) for an ideal gasZ=1.

Dipole moment gives rise to higher value of a for H,0
inspite of low molar mass

According to Graham’s law of diffusion 7 o« PJMI at
constant temperature.

1

n_Fa /ﬁ =P_Ax("_"i)5

n PpYM, P \M,
A gas will approach ideal behaviour at high
temperature and low pressure.
Fig. (a) represents Charles’ law; Fig. (b) represents
Boyle’s law; Fig. (c) represents P-T law; Fig. (d) donot
obey ideal gas laws as PV =nRT or §=§

e\ __
7
P—V curve in Boyle’s law. 7

Follow text.
wo -p=K
Let}'-V2 and X =P %

increase in ¥ will show decrease in g like

@ 2=J20

. (b)

(®)

2a __2x0244 _,
T. = b = 0027% 00821 -2014
PV

—<1
Z<lor RT<

56. (c)

57. (c)

58. (d)
59. (c)
60. (b)
61. (c)

62. (c)

63. (b)

65. (b)

66. (b)

Numerical Chemistry

Thus, V,, <224 litre
3RT, = 2R
U s Hz = ! and um N2 28
u,...Hz =7 X tt;msN2

msH2 —‘/-xum-NZ

’SRTI ’3RT2

(P Tz or T, =21, or Tn, > Ty,

Mass oflOOOmL steam = 1000x 0.0006=0.6g

Volume of liquid water = %é =0.6cm

= }ﬂ = [lf_’

U ="M Vd
it

Use T "7,

Forces of attractions are weakened as the temperature

increases.
For positive deviations Z> 1, i.e., the condition when

repulsive forces predominates. Also, at high P, V is
small and b cannot be ignored, but the factor Lz can be
V

neglected in comparison to P. Thus, Z = 1+ %

Uiy = —3’" and KE=

e E

e _ [Mcny _ 16_,
cH,

3
=RT
2

MHe 4

Let P, V be the pressure and volume of gas at
temperature 7.

AV, =RT
Py(V +dV)=R(T +1)

P} =RT+R
(ar) =5
(apz R
T )= 2
& C=C 3_P=3_R R_
vRarT 2 R

2 2
van dezr Waals’ equation has pressure correction term

n .
P+ V_za due to attraction forces,

u X= 3R x 400
e
U pmpy ="2R;;60

M=4

(P> =1)

("n+dv )




Gaseous State
67. (¢)
~246F.  [Graph not to scale]
*223.1
21.6f--ne- R
i 20.1{---500e R
b S
a ¥ '
20 3.0
1 e
1 (mol litre")

van der Waals’ equation for 1 mol of real gas is

[P+7a2—][V—b]=RT

Giventhat 5=0

(P+—“—)(V)-RT
y?
a
PV =RT 7
Following y = mx+ c for the curve PV vs-'|7

Slope =-a
21.6-20.1
=& 82 =15
Slope 2-3

a=15

' ’ ’ R
68. (D)upmp UAyYmei: lf{_T: %: %

0 1: 11281 1.225

ThusC* : C: C::1:1.225:1.128

.. (i)
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T : OBJECTIVE PROBLEMS (More Than One Answer Correct) :

5. Which are correct for an ideal gas :

1.

For 1 mole of an ideal gas Vi >V, >V; in Fig. (a),
Tl >T2 >T3 m Flg. (b), Pl >Pz >P3 in Flg (C) and
T, >T; > T; in Fig. (d), then which curves are correct :

Vi T
V. 1
t , v e T3
@ p ® !
T=e W —
Py P,
- P3 t \
(c) v @) ; \\ .
T— k)g V —

. A mixture of SO, and O, in the molar ratio 16:1 is

diffused through a pin hole for successive effusions

three times to give a molar ratio 1:1 of diffused mixture.

Which one are correct if diffusion is made at same P and

T in each operation?

(a) Eight operations are needed to get 1:1 molar ratio

(b) Rate of diffusion for SO, :0, after 8 operations is
0.707

(c) Six operations are needed to get 2 :1 molar ratio for
SO, and O, in diffusion mixture

(d) Rate of diffusion for SO, and O, after 6 operations
is 2.41

A graph plotted between log ¥ and log T for 2 mole of

gas at constant pressure of 0.0821atm. ¥ and T are in

litre and K respectively. Which of the following

statements are correct?

(a) The curve is straight line with slope —1

(b) The curve s straight line with slope +1

(c) The intercept on Y-axis is equal to 2

(d) The intercept on Y-axis is equal to 0.3010 _

A gas obeys P(V — b) = RT. Which of the following are

correct about this gas? 5
(a) Isochoric curves have slope = V—5

(b) Isobaric curves have slope % and intercept b

ibili Pb
(c) For the gas compressibility factor =1+ Y7

(d) The attraction forces are overcome by repulsive
forces

10.

P | _ 9E) _o
@ (22 )n 0 w(%E)

o o),
Which arercon'ect for an ideal gas :
® (5),(3), (5), -
o (B) (9, () -

aP) (or) . a_y) e

© (ﬁ)y (av)p (aP =
Thermal expansion coefficient of gas _ P

@) oothermal compressibility constant ~ T

Select the correct statements :

(a) A gas cannot be compressed below its critical
temperature

(b) Critical temperature is the highest temperature at
which liquid and gaseous phase can coexist

(c) The fraction of molecules having their most
probable speed increases with rise in temperature

(d) Ideal gas can be liquified at high pressure

Select the incorrect statements :

(a) Compressibility factor for 1 mole of gas at critical
conditions is 8/ 3

(b) All molecules of gas move with same speed

(c) The diameter of gaseous molecules are much
smaller than the average distance travelled between
collision

(d) Saturated vapours do not obey gas laws except
Dalton’s law

Select the correct statements :

(@) Greater is humidity, lesser will be rate of
evaporation of water

(b) Greateris the humidity, lesser will be density of air

(c) Ifroom temperature = dew point; relative humidity
=100%

(d) Dew point is the temperature at which the gas at
given atmospheric condition becomes saturated
with H,0(v)

When an ideal gas undergoes unrestrained expansion,

no cooling occurs because the molecules :

(a) are above the inversion temperature

(b) exert no attractive forces on each other

(c) do work equal to loss in kinetic energy

(d) collide without loss of energy
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11. If a gas is expanded at constant temperature :

(a) the pressure decreases

(b) the kinetic energy of the molecules remains the
same

(c) the kinetic energy of the molecules decreases

(d) the number of molecules of the gas increases

12. The given graph represents the variation of Z

13.

(compressibility factor) vs. P for three real gases 4, B
and C. Identify the correct statement : (IIT 2006)

p (atm) —

(a) For the gas 4,a=0 and its dependence on P is
linear at all pressure

(b) For the gas B, b=0 and its dependence on P is
linear at all pressure

(c) For the gas C, which is typical real gas for which
a #1, b#0. By knowing the minima and the point
of intersection with Z # 1, a and b can be calculated

(d) At high pressure, the slope is positive for all real
gases

A gas described by van der Waals’ equation : (IIT 2008)

(a) behaves similar to an ideal gas in the limit of large
molar volumes

(b) behaves similar to an ideal gas in the limit of large
pressure

(c) is characterised by van der Waals’ coefficients that
are dependent on the identity of gas but are
independent of the temperature

(d) has the pressure that is lower than the pressure
exerted by the same gas behaves ideally

14. According to kinetic theory of gases :

15.

16.

17.

18.

45

(11T 2011)

(a) Collisions are always elastic

(b) Heavier molecules transfer more momentum to the
wall of the container

(c) Only a small number of molecules have very high
velocity

(d) Between collisions the molecules move in straight
lines with constant velocities

Which of the following are correct statements :

(a) Higheris Ic , larger is excluded volume

Fc

(b) Higher is ¥, larger is excluded volume

(c) Higheris %, more is van der Waals’ constant for

attraction

Smaller is size of molecule, lesser will be excluded

volume

Select the correct statements for ideal gas :

(a) Joule Thomson coefficient for ideal gas is zero

(b) Ideal gas does not have intermolecular attractions
among their molecules

(c) Ideal gas can never be liquefied

(d) Gaseous phase can not exist at zero kelvin

Select the correct statement :

(a) Temperature does not change during phase
transition equilibria

(b) Kinetic energy of liquid molecules is directly
proportional to temperature

(¢) Liquid phase does not exist above critical
temperature

(d) The density of gas and liquid phase is equal at
critical condition

Select the correct statements :

(a) Random molecular motion by gaseous molecules is
confirmed by diffusion

(b) The boiling point of liquid N, is -196°C

(c) He is the only noble gas which does not behave
ideally at any condition.

(d) Pressure of gas calculated by using van der Waals®
equation is smaller than the pressure calculated by
using ideal gas equation.

d
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B T e |

1. (bd) PV =RTifP, > P, V, <V,.
Also, log P=-logV +log RT

n
2. (abe) (1) = X&, where, ngo, and ng, are
0 Rso, 2
mole present initially.
or Xlog f; =log["&x&

fo,  Mso,

X log ’M =log "501 x 201
MSO- ’l()z nso,

X1 Jz- 1
og 4 log x16

v X=8;
Also _|..—i..— 2 =
"y 0.707
IfX= 6then

6log J log[ 20 522
"Oz nSO;
=1 2 1

°“[néz 16]

Rate of diffusion is - = {ﬂ, ie, 0.707 in each
n M,

operation.

3. (bd) PV =nRT or logV =log T+log %

Slope = tan 6 = tan 45° =1
Intercept

oo MR _ 2x0.0821 _ 3010
=log P los[—0.0821 ] .3

4. (abcd) P(V-b)=RT

R
P—(—V-—b) -T slope V—b

PV—Pb=RT
V—RT b

slope = % and intercept b

Z= -|+

T RT
Z>1, le., repulsive forces predominates.
_a_é) = 2810
. @by (% =
&)
3 aT
. (bec,d) Thermal expansion cocfficient o = —V-’i =_;
(Use PV =RT)
&)
JP
Isothermal compressibility constant = — T’ = ;!

7. (b,c)Ideal gas have no forces of attractions.

11.

12.

13.

14.

15.

16.
17.
18.

(ab)Z= P—CEC— =§; each molecule move with altogether
RT, 8
different speed.

. (a,b,c,d) All are facts.
. (b,d) No work is required to tear apart molecules due to the

absence of attractive forces in an ideal gas. Also
collision are perfectly elastic.

(a,b) When a gas is expanded at constant temperature, then
the kinetic energy of the molecules remain the same,

but the pressure decreases because V' o %

(a,c,d) Follow Concepts of Physical Chemistry by Dr. P.
Bahadur, G.R. Bathla Publications, Meerut.

(ac,d) I:P+F] =[V-bl=RT
If Vislarge PV = RT (L and bare ncglible)

(a,b,c,d) All are assumptions of kinetic th
eory of gases and
Maxwell probablc distribution of molecular speeds.

(abc,d) T¢ ——- =3 p. =94
27b2 C Py and excluded

volume, b=4xN xv
(a,b,c,d) All are facts.
(a,b,c,d) —do—

(ab,c,d) —do—
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COMPREHENSION BASED PROBLEMS

Comprehension 1 : Gases show ideal gas behaviour in
Boyle temperature range. Assume for the air this temperature
range between 300 K to 900 K.

An open vessel at27° Cis heated until 3/5th of the air in it
has b‘ccn expelled. Assuming that the volume of the vessel
remains constant,

[1] The temperature at which vessel was heated.

(a) 750K (b) 600 K
(c) 500K (d) 400K
[2] The air escaped out if vessel is heated to 900 K.
@) n ® 3
2n
& 5 @ 7
[3] The temperature at which half of the air escapes out.
(a) 750K (b) 600 K
(c) SO0K (d) 400K

Comprehension 2 : Gaseous pressure is measured by
barometer. The barometric tube must be exactly vertical,
otherwise the pressure reading will not be accurate.

A 10 cm column of air is trapped by a column of Hg of 8
cm long. The capillary tube is horizontally fixed at 1 atm
pressure. Calculate the length of air column when the tube is
fixed at same temperature :

[1] The pressure of air measured when tube is held
vertically with open end up is :
(a) 11.61 cm (b) 9.05cm
(c) 11.18 cm (d) 10.18 cm

[2] The pressure of air (in cm) when tube is held vertically
with open end down.

(a) 11.61 (b) 9.6
(c) 11.18 (d) 103
[3] The pressure of air (in cm) when tube is held at 45° from
horizontal with open end up.
(a) 93 (b) 10.3
(c) 11.3 (d) 11.61

Comprehension 3 : An open glass bulb containing air
was heated from 27°C to 227°C. Assuming ideal nature.
[1] I£200 mL of air measured at227° Cwas expelled during
heating, the volume of bulb in mL must be :
(a) 500 (b) 400
(c) 300 (d) 200
[2] 1f200 mL of air measured at 27°C was expelled during
heating, the volume of bulb in mL must be:
(a) 200 (b) 300
(c) 400 (d) 500
Comprehension 4 : Ideal gas equation is represented as
PV =nRT. Gases present in universe were found ideal in the
Boyle’s temperature range only and deviated more from ideal
gas behaviour at high pressure and low temperature. The

deviations are explained in terms of compressibility factor Z.
For ideal behaviour Z = ;};!—VT =1. The main cause to show
deviations were due to wrong assumptions made about forces
of attractions (which becomes significant at high pressure) and
volume occupied by molecules ¥ in PV =nRT is supposed to
be volume of gas or, the volume of container in which gas is
placed by assuming that gascous molecules do not have
appreciable volume. Actually volume of the gas is that volume
in which each molecule of a gas can move freely. If volume
occupied by gaseous molecule is not negligible, then the term
¥ should be replaced by the ideal volume which is available for
free motion of each molecules of gas in 1 mole gas

Vet = volume of container —

volume occupied by molecules
=V-b

where b represents the effective volume of co-volume or
excluded volume occupied by molecules present in one mole
of gas.

Similarly for n mole gas Vyepa =V —nb

The excluded volume can be calculated by considering
bimolecular collisions. The excluded volume is the volume
occupied by the sphere of 2~ for each pair of molecule.

Thus, excluded volume for one pair of molecules

..(1)
excluded volume for 1 molecule
2
=g 8nr’ .(ii)

=4x (g nr )
= 4 X volume of one molecule = 4v
*. excluded volume for N molecules
=4Nv=p}
- (b=4Nv, where N is Avogadro’s No.)
[1] Which of the following statements are correct?
L Larger is the value of Z;—‘ for a gas larger would be
(4

its excluded volume.

I !..argcr is the excluded volume of gas, more will be
its critical volume.
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OI. The slope for an isochore obtained for a gas [4] The compressibility factor for N, at—50°Cand 800 atm

showing P (V — b)=RT ls[ R ] pressure is 1.95. The mole of N, required to fill up a
¥-b balloon of 100 L capacity are:
IV. The excluded volume for He is more than H,. (a) 2.24x 10°L (b) 2.24 % 102 L
Gris ® LI 1y (©) 224L ) 224L
S TV @ 1,1V

[2] As the pressure approaching zero i.e., at very low 1
pressure, the curves plotted between compressibility
factor Z and P for n mole of gases have the following

characteristics: IL

L. The intercept on y-axis leads to a value of unity
II. The intercept on y-axis leads to a value of ‘n’
IIl. The curves possess same slope for different gases

[5] Which of the following statements are correct?
. Rise in compressibility factor Z with increase in

pressure is due to ‘a’
Rise in compressibility factor Z with increase in
pressure is due to ‘b’

III. Ideal gas do not exist but is a useful concept
v.

For 1 mole of a van der Waals’ gas,
bP a_, ab

v :fhsametempemtm'e Z=1+ o "RV RIV:
. The curv i i
pldhe es p(:ssess d:ltifreerent slopes for different (@) L1, I, IV (3) IH ,13]’ v
V. Th same ; (¢) LIL IV @1 )
tel;:eur:v;srepsossess Nopeform g st diffcoent [6] The ratio of coefficient of thermal expansion
@ LIV,V ®) 1,1 (g—”
(c) IL IO0, IV (d) I, OL vV a= ——V—L and thc isothermal compressibility
[3] Assuming the molecules of gas as hard sphere of radius o
2.0x107'® m the fraction of volume occupied by the (3};)
molecules to the total volume of a given mass of gas at K= TT for an ideal gas is:
27°C and at 1 bar pressure and 10 bar pressure P P
respectively are: (a) T (b) 7
(@) 99.9%, 99% (b) 0.082%, 0.82% T T
(c) 99%, 90% d) 1%, 10% © P () ==
-" SOLUTIONS ".
Comprehension 1 Comprehension 2
[1] (a) Let initial mole of gas at 27° Care n. 11 ® PV =PV, or Pha=Pha
On heating 3/5 mole of air are escaped out at :—:
temperature, 7. 10 em ——

Thus, moleofairlcﬂattm:pcratme,T:;:—%n:%

Now, under similar conditions of P and V'
mTy =nT;
_2n

nx300-—5-x7‘ 2] (c)

T=7K
2] (c) AtT; =300K, No.of mole=n, T, =900K,
No. of mole =n,; : Bl @
300xn=900xn, Soom =§’l

No.ofmoleescapedout:n—%n=§nmol

: _n
31 (b When half of the air escaped out at temp. T.lhcnn-i
nx300=%x1‘
T=600K =327°C

P, =76+8=84cm

Pl _76x10
I, ==Lt - 76X10 _g,
2 P 34 9.05cm
P|I|G=P212a

P, =76-8=68cm
Pl _76x10
1, ==L - 10X10 44
2 P, 68 11.18 cm
When the tube is held at 45° with
open end up, the mass of Hg is bome
partially by the gas and partially by 8 a
the Hg. Vertical height of Hg is a
measure of additional pressure on
gas, ie., a
1=-8

V2
Also P2’2a=ﬂlla
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P, 76+ =
V2
Comprehension 3
[1] (c) Let volume of bulb be ¥ mL
. Volume of air at 300K =¥ mL
After heating volume of air at S00K =¥ + 200 mL

%—;’,—; (at constant P)
V__V+200
300 500

¥V =300 mL

2] (@) Lct volume of bulb be ¥ mL
Volume of air at 300 K given out =200 mL

or 200_ Vs
300 500
y, = 100000
300
Volume of air at SOOK=V+%:(;)0
4+ 100000
e, =
Therefore, 300 500 V =500 mL
Comprehension 4
8a a
V.=3bT, =——,P. =——
1 @ v = 7Rb" e = 377
Also, b for He=0.1142litre mol™" and b for H, is
0.1460 litre mol ™!
PV
2 Y il
[2] (a) T

Atvery low P or P — 0,z = Isince ideal gases. Also, as
the temperature increases Z approaches unity.
31 ® At P=lbar

Volumeofgas-ﬂ-ﬂ(ﬂ%z&o- 24.63xnL

[4] (@

51 &
(6] (v)

49

At P =10bar

Volume of gas =n_x0_%)$ﬂ0 =2463xnL

Also, volume of molecules

= n x Avogadro’s No. X % nr’

=nx6.023% 102 x% x3.14% (2.0x107)?

=20.17xncm’
=0.0202xn L
At P =1bar
Ve o M’ﬂ 8.2x107*
V, 24.63x
or 8.2x 10’2%=0.082%
At P =10 bar
v, 0.0202 -3
4 —82x10
Ve 2463x
or 8.2x 10“%=o.82%
< BV
nRT
_ 800 % 100 y 3
= T95x00821x223 22410
There are facts.
PV =RT
5 POV =R-dT
or (a—V) =£=L
aT P RT
(‘“’—)
or 9 =1
T
Also, PaV+V-aP_0
. (6_") il
)y P
(5),
or Ko oP _|
% P
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Read the following statements (S) and explanations (E).

Choose the correct answers from the codes (a), (b), (c)
and (d):

9.

(a)
®
(©

(@

. S:

§ is correct but E is wrong.
S is wrong but E is correct.

Both S and E are correct and E is correct
explanation of S.

Both S and E are correct but E is not correct
explanation of S.

The product of pressure and volume of a fixed mass
of gas is independent of temperature.

¢ The product of P and ¥ depends upon temperature.

_The increase in compressibility factor with
increasing pressure is due to a.

: Z=l+b—P for real gases can be obtained by

RT

neglecting VLZ term in van der Waals’ equation.

A gas can be liquefiedat 7 =7, and P < P,.

: A gas can be liquefied when T < T, and P < P,.

The gas is heated, if its temperature is less than its
inversion temperature in Joule-Thomson effect.
Heating effect in gas is noticed during Joule-
Thomson effect when 7" > T;.

It is not possible to liquefy an ideal gas.

: There exist no forces of attraction among the

molecule of ideal gas.
All molecules in a gas are moving with same speed.

: Speed of molecules in a gas follows Maxwell’s

distribution law.
Average speed of molecules, if a gas in a container
moving only in one dimension, will be zero.

. The molecules of gas are not collected in one

direction.
The fraction of molecules having speed in the

’ range u and (u + du) of a gas of molar mass M at

temperature T is the same as that of gas of molar
mass of 2M and temperature 7/ 2.

: The fraction of molecules having their speed

within the range u to (u + du) o< %

Energy can be transferred between gaseous
molecules during collisions but u.,, remains
constant.

: The average kinetic energy of gaseous molecules

remains constant as long as temperature is constant
and therefore, s remains unchanged during
collision.

10.

11.

12.

13.

14.

15.

16.

17.

18.

The compressibility factor for H, and He is

Pb
[1+22]

: The compressibility factor for H, and He can be

derived from van der Waals’ equation.

a
. The numerical values of PV, T are peL 3band

8a
27Rb

respectively.

: The compressibility factor Zat critical conditions is

3

g .
The numerical value of a for H,O is higher than

Ce¢Hg.
: H,0Oshows H-bonding.

Atlow pressure van der Waals’ equation is reduced

to [P + %]V =RT.

: The compressibility factor corresponding to low

id 4_R
pressure is given by :1— & T

¢ Molar specific heat at constant volume of an ideal

diatomic gas is %R +R |

: On heating one mole of an ideal diatomic gas at

constant pressure for 1°C rise in temperature, the
increase in internal energy of gas is %R.

A vacuum is a space from which almost all gas has

been removed.

: A vacuum is produced by pumping out all the air

and other gases.

: Gaseous molecules are assumed to be “point

masses” occupying no volume.

¢ Gaseous molecules suffer no energy loss due to

friction.
Compressibility factor Z according to van der
Waals’  equation may be written as
zZ=—21L1 ___an_
l—("—b) RTV®
14

: For real gases Z21.

P(V - b) = RTe*/RTV

is called Dieterici equation
of state.

: Dieterici equation and van der Waals’ ejuation

both reduce to same e

densities 8 Xpression of pressure at low
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19. S : At low temperature (say 0°C) the effect of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

v =

@ =

e m

attractive forces dominates for CO,, CHy and N,
whereas the molecular size effect dominates for H,
and He to explain deviations.

: Z>1for H, and He, whereas Z <1 for CO,, CH,4

and N 2.

An ideal gas is not expected to show any cooling on
free expansion.

Ideal gas does not exist but is useful concept.

: COand N, have the same speed distribution at the

same temperature.

: Both have same molar mass.

Speed distribution of O, at TK is same as for SO,
2TK.

uu,fl
M

Density of argon at STP is 1.7857 g litre.

: Specific gravity of argon at STP is 1.3842.

If the temperature of a sample of gas is increased
from 25° Cto 50°C, the volume of gas will increase
by 100 per cent.

: The volume of the given mass of a gas is directly

proportional to absolute temperature.
The pressure of wet gas is reduced to half, if its
volume is doubled.

: Aqueous tension remains constant at constant

pressure.
The value of van der Waals’ constant ‘a’ is larger
for NH; than for N,.

: NH; shows H-bonding.

The pressure of fixed amount of an ideal gas is
proportional to its temperature.

: Frequency of collisions and their impact both

increase in proportion to the square root of
temperature.

: For H, and He, Z vs. P plots are linear throughout

with positive slope.

. van der Waals’ constant ‘a’ is minimum for these

gases.
Compressibility factor ‘Z’ for van der Waals’ gases
at critical conditions shows more deviations than

normal conditions, i.e., Z = %

: At critical conditions van der Waals’ equation is

not accurate.
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30. S : Rise in compressibility factor with increasing

pressure is due to a.
Pb
E: Z‘Hﬁ’ when Z > 1.

31. S: The gason subjecting to Joule-Thomson effect gets
heated if its temperature is less than its inversion
temperature.

E: Heating effect has Joule-Thomson coefficient —ve.

32. S: Liquefaction of a gas is a continuous process with
increase in pressure below 7.

E : Liquefaction of a gas is a discontinuous process
with increase in pressure below 7.

33. S: At STP or any identical temperature and pressure,
the volume occupied by a definite mass of any gas
are identical.

E : Equal mole of any monoatomic gas at same
temperature have same average kinetic energy.

34. S: On heating a sample of gas collision frequency
increases.

E: Heat is produced by the collision of gas molecules
against each other.

35. S: The coefficient of isothermal expansion at critical
point is zero.

C(9Ve) _
e (57 )n =0

36. S: Compressibility factor ‘Z” for H, is lower than
COZ.

E : CO, has higher molar mass than H,.

37. S: If two gases have same values ‘4’ but different
values of ‘a’, then the gas having a larger value of
‘a’ will occupy lesser volume.

E: The gas with a larger value of *a” have higher force
of attraction.

38. S: Iftwo gases have same values of *a” but different
values of ‘b’ then the gas having lesser value of *5°
will show higher compressibility.

E : The gas with smaller value of b will occupy lesser
volume.

39. S : Poisson’s ratio of atmospheric gases is
approximately equal to 1.4.

E : Gases present in atmosphere are mainly diatomic.

40. S : The heat absorbed during the isothermal expansion
ofan ideal gas against vacuum is zero. (11T 2000)

E: The volume occupied by the molecules of an ideal

gas is zero.
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ANSWERS (Statement Explanation Problems)

22, (¢) —do—
23, (d) Density at STP

11.

12.
13.

14.

15.
16.
17.
18.
19.
20.
21.

(b)
(b)
(b)
(b)

. (c)

(b)
(c)
(b)
(c)

() [

(d)
(®)

@

PV = nRT
At high pressure Z = l+£.
RT

AtT =T, liquefaction is possible onlyatP =P,
Above inversion temperature gas shows negative
Joule-Thomson efYect.

Explanation is correct reason for statement,

Itis a fact, follow Maxwell distribution law.
Explanation is correct reason for statement.

Follow Maxwell distribution law.

Explanation is correct reason for statement,

P*f{][y‘hh RT; for H, and He, a is very small

because of low molar mass Thus, PV = RT + Pb. Now

PV Pb

Z= 3 ol HRT .

RT. _ Rx8ax27b® _8
P.-V. 2IRbxax3b 3

a is more for CgHg due to high molar mass of CgHg.
V+2=RT
PV + 7 R

py=Rr-§; Thus, z=ﬂ=[l-—"—]

RTV
Average energy of diatomic moleucle is ng at

constant V

.. Average energy of diatomic molecule = % RT

. Increase in internal energy = -Z;R(T+ l)-%RT = % R

(c)
(d)
(d)
(d)
(c)
()
(©)

Explanation is correct reason for statement.
Both are facts.

—do—

—do—

Explanation is correct reason for statement.
Both are facts.

Explanation is correct reason for statement.

24,

25.
26.
27.
28.
29.
30.

31

32.

33.
34,

35,

36.

37.
38.
39.

40,

(b)
(b)
(c)
(d)
(c)
(©
(b)

(b)

(a)
(b)
(a)

©)

(b
(©)
(c)
(c)

-

(a)

V. 244 Lmol™
density of Arat STP
density of airat STP

= L7857 _ ) 3842
1.29

Sp. gravity at STP =

V o< T (Kelvin)

Saturated vapours do not obey gas laws.

Explanation is correct reason for statement.

Both are facts.

Explanation is correct reason for statement.

—do—

The rise in compressibility factor with increase in
pressure is due to b.

If T < T; then cooling effectp = +ve

If 7> T; then heating effectp = —ve

Follow Andrew's studies on CO,.

Definite mole and not definite mass.

Collisions are perfectly elastic, however kinetic energy

of molecule changes but average kinetic energy
remains unchanged.

EIA
o= it LR VeuT.,T. are constant at critical
conditions,

Z for Hy > Z for CO,.

Explanation is correct explanation for statement.
—do—

Explanation is  correct reason for statement

- . . .
Y= e 1.4 for diatomic gases. Atmosphere mainly

v
contains N, and O,,

AU =g - w. For isothermal expansion, AU =0 and
w=0because w= PAY (P =0)

Volume occupied by the molecules of ideal gas is not
zero but negligible.
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e EMS s
Typel: Only One Match Possible Type ll: More Than One Match Are Possible
1. List-A List-B 4. List-A List-B
A. Kinetic energy of 1. J2KE/ M A. Vacuum technology 1. Television tube
1 mole gas B. Critical temperature 2. Semiconductor
3PV C. Andrew’s studies 3. Liquefaction of gases
B. Root mean square 2, — co
2 onCO; %
speed D. Dalton’s law 4. T, =
’P 2TRb
C. Average speed 3. ‘lﬁ E. Graham’s law 5. Moist gases
F. Vacuum 6. Aqueous tension
D. Most probable speed 4. J4KE/3M 7. Effusion of
2. List-A List-B 8. Diffusion of gases
A. Boyle’s temperature 1. 38 5. List-A List-B
27Rb or "
B. Reduced temperature 2. RLb A (B—P)H b
t14
C. Inversion temperature 3. i—‘; B. (55)1 2.Cp
it r oH
D. Critical temperature 4, T C. ( 3T )P 3. Mr
3. List-A List-B (BU ) 5
D. | 5= 4. Zero for ideal
A. PTvs.T? plot forideal 1. v )y gas
gas at constant n and V' (aU ) v
: E. == g L
(inK) aT ), P
6. List-A List-B
B. Vvs.—- graph forideal 2. A. Hj (gas) at 1. Z#1
p? P =200atm, T =273 K

gas at constant n and T

C. VTvs.T? graph for ideal 3.
gas at constant n and P

D. Vvs. % graph for ideal

gas at constant P and n
E. Vvs. P graph for ideal

gas at constant T and n

F. Vl_z vs. P graph for ideal

gas at constant T and n

Ll e EEHER— Il

1. A-2;
2. A-2;
3. A-2;
4. A-1,2; B-3,4; C-3; D-5,6; E-7,8;

B-1; C-3;
B4, C-3; D-1
B4, C-2; D-3;

e

B. H, (gas)atP — 0,
T=273K

C. CO; gasat P =] atm,

T=273K

Real gas with large

molar volume

List-A

H, and He

CO,’

For a gas other than

H, and He at T

. For a gas when only
repulsive forces
predominates

©

Ow> =

o

ANSWE
D4

.4 B-§
4 B-3
B-1

v

ST

A-3
A-1
A-1

2. Attractive forces
predominate
3. PV =nRT

4. P(V —nb)=nRT
List-B

1. Z>1

2. Z<lI

3. Z=1

D4 E-1
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Mole Concept and :

Equivalent Concept

For Elements
1 g-atom = N atoms =6.023 x10> atoms
= g-atomic mass
e.g., 1 g-atom of oxygen = N atoms of oxygen
=6.023 x10% atoms of oxygen
=16g

g-atomic mass : It is the mass of Avogadro’s number

(N)atoms in g.
Mass of one oxygen atom =16 amu
=16x1.66x1072 g
.. Mass of N oxygen atom
=16x1.66x1072* x6.023 x10* g=16¢g
Mass of element

- = (1
Er e et Atomic mass of element M
No. of atoms of element = g-atom of element X Av. No.

+:(2)

For Compounds
1 g-molecule or 1 mole = N molecules
=6.023 x10? molecules
= g molar mass
1 mole of O, = N molecules of O,
=6.023 x 102 moleculesof 0, =32g

g-molar mass : It is the mass of Avogadro’s number
(N ) molecules in g.

Mass of one O, molecule =32 amu =32 x1.66 x 107 g
. Mass of N molecules of O,
=32x1.66 X107 x6.023 x10% =32¢
mass
—— ..(3)
molar mass
Molecules = mole x Av. No. ..(4)

Mole =

Avogadro’s hypothesis : Equal volu.n?es of gases or
vapours obeying gas laws under similar conditions of P and T
contain equal no. of molecules.

The statement reveals the following facts:

(1) IfP, =P,, T, =T, (for two gases)

Then atV) =V,; ny =ny

(2) One mole of all gases contain N molecules.
Dulong and Petits law

Atomic mass X specific heat (cal/g) = 6.4 (for metals only)
Equivalent mass

Equivalent mass of a substance depends upon the nature
of chemical reaction in which substance takes part. The
evaluation of equivalent mass of a substance may therefore be
cautiously made.

(A) Equivalent mass of an element in a redox change:

Equivalent mass of a compound

Molar mass

No.of * ¢ lost or gained during redox )
change by one molecule of that compound
Equivalent mass of an element
_ Atomic mass
No.of ‘¢’ lost or gained during redox ~(6)

change by one atom of that element
NOTE : (i) For details see Chapter 8.

(ii) In case of redox change, determine equivalent mass by

the formulae given above and do not use any other
formulae given below.

(B) Equivalent mass of an element or compound in a
non redox change:

(1) Equivalent mass of an element
E= Atomic mass of element
Valency of element

(7
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(2) Equivalent mass of ionic compound
_ Formula mass of ionic compound

" Total charge on cations or anions
Also Equivalent mass of an ionic compound
= Equivalent mass of I part + Equivalent mass of II part

(8)

..(9)
Eq. (9) is not valid for hydrated compounds.
: F. mass of NaCl
eg, () Ena =———r——= —581'5 =58.  By(@8)

" F. mass of AlCI
(i) Encyy = 3 : =13§'5 =445 By(8)

Enci, =E.mass  +E. massg, =2?7+35.5=44.5 By (9)

(iii) KZSO4-A12(SO4)3~24H20:EMM=% By (9)

(3) Equivalent mass of an acid or base:
Molar mass of acid

Eq. d = soll
q. MAass acig Resicity (10)
(Basicity is no. of H atoms replaced from
one molecule of acid)
Molar mass of base
E —_——— (11
EQ. mass pue Acidity ()

(Acidity is the no. of OH groups replaced
from one molecule of base)

eg., H3P03 + 2N30H —_— Nazl'{P03 +2H20
Basicity =2 Acidity =1 5
M
Eugpo, =7 Enson =77

Note : However if reaction is given as:
(i) H3PO; + NaOH — NaH,PO; + H,0

M
Enspoy =T
(ii) Al(OH); + HCl —> Al(OH),Cl+H,0
Eaoms =T

(4) Equivalent mass of an ion or radical :
Formula mass of ion or radical

Charge on ion

Eq. mass of ion or radical =

.(12)

(5) Equivalent mass of an acid salt :
Molar mass of acid salt

. Replaceable H atoms in acid salt

..(13)

M
eg  Ewapo, =75

However if reaction is given as :
N3H2P04 +NaOH — NazHPO,, e H20
M
then ENIH2P04 = T
An acid salt is one which has replaceable H atgm, eg.,
NaHCO;, NaHSO,, Na,HPO,. However, Na,HPOj; is not an
acid salt since it does not have replaceable H atom because

H3PO; is dibasic acid. In oxy acids only those H are
replaceable which are attached on O atom, e.g.,

(0) (o}

T T
H—0—P—0—H H—O0—P—O—H
| |
O—H H
Tri basic Di basic

(6) Equivalent mass of basic salt :
Molar mass of basic salt

- Replaceable OH gp in basic salt

(14)

M
eg  Eaoma =75

NOTE :1. The unit of equivalent mass is geq ™.

2. However in some cases either of these formula reported
does not give equivalent of the species required, e.g.,
equivalent mass of Oj in the reaction 20; — 30,.
The equivalent mass in such cases can be determined
by the concept of equivalent mass, i.e., definition—Eq.
mass of an species is the mass which either reacts or
displaces 1 part H or 8 part O or 35.5 part Cl. For the
above reaction stoichiometry suggests,

2 mole O; = 3 mole O,
=96g O,
= lZeq 02
Imole O; = 6eq. 0, =6 eq. O;
or Valence factor for O; =6

Eo, =4_68=8

(8g 0, =leq.)

Stoichiometric concept :
2H;(g) + Oy(g) — 2H,)(2)

Mole ratio for reaction 2 g 1 : 2
Molecule ratio for reaction 2 3 1 : 2
Mass ratio for reaction 4 2 32 : 36
Volume ratio for reaction 2 : 1 g 2
(Volume ratio for gaseous phase reaction only at same P, T)
s o ooy Actual yield
Percentage yield : % yield = m x100
..(15)

Limiting reagent : The substance that is completely
consumed in a reaction is called limiting reagent as it
determines or limits, the amount of product. The other reactant
present in excess is called excess reagent, e.g.,

2H,(g) +0,(g) — 2H,0(g)
Mole before reaction 10 7 0
Mole after reaction 0 2 10

Thus O, is excess reagent and H, in limiting reagent
Methods for expressing concentration of solutions
1. Normality : It is defined as no. of equivalents of a
solute present in one litre of solution. Its unit is eq. litre.
__ Equivalent of solute

"~ Volume of solution in litre




_ Mass of solute
Equivalent mass of solute x ¥ in litre

- w
N=txvmd ) (16)
___wx1000
ExVin (ni) (17)

Also, Equivalent = N x ¥ (in L) -l':“’[“”%“:et
q. mass of solute

..(18)
and Milli equivalent= N x V (in L)
— __ Mass of solute x 1000 -(19)

Eq. mass of solute

NOTE : 1. No doubt milli equivalent should be written as meq.
(milli equivalent) but for the sake of our problems by
milli equivalent, we have used Meq.

2. Egs. (18) and (19) are commonly used in solving
numericals practically in each chapter. One should be
able to learn, understand and apply these equations in
order to move advance to get solutions in easy and
precise manner.

3. Another striking fact regarding equivalent and milli
equivalent is—Equivalent and milli equivalent of
reactants reacts in equal number to give same
number of equivalent or milli equivalent of
products separately.

Example. 20 mL of 01N BaCl, is mixed with 30 mL of

0.2N AL (SO4)3. How many g of BaSO, are formed?
BaCl, + Al,(SO4); — AICI; +BaSO,

Meq. before 20x0.1 30x0.2 0 0
reaction reaction =2 =6
Megq. after reaction 0 4 2 2
Meq. of BaSO, formed =2
w
—x1000=2
or I3

_2xE _2x233 _
w=1000 ~2x1000 _ 02338

2. Molarity : It is defined as the mole of solute present

in one litre of solution. Its unit is mol litre ™.
M Mole of solute

= Volume of solution in litre
Mass of solute

= Molar mass of solute X ¥ in litre
Mass of solute X 1000

= Molar masss of solute X7 in mL

w
M=-———me 0 ...(20)
wx 1000

mxV (mL)

Mole of solute =M XV in/

_ ___mass of solute

~ ‘molar mass of solute

M= 1)

Also,
..(22)

Numerical Chemistry
Milli mole of solute= M x ¥ inmL = % x1000  ..(23)
Molarity = 14 Ii\:llolli‘:n:
: for a given solution
lity = Equivalent
and  Normality = = e
Mole _wxE _E _ 1

M
N T Equivalent mxw m Valency factor
Normality = Molarity x Valency factor  ...(24)
NOTE : 1. Mole and milli mole react according to stoichiometry
of equation.
It is better to solve-a numerical by equivalent or Meq.
rather than using mole and milli mole. For this purpose
molarity should be changed into normality by Eq. (24).
3. Equation 18, 19, 24 can be used to evaluate any
problem of volumetric analysis and gravimetric
analysis.
4. Problems of eudiometry can be solved in terms of
stoichiometry and mole.
Example. 20 mL of0.1M BaCl, in mixed with 30 mL of
0.2 M Al,(S04)3. What is the mass of BaSO4 formed?
By mole and milli mole : First balance it.

3BaCl, + Al,(SO,); — 3BaSO, + 2AICI,

o

m mole 20x0.1 30x0.2 0 0
before reaction =2 =6

m mole 0 (6 = 3) 2 Ix2
after reaction 3 %

** Reaction ratio is
BaCl; : Al;(SO4); :BaSO, : AICl; ::3:1:3:2
Milli mole of BaSO, =2
w
733 % 1000=2
_2%233 _
=000 ~ 0.466g
By equivalent or Meq : No need for balancing.
BaClz + Alz(SO4 )3 e BaSO,, + AlCl;

w

Meq. before reaction 20X 0.1x 2 30x0.2x6 0 0
[V x M x Valency factor] =4 =36
Meq. after reaction 0 32 4 4
Meq. of BaSO, = 4
w
£ X 1000=4
_4x233 _
w= 2x1000 =0.466¢g

3. Molality : Mole of solute present in one kg of
solvent. Its unit is mol kg ' solvent.

mole of solute
mass of solvent in kg
_ mass of solute
molar mass of solute X mass of solvent in kg
i mass of solute x 1000
molar mass of solute x mass of solvent in g 125

Molality =
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mass of solvent = mass of solution — mass of solute
mass of solution = volume of solution — specific gravity
..(26)
4. Strength of Solution : Amount of solute present in
one litre solution. Its unit is g litre ™.

= mass of solute _ w (27)
volume of solution in litre ~ ¥ in (/)
-+ B (15 1 N =! 1
y Eq. (15) EVm )

& S=NxE (Singlite™) ..(28)
S. In terms of percentage :

% by mass (mass/mass) = &lu}e x100 ...(29)
mass of solution
% by strength (vol/vol ) = ~Olumeof solute _,
volume of solution

..(30)

% by volume (massivol) w— s ofsoldte 0
volume of solution

(31
Example. A solution is 35% by ...... means
35% by mass : 100 g solution contains 35 g solute
by strength : 100 mL solution contains 35 mL solute
by volume : 100 mL solution contains 35 g solute

6. Mole fraction :
Mole fraction of solute
mole of solute n

= = eesl 32
(X 4)=5ic of sohute + mole of solvent  n+ N (2)
Mole fraction of solvent
mole of solvent N
= = aesl 33
(X) mole of solute + mole of solvent n+ N G3)
By Egs. (31) and (32), i
n
=— = ...(34
A tidn n+N+n+N : G4
X4 _on
=== ..(35
Also, X, N (35)
NOTE: 1. Molality, % by mass, mole fractions are independent of

temperature since these involve masses.

2. Rest all, i.e., normality, molarity, % by vol., % by
strength and strength are temperature dependent,
normally decrease with increase in temperature since
volume of solution increases with 7.

3. Sometimes term formality is used in place of molarity.

4. Normal, molar solution means for solutions having
normality | N and molarity 1M respectively.

5. Standard solution is one whose N or M are known.

6. On diluting a solution, eq, milli equivalent mole or
milli mole of solute do not change however N and M
change.

Use of specific gravity

(1) Specific gravity of solution (mass of | mL solution)
mass of solution 36)

I ——
volume of solution

57

(2) It is commonly used to obtain either mass of solution
or volume of solution as desired.

7. Formality : Since molar mass of ionic solids is not
determined accurately experimentally due to their dissociation
nature and therefore molar mass of ionic solid is often referred
as formula mass and molarity as formality.

e mass of solute
Formality = & ula mass x V, (inl)

NOTE : For all practically purposes formality is molarity.
8. Ionic strength : Ionic strength (i) of a solution is
given by:

..(37)

p =12z’ (38)
where ¢ is concentration (in mole litre") of ionand Z is

its valence.

Some general points :

(1) Under similar conditions of P and T, combination of
gases may be made in terms of volume ratio since mole of gas o
volume of gas at constant P and 7.

(2) Acidic oxides such as CO,, oxides of
N(NO,, N,03, N,05), oxides of P, Si, halogens are absorbed
by alkalines, e.g., NaOH, KOH, CaO etc.

(3) Basic oxides such as Na,0, CuO,...... etc., are
absorbed by acids.

Hardness of water :

(1) The hardness of water is due to the presence of
bicarbonates, chlorides and sulphates of Ca and Mg.

(2) The hardness is temporary due to bicarbonates and
permanent due to chlorides and sulphates of Ca and Mg.

(3) The extent of hardness is known as degree of
hardness defined as the no. of parts by mass of CaCO; present

per million parts by mass of water or 10° parts by mass or
volume of water since dy; o =1
Hardness (in ppm) of water = pessol CaO;, x108
mass of water
mass of CaCO;

~ Volume of water (in mL)

x10°
(39

Equivalent and Meq. of reactants react in equal amount
to give same no. of equivalent or Meq. of products
separately.
(i) e.g., In a given reaction,
oA + bB — mM +nN

Meq.of 4= Meq.of B = Meq.of M = Meq.of N

(ii) In a compound M (N,
Meq. of M N, = Meq.of M = Meq.of N

or Eq. of M.N, = Meq.of M = Meq.of N

(iii) In a series of reaction for complete reaction,

NOTE: 1.

@A 4 b~ o€y eB—t 345G
excess oxcoss
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Megq. of 4 used = Meq. of B used = Meq. of C formed =
Meq. of D used = Meq. of E formed = Meq. of Fused =
Megq. of G formed
2. Mole and millimole react according to equation.
3. Molarity x Valency factor = Normality
4. On diluting a solution, mole, mM, Equivalents and
Megq. of solute do not change.
5. For reporting -concentration of H,0,, direct
conversions can be made as :
(i) % strength of
H,0, =;—2 x Volume strength of H,0,
(ii) Volume strength of
H,0, = 5.6 x Normality of H,0,
(iii) Volume strength of
H,;0, =112 x Molarity of H,0,
Use of double indicator: In the titration of alkali
mixtures e.g., (NaOH +Na,CO0s5) or (Na,CO; +NaHCO;)
two indicators phenolphthalein and methyl orange are used.
The indicator phenolphthalein is a weak organic acid and gives
end point between pH 8 to 10, while methyl orange, a weak
base indicates end point sharply between pH 3.1 to 44.
Following points are to be remembered therefore,

1. Phenolphthalein is not a good indicator for weak alkali
titrations.

2. Methyl orange is not a good indicator for weak acid
titrations.

3. Titration in between strong acid and strong base using
phenolphthalein or methyl orange as indicator gives
reading for complete neutralization, i.e., Meq. of acid
= Meq. of base.

4. Titration between strong acid and strong base such as
Na,COj3 using phenolphthalein as indicator, the Meq.
of acid are utilized only for the end point upto NaHCO,

state.
22 Na,CO, +H* — NaHCO; +Na*
A pracash weak
= £35

Numerical Chemistry

ie., Meq.of Acid= %Meq. of Na,CO;

(if Eq. mass of Na,COj; is taken as
M/2)
or Megq. of Acid Meq.of Na,CO;
(if Eq. mass of Na,CO; is taken
as M / 1since one H is replaced)
However, in titration with methyl orange as indicator,
the Meq. of acid corresponds to total Meq. of alkali
present at that time in mixture.
5. It is to be clearly noted that methyl orange is used as
indicator in titration for fresh mixture or in continuation
of phenolphthalein e.g.,
Na,CO; + NaOH mixture Vs HCI
Casel. Iend pointis determined using phenolphthalein
as indicator and then methyl orange is used to get II end point
in continuation.
1 end point : Meq. of Acid

= Meq.of NaOH + % Megq. of Na,CO,

1 end point : Meq. of Acid = -;—Meq.of Na,CO,

CaseIl. End point is determined using phenolphthalein
as indicator. Next time end point is determined by taking

another (fresh) same volume of mixture using methyl orange as
indicator.

For phenolphthalein:
Meq. of Acid = Meq.of NaOH + % Meq. of Na,CO,

For methyl orange:
Megq.of Acid = Meq. of NaOH + Meq. of Na,CO,
Representation of % of oleum: (100 + a)% m oleum

means a g H,0 reacts with equivalent amount of free SO,
dissolved in H,80, i.e. oleum.
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e NUMERICAL PROBLEMS ®

1. How many g-atom and no. of atoms are there in (a) 60 g SQNA

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

21.

carbon, (b)224.4gCu? 3-SNy 25
Given atomic masss of C and Cu are 12 and 635
respectively. Avogadro’s no. =6.02 x 102,

. Find the no. of g-atoms and mass of an element having

2x10? atoms. Atomic mass of elemment is 32. -

. In 4 g-atoms of Ag. Calculate :

(a) massof Ag
(b) mass of one atom of Ag; atomic mass of Ag =108.

. How many g-atoms are there in one atom? -
. Ifthe diameter of a carbon atom is 0.15 nm, calculate the

mass of carbon when atoms of carbon are placed side by
side across the line of length 10" km.

. Calculate mass of 1 atom of hydrogen.
. Calculate the no. of atoms and volume of 1 g He gas at

NTP.

. How many mole and molecules of O, are there in 64 g

0,? What is the mass of one molecule of O,?

How many year it would take to spend Avogadro’s
number of rupees at the rate of 10 lac rupees per second?
From 200 mg of CO,, 10*! molecules are removed. How
many g and mole of CO, are left?

Mass of one atom of an element is 6.644 x1072 g.
Calculate g-atom of element in 40 kg.

How many g-atom of S are present in 49 g H,SO, ?
The density of O, at NTP is 1.429 g/L. Calculate the
standard molar volume of gas.

The measured density at NTP of He is 0.1784 g/L. What
is the mass of one mole of He?

How many g of S are required to produce 100 mole and
100 g H,SO, separately?

An alloy has Fe, Co and Mo equal to 71%, 12% and
17% respectively. How many cobalt atoms are there ina
cylinder of radius 2.50 cm and a length of 10.0 cm? The
density of alloy is 8.20 g/mL. Atomic mass of cobalt
=58.9. .

Calculate the number of CI” and Ca™" ions in 222 g
anhydrous CaCl,.

The dot at the end of this sentence has a mass of about
one microgram. Assuming that black stuff is carbon,
calculate approximate atoms of carbon needed to make
such a dot.

Calculate the mole of water in 488 g BaCl, -2H,0.
What is the molar mass of a substance, each molecule of
which contains 9 carbon atoms, 13 hydrogen atoms and
2.33x1072 g of other component?

A plant virus is found to consist of uniform cylindrical
particles of 150 A in diameter and 5000 A long. The

22.

23.

24,

25.

26.

27.

29.

30.

32.

33.

38.

specific volume of the virus is 0.75 cm > /g. If the virus is
considered to be a single particle, find its molar mass.
(IIT 1999)
K-40 is a naturally occurting radioactive isotope having
natural abundance 0.012% of potassium %sotopes. How
many K-40 atoms do you ingest by drinking one cup of
whole milk containing 370 mg K?
The vapour density of a mixture containing NO, and
N,0, is 38.3 at 27°C. Calculate the mole of NO, in
100g mixture.
The vapour density of a mixture containing NO, and
N,0, is 38.3 at 27°C. Calculate the mole of NO, in
100 mole mixture.
Calculate molecules of methane, C and H atoms in 25 g
methane.
Calculate no. of oxalic acid molecules in 100 mL of
0.02N oxalic acid. (Roorkee 1992)
Calculate the number of atoms of oxygen present in
88 g CO,. What would be the mass of CO having the
same no. of oxygen atoms?

. A compound contains 28% N and 72% of a metal by

mass. Three atoms of metal combine with two atoms of
N. Find the atomic mass of metal.

Insulin contains 3.4% sulphur. Calculate minimum
molar mass of insulin.

Haemoglobin contains 0.25% iron by mass. The molar
mass of Haemoglobin is 89600. Calculate the no. of iron
atom per molecule of Haemoglobin.

. Pand Q are two elements which forms P,Q; and PQ,. If

0.15 mole of P,Q; weighs 15.9 g and 0.15 mole of PQ,
weighs 9.3 g, what are atomic masses of P and 0?
Calculate the residue obtained on strongly heating
By heating 10 g CaCOj3, 5.6 g CaO is formed. What is
the mass of CO, obtained in this reaction?

- On heating 1.763 g of hydrated BaCl, to dryness,

1.505g of anhydrous salt remained. What is the formula
of hydrate?

35. Calculate the mass of iron which will be converted into

its oxide by the action of 18 g of steam.

. Copper forms two oxides. For the same amount of

copper, twice as much oxygen was used to form first
oxide Q1m to form second one. What is the ratio of the
valencies of copper in first and second oxides?

. Calculate the volume of O, and volume of air needed

for combustion of 1 kg carbon at STP.

Nitrogen content in a sample of urea is 42.5%. What is
the percentage purity of urea in urea sample?
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Calculate the mass of lime (CaO) obtained by heating
200 kg of 95% pure limestone (CaCO;).
4.125 g of a metallic carbonate was heated and the CO,
evolved was found to measure 1336 mL at 27°C and
700 mm pressure. What is equivalent mass of metal?
From the following reaction sequence
Cl; +2KOH — KCI +KCIO + H,0
3KCIO — 2KCI +KCIO,

4KCl03 — 3KCIO, +KCl
Calculate the mass of chlorine needed to produce 100 g
of KCIO,.
Potassium selenate is isomorphous with potassium
sulphate and contains 45.42% selenium by mass.
Calculate the atomic mass of selenium. Also report the
equivalent mass of potassium selenate.
A hydrocarbon contains 10.5 g of carbon per g of H.
One litre vapours of hydrocarbon at 127°C and 1 atm
pressure weighs 2.8 g. Find molecular formula of
hydrocarbon.

. Thereaction,2C + 0, — 2COis carried out by taking

24 g of carbon and 96 g O,, find out:
(a) Which reactant is left in excess?
(b) How much of it is left?
(c) How many mole of CO are formed?
(d) How many g of other reactant should be taken so

that nothing is left at the end of reaction?
Calculate the mass of FeO produced from 2 g VO and
5.75 g of Fe,0;. Also report the limiting reagent.

VO +Fe,0; — FeO + V,05

A polystyrene, having formula Br;C¢H;3 (CgHg), was
prepared by heating styrene with tribromobenzoyl
peroxide in the absence of air. If it was found to contain
10.46% bromine by mass, find the value of n.
One litre of a mixture of CO and CO, is passed through
red hot charcoal in tube. The new volume becomes
1.4 litre Find out % composition of mixture by volume.
All measurements are made at same P and 7.
One litre of CO, is passed over hot coke. The volume
becomes 1.4 litre. Find the composition of products,
assuming measurements at NTP.
5 mL of a gaseous hydrocarbon was exposed to 30 mL
of O,. The resultant gas, on cooling is found to measure
25 mL of which 10 mL are absorbed by NaOH and the
remainder by pyrogallol. Determine molecular formula
of hydrocarbon. All measurements are made at constant
pressure and temperature.
When a mixture of 10 mole of SO,, 15 mole of O, was
passed over catalyst, 8 mole of SO; was formed. How
many mole of SO, and O, did not enter into
combination?
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Numerical Chemistry

A mixture of 20 mL of CO, CH4 and N, was bumnt in
excess of O, resulting in reduction of 13 mL of volume,
The residual gas was then treated with KOH solution to
show a contraction of 14mL in volume. Calculate
volume of CO, CH; and N; in mixture. All
measurements are made at constant pressure and
temperature. (IIT 1995)
50 mL of dry ammonia gas was sparked for a long time
in an eudiometer tube over mercury. After sparking, the
volume becomes 97 mL. After washing the gas with
water and drying, the volume becomes 49 mL. This was
mixed with 60.5 mL of oxygen and the mixture was
burnt. After the completion of the combustion of H,, the
volume of the residual gas was 48.75 mL. Derive
molecular formula of ammonia.

The percentage by volume of C3Hg in a mixture of
C3Hg, CH4 and CO is 36.5. Calculate the volume of
CO, produced when 100 mL of the mixture is burnt in
excess of O,.

. 100 mL of any gas at NTP was heated with Tin. Tin

converted into stannous sulphide and hydrogen was left.
This hydrogen when passed over hot CuO, produced
0.081g of water. If the vapour density of the gas is 17,
find its formula.

A gaseous alkane is exploded with oxygen. The volume
of O, for complete combustion to CO, formed is in the
ratio of 7: 4. Deduce molecular formula of alkane.

40 mL ammonia gas taken in an eudiometer tube was
subjected to sparks till the volume did not further
change. The volume was found to increase by 40 mL.
40 mL of oxygen was then mixed and the mixture was
further exploded. The gases remained were 30 mL.
Deduce formula of ammonia. All measurements are
made at constant P and 7. Assume H,O in liquid phase.
The mass of one litre sample of ozonised oxygen at NTP
was found to be 1.5 g. When 100 mL of this mixture at
NTP were treated with terpentine oil, the volume was
reduced to 90 mL. Hence calculate the molar mass of
ozone.

60 mL of a mixture of nitrous oxide and nitric oxide was
exploded with excess of hydrogen. If 38 mL of N, was
formed, calculate the volume of each gas in mixture. All
measurements are made at constant P and 7. Assume
H,0n liquid phase.

50 mL of pure and dry oxygen was subjected to a silent
electric discharge and on cooling to the original
temperature, the volume of ozonised oxygen was found
to be 47 mL. The gas was then brought into contact with
terpentine oil, when after the absorption of ozone, the
remaining gas occupied a volume of 41 mL. Find
molecular formula of ozone. All measurements are
made at constant P and 7.
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A sample of gaseous hydrocarbon occupying 1.12 litre
at NTP, when completely bumnt in air produced 2.2 g
CO, and 1.8 g H,0. Calculate the mass of hydrocarbon
taken and the volume of O, at NTP required for its
combustion.

16 mL of a gaseous aliphatic compound C,H3,0,, was

mixed with 60 mL O, and sparked. The gas mixture on
cooling occupied 44 mL. After treatment with KOH
solution, the volume of gas remaining was 12 mL.
Deduce the formula of compound. All measurements
are made at constant pressure and room temperature.

A 5.0 g sample of a natural gas consisting of CH4,C,H,
was burnt in excess of oxygen yielding 14.5 g CO, and
some H,O as products. What is mass percentage of CH,
and C,H, in mixture?

4 g C3Hg and 14 g O, are allowed to react to the
maximum possible extent to form only CO and H,0.
Find the mass of CO formed.

. Assume that the nucleus of the F atom is a sphere of

radius 5 x10™" cm. Calculate the density of matter in F
nucleus.

A metal M of atomic mass 54.94 has a density of
7.42g /cm? . Calculate the volume occupied and the
radius of the atom of this metal assuming it to be sphere.
A granulated sample of aircraft alloy (Al, Mg, Cu)
weighing 8.72 g was first treated with alkali and then
with very dilute HCI, leaving a residue. The residue
after alkali boiling weigh 2.10 g and the acid insoluble
residue weigh 0.69 g. What is the composition of the
alloy?

Calculate the mass of CaO required to remove the
hardness of 10° litre of water containing 1.62g of
calcium bicarbonate per litre.

One litre of sample of hard water contains 1 mg of
CaCl, and 1 mg of MgCl,. Find the total hardness of
water in terms of CaCO3 per106 parts of water by mass.
1.60 g of a metal were dissolved in HNOj to prepare its
nitrate. The nitrate was strongly heated to give 2 g
oxide. Calculate equivalent mass of metal.

1.0 g of metal nitrate gave 0.86 g of metal sulphate.
Calculate equivalent mass of metal.

1.35 g of pure Ca metal was quantitatively converted
into 1.8 g of pure CaO. What is atomic mass of Ca?

2 g of a metal in H,SO, gives 4.51 g of the metal
sulphate. The specific heat of metal is 0.057 cal /g.
Calculate the valency and atomic mass of metal.

1.878 g of MBr,, when heated in a stream of HCI gas,
was completely, converted to chloride MCl,, which
weighed 1.0 g. The specific heat of metal is 0.14 cal/g.
Calculate molar mass of metal bromide.
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A hydrated sulphate of metal contained 8.1% metal and
43.2% SO3* by mass. The specific heat of metal is
0.24 cal / g. What is hydrated sulphate?

Find the milli equivalent of :

(a) Ca(OH); in 74 g.

(b) NaOH in20 g.

(c) H,SO4in2.45g.

Find the mass of NaOH in its 50 milli equivalents.
Find the normality of H,SO, having 50 milli
equivalents in 2 litre.

1.2048 g sample of impure Na,COj is dissolved and
allowed to react with a solution of CaCl,. The resulting
CaCO;, after precipitation, filtration and drying was
found to mass 1.0362 g. Assuming impurities do not
contribute to the mass of precipitate, calculate per cent
purity of Na,COj;.

Calculate normality and molarity of the following :

(a) 0.74 g of aCa(OH), in 5 mL of solution.

(b) 3.65 g of HCI in 200 mL of solution.

(c) 1/10 mole of H,SO4 in 500 mL of solution.

Find the mass of H,SO, in 1200 mL of a solution of 0.2
N strength.

Calculate the mass of calcium oxide required when it
reacts with 852 g of P40 . (IIT 2005)
What mass of Na,CO3; of 95% purity would be required
to neutralize 45.6 mL of 0.235 N acid?

How many millilitre of 0.5 M H,SO, are needed to
dissolve 0.5 g of copper II carbonate? (IIT 1999)
What is the strength in g per litre of a solution of H,SOy,
12mL of which neutralized 15 mL of N/10 NaOH
solution?

The formula mass of an acid is 82.0. 100cm?® of a
solution of this acid containing 39.0 g of the acid per

A litte were completely neutralized by 95.0cm® of

86.

87.

88.

89.

90.

aqueous NaOH containing 40.0g of NaOH per litre.
What is the basicity of the acid? (Roorkee 2000)
Calculate the normality of the resulting solution made
by adding 2 drops (0.1 mL) of 0.1¥ H,SOy in 1 litre of
distilled water.

What volume at NTP of ammonia gas weill be required
to be passed into 30 mL of N H,SO, solution to bring
down the acid normality to 0.2N ?

Two litre of NH; at 30°C and 0.20 atmosphere is
neutralized by 134 mL of a solution of H,SO,.
Calculate normality of H,SO,.

One g of calcium was burnt in excess of O, and the
oxide was dissolved in water to make up one litre
solution. Calculate normality of alkaline solution.

1.82 g of a metal required 32.5 mL of N HCl to dissolve
it. What is equivalent mass of metal?
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Calculate normality of mixture obtained by mixing:

(a) 100 mL of 0.1 N HCI + 50 mL of 0.25 N NaOH.

(b) 100 mL of 0.2 M H,S0, +200 mL of 0.2 M HCI.

(c)100 mL of 0.2 M H,S0,4 +100 mL of 0.2 M NaOH.

(d) 1 g-equivalent of NaOH +100 mL of 0.1 N HCI.

In what ratio should you mix 0.2 M NaNO, and

0.1 M Ca(NO;), solution so that in resulting solution,

the concentration of —ve ion is 50% greater than the

concentration of +veion?

Calculate the mass of KOH required to neutralize

15 Meq. of the following:

(a) HCI, (b) KHSO,, (c) N,0s5, (d) CO;.

What volume of water is required to make 0.20N

solution from 1600 mL of 0.2050N solution?

How much BaCl, - 2H,0 and pure water are to be mixed

to prepare 50 g of 12.0% (by mass) BaCl, solution?

What volume of a solution of hydrochloric acid

containing 73 g of acid per litre would suffice for the

exact neutralization of sodium hydroxide obtained by

allowing 0.46 g of metallic sodium to act upon water?

20 mL of 0.2M Al;(SO4); is mixed with 20 mL of

0.6 M BaCl,. Calculate the concentration of each ion in

solution.

Find out equivalent mass of H3 PO, in the reaction.
Ca(OH), + H;PO4, — CaHPO, +2H,0

. 'What volume of 0.20 M H,SOy is required to produce

34.0 g of H,S by the reaction?

8KI + 5stO4 > 4KzSO4 i 412 +H,S + 4H20
How much AgCl will be formed by adding 200 mL of
5N HCI to a solution containing 1.7g AgNO3?
What mass of AgCl will be precipitated when a solution
containing 4.77 g NaCl is added to a solution of 5.77 g
of AgNO;?
How much BaCl, would be needed to make 250 mL of a
solution having same concentration of Cl™ as the one
containing 3.78 g of NaCl per 100 mL?
Upon mixing 45.0 mL of 0.25 M lead nitrate solution
with 25 mL of 0.10M chromtic sulphate, precipitation of
lead sulphate takes place. How many mole of lead
sulphate are formed? Also calculate the molar
concentrations of the species left behind in final
solution. Assume that lead sulphate is completely
insoluble. (1IT 1993)
What is the normality and nature of a mixture obtained
by mixing 0.62 g of Na,CO1.H,0 to 100 mL of 0.1N
H,S0,4?
A sample of an alloy weighing 0.50 g and containing
90% Ag was dissolved in conc. HNO;. Ag was analysed
by Volhard method in which 25 mL of KCNS were
required for complete neutralization. Determine
normality of KCNS.
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Numerical Chemistry

What is the purity of conc. H,SO,4 solution (specific
gravity 1.8 g/mL), if 5.0 mL of this solution is
neutralized by 84.6 mL of 2.0 N NaOH?
A sample of H,SO, (density 1.787 g mL™") is labeled as
86% by mass. What is molarity of acid? What volume of
acid has to be used to make 1 litre of 0.2 M H,S0,?
A piece of Al weighing 2.7 g is titrated with 75.0 mL of
H,SO, (sp. gr.1.18 g mL™" and 24.7% H,SO by mass).
After the metal is completely dissolved, the solution is
diluted to 400 mL. Calculate molarity of free H,SO, in
solution.
A 6.90M solution of KOH in water has 30% by mass of
KOH. Calculate density of solution.
Mole fraction of I, in C¢Hg is 0.2. Calcualte molality of
Iz in C6H6 .
A drop (0.05 mL) of 12 M HCl is spread over a thin
sheet of aluminium foil (thickness 0.10 mm and density
of A1=2.70 g /mL). Assuming whole of the HCl is used
to dissolve Al, what will be the maximum area of hole
produced in foil?
Calculate the volume of NH; in a solution (density
099 g /cm > and 2.3% by mass) which will be required to
precipitate Fe(OH); from a sample of 0.70 g of 25%
Fe 203 puﬂty
Calculate molality of 1 litre solution of 93% H,SO4 by
volume. The density of solution is1.84 g mL™".
(IIT 1990)
The gases produced when 18 g carbon reacts with 3 litre
of oxygen at 18°C and 5 atm pressure are treated with
0.5 litre of 2 M NaOH. Calculate the concentration of
sodium carbonate and sodium bicarbonate produced by
the reaction of CO, with NaOH.CO has no reaction
under these conditions.
What would be the molality of a solution obtained by
mixing equal volumes of 30% by massH.SO;
(d=1218gmL™") and 70% by massH.SO,
(@=1.610gmL™)? If the resulting solution has
density 1.425 g/mL, calculate its molarity.
Calculate molarity of water, if its density is 1000 kg ‘m .
(11T 2003)
To 50 litre 0f 0.2 N NaOH, 5 litre of 1N HCl and 13 litre
of 0.1V FeCl, solution are added. What mass ot Fe10:
can be obtained from the precipitate? Also report the
normality of NaOH left in the resultant solution.
The molar mass of an organic acid was determined by
the study of its barium salt. 4.290 g of salt was
quantitatively converted to free acid by the reaction
with 21.64mL of 0.477 M H,SO,. The barium salt was
found to have two mole of water of hydration per Ba J
ion and the acid is monobasic. What is the molar mass of
anhydrous acid?
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A solution is 0.5 M in MgSO,, 0.1 Min AICl; and 0.2 M
in (NH4),SO4. What is the total ionic strength?
What volume of 0.010 M NaOH (aq.) is required to react
completely with 30 g of an aqueous acetic acid solution
in which mole fraction of acetic acid is 0.15?
A solution contains 1 mol of total amount of solute and
solvent. The mole fraction of solute being X', and that of
solvent being X 5, prove :

- MM,
@ X =M - My
molar masses of solute and solvent respectively
and M is molarity of solution; p is density of
solution in g /dm >,

where M, and M, are

X
b M =M_|P for dilute solution; p is density of
solvent.

A mixture of Al and Zn weighing 1.67 g was completely
dissolved in acid and evolved 1.69 litre of H, at NTP.
What was the mass of Al in original mixture?
A mixture of HCOOH and H,C,0y is heated with conc.
H,SO4. The gas produced is collected and on treating
with KOH solution the volume of the gas decreases by
-éth Calculate molar ratio of two acids in original
mixture. (Roorkee 1990)
A sample of Mg was bumnt in air to give a mixture of
MgO and Mg ;N ,. The ash was dissolved in 60 Meq. of
HCI and the resulting solution was back titrated with
NaOH. 12 Meq. of NaOH were required to reach the end
point. An excess of NaOH was then added and the
solution distilled. The ammonia released was then
trapped in 10 Meq. of second acid solution. Back
titration of this solution required 6 Meq. of the base.
Calculate the percentage of Mg burnt to the nitride.
(Roorkee 1998)
For the reaction, N,Os(g) == 2NO,(g) +0.50,(g),
calculate the mole fraction of N ,05 (g) decomposed ata
constant volume and temperature, if the initial pressure
is 600 mm Hg and the pressure at any time is 960 mm
Hg. Assume ideal gas behaviour.
A gas mixture of 3 litre of propane (C3;Hjg ) and butane
(C4H,o) on complete combustion at 25°C produced
10 litre CO,. Find out the composition of gas
mixture.
8.0575 x1072 kg of Glauber's salt is dissolved in water

to obtain 1dm* of a solution of density 1077.2 kgm™.
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Calculate the molarity, molality and mole fraction of
Na,SO, in solution, (11T 1994)

A solid mixture § g consists of lead nitrate and sodium
nitrate was heated below 600°C until mass of residue
was constant, I the loss in mass is 28%, find the mass of
lead nitrate and sodium nitrate in mixture.
(11T 1990)

A mixture of ethane (C,Hg4) and ethene (CyH4)
occupies 40 litre at 1.00 atm and at 400 K. The mixture
reacts completely with 130 g of O to produce CO; and
H,0. Assuming ideal gas behaviour, calculate the mole
fractions of C,H4 and C,Hg in the mixture. (LIT 1995)
A sample of hard water contains 96 ppm of SO% and
183 ppm of HCO3, with Ca®* as the only cation. How
many mole of CaO will be required to remove HCO;
from 1000 kg of this water? If 1000 kg of this water is
treated with the mass of CaO calculated above, what
will be the concentration (in ppm) of residual Ca > jons
(Assume CaCOj5 to be completely insoluble in water)?
If the Ca?* ions in one litre of the treated water are
completely exchanged with hydrogen ions, what will be
its pH (One ppm means one part of the substance in one
million part of water, mass/mass)? (IIT May 1997)
1.20 g sample of Na,CO3 and K,CO; was dissolved in
water to form 100 mL of a solution. 20 mL of this
solution required 40 mL of 0.1 N HCI for complete
neutralization. Calculate the mass of Na,CO,; in
mixture. If another 20 mL of this solution is treated with
excess of BaCl,, what will be the mass of precipitate?

(Roorkee 1997)
25 mL of a solution of Na,CO; having a specific
gravity of 1.25 g mL™ required 32.9 mL of a solution of
HCl containing 109.5 g of the acid per litre for complete
neutra.lization. Calculate the volume of 0.84 N H,S0,4
that vylll be completely neutralized by 125 g of Na,CO,
solution.
200 mL of a M solution of HCI is mixed with 500 mL of
b M solution of HCI. The mixture is diluted to 2 litre to
obtain the solution of molarity 1.5 M. Ifa: b:: 5 : 4,
what are the values of a and b?

Calculate the % of free SO in oleum that is labelled as
106%.
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. Il N - SOLUTIONS (Numerical Problems) e ] ".

- and No. of = mass X Av.No.
atormc mass WUATE atomic mass

(8) .. For60gC: g-atom = %) =5

. g-atom=

60x 6.02x 102
12

(b) For224.4gCu: g-atom = -26234—'6“ =353

No. of atoms = =30.1x10%

No. of atoms = 22“'—4"663-‘?—“@ =21.24x10%

2.+ Natoms have 1 g-atom
2x10%
6.023x10%
** N atoms of element weigh 32g
-+ 2x10% atoms of element weigh
_ 32x2x10%
6.023x10% =R
3. (a) ' 1g-atomof Ag weighs 108 g
4g-atom of Ag weighs 108x4 =432 g
(b) -+ Natoms of Ag weigh 108 g

. 108 -23
*. 1 atomof Ag weighs ———————— =17.93 x10™" g
6.023x10%

2x10% atoms have = =0.33 g atom

4. °: Natom has 1 g-atom

-, 1 atom has -—1——3 =1.66 x10"* g atom
6.023x10?

5. Carbon atoms occupies the distance
=10* km=10*x10° m
=10* x10° x10% cm=10° cm
-. No. of carbon atoms placed across the line

S [ - =6.67x10'¢
0.15%10"

12x 6.67x10'¢
6.023x10%
=1.328x10" g =1.328 g

Mass of these carbon atoms =

6. - Natomof H weigh 1 g

1 atom of H weigh =1.66x107 g

1
6.023x10%
T % ttgl-lehas6023x1023 atoms

- 1 g He has g_oﬁx_lo_ atoms =1.506 x 10** atoms

Also, '+ 4gHes 22.4 Lat NTP
1 gHes %‘—‘ = 5.6 litre at NTP
8. 32 g 0, hasmole=1

64 g O, has mole = 64;1-2 mol

32 g O, contain 6.023x 102 molecules

\

6.023x10% x 64
64g0; contain —————— 32

=12.04 x 102 molecules

N molecules of O, weigh 32 g
1 molecule of O, weighs
- 32 _-5313x10P¢g
6.023x10”

9. Total rupees to be expanded = 6.023x 102

10.

11.

12. -

13.

15.

Rupees spent per second = 10
Rupees spent per year = 10% x 60x 60x 24 x 365

.+ 10% x 60x 60x 24 X 365 Rupees are spent in 1 year

6.023x 10%® Rupees are spent
6.023x 10

" 105 x 60x 60x 24 x 365
=1.9099 x 10" year
-+ 6.023% 10 molecules of CO, =44 g
44x10%
6.023x10%
=731x102 g =73.1mg
CO, left =200-73.1=126.9 mg

10*' molecules of CO, =

-3
Also, Mole of CO, left=—mass _ _ 126.9x10
molar mass 44
=2.88x107°

Mass of 1 atom of element = 6.644 x 107> g

Mass of N atom of element
=6.644x1072 x 6.023% 102 =40
40g of element has a 1 g atom

40% 10 g of element = M =10}
20 10° g atom
98g H,80, =32g S= 1gatom S
49g H,80, = 1’;;9g atom S=0.5 g atom of S

:;:":}“&?r r;‘olar volume is the volume occupied by 1 mole of

1.429g of O, = | litreat NTP

32g0f 0 = 232 litre at NTP = 22,39 litre at NTP

Molar volume =22.39 litre mol ™
. One mole of He occupies 22.4 litre volume
1 litre volume weigh = 0.1784g
22.4 litre volume weigh=0.1784x22.4=4¢ mol ™!
1 mole of H,SO, = 32 S
100 mole H,SO, = 32x 100 = 3200¢S
RgH,S0, = 328
100 g H,S0, = ‘:;%0 =32.65gS
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16. Mass of alloy cylinder = Volume X density =mr®h x d
2—72x (2.5)? x10x8.20=1610.7g

Mass of cobalt in alloy = Jﬁ%"lz =193.3g

58.9 g cobalt has atoms = 6.023x 10
193.3 g cobalt has atoms

= 6.023x10% x193.3 _ n
5 19.8 x 10
17. Molar mass CaCl, =111g

111g CaCl; = Nions of Ca = N ions of Ca?*

222 g CaCl, = .. >l<l2122 =2 N lons of Ca?*

111 g CaCl, = 2 Nions of CI”

222 g CaCl, _2x_1~:lxl2£ ions of CI-

=4 N ions of ClI~
18. Mass of carbon in dot=1x 10 g
12 g C = 6.023 x 10?* atoms

1x1076 g C= 8:023x10% x1x107
12
=5x10" atoms of C
19. Molar mass of BaCl, -2H,0=244¢
244 g BaCl, - 2H,0 = 36g H,0=2mole
488 BaCl, -2H,0= z’z‘f:fs =4 mole H,0

20. Molecule has C, H and other component
Mass of 9 C atoms = 12X 9= 108 amu
Mass of 13 H atoms = 13x 1=13amu
Mass of 2.33x 1072 g of other atom
L 23000% o or
1.66x10724
Total mass of one molecule
=108+13+14.04 =135.04 amu
molar mass =135.04 g
-21. Volume of virus

=nrzl=2—72xmxmx10"‘ x 5000 107

2 2
=0.884x107'6 cm?
Mass of one virus P
- _0-33‘:).’;;0 g=1.178x10"% g
', molar mass of virus

=1.178x107"¢ x6.023x10% =7.095 x 10’

22. Mass of K-40 in 370 mg K
— 370x0.012
100

.40 g K-40 has atoms of K-40 = 6.023x10%

mg = 0.0444 mg

0.0444 107" g K -40 how atoms
_ 6.023x10% 20,0444 %10
40
=6.69 10" atoms
23. Molar mass of mixture of NO, and Ny O4 =383 7 2~76.6
Let a g of NO, present in 100 g mixture
& Mole of NO, + Moleof N,O4 = Mole of mixture
4 1004 100
46 92 76.6
a=20,10g
Mole of NO; in mixture = —2-%3'9 =0.437

24. Molar mass of mixture of NO, and N, O, = 38,3 % 2=76.6
Let a molc of NO, are present in mixture
g of NO, +g of N,O4 = Total g of mixture
ax 46+ (100-4a)92=100x76.6
a=33.48 mol
25. Molar mass of CHy =16
16 g CHy m N molecules
25g CHy = %{(j”xﬁ molecules
=9.41x 10> molecules
16g CH4 = N atomof C

6.023%10%* x 25
25¢ CH e e e o S S
glh, = 16

=9.41x10? atoms of C
16g CH4 = 4N atoms of H

w1023
25 g CH,4 E&Mﬂ%&

=3.764 x 10** atoms of H
26. Normality = 0.02

Molarity=222 (..

atoms of C

atoms of H

valency factor= 2)

N[ole of oxalic acid=—= X — mole= MxV (1
. NO. of molecules of Oxallc acid

=0.001x6.023x10” =6.023 x 10?°
27. - Molar mass of CO, =44 and it has 32 g O, and one
molecule of O, has 2 atoms.
44 g CO, = 2N atoms of O
23
88g CO, = 2Xx 6.023:410 x 88 atoms of O
=24.092 x 102 atoms of Oxygen

Also molar mass of CO = 28and it has 16 g O and one atom
of O in one molecule of CO.

N atoms of O are present in=28g CO
24.092x 10> atoms of O are present in
_ 28x24.092x10” =112gCO
6.023x107



28.

29.

30. -

31

32.

33.

Given that, 3M +2N— M;N,
Let a is atomic mass of metal
(3a+28)g M3N, has metal = 3a
100 g M 3N, has metal = 4% 100
e T

3ax100
=72
(3a+28)
a=24
For minimum molar mass, insulin must have at least one S
atom in its one molecule.

3.4 g S then molar mass of insulin = 100
32 g S then molar mass of insulin = % =941.176

Minimum molar mass of insulin =941.176
100 g Haemoglobin has = 0.25g Fe

.. 89600 g Haemoglobin has

=0.25x89600 . _
06 g Fe=224g Fe

1 mole or N molecules of Haemoglobin has
= 25_264 g atom Fe =4g atom Fe

ie.,

1 molecule of Haemoglobin has 4 atom of Fe.
Let atomic mass of P and Q are a and b respectively.
molar mass of P,Q3 = 2a+3b
molar mass of PQ, = a+2b
Now giver: that 0.15 mole of P,Q; mass 159 g
15.9 mass

(h+3b)=0—l—5 " molar mass

and

Similarly, (a+2b)=

0 15
Solving these two equation b =18
a=26

Ag,CO, —45 2Ag +CO, +%o2

and molar mass of Ag,CO; =276
atomic mass of Ag =108
276 g Ag,CO; gives Ag=216g
2.76 g Ag,CO; gives Ag=2.16g
CaCO; — CaO+CO,
molar mass 100 56 44
100 g CaCOj; gives 56 g CaO and 44 g CO,
10 g CaCOj gives 5.6 g CaO and 4.4 g CO,

BaCl, -nH,0 —¢2> BaCl, + nH,0

molar mass (208 + 18n)
(208 + 18n) g BaCl, - nH,0 gives = 208g BaCl,

_ 208x1.763
1.763 g BaCl, -nH,0 2084180 gBaCl,
208x1.763
——— =15
208+18n e
n=198=2
Formula is BaCl, - 2H,0

= mole)

3s.

36.

37.

38.

39.

Numerical Chemistry

The reaction occurs as :
3Fe + 4H20-—'—) Fe;04 + 4H,
Mole ratio of reaction suggests:
Moleof Fe _ 3

Moleof H,O 4
= 3_3
Moleofl’e-—x4 2

Mass ofFe=%x56=42 g
Let valencies of Cu in two oxides be x and y, then

I oxide is Cu,0,

II oxide is Cu,0,, ]

InIoxide: Equivalent of Cu = Equivalent of oxygen
w _4a el
Al 8 D

where w, 4, x, and a are mass of Cu, atomic mass of Cu,
valency of Cu and mass of oxygen.

. W B (2
In Il oxide : Ty )
(" Oxygen used half of I)
By Egs. (1) and (2) §=%

*. Valency of Cu in I and II oxides are in the ratio 2: 1.
C+ 02 —-)CO;
12 g C requires O, = 22.4 litre = 1 mole = 32g
1000 g C requires
O =22-41+‘°°° litre = 1866.67 litre O,
air = 3X%Vp, = 5x1866.67=9333.35 litre
Urea is NH;CONH; ,having molar mass = 60 and nitrogen
in it is 28.
28g nitrogen = 60g urea
42.5 g nitrogen = —60);;2'5 =91.07 g urea

Since, 42.5 g mu'ogen is present in 100 g sample, therefore,
percentage of urea in sample = 91.07%

100 kg impure sample has CaCO; =95kg
. 200 kg impure sample has CaCO, =951"%°= 190kg

Now CaCO; — Ca0 + CO,
M. mass 100g 56g 44g
100 kg CaCO; gives CaO = 56 kg

190 kg CaCO, gives c«o:s"’]"#.:)90 =106.4 kg

PV=!RT

%—.g_uxoosznxsoo

Lct carbonate be M, (CO; )» and atomic mass of metal be a
Mz(C03 ),. —_— M;O,, +’IC02

" (2a+60n)g M;(CO, ), gives 44n g CO,

(for CO, gas)
700

760
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4.215 g M,(CO; ), gives 241x4215, o,

(2a+60n)
44nx4.215 _
2a+60n =2

Eq. mass=%=12.15

41. Taking the given reactions
4KClO; — 3KClO,4 + KClI
12KCIO — 8KCI + 4KClO;
12Cl, +24KOH — 12KCIO + 12H,0 + 12KCl
Adding 12Cl, + 24KOH — 3KCIO, +21KCl + 12H,0
molar mass of KCIO, =138.5
3x138.5g KCIO, is formed by = 12x 71g Cl,

100g K(13504 will be formed
= 12x71x100 _
3x138s 20s058
42. Potassium selenate is isomorphous to K,SO, and thus its
molecular formula is K ,SeQ,.
Now molar mass of K,SeO4 =(39x 2+a +4 x 16)

=(142+a)

where a is atomic mass of Se.
(142+a)g K,S¢0,4 has Se=ag

100 g K ,SeO, has Se = ::2102
% of Se = 45.42

ax100
——— =454
142+a i

- a=118.168 ~ 118.2
Also Eq. mass of K,Se0, =Molar mass

2
- 29+ 1182464 Ly
43. Given, cC H
10.5 1 - Total =11.5
Now from PV = ﬁ RT  forvapours of compound

2.8
==2x0.0821x 400
1x1 MxO
Molar mass of compound = 92
11.5ghas1 gH

92 g has 9121"5' =8g H=8gatomof H

andthus, 92 g has 84 g carbon = 7g atom carbon
& Molecular formula =C,Hg
4. 2C + 0, — 2CO
.24 96
Mole before reaction 7 =
=2 =3 0 -+ mole ratio of

Mole after reaction 0 2

(a) .. O, is left in excess.

(b) 2 mole of O, or 64 g O, is left.
(c) 2 mole of CO or 56 g CO is formed.

2 C:0,:00::2:1:2

67

(d) To use O, completely total 6 mole of carbon or 72 g
carbon is needed.
45. Balancing the giver equation
2V0 + 3F3203 —— 6FeO + VzOs

0 2 5.75
Mole before reaction & 160
=0.0298 0.0359 0 0

0.0359x2  0.0359 x %

Mole after reaction (0.0293 = Lﬁfﬁ) 0
Mole of FeO formed = 0.0359% 2
Mass of FeO formed = 0.0359x2x 72 = 517¢g
The limiting reagent is one which is used completely, ie.,
FE;OJ here.
46. Let the mass of polystyrene prepared by 100 g.
No. of mole of Br in 100 g of polystyrene

= 1046 _ 4 1308 mole
80

From the formula of polystyrene, we have,
No. of mole of Br =3 x mole of Br; C¢H; (CgHg ),
mass _ 3x100
008 = 3 el amss 315+1048
n=19
47. On passing through charcoal only CO, reduces to CO.
CO + C—— Noreaction

Volume a

Cco, + C—>2CO
Volume before reaction b 0
Volume after reaction 0 2b
As given a+b=1 and a+2b=14

b=0.4 litre %ofb=0—'l4x100=40%
a=0.6 litre %ofa=°—-l6x|oo=6o-/.
48. CO, + C—2C0
Initial volume 1 0
Final volume (1-a) 2a
Given l-a+2a=14
¥ a=0.4 litre
o CO; =1-0.4=0.6 litre
and CO=2x0.4=0.8 litre

49. Let formula of hydrocarbon be C,H,
CH, @ [a+%] 0; —> aCO, + % H,0(/)

Volume taken 5mL 30 mL 0 _
Volume left _sla4 2] —
0 30-5 I—a+ ry Sa
Also given

Volume absorbed by NaOH is of CO, formed =10 mL
Volume absorbed by pyrogallol is of O, left = 15 mL
Volume of O, used =30-15=15mL



51.

52.

=4
Hydrocarbon is C, H,.
280, + 0, — 2SO0,
Initial mole 10 15 0
Final mole (10-2x) (15-x) 2
Given 2x=8
x=4

Mole of SO, left=10-2x4=2
Molgpf O, left =15-4 =11
LetamL CO, bmL CH, and ¢ mL N, be present in mixture,
Then a+b+c=20 (1)

co+%oz—>co2

Volume of CO = g; Volume of CO, =a
CH,4 +20, — CO, +2H,0())
Volume of CHy = b; Volume of CO, = b
N, + O, — No reaction
Volume of CO, formed = Volume absorbed by KOH
a+b=14mL -2)
Now Initial volume of CO+ CH,4 + N, + vol.of O, taken
— volume of CO, formed
— volume of N; — volume of O, left =13 (the contraction)
-.a+b+c+vol Oytaken — vol.of O, left—(a+b)-c=13
Vol. of O, used =13

%+2b= 13 ..3)
( volume of O, used =%+2b)

Solving Egs. (1), (2) and (3), we get

a=10 mL; b=4 mL; c=6mL
Let formula of ammonia be N, H,
N,, Hb ~— % Nz + % HZ
Initial volume 50 0 0
Final volume Go-x  &x  bx

ax  bx
=97
(50—.v:)+—2 +—2 =9

Washing of gas dissolves NH, and therefore, since washing
reduces the volume by 3 mL, thus

50-x=3
T x=47mL
Thus, N1=i;£mL; H,=4—;”’-mL
N

a+b=4 (1)

55.

Numerical Chemistry

Also, H, + %01 — H0
476 60.5 (H, is completely oxidized)
2

475
0 (60.5—'7)

Residual gases after combustion =N + 0, left
47b

48.75= 5;—"+60.5-—4— -(2)
By Egs. (1) and (2), a=1and b=3
Formula is NH;
C;H; + 50, — 3CO, +4H,0())
CH, +20, — CO, +2H,0())
CO+ % 0, —» CO,

LetamL, b mL and ¢ mL be volumes of C; Hg,CH, and CO
respectively in 100 mL given sample, then
a+b+c=100
and a=36.5
Now CO, is formed as a result of combustion of mixture.
Vol. of CO, formed

*+ 1vol. C;Hg mVBS 3vol. C02

1vol. CH, gives 1vol. CO,

1vol. COgives 1 vol. CO,

=3x36.5+(100-36.5)=173 mL

=3a+b+c

. Tin is converted into sulphide and hydrogen is left, this gas

contains H and S say H, S,
H,S, +bSn —> bsns+§Hz -m»%H,o

The reaction suggests that
Mole of H; : mole of H,O formed::1:1
Mole of H, S, : moleof H, ::1:a/2
100 _ 0.081 2
22400 18 " a
a=2
Molar mass of H,S, = V.D.x 2=17x 2= 34
Ixa+32xb=134
IX2+32xb=34

and

b=1
Thus gas is H,S.
Let formula of alkane be C, Hjui2
CiHaia +[n+"T+l] 0; — nCO, +(n+1)H,0()
Gives Volume of O, used 27
Volumeof CO, formed 4
n+(n+1)/2 9
n )
n=2
Alkane is C; Hg.
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$6. Let formula of ammonia be N, H,

b

N.H;—-—)%Nz + SH:
Volume before reaction 40 0 0
Volume after reaction 0 20a 208

20a +20b = 40+ 40= 80
(. an increase in volume occurs by 40 mL)

or a+b=4 (D
Now 40 mL O, is added,
Hy + 30; —H0(0)
Volume before combination 205 4
Volume after combination 0 (40-%)

Gases left after the end of reaction =30 mL
Volume of O; left + Volume of N, left =30mL
40-105+20a =30
b-2a=1 «(2)
ByEgs.(1)and(2) @=1 and b=3
~. Molecular formula of ammonia is NH,.
57. Volume absorbed by terpentine oil = 10 mL
Volume of ozone=10mL (terpentine oil absorbs O;)
Volume of 0, =100-10=90
Molar mass of ozonised o:

Volume or mole ratio of O, and O, is 900:100
Molar mass of ozonised oxygen = &’5%;.%“—

or 33.62= w or a=482

1000
molar mass of ozone =482
§8. Let the volume of NO and N, Obe a and b mL respectively,
then,

a+b=60 A1)

NO + N,0 + Hz——»%N, + Hy0()
Volume before reactionaml. dmL excess 0 0
Volume after reaction [} 0 383 mL

1 mole or 1 vol. NO gives % vol. N,

and 1 mole or 1 vol. N,Ogives 1 vol. N,
; %+b =38 -(2)

By Egs. (1) and (2), a=44mL
b=16 mL
9. n0, —> 20,
Vohume before reaction 50 mL 0
Volume after reaction (50-a) mL —2;—’mL
(LetamL of O, forms O,)
Volume of O, left = (50— a)
or 41=50-a
) a=9

Also Volume of Oy formed = 47~4]1= 6 mL

-2£-6 or n=3
n

. Molecular formula of ozone is Oy.
60. Formula of hydrocarbon be C, H,

C,Hy + (M%) 0, — aCO, +%H10(l)

22.4 litre C, H, gives 44ag CO,
112 litre C, H, gives = “;"2%‘-“"—”; Co,
4Max1.12 _ 22
224

a=1
22.4 litre or 1 mole C,H,, gives—bz—x 18g H,0

. , b 18x1.12
1.12 litre C,H, gwesix—;%a—g H,0

bx18x1.12 _
2x22.4 =18
b=4
Hydrocarbon is CH

Mass of 1.12 litre CH, atNTP=L62X_21.zQ=o_s

Also, volume of O, used in combustion for 22.4 litre
CH,

=a+%= 1+1=2mole
22.4 litre CH, requires 2 mole O, or 2x 22.4 litre O,
1.12 litre CH,4 requires 2 mole O,

_2x224x1.12 _ -
S 2.24litre O,
6.  C,H,,0, +(n+37"—%) 0, —> nCO, +%H20(1)
Volume taken 16 60 0
— L 3n_m
Voiume left 60 16(n+ y 2) 16n —
Volume of CO, = 16n = volume absorbed by KOH
16n=44-12=32
n=2
Volume of O, left =12
*. Volume of O, used = 60— 12 = 48
3n_.m
16| n+=—-== =
(n 7y 2) 48 m=1
Formula of Compound =C,H¢O

62.  Mole of CO, formed = % =0.330
CH4 2 202 e C02 =+ ZHIO;
a mole

C,H, + 30, — 2CO0, +2H,0
b mole

CO, formed = a+2b = 0.330 (1)

Also ax16+bx28=5.0 «(2)
By Egs. (1) and (2) b=0.07
a=0.19

wen, =0.19%16=3.04



70
wene =0.07%x28=1.96
%C2H4-T96x100 392
%CH4 =.3;.4x]00 608
6. CHy + 10,—13C0 + 4H;0()
Mole bef i 4. 14
ole ore reaction 4 o
Mole after reaction 0 (% 444 ;) l:;_d

Mole of CO formed = 3x4
Y

Mass of CO formed = %“ x28g =7.636 g

64. !-'or spherical shape of nucleus, since whole mass of atom is
in nucleus and therefore,
Mass of one nucleus = Volume of nucleus x density
Atomic mass 4

—_— = — 3
Avogadro’sno. 3 w
For F nucleus
19 4 ~13 3
————-=—n(5x107")" xd
6.023x10% 3
d=6.02x10" gmL™!
65. M = volume of atom X density
Av. No.
_ 5494 _A4.3 .74

6.023x102 3

r=1432x10" cm
and Volume = %nr’ =1.23x10"% cm®
66. Let Al, Mg and Cu be a, b, ¢ g respectively.
2Al + 2NaOH 22, 2NaAIO, + 3H,

Mg + 2HCl — MgCl; +H,
Cu + HCl —— No reaction
i.e., only Al reacts with NaOH and then only Mg reacts with

HC1
a+b+c=8.72
b+c=2.10 (Residue left after alkali treatment)
c=0.69 (Residue left after acid treatment)
b=14l1g
and a=6.62g

%of,\l=§-@xloo=7s.9

% of Mg = s' Lx100=16.2

% of Cu= g?}*’xnoo 7.9

67. The reaction,
Ca0 + Ca(HCO; ); — 2CaCO; + H,0

Eq. of Ca(HCO; ), present in hard water (1 litre)

162 _p02
162/2

68.

69.

70.

71.

72.

Numerical Chemistry

Eq. of 10 required to remove Ca(HCO3 ), in 1 litre
=0.02

Eq. of CaO required to remove Ca(HCO3 ), in 10° litre
=0.02x10°

Mass of CaO=0.02x 10° x 5—6g =56x10°g

_1x107 x10°
mMof MgCl, === 95

(milli . x 1000)

___mass
Molar mass

o 8

_1x107 x10° _
mM of CaCl, 111 ¥

mM of CaCO; if MgCl, and CaCl, are taken in form of
CaCO; ; | 106

=95t 111~ 11195
(-~ Ca, Mg are both bivalent .. mole ratio is 1:0)

. - 00
Mass of CaCO; mlO()OmL—“lx95 —g

1000
Hardness in ppm (part per million)
_ gofCaCO; _  206x100x10°
T10°gof H,0 111x95x1000x 1000

Hardness =1.953 ppm

M %, M(NO; ), —2 M0,

where 7 is valency of metal
. Eq. of metal = Eq. of nitrate = Eq. of metal oxide =
oxygen

=1.953

Eq.of

Woett _ Worygen
Em:hl onygm
1.60_2-1.6
E 8
E=32
M (NO; ), —> M,(S0,),
Eq. of M (NO5 ), = Eq.of M, (SO, ),
1 _ 086
a,62 a_ 96
n 1 n 2
where, a is atomic mass of metal and # is its valency

8_E
n
1 _ 086
E+62 E+48
E=38

LetEq massofCabeE
ca+502 — Ca0

Equivalent of Ca = Equivalent of CaO
135_ 1.8
E E+8
Eq. mass of Ca = 20.375
atomic mass of Ca = 20.375x 2 =40.75
Atomic mass X specific heat = 6.4

ax0.057=6.4
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a=1122%
Now Equivalent of metal = Bquivalont of metal sulphate

-;‘:—, ;:‘:“ (v Bq. masy ot‘SO;’ =4K)
& = 18.24
. Valency of metal Atomic mass _ 11228 1
Gy F et = Eq. mass W24 kN
=] (' Valency is integer)

Exact atomic mass of metal = Eq. nuss X Valency
=824 x1=114.72
3. MBr, +xHCl — MClI, +xHBr
Mass of MBr, = 1.878¢g
Mass of MCl, =1.0g
For the reaction, Equivalent of MBr, = Equivalent of MCl,
1878 _ 10
E+80 E+35S5
E=1518
atomic mass X sp, heat = (\4

4 _asm

Atomic mass _ 45.71 _
Eqmass  15.18 i

atomic mass of metal M = —— 0 ‘
*. Valency of metal = ———

(intoger)
Exact atomic mass of metal = 15.18x 3 = 45.54
Molar mass of MBr, = 45.54 + 80 3 = 285.54
74. Let hydrated sulphate be M, (SO ), -mH,0
where n is valency of metal
Also, atomic mass X specific heal =64

atomic mass of metal = m =26.67
Now, Eq. of metal = Equivalent of Nom
8.1 _ 432
aln 96/2
n=23.2x2xa _ 43.2x2x26.67 _ 5 96
96x 8.1 96x 8.1
n=3

Exact atomic mass of metal = 9x3=27
Mz(SO, )3 mHzo
M. mass = 2X 27+ 96% 3+ 18m = 342+ 18m
(342+18m)g M, (SO4)3* -mH,Ohas 18mg H,0

18mx 100
100g M, (SO ); -mH,Ohas = WB H,0

'&"x‘w—%ofﬂ,o-loo—sl 432=48.7
342+
m=18
Formula of hydrated sulphate M3 (SO, )3 -18H,0
Slnce metal has atomic mass 27, it will be Al Thus,
llllphlw i8 Al;(SO4); - -18H,;0.

75. Meg. of Ca(OH); = %x1000= 14 _ 1000 =2000

7402
Meq, of NaOH = -i—gx 1000=500 (- Enson =40
Meq. of H,80, = 3;—‘92 x1000=50 (- Eys0, =49

Al

76, Meq, = u 1000

0= ¥ % 1000
4!)

w=2g
77, v NV (in1)= lgquivalent
: 50
" NX2= 000
N =0.028
. Ni, COy % CaC0,
Meg, uI'Nu;('(), Mg, of CaCOy
1,0362 > 1000
000 =
/? x10e 100/2
lej oy = | 0‘)"4“

% purlty = : ‘2’(',:" X 100=91,16%

o _ 074 (“ - w)
Eq. of Ca(OH), 7472 . W
Volume of solution = 5/ 1000 litre
N = 0.74%10002
H4x5
- ¢ - N - 4 -
s Vulency 2 2

3 ()5

7. (a)

(b) + Bq. ofll(,l-

and  Volume of unluli(m w 200/ 1000 litre

- _l._(r_S_x_I_(_)QO -()5
36.5%200

N 08
Valency 1 o

()  Eq.ofH,S0, 'T](") x2  (

and

.+ Eq. = mole x valency)
Volume of solution = 500/ 1000 litre

= 2x1000 o
= 0% 500 0.4 and M-—Z- 0.2
80. Meq.ofH,SO4 =0.2%x 1200 (© Meq.=N xVinmL)
w -
49x 1000 =240
w=11.76 g
81. 6Ca0O + P40|o—’ 2C3;(P04 )2
Base Acid Salt
Mole ratio of reactant = £a0 _6
PO, |

Molar mass of P40,y = 284

Mole of CaO required = 6 x mole of PyOyp = x 352

* 284
Mass of CaO required = 9—’%2 x 56=1008 g
82, Meq. of Na,CO; =Meq.of H;SO;4

(for complete neutralization)
Meq. of Na,CO, =45.6x0.235

= 0.235
lwleooo 45.6x0.2

w=0.5679g



95 g pure Na 2CO0; is to be taken then weighed sample

=100g
0.5679 g pure Na,CO; is to be taken, weighed sample
100x90_5679 =05978 ¢

83.  Meg. of H,SO, =Meq.of CuCO,

(Eq.masof QuCo, =%)
0.5x2x1000
1235
¥ =8.097 mL
84. Meq. of H,SO; =Meq.of NaOH (- Meq.= N x¥inmL)
Nx12= 15x—
10

0.3x7xl'

__I5
10x12
15
Strength= o -
Bh=Tox12 <4 G Sl
=6.125 g/ litre
85. Normality of acid= ng] (i basicity of acid)
1000 _
N VaOH = 30,1000 _
ormality of NaOH 4Ox 1000
Now, Meq. of acid = Meq. of NaOH
39
=—=—x100=1x95
> x1
n=2 ie., acidis dibasic.

86. -~ Meq. of solute does not change on dilution
Meg. of H,SO; (conc.) =Meq.of H,SO, (dil.)
0.1x0.1=N x 1000
(-~ Meq.= N xVinmL)
n=10"%
87. Meq. of original H,SO4 =30x 1=30
Megq. of H,SO; after passing NH; =30x0.2=6
2 Meg. of H,SO; lost=30-6=24 -
Meq. of NH; passed =Meq.of H,SOy lost

X x1000=24
17
wxiy = 0.408g
Volume of NH; at STP = &4—’]‘7"-—4"3 = 0.5376 litre
=537.6 mL
88. For NH;, PV=£RT
w_PV__02x2 __qq608
m RT 0.0821x303
Mole of NH; = Equivalent of NH; =0.01608
: Meq. of NH; =16.08
Now Megq. of H,SO4 = Megq.of NH;
Nx134=16.08
N =012

Numerical Chemistry
89. Ca + %oz —Ca0
Equivalent taken 1/20 excess
Equivalent after reaction 0 — 1/20¢- Eq.=w/E)
. (S - N= Eq.
New =357~ 00 ( Vin Im-e)
90. - Meq. of metal =Meq. of HCI
%x 1000=32.5x1
E=56
91. (a) Meq. of HCI=100x0.1=10

Meq. of NaOH = 50 0.25=12.5
~» HCl and NaOH neutralize each other with equal
equivalent
Meq. of NaOH left =12.5-10=2.5
Volume of new solution = 100+ 50= 150 mL

2
Nyoon left= I-T-Z =0.0167

(b) Meq. of H,SO4 =100x02x2=40
(- N=
Meq. of HC1=200%x 0.2x 1= 40
Total Meq. of acid = 40+ 40= 80
Total volume of solution = 300 mL

=80
ion =306 =0.267

() Meq.of H,SO; =100x 0.2x 2=40
Meq. of NaOH = 100x0.2x 1= 20
Meq. of H,SO, left after reaction = 40— 20 = 20
Total volume of solution = 100+ 100 = 200 mL

N“‘so‘ leﬁ=T0-01

(d) Meq. of NaOH = 1x 1000 = 1000
Meq. of HCl=100x0.1= 10
Meq. of NaOH left after reaction = 1000—10= 990
Total volume of solution = 100 mL

Nnon left -%’ =99

M x Valency)

N acid sot

92. Let¥; mL of NaNOj is mixed with ¥, mL of Ca(NO; ),
mM of NaNO; mixed = 0.2x¥;
mM of Ca(NO; ), mixed = 0.1x¥,
Mole ratio of Ca** :NOj in Ca(NO, ), is 1:2
Molarity of NO3 in mixture
=[NO3 ]of NaNO; +[NO3 ] of Ca(NO; )
_02xK  0.1x2xV,
Gi+1) (K +h)
_ (021, +0213)
YA
Similarly, Molarity of Na* and Ca >*
_02xK 0.xk,
W+ Kan

in mixture
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_ (02K +0.%,)
" +7)
Now, given that, Molarity of NOj
= % Molarity of Na* and Ca?*

0.2/, +02V; _3 [(o.zvl +0.17;)
+n) 2 i) ]
LT
V, 2
93. “: 15 Meq. of each separately react with KOH and therefore
only 15 Meq. of KOH are required every time.
Meq. of KOH required = 15

X x1000=
56 15

* w=084¢g
94. Mcq of conc. solution = 1600x 0.2050 = 328
Let after dilution volume becomes ¥ mL
Meq. of dil. solution = 0.20xV

5 328=0.20xV

: V =1640 mL
Thus, volume of water used to preapare 1640 mL of 0.20N
solution

=1640-1600=40 mL
95. w=12g BaCl,; W =100g solution
For 50 g solution: wpg,cy, =68; Wioiution = 508

WBaCly2H0 = 20234 =7.038¢

- Wi = 50-7.038=42.962 ¢
9. Na + H,0 —> NaOH +

i
NaOH + HCl — NaCl + H,0
Thus, Megq. of Na = Meq. of NaOH formed = Meq. of HCI
used -
a5 B v of HCl= N x
o ——x1000= 365 —xV (Meq. 1)
¥V =10 mL
97. Al;(SO4); + BaCl, — BaSO, d + AIClL,
Meq. before mixing 20x 0.2% 6 20x0.6x2 0 0
=24 =24
Meq. after mixing 0 0 24 24
(Meq.= N x¥inmL= M x valency XV in mL)
[A]J* 24 — =02 M

3 24
= _o6m
[C17)=25=06

No concentration of Ba2* or SOi‘ in solution since BaSO,
gets precipitated.
98. The reaction shows two H atoms replaced from H; PO,
Basicity of H;PO, =2

73
99. 1 mole of H;S = Smoleof Hz SO,
34 = Imolo of H,S = $ moleof H,S0,
020%xV = §
5
B ev— s
14 030 25 litre
100. AgNO; + HCl —— AgCl  HNO,
Meg. mixed :72, x1000  200x$
=10 = 1000 0 0
Megq. after reaction 0 990 10 10
Meq. of AgCl formed = 10
—2_x1000= 10
I43 1435
S WagQl -1.435 14
101. AgNO; + NaCl — AgCl + NaNO;,
Meq. mixed -27—(;1 1000 287; x 1000
=133.94 = 81.54 0 0
Meq. left 0 47.60 33.94 33.94
2 Megq. of AgCl formed = 33.94
w
—=—x1000=33.94
1435
wagar =4.87¢
SRR by E— o Eq.
102 Nwa=gg5x10071000 - ( ~Vin lme)
Let w g of BaCl, is dissolved in 250 mL then
w
=—Y¥ =00
Ng.cu & " 250 385w
2 1000
*. [CI” ]in both is same.
Nnsct = Noci,
0.646 = 0.0385w
w=16.80 g
103. Given,

3Pb(NO,), + Cr,(SO,); —> 3PbSO, | +2Cr(NO,),
Meq. before reaction 45x 0.25x2 25x0.1x 6

=225 =15 0 0
Meq. after reaction 715 0 15 15
Megq. of PbSO, precipitated = IS
_ mM of PbSO, precipitated = 7

Mole of PbSO, precipitated = 75 X —L_ =0.0075

1000
Meq.
total volume x valency

[Pb2* )= 7(7) 52-0 0536 M

[Normality] =

Also,

= 7.5+15
_..___-0

[Cr"]=m =0.0714 M



74
104, Meq.ofNa2C03-H10=gg62—2X1000 (-VEEXIOOO=Meq.)
=10

Megq. of H,SO, =100x 0.1=10

Na,CO; +H,S0, —> Na,S0, + H,0+C0, T
Megq. added 10 10 0 0 0
Megq, left 0 0 10 10 10

10 _

100 0.1
Solution becomes neutral since both acid and base are used
up and Na, SO, does not show hydrolysis.

Mass of Ag = % =045

Meq. ong-%xlOOO 4.17
Now, Ag > AgNO; K5, AoCNS
Equal Meq. reacts and therefore,
Meq. of KCNS = Meq. of AgNO;
=Meq.of HNO; =Meq.of Ag
Nx25=417
N =0.167
Meq. of H,SO,4 =Meq. of NaOH
Nx5=84.6x2
N= SL-‘S”‘_Z =33.84¢q. litre™

Nnayso, =

105.

HNO;

106.

Mass of H,SOy in 1 litre = 33.84 x 49

Density or mass of H;SO, in 1 mL
- 33.84x49

1000
Puﬁty=l%x100=92.12%

1.658g / mL

107. H,SOy is 86% by mass.
Mass of H,SO, =86g

Mass of solution = 100g
100 .
=——20 __|
[787%1000 ¢

86 .
Minsson = ——lg0 — =15.68

l .787%x 1000
Let ¥ mL of this H, SO are used to prepare 1 litre of 0.2M

H,S04
mM of H, SO, conc. =mM of H,S04 dilute

V x15.68=1000x0.2

. _ 100
Volume of solution 1787

& ¥V =12.75 mL
108. Given, Mass of Al=2.7g
Equivalent of Al = 2—92 =03
Meq. of Al =0.3x1000= 300

For H,S0;4 given that solution is 24.7% by mass
Mass of H,SO,4 = 24.7g
and Mass of solution=100g
*. Volume of solution = M mL =84.75mL

109.

110.

111.

112.

Numerical Chemistry
24.7
Niigs04 = 100
1.18x 1000
Now, Meq. of H,S04 in 75 mL 5.95% 75 = 44625

and Megq. of Al added =300

Meq. of H,SO04 lcﬂ aﬂcr reaction
6.25—-300=146.25

Solution is diluted to 400;L
146.25 _
N"zSO‘ left =—466— 0.367

left =9ﬁ =0.183

=595

My,s04

KOH solution is 30% by mass.
Mass of KOH = 30g
Mass of solution=100g
Volume of solution = 13—0
(where d is density of solution)

and

Molarity = 6,90 = ——39
56x 100
1000xd
d=1.288gmL"
Given mole fraction of I, = 0.2

= =0.2 (1)

Also mole fraction of C¢Hg =1-0.2=0.8
N .

i 0.8 .(2)
where 7 and N are mole of I, and C4Hg respectively.
ByEgs.(1)and (2) 2=02_1

y Eqgs. (1) and (2) Noos 2
- Mgy T e B 1
WeeHs 4 WeHg 4x78
or n_%1000=-1000
WeHg 4x78
or Molality = 1000
= 4x78 i

Meq. of Al =Meg.of HCl =12x 0.05=0.6
Mass of Al = 0.6x9 =
1000 0.0054¢g
Volume of Al foil = %f“ mLorcm® =0.002cm’

Now, Area X thickness = Volume
Arca=0002 _ 0

“0.01
(thickness = 0.01cm)

Note: The maximum area is possible when 0.01 cm foil of Al
is completely attacked.
Mass of Fe, 0, = 070X 25

100

mole of Fe, 0, = 0.70x 25
100x 160

mole of Fe?* = 2%0.70x25 _ o
100% 160 2.1875x10

Eq.of Fe¥* =2.1875x10™ x3=6.5625x10"
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Also, Normality of NH; (aq, )= 23X 399x1000 _, 34

17x100
Eq. of NH; =Eq. of Fe**
1.34xV = 6.5625%107°
- V=49x107 litte=4.9 mL
113. Given, H,SO, is 93% by volume.
Mass of H,SO,4 =93¢
Volume of solution =100 mL
Mass of solution=100x1.84 =184 ¢

Mass of water =184-93=91g
Mole __ 9

Molall = = =10.
Y Mass of water in kg 91 s
98x ——
1000
114, c»féo2 —sCO w03
C+0, — CO, -(2)
Let a mole of C reacts according to Eq. (1) and b mole of C
reacts according to Eq. (2).
Then, +b= 18_ e
a D 1.5 3)
Also, MoleofO, used=3+b=—3%5 __ ( =£K)
oo 2+ ° " 0os21x291 \"TRT
or %+b= 1.046 (@)
By Egs. (3) and (4), a=0.908
b=10.592
CO, formed = 0.592 mole
m mole of NaOH given = 2x 500 = 1000
m mole of CO, formed = 592
Now the reaction of CO, with NaOH will occur as :
2NaOH + CO, — Na,CO; +H,0
m mole before reaction 1000 592 0
m mole after reaction 0 92 500
Na;CO; + CO,; + H;O—-) 2NaHCO,
m mole before reaction 500 92 0
m mole after reaction 408 0 2x92=184

408
MN-;CO; = -SF-O =0.816 M

Mo, = ‘?80-‘(') =0368 M
115. Let ¥ mL of each are mixed
For I solution. H,SO, is 30% by mass.
Mass of H,SO, =30g

and Mass of solution =100g
. _ 100
Volume of solution = 1218
ie., % mL contains 30 g H,SO,
¥ mL contains 30xV x 1.218g H,S0,

100
For Il solution. H,SO, is 70% by mass.
Mass 0fH2804 =70g
Mass of solution = 100g

116.

117.

118.

119.

76
Vv ion = .l___oo
olume of solution 3 mL

100 ;
— tains 70 g H,SO
IMOmLcon ins 70 g H,S0,

¥ mL contains

ie.,

610
70xl:(>)<016I g H,80,

On mixing these two, total mass of H]SO4

_[30x1.218_, 70x1.610]p ¢ 1 4924 ¥
‘[ 100 T 100 J BTV g

Total volume of solution = 2V mL
1.4924V
vl
52
98X 1000
Now, Mass of total solution = 2V x 1.425g =2.85V g
Mass of water = (2.85V —1.4924V )g =1.3576V g

1.4924V
1.3576V e

T
Consider one litre water or 10 m® of water
Volume of water =1litre =102 m® =1000 mL
1m® H,0 weigh 10° kg H,0=10° g H,0
107 m® H,0 weigh =10° x 107 g H,0=10’ g H,0

10°
M f =
ole of water T

. 1000
Molanty = l—8x—l
Molarity =55.6
Eq. of NaOH = 50x0.2=10
Eq.of HCl=5%x1=5
. Eq. of NaOH left after reaction with HC1=10-5=5
_Al§o NaOH reacts with FeCl; to give Fe(OH); which
on ignition gives Fe,0;.
. Eq. of NaOH used for FeCl; = Eq.of Fe(OH);
=Eq.of Fe,0; =15%0.1=1.5

~. Eq. of NaOH left finally = 5-1.5= 3.5

N ]ﬁ=£= X
NeOH 1€ 70 005N

Molarity of solution = =17.61

Molality of solution =

Total volume = 70 litre

Also, Eq.ofFe,0; =15

Megq. of barium salt = Meq. of acid
4290 1000= 21.64 x 0.477x 2
M2 Rt

Molar mass of salt = 415.61

415.61-137-36
2

Molar mass of anion = =121.31

Molar mass of acid = 121.31+1=122.31
The ionic strength () of a solution is given by

=lyz?
5z
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whene. c is the concentration of jon and Z is its valency.
m =-[05><22 +0.5%22 +0.1x 32 +0.3x |2

+04x12 +0.2x22)
=32
120. M o5
Naa +an
120 085
LIV +"H20 '
¥an
LY =H or 60 =l§
LIPS 5 WHO 85
18
Waa _ 15 60 _ ,
g 8518 0.59 (i)
Waa Wy o = 30 ...(ii)

Also,
waa =11.13g
Meq. of acetic acid = Meq. of NaOH

11.13
60 —==X1000=0.01xV;

V = 18550 mL =18.55 litre
121. Let n; mole of solute and 7, mole of solvent be present in

solution.
Given, n+ny =1
X| = and Xz = 12
ny +ny n +n,
= X _m
andthus, X, +X,=1 and T

(a) .. Mole of solute, n, = mole fraction of solute, X,
mole of solvent, n, o mole fraction of solvent, X ,
Total mass of solution = (X, -M; + X, -M,)
Total volume of solution= [X—'M'—;M] litre
X,
(X 1My + X :M3) p
_ X,p
T (XM + X M)
o MX|M|+MX2M2=X,p
or MX|M|+MM2“—X|)=X|p

Molarity M =

()}

or X, (p—- MM, + MM3)= MM,
X MM,
1= p+M(M1 M|)

(b) For a dilute solution X, M, << X, M,;
X,— unity,i.e, |
and  Puluion = Prolvent
Xip

Thus from &l. (i)n M= Mz

Thus molarity, M of a dilute solution is directly proportional
to mole fraction of solute, l.e., M o X |,
122. wanndbgmmumofAlundZninmlxm
a+bul67 (1)

Numerical Chemfsrry

AL+ 3HCI —> AICl; +3H,

Zn + 2HCl — ZnCl, + H,
27 g Al gives 3 3x2241itre H,

3)(—224& litteH, (-

atomic
%27 mass of

agAlgives
Al=27) )
Similarly 65 g Zn gives 22.4 litre H, (-
Zn =65)

atomic mass of

b g Zn gives 22:5)( b jitre H,

3x22.4xa  224xb b_
2x27 65
Solving Egs. (1) and (2)

=1.69 (2)

=1.25g
b =042¢g
Alternate solution
a+b=1.67 (1)
Meq of Al + Meq of Zn =Meq. of H,

1.69
000 000= 1000
7735 +65/2><l 24/2° @
Solve Egs. (1) and (2) to get a and b.

123. HCOOH —22% H,0+ CO

H,C,0, —L» H,0+CO+ CO,
Letamole of HCOOH and b mole of H,C, O, are presentin
original mixture.
Mole of CO formed= a + b
from from
HCOOH HLCO4
Mole of CO, formed = ﬁl:m

HZL04
Total mole of gases = a+b+b = a+2b

CO, is absorbed by KOH and volume reduces by ?';
Mole of CO, =%(a +2b)

b=%(a+2b)

alb=4

a:b::4:1
124, Let total millimole of Mg used for MgO and Mg, N, be a

and b respectively.
2Mg + 0, — 2MgO

Before reaction a 0
After reaction 0 a
3Mg +N; —» Mg;N;
Before reaction b 0
After reaction 0 b/3

Now, (a + %) millimole of MgO and Mg, N, are present in
the mixture.

MgO + 2HCl — MgCl, +H,0;
Mg)Nz + 8HCl — 3M8C|z +2NH,CI
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or the solution contains a millimole of MgCl, from MgO
and b millimole of MgCl, and %b— millimole of NH,Cl from

Mg;3N,.
Also, millimole of HCI used for this purpose
=21 + %

for MgO for Mg3 N,
Now, millimole of HCl or Megq. of HCI (monobasic acid)
=60-12=48

8

2a+ s 48 (1)
Further, millimole of NH,Cl formed = millimole of NH;

liberated = millimole of HCI used for absorbing NH;

%:4 or b=6 )

From Eq. (1)
Thus, % of Mg used for Mg 3N, =

7a+3L36=4s or a=16

7.27%
G+ 16)>(100 2 Yo

125. N,05 ==2NO(g)+ 502(3)

Initial pressure 600 0 0
Final pressure 600-P 2pP P/2 [P =< moleif
¥, T are constant (where mole equivalent]
to pressure P are decomposed)
Thus, 600—P+2P+P/2=960 or P =240mm Hg

Thus, mole fraction of N,Os decomposed = %3% =04
126. C3Hj + 50, —> 3CO, +4H,0())
C4Hyo + 1—2302 ——> 4CO, + 5H,0(1)

Let a litre of C;Hg and b litre of C4H|o be present in
mixturc.
a+b=3 (1)
Also volume of CO, formed =10=CO, formcd by
C;Hg +C02 formed by C4Hjo
10=3a+4b .(2)
Solving Egs. (1) and (2) b =1litre
127. Glauber’s salt is Na, SO, - 10H,Ohaving molar mass = 322

gmol™
. Mass of Na, SO, in 8.0575x 107 kg glauber salt
- 142 % 8.0575x10 =3.5533x 1072 kg
322
3.5533x107%
Molarity ‘ M’ of Na;SOy4 =
i * T la2x107 x1
o5 TN
; volume in litre
=0.2502 M

Mass of solution = 1077.2x10™° kg
=1077.2x107* x10° g =1077.2¢
Mass of Na,SO, = 3.5533x 107 x10° g =35.533g
Mass of water = 1077.2— 35.533=1041.667g

Mole of Na2$0‘

Mass of water in kg

_ 35533x10° _ _g24m
142x107 xlO‘?T;“z

Molality of Na,804 =

Also, Mole fraction of Na;SO4
Mole of Na,SO,

= Mole of Na, SO, + Moleof H,0
35533x107

= 142x10° =43x107°
3.5533x107 | 1041.667
142x107 18

128. Pb(NO; ), — PbO+ 2NOzT+§OzT
ag
NaNO; — NaNO, += ozT
bg
a+b=>5 (D
The loss in mass for 5 g mixture = Sxis--—l4g

Residue left=5— 1.4 =3.6g
The residue contains PbO + NaNO,
331g Pb(NO; ), gives =223g PbO

ag Pb(NO; ), gives = 224 g PbO

Similarly,
85 g NaNO; gives = 69g NaNO,

b g NaNO, gives = 925’;—” g NaNO,

223xa , 69xb _
Tl—+_85— =36 -(2)
Solving Egs. (1) and (2),
a=332g
b=1.68¢g
129. For a gaseous mixture of C,Hg and C;H,
PV =nRT
1% 40=nx0.082x 400
. Total mole of (C;Hg + C,H, )=1.2195
Let mole of C;Hg and C,H, be a, b respectively
a+b=12195 (1)
C2H6 +(7/2)0,—> 2CO, + 3H,0
C,H4 +30,— 2CO, +2H,0
. Mole of O, needed for complete reaction of mixture
=Ta/2+3b

Ta 130
—+3b=
= o (2

By Egs. (1) and (2), a=0.808
b=04115
Mole fraction of C;Hg = 0.808/1.2195=0.66

and  Mole fraction of C;Hy =0.34
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130. Sample of hard water contains 96 pPpm SOZ’ and 40 ppm

131.

Ca®" (CaSO,) Also it contains 183 ppm HCO; and
60 ppm Ca>* [Ca(HCO; ), ].
To remove Ca(HCO; ), from 10° kg or 10° g sample of
hard water which contains 243 g Ca(HCOs ), or 3/ 2mole
of Ca(HCO; ), , CaO required is 3/ 2mole.

Ca(HCO, ), + CaO — 2CaCO; + H,0
Thus, mole of CaO required = 3/ 2or 1.5
Also, Ca?" ions left in solution are of CaS0y, i.e., 40 ppm
Now, 1 litre water contains Ca?* after removal of

Ca(HCO; ),

_ 40x10°

- -3
s~ = 40x107 g

1073

-3
or [Caz*]=_—4°>;:)° =

If these Ca?* are exchanged with H* , then [H* ]in solution
=2x107?
pH=-log 2x10~> =2.6989
Mass of Na,CO; =ag
Mass of K,CO; =bg
a+b=120 (1)
For neutralization reaction 100 mL solution
Megq. ofNazcog + Meq. of K,CO;3; =Meq. of HCI

b 40x0.1x100
x1000+ ———— 138/2x1000 20

69a+53b=73.14 (2)
a=05962¢g
b=0.6038 g
Further, solution of Na,CO; + K,COj; gives ppt of BaCO,
with BaCl,.
Meq. of BaCO;

106/2

By Eqs. (1) and (2),

= Mﬂ of NﬂzCO; * Meq of K2C03
(in20mL)

Numerical Chemistry

=Megq. of HCI for 20 mL mixture
=40x0.1=4

¥ _x1000=4
197/2

132. Nua =365x1~
Since, Na,CO; is completely neutralized by HCI
Meq. of Na,CO; =Megq.of HCl
N x25=32.9%3
Nnago; =3.948
Now Na,COj; fresh solution reacts with H,SO,
Mass of Na,CO; solution = 125 g
Volume of Na,CO; solution = 125 _ 100 mL

125
Meq. of H,SO4 =Meq.of Na,CO;
0.84xV =100x3.948
Volume of H, SO, required =470 mL
133. mM of HC1=200xa+500x b

Molarity after diluting to 2 litre = 200X @+ 3500x b

2000
1.5 = 2002+ 5008

Th
- 2000

w

Also a_>
b 4

1.5x2000=200x§b+500b
.. b=4anda=5
134. H20+ SO;—) H2804
** 18 g HyOreacts with 80 g SO,
<. 6 g HyOreacts with 8‘:—:6 =26.67g

< % of free SO;=26.67 g
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" @ SINGLE INTEGER ANSWER PROBLEMS @

3.

5.

9

10.

11.

12.

13.

14.

15.
16.

17.
18.

. The number of mole of N,O, in 276 g N,O4 are ......

10 mL of ‘@’ M solution of HCI is mixed with 40 mL of
1M HCl to produce a mixture of 2M. The value of a is

Molar ratio in a mixture of water and absolute alcohol is
0.2. The mole fraction ratio of alcohol and water is ......

. 6 g of H, reacts with 14g N, to form 'NHj till the

reaction completely consumes the limiting reagent. The
mass of other reactant (in g) left are ...

1 g of titanium (atomic mass 48) reacts with Cl, to give
3.21875 g compound. The valence of titanium is ......

. A reaction requires two atoms of P for five atoms of O.

The amount in g of O, required for 3.10 g P :

A mixture of C;H, and H, (in excess) has a pressure of

60 cm Hg. The mixture on passing over Ni catalyst gives
C,H4(g)+H,(g) — CyHg(g). The resultant

pressure of mixture after completion of reaction at same

T and ¥ is 40cm Hg. The ratio of mole fraction of H,

and C,H, in original mixture are ......

. Haemoglobin contains 0.25% iron by mass. The molar

mass of haemoglobin is 89600. Number of iron atoms

present in one mole of haemoglobin are ......

A gaseous alkane C,H;,,, an explosion with O, gives
CO,. The volume of O required for complete

combustion of alkane to CO, formed is 7:4. The value

ofnis......

Compound S;N 4 decompose completely into S y (g)

and N, (g). If all measurements are made of same P and

T each volume of S4N4 gives 4.0 volume of gaseous

product. The value of X 18 suivss

0.98 g of a polybasic acid (molar mass 98) requires 30

mL of 0.5 M Ba(OH), for complete neutralisation. The

basicity of acid is ......

A solution of H,0, has normality % Its % strength is

CuSO, -5H;0is ......

Number of water molecules present in Mohr’s salt is
‘n’ factor for potash alum is ......

100 mL solution of an acid (molar mass 82) containing
39 g acid per litre was completely neutralised by 95.0
mL of aqueous NaOH solution containing 40 g NaOH
per litre. The basicity of acid is ......

The acidity of acid salt BaHPOy is ......

The basicity of acid salt BaHPOy is ......

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.:

31.

32.

3 mole of BaCl, are mixed with 5 mole of Na;POg in
1000 mL water. The maximum number of mole of
Ba;(PQy); formed are.....

A gaseous alkane C,Hy,2 18 exploded with oxygen. The
volume of oxygen for complete combustion of alkane 1
CO, formed is in the ratio 7 : 4. The value of n is :

In what volume ratio 0.1M Ca(NOs), and 0.2 M NaNO,
solutions should be mixed, so that the concentration of
negative ion is 50% greater than the concentration of
+ve ions.

The molality of 49% by volume of H,;S0, solution
having density 1.49 g/mL is....

The ratio of mole of Hz and CH, in a mixture having
equal masss of both is....

A mixture of C;Hs and excess of H, has a pressure of
60 cm Hg. The mixture on passing over catalyst forms
ethane. The pressure of resultant mixture under
identical conditions is 40 cm of Hg. The mole ratio of Hz
and C,H, in the mixture is....

Two acid solutions 4 and B are titrated separately each
with 25 mL of IN Na,CO; solution. The volume of each
acid used for titration is 10 mL and 40 mL respectively
for the complete neutralisation. The volume ratio of ¥3
and ¥, which is mixed to prepare one mL 1N solution
is...

The oxidation of toluene with KMnO; gives potassium
benzoate yield of 76.66%. The amount to closest integer
value of toluene to obtain 12g potassium benzoate
required is....

500 mL of aM and 500 mL of bM solution of a solute are
mixed and diluted to 2 litre to prepare a solution of 1.5
M. If a and b are in the ratio 2 : 1, then value of a is....
A sample of crystalline Ba(OH). - X H;O weighing
1.578 g was dissolved in water. The solution required 40
mL of 0.25N HNO; for complete reaction. Determine
the number of molecules of water of crystallisation in
base.

The specific gravity of a solution of 1.8 g mL™ having
62% by mass of acid. It is to be diluted to specific gravity
of 1.2 g mL™. What volume of water (in litre) should be
added to 1 litre of this solution?

A mixture of Xe and F; was heated and the white solid so
formed reacted with H; to give 81 mL of Xe at STP and
HF. The HF formed required 6843 mL of 03172 M
NaOH for complete neutralization. The empirical formula
of white solid is XeF,. The value of m is....

100 g HCl solution having density 1.20 g/ml contains R
g HCI. How much volume in litre of this HCl 18 required to
neutralise exactly 36 litre of N NaOH solution.

An element A forms a thiocyanate of formula
A(CNS),'nH,O. Analysis shows that compound



80

33.
34.

3s.

36.

37.

38.
39.

40.

41.

42.

43.

45.

47.

. Mole of 400g CaCOyj is

contains 19.7% of 4 and 19% water. If atomic mass of A
is 55.96, the value of m is....

In the above problem14 value of n is....

A certain metal M forms an insoluble oxalate
M.04(C;04)512H,0. If 61.87g of the complex are
formed from n g oxalic acid (H,C,0,). The atomic mass
of metal is 100. The value of n is......

1 g dry algae absorbs 7.4x107 mole of CO, per sec by
photosynthesis. If the fixed carbon atoms were all stored
after the photosynthesis as starch (CeH,¢Os),, the time
fcquired in sec for absorption of CO, by algae to double
its own mass.

One litre of milk mass 1.035 kg. The density of butter fat
and fat free skimmed milk are 875 kg m™ and 1042 kg
m™>. The vol/vol per cent of butter fat in milk is...
Chloride samples are prepared for analysis by using
NaCl, KCl and NH,ClI separately or as mixture. What
minimum volume of 5% by mass AgNO; solution (sp.
gravity 1.19 g/mL) must be added to a sample of
0.1498 g in order to ensure precipitation of chloride in
every possible case?

Valence factor of potash alum is....

Valence factor of S in SO, is four and in SO; is six.
Valence factor of S in 2SO, + O, — 2S0; is....
2x10'" atoms of carbon are arranged in a straight line
occupying 2.4 cm putting side by side. The radius of
carbon atom in nm is....

23.1 mL of 0.115 M solution of NaOH is required for
the end point using bromocresol green for 25 mL of
0.107 H;POy. If the indicator phenolphthalein is used
then 46.2 mL of same NaOH requires 25 mL of 0.107 M
H;PO,. What is the ratioc of replaceable H-atom in
phenolphthalein and  bromocresol  indicators
titrations?

Number of equivalents of oxygen in 1M K,Cr,0; acting
as oxidant in presence of acid are....

1 mL of 12M HCI is spread over a thin Al foil of
thickness 0.1 mm and density 2.70 g/mL. Assumin
area covered by HCI dissolves Al only, the area in cm'
of hole produced in Al foil is....

. A hydrated salt MSO,-nH,O undergoes 43.9% loss in mass

on heating and becomes anhydrous. If atomic mass of
metal is 65, the value of n is....

The volume strength of H,O, solution is 11.2. What is
its normality?

A mixture of HCOOH and H,C,0 is heated with conc.
H,S0,. The gaseous mixture on passing through KOH

shows a reduction of % in volume at same P and 7. The

mole ratio of HCOOH and H,C,0, in mixture is.

Mole Concept and Equivalent Concept

L e mmEa—

1. Three 2. Six

48.
49.

50.

51.

52.

53.
54.

S5.

56.

57.
58.

59.

60.

61.

62.

Numerical Chemistry

Atomicity of sulphur in vapour state is ......

An aqueous solution of 6.3g oxalic acid
(H,C;04 -2H,0) is dissolved in water to prepare
250 mL solution. The volume of 1 N NaOH required to
neutralise 10 mL solution of oxalic acid is
Equal masses of hydrogen and methane are taken in a
contairer under identical conditions of P and T. The
mole ratio of H, and CHj is.

An inorganic compound ZnCr;,0,,9.81g Zn, 1.8 % 102
atoms of Cr and 0.6 g-atom of O. The value of x is
The equilibrium molarity of OH™ is 0.08 M in a solution
of 0.1 M(OH),. The % of dissociation of Ca(OH), is

How much of the following have equilibrium molality
of[H*]=0.6 M

0.3 M H,S04,0.3 M H3P0,,0.6 M HI,0.2 M H;PO,,
0.6 M HNO;. R

How much of the following are temperature
independent in case of solution.

Meq. of solute, mole of solute, % by mass, mole
fraction, molarity, normality, % by strength, strength,
molality.

How much of the following are dilution independent in
case of solution. Meq. of solute, mole of solute, % by
mass, mole fraction, molarity, molality % by strength,
strength, molality.

245 g impure KCIO;3 decomposes to give 2.4 g O,. The
% yield of product O, is ......

Equilibrium molarity of 196 g H,SO, present in 1 litre
solution is

loic strength of Ba % present in a solution obtained by
mixing 30 mL 0.1 N BaCl, with 40 mL of 02N
Alz (SO4 )3 18

A student performs a titration with different burettes
and finds titre value of 25.2 mL, 25.25 mL, 25.0 mL.
The number of significant figures in the average titre
value is (I1T 2010)
The volume (in mL) of 0.10 M AgNO; required for
complete precipitation of chloride ions present in 30 mL
of 0.01 M solution of [Cr(H,0)sCI|Cl, as silver
chloride is close to (1T 2011)
29.2% (mass/mass) HCl stock solution has a density of
1.25 g mL™". The molar mass of HCl is 36.5 g mol™".
The volume (mL) of stock solution required to prepare a

3. Five

4. Three 5. Three 6. Four 7. Two
13. Four 14. Six 15, Eight 16. Two 17. Two 18. One 19. One
25. Four 26. Nine 27. Four 28. Eight 29. Three 30. Six  31. Three
37. Eight 38. Eight 39. Two 40. Six  41. Two 42. Six  43. Four
49. Four 50. Eight S1. Four 52. Four 53. One 54. Three 55. Five
61. Six = 62. Eight

200 mL solution of 0.4 M HCl s (11T 2012)
81
8. Four 9. Two 10. Two 11. Three 12. One
20. Two 21. Two ' 22. Five 23. Eight 24. Two
32. Three 33. Three 34. Two 35. Five  36. Four
44. Seven 45. Two  46. Four 47. Four 48. Two
56. Two 57. Five 58. Zero 59. Zero  60. Three



1.

10.

A le contains 9.81 g Zn (atomic mass 65),
1.8 x10*" atoms of Cr and 0.6 g-atoms of Cr. The simple
formula of this compound is :

(a) ZnCrO, (b) ZnCr,0,

(c) anCl'04 (d) ZJ)CI'O)

- The number of H* ions present in 100 mL of 0.001 M

H,S0, solution is :
(a) 1.2x10%°
(c) 2.4x10%

(b) 6x10"
(d) 1.2x10%

. The atomic masses of two elements 4 and B are 30 and

90 respectively. If ‘a’g of element A contains ‘b’ atoms,
then number of atoms of B in 2a g is :

(a) 2b/3 (b) b/3

(c) b/4 (d) b/2

. A nugget of gold and quartz weighs 100 g. Specific

gravity of gold, quartz and nugget are 20.0, 4.0 and
5.0gmL™’ respectively. The mass of gold in nugget is:
(a) 30g (b) 35g
(c) 25¢ (d) 20g

. The mass of wet NaOH containing 20% water required

to neutralise 6 litre of 0.5 M H,SO, solution is:

(a) 3kg (b) 1.5kg
(c) 0.3kg (d) 0.15kg
1 g of an acid (molar mass 146) is completely

neutralised by 0.768 g KOH. The number of
neutralisable protons in acid are :

(a1 ®) 3

(c) 2 d) 4

The volume ratio of 6 N and 2 N HCI required to
prepare 100 mL of 5 N HCl s :

(a) 3:1 (b) 1:3

(c) 4:1 (d) 1:4

105 mL of pure water at 4°C is saturated with NH;
producing a solution of 30% by mass of NH;. The total
mass of solution after saturation becomes :

(a) 105¢g (b) 130g
(c) 150g (d) 160g
The total ionic strength of solution on mixing 10 mL of

1| N AgNO, and 90 mL of 1 N BaCl; solution is

(a) 2.8 (b) 2.6

(c) 1.35 d) 1.2

The mass of § litre C¢H,, is maximum at :
(a) 10°C (b) 20°C

(c) 30°C (d) 40°C

An aqueous solution of glucose is 10% by mass/mass of
solution. The percentage by mass/mass of solvent is :
(assume dy o =1)
(a) 11.11%
(c) 20.22%

(b) 15%
(d) 22.22%

: OBJECTIVE PROBLEMS (One Answer Correct) :

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chomisr,y

The equivalent mass of a metal is double that of oxygen,
The ratio of masses of metal oxide and mass of the meta]

is :

(a) 2 (®) 15

(©) 2.5 (d) 3.0

The volume and radius of 1 molecule of water is :

(asume d"p =]g / mL)

(@) 3.0x1072°,1925A (b) 6.0x107%,2.42A

(©) 3.0x1072,1.925A (d) 6.0x1072,1.925 A

If a = 49g H,S0, + (3 x10* molecule H,SO,) -
(0.02 N H;S0,),

then the value of a is :

(a) 0.9 mol (b) 0.99 mol

(c) 0.8 mol (d) 0.88 mol

Which of the following gases does not show correct

variation in figure where volume vs. gas plots are made.

Each gas is taken in equal mol at STP ?

H, He CH, N, CO 0O,
(a) Heand H, (b) CH, and He
(c) COandN, (d) O, and CO
A solution requires [OH™]=2 M. If degree of
dissociation of Mg(OH), is &, what analytical molarity
solution of Mg(OH), needed is equal to:
(@) Oll (b) 2a

|

(c) 5 d) P
Hardness of water is 400 ppm. The molarity of CaCO,
in this water is :

(a) 4x107% M (®) 4x107° M

(c) 4x107° M (d) 4x107" M

The volume strength of 1.5 N H,0, solution is :
(a) 4.8 (b) 8.4

(c) 3.0 (d) 8.0

The normality of 0.3 M phosphorous acid :

(») 0.1 (b) 09

(c) 0.3 ) 0.6

How many g of KCl would have to be dissolved in
60g H,0t0 give 20% by mass of solution:

() 1.5g (b) 15y

(¢) 25 ¢ ) 12
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21.

29.

10 mL of oxygen and 60 mL of H, is sparked ull
!t_zfﬁmisunﬂa:mﬁxmﬂzom.:\ﬁﬂminingthe
initial condition of P and T, the reduction in volume (in

mL) of gases after reaction is:
(@) 30 ®) 40
(c) 20 @ 10

10 mL of CH4 was burnt in limited supply of oxygen
forming CO, and CO in the ratio 99:1 along with water
vapours. The volume of oxygen needed in mL for the

change is:
(@) 1995 (®) 199
(c) 995 d 99

The formula of a hydrated salt of barium is
BaCl, - XH,O. If 1.936 g of this compound gives
1.846 g of anhydrous BaSO, on treatment with H,SO,,
the value of X'is :

@ 7 ®) 5

() 3 d 2

40% (mass/vol) NaCl has specific gravity 1.12 g¢/mL. In
ppm the concentration of NaCl is:

(@) 55x10° ppm (b) 3.57 x10° ppm

(c) 1x10° ppm (d) 4x10° ppm

What mass of NH; contains same number of atoms as in
4g-atom of oxygen:

@ 17¢g ®) 68 ¢

(c) 2¢g d) 34g

The ratio of oxygen atoms in Ca; (PO,)> and H3PO; if
each sample of Ca; (POy), and H;PO, contains same
number of P atoms:

3 4
@) 2 (b) 3
2 3
(©) 3 () 2

Sclectd:einomwtsmmnemforexaanamalisaﬁonof

1 mole of Ba(OH); by:
(a) 1.5 mole of H;PO;

© %mole of HyPO,
A gaseous mixture of H, and CO, contains 44% of CO,
hymss.'l'hcvapowda:sityofmixnncis:

(b) 1 mole of H,SO4
(d) 2 mole 0fH3P02

(a) 2.72 () 1.72

(c) 3.45 (d) 1.36

On heating 17.0g AgNO;, the residue left is :
(a) 1.16 g (b) 108¢g

(c) 232¢ (d) 1.08g

How many gram of dibasic acid (molar mass 200)
should be present in 100 mL of the aqueous solution to
give 0.1 N solution :
(@ lg

(c) 05¢g

() 15g
d) 20g

31

32.

3s.

37.

38.

39.

41.

Specific volume of a cylindrical virus particle is
6.02 1072 mL / g, having the radius and length 7 Aand
10 A respectively. What is the molar mass of virus:

(a) 15.4 kg/mol (b) 1.54x10* kg /mol

(c) 4.68x10* kg /mol  (d) 2.08x10* kg /mol
Percentage of Se (atomic mass = 784) in peroxidase
anhydrous enzyme is 0.5% by mass. The minimum
molar mass of enzyme is :

(a) 1.568 x10° (b) 1.568 x10*

(c) 25.68 (d) 4.316x10*

2.5 litre of 1 M NaOH solution is mixed with another 3
litre solution of 0.5 M NaOH. The molarity of resultent
solution is :
(a) L.OM
() 0.73M

(b) 0.84 M
(d) 0.56 M

. What volume of O, gas at 0°C and 1 atm is needed to

burn completely one litre of propane under same
conditions :

(a) 5 litre (b) 10 litre

(c) 7 litre (d) 6 litre

How many mole of lead (II) chloride will be formed
from a reaction between 6.5 g PbO and 3.2 g HCL

(a) 0.011 (b) 0.029

(c) 0.044 (d) 033

The maximum number of molecules is present in :

(a) 15 litre of H, gas at STP

(b) 5 litre N, gas at STP

(c) 0.5gofH, gas

(d) 5gof0O, gas

27g Al will react completely with .......... g oxygen:
(a) 8 (b) 16

(c) 24 (d) 32

10 g CaCO; contains:

(a) 10 mole of CaCO; (b) 1g-atom of Ca

(c) 6x10* atoms of Ca (d) 0.1 equivalent of Ca
Which of the following has highest mass?

(a) 20 g phosphorus

(b) 5 moles of water

(c) 2 equivalent of Na,CO;

(d) 12x 10 atoms of hydrogen

When the same mass of Zn is treated separately with
excess of H,SO, and excess of NaOH, the ratio of
volumes of H, evolved is:

(@ 1:1 (b) 1:2

(c) 2:1 (d) 9:4

2.76 g silver carbonate on heating strongly yields a
residue weighing:
(a) 2.16 g

(c) 2.32¢g

(b) 248 ¢
(d) 2.64 g



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

A gaseous mixture contains oxygen and nitrogen in the
ratio of 1 : 4 by mass. Therefore the ratio of their
molecules is:

(@) 1:4 (b) 1:8
(c) 7:32 d) 3:16
The largest number of molecules is in:
(a) 36g H,0 (b) 28g CO

(c) 46g C,H;OH (d) 54g N,05

0.50 mole of BaCl, is mixed with 0.20 mole of
Na;3POy, the maximum number of mole of Ba 3(POy),
that can be formed is:

() 0.70 (®) 0.50

(c) 0.20 (d) 0.10

A molal solution is one that contains one mole of solute
in:

(a) 1000 g of the solvent (b) 1 litre of the solvent
(c) 1 litre of solution (d) 22.4 litres of solution
The pair of compounds which can not exist together in
solution is:

(a) NaHCO; and NaOH (b) Na,CO; and NaHCO,
(c) Na,CO; and NaOH (d) NaHCO, and NaOH

In which mode of expression, the concentration of a
solution remains independent of temperature?

(a) Molarity (b) Normality

(c) Formality (d) Molality
At1000°Cand 1 atm, if the density of the liquid water is
1.0g cm™ and that of water vapour is 0.006g cm ™,

then the volume occupied by water molecules in 1 litre
of steam at this temperature is:

(@) 6¢cm? (b) 60cm?>

(c) 0.6cm? (d) 0.06cm?

The difference in the volume of gases obtained after
complete decomposition of 100 mL sample of NH; and
PH; each separately. Given that both produce all the
product in vapour state:

(a) 25mL (b) 50 mL

(c) 75mL (d) 100 mL

The molar ratio of Fe**and Fe**ions in a mixture of
FeSO,4 and Fe,(SO,); if each component of mixture
provides equal no. of sulphate ions :

(a) 2:3 (b) 3:2

(c) 1:2 d) 1:4

Number of mole of Na‘*ions in 20 litre of 0.4 M
Na3;POy is:

52.

53.

54.

5S.

56.

57.

58.

59.

Numerical Chemistry

(a) 8 (b) 24
(c) 16 d) 12 ‘
28 g KOH is used to completely neutralize CO,

produced by heating 60 g in}purC sample CaCOj;. The
percentage purity of CaCOj3 is

(a) 83.32 (b) 20.83
(c) 41.66 (d) 40.09 o ‘
An aqueous solution of 6.3 g oxalic acid dihydrate is

X NaOH
made upto 250 mL. The volumg of 0.1 N ;
required to completely to neutralise 10 mL of this

solution s : (IIT 2001)
(a) 40 mL (b) 20mL
(c) 10 mL ) 4mL )
How many mole of electron weigh one kilogram ?
(IIT 2002)
23 1 23
(a) 6.023 x10 () 9108 x10
6.023 x10** 1 108
© =75 108 @ 3 108x6023 *

0.02 mole of [Co(NH3)sSO4]Br and 0.02 mole of
[Co(NH;)sBr]SO; were used to prepare 2 lire
solution. One litre of this solution on treatment with
excess of AgNOj gives Yand Zrespectively. Number of
mole of Y and Z obtained are : (11T 2003)
(a) 0.01, 0.02 (b) 0.02,0.02

(c) 0.01,0.01 (d) 0.02,0.01

Which has the maximum number of atoms? (IIT 2003)
(a) 24gC(12) (b) 36 g Fe (56)

(c) 27g A1 (27) (d) 108 g Ag (108)
Dissolving 120 g of urea (molar mass 60) in 1000 g of
water gave a solution of density 1.15 g/mL. The

molarity of the solution is : (Irr2011)
(a) .78 M (b) 2.00 M
(c) 2.05 M (d) 2.22 M

A gaseous hydrocarbon gives upon combustion 0.72 L.
of water and 3.08 g. of CO,. The empirical formula of

the hydrocarbon is : [VEE (Main) 2013)
(a) C¢Hs (b) C,Hy
(c) CyH, (d) CyH,

The molarity of a solution obtained by mixing 750 mL

of 0.5(M) HCI with 250 mL of 2(AD HCl will be :
VEE (Main) 2013|

(b) 0975 ¢

(d) 1.00 Af

(@) L75M
(c) 0.875 M
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1. () Mole ratio of 2Zn Cr :
=981 18x10%
65 6023x10® b
0.30 ¢ 06
=] 3 2 4
. ZuCr,04
Mey. of H* = Meq. of H,SO,4 =100x0.001x 2= 0.2
" Number of H =0.2x6.023%x10* =1.2x10*
No. of atom of A ina g = N;aa =b

2. d

3. (a)

No. ofammsof8|n2ag-%_%¥—2§)—“_ b>3(2
X

4. (¢) Volume of nugget = Volume of gold + Volume of

S 2 4

Wiion = 2408
80 g NaOH = 100g wet NaOH

240g NaOH = 100240 °°;‘02“° =300g

Megq. of acid = Meq. of KOH
1 _ 0.768 :
I x1000= 6 x1000 .
LctamLof6Nsnd(100—a)mLof2Naremlxed
ax6+(100-a)x2=100x5
a=75mL
(100-a)=25mL
LctagNH, is dissolved in 105 mL H,Oor 105 g H,0
30

-
105+a 100

Now,

. on=2

7. (a)

% by mass of NHj in solution =

. a=45g
Mass of solution = 105+45=150g
AgNO; + BaCl; — Ba(NO; ); + AgCld
10x1  90x1 0 0
10 90 0 0
0 80 10 10

[BaCl )= o5 = 04 M:

9. (c)
Meq. added

80
x 100

Ba(NO; ), = —— =0.05M

Tonic strength -—.‘ZCZ2 l[0.4><2z +04x2x1 +

0.05% 2% +0.05x2x 1?]

=135
The volume of a liquid increases with temperature and

10. (a) s Wit
thus same volume masss more in winter.

SOLUTIONS (One Answer Correct)

11. (a)

12. (b)

13. (¢)

14. (b)

15. (¢)
16. (¢)

17, (¢)

18. (b)

19. (d)

20. (b)

21, (a)

22, (a)

wg =10 Wsongion =1008 " Wsotvem =90
*. % by mass of solute/mass of solvent
10
=—x100=11.11%
90

EM =2ng=2x8=16\

EM0=EM+EO=|6+8=24

Let w, g of metal giva w, g oxide

m ¥ W _24_5

16 24 w 16

18 mL H,0=18g H,0(d =1g/ml)

.. Volume of one water molecule
=— 18 __-30x10 e’
6.023x10%2

%nr" =30x1072

r=1925A
=49 ol H,S0, +3
98 6x1

(0)‘3 mole H:SOQ

-9 rle H,50,

. a=0.5+0.5-0.01 mole H,SO, =0391ml
Molar mass of CO=N; =~ Voo =¥y,
[OH ]=2M  Mg(OH), ==Mg*" +20H"
¢ 0 0
(1-a@) o Pl

20 = ZM
2 _1
“Ixa a
Hardness is mass (in g) of CaQOy in 10° g waver

=10* mL H,0
Molarity =

3
200x10_ _ 4 10° M
100x10°

Volume strength = 5.6 X Normality

H

I

H, PO, (HO—l’i—Oll)is dibasic acid.
|
0

Let w g solute be dissolved in 60 g water
. Mass ot solution = (w+ 60

% by mass = 20-[ . ]\ 100
w+ 60
we= |5
|
"1 + 3(): — :“:(‘
Initial o0 0 0
Find 40 0

i.e., Reduction in volune = o0 + l\\ 40 = 30wl
Leta mb CH, be used to form QO and A ml. R OO,y
2CH, + 30, — 200 + 4,0
CH, + 20, S U 1,0
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24,

25.

26.

27.

28.

29.

30.

31

. (d)

(@

(@)

(®)

(a)

(b)

(b)

(a)

(a)

< Volume of O, needed = %+ 2

Volume of CO formed = a
Volume of CO, formed =

8 =L (given); Alsoa+b=10

b~ 99
sa=Qlml - b=99
* 0y needed = 3%0:1 1 9 933 19,95

1.846

=5
2

Moles of BaCl, - YH,0 =

Moles of BaSO, (Ba in both)

1.936

(137+71+18)
1936 _ 1.846

137+ 71+18& 233

.. x=2
100 mL solution =100x1.12g solution =112g
solution

i.e., 72gH,Ohas 40 gNaCl

ppm='_;—gx 10° =5.5%10° ppm

No. of atoms in 4g-atom of O = 4 XN

One NH; molecule contains 4 atoms

~ 4N atom will be present in N molecule of
NH; =17g NH;

1 molecule Ca (PO, ), has 2 P and 8 O atom

1 molecule H;PO; has 1 Pand 3 O atom

If H3 PO, sample has 2 P atoms than it should have 6 O

atoms
No.of Oin Caz(POs)> _

No.of Oin H;PO;
1 mole Ba(OH)- gives 2 mole OH™ and thus requires

2 moleof H*
1.5 mole H;PO; =2x 1.5 mole H”

2 2 +
§moleH3P04 =3x< mole H
5

8.2
6 3

1 mole H,SO; = 2mole H”
2 mole H;PO, =2x I mole H™

44, 56_100
H“ 2 M
M =345
V.D.=1.72

ZAgNOS _ ?.Ag o7 2N0: + 01
1 mole (170g) AgNOj; gives | mole Ag(108g)
Meq. =N XV

W__51000=0.1x100
200/ 2

w=1.0g

Volume of one virus -
5 nr’l=-—7~ x(7%107%)? x10x 107

=1.54x107" mL

32.

33

34.

35.

Moleatr=0

Moleafter reaction 0

36.

37.

38.

39.

40.

41.

42.

43.
44,

Numerical Chemistry

. _1.54x107 )
: - X 6.02x 10
. Molar mass of viru 6.02x 1072

= 15400g /mol = 15.4 kg mol ™!

00

(a) 0.5g Sethan molar mass = 1
100x 784 84 _ 1 56810’

78.4 g Se than molar mass =

1 molecule of enzyme should contain at least are atom
of Se to show minimum molar mass
Mole of NaOH in I solution=2.5x1=2.5
Mole of NaOH in II solution=3x0.5=1.5
Total mole = 2.5+1.5=4.0
. Molarity X total volume = Total mole
4
M= 55 0.73M

©

C3Hg +50, — 3CO; + 4H,0
22.4 litre C; Hy at NTP requires 5 22.4 litre O,
PbO + 2HCI —— PbCl; +H,0
% 336—25 mole 0 0
0.029 0.087 0 0
0.031 0.029
15

| i =——=0.
Mole of H; in 151 24 67

. 5

Mole of N, in 5 1 = —5>— = 0.
ole of N, in 24 22
Mole of H, in 0.5 g=%=0.25

(a)

(®)

(@)

Mole of O, in5 g=—=—=0.16

Bla

© 2Al+%01 — ALLO,

2 mole of Al reacts with = % mole O,

1 mole of Al reacts with = Dy mole O
2x2 €

4
(27 g) of Al reacts with = %x 32=24g0,

(c) 100g CaCO;3 =0.1mole CaCO; =0.1 mole Ca
_0.1
2
Wp =20g, Wy o =90g, Wy, =20g
Wyaco, =106g

Zn + H2504 — Zn504 + HZ

Zn + 2NaOH — Na,Zn0, + H,

Ag, CO; — 2Ag +CO, + 1
276: 3 lef CO_ + 202

eq.Ca =6x 102 atoms Ca =0.1g -atom Ca

()
(a)

(a)

wo,

()

28
36g H,0=2mole H,0 (the largest no. of mole)
3BaCl; +2NaPOy — Bay (PO, ), 4 + 6NaCl
0.50 0.20 0 0
0.20 0.00 0.10 0.60

(a)
(d)
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45.
46.

47.

48.

49.

51.

52.

53.

()
(®)

@
©

@

(®)

(b)

©

(@

Mole of solute
mass of solvent in kg
NaHCO; is acid salt and NaOH is base:
NaHCO; + NaOH — Na,CO; + H,0

Molality involves only mass which is independent of
T.

Mass of 1000 mL steam = 1000x 0.0006 = 0.6g

Molality =

Volume of liquid water = 0—16 =0.6cm’

2NH; — N, (g)+3H, (g)

100 0 0

0 50 150

. V1 =50+150=200mL
4PH; — P, (2)+6H, (9)
100 0 0

0 25 150
. ¥V, =25+150=175mL
S AV =200-175=25mL
The mixture should contain 3 mole FeSO, and one
mole Fe, (SO, );.
3FeSO4—> 3Fe** +350%"

Vatt=0

Vatt=0

Fe, (SO, ); — 2Fe +3502™ . Fe*":Fe**::3:2
Mole of Na;PO4 =20x04=8
1 mole Na PO, contains 3 mole Na* ions

Mole of KOH used = %2 =05

2KOH+C0,— K,C0; +H,0

. Mole of CO, required to neutralise KOH = 0—25 = %
CaC0O;— Ca0+CO,
. mole of pure CaCO; = Zl =25 g CaCO;

. % purity = %x 100=41.66
Megq. of oxalic acid =Meq. of NaOH

6.3 1000
63,1000 16— 0 1x¥
63 250

¥V =40mL

87
54. (d) 9.108x107' kg =1lelectron
1
1kg = electron
&0 108x107"
= ! X 1 5 mole electron
9.108x107"  6.023x 10
P |
9.108% 6.023
55. (c) 0.01 mole of AgBrand 0.01 mole of Ag,SO0,.
56. (a) 24 gcarbon has % mol
57. (c) Mass of solute =120g

58.

59.

Mass of water =1000g
Mass of solution =1120g
o (m) 2 1120 o
. Volume of solution ( d) 115
Milli mole =M XViy mL
120 _ Mx1120
60 < 1%0="115
M =2.05
Let the formula of hydrocarbon be C,Hp

C.H; +0; =aCOZ+%HZO

mole of CO; (a) formed = z’g =0.07

Now

®)

.. moleratioof CandH::7:8

Thus empirical formula is C;Hg

(c) milli mole of solution I = 750x 0.5= 375
milli mole of solution II = 250% 2 = 500
Total milli mole in mixture = 375+ 500 = 875
Total volume = 1000 mL

. Molarity = T?Tso =0875M



1.

1 mole of a mixture of CO and CO, requires exactly
1 litre solution of 1 M NaOH for complete neutra-
lisation. If CO present in mixture is now converted
to CO; and again the mixture is treated with NaOH,
then after this conversion :

(a) mole of CO, present initially in mixture =1

(b) 2 litre NaOH solution of 1 M is more required for

neutralisation

(c) 2 litre solution of % M NaOH is required more for

neutralisation

(d) 56 gKOH in aqueous solution is required more for
neutralisation

- 2 gofoleum is diluted with water. The solution was then

neutralised by 432.5 mL of 0.1 N NaOH. Select the
correct statements :
(a) % of oleum is 108.11
(b) % of free SO; is 26.5 in oleum
(¢) Equivalent of H,SO, are 0.03
(d) Equivalent of SO4 = 6.625 x1073
Which one is not correct about

VO + Fe203 — FeO + V205?
2 mole of VO reacts completely with 5 mole of
F8203
1 mole of VO reacts completely with 1.5 mole of
Fe 203
(c) Eq. mass of V,05 =M /6and of Fe,0; is M /2
(d) Eq.mass of VO= M /3 and of FeOis2M /3
1 mole of H3PO; reacts with NaOH in solution. Select
the correct statements:
(a) 1 mole of NaOH will replace N H* ion from
H;PO;
2 mole of NaOH will replace 2 N H* ions from

(@)
()

(b)
H;PO; ..

(c) 3 mole of NaOH will replace 3 N H™ ions from
H;PO; '

(d) On complete neutralisation of H3;POj, the

equivalent mass of H;PO3 =41 '
100 mL of 0.8 M NaOH are used to neutrahseq 100 mL
solution obtained by passing 2.70 g SO,Cl, in water.
Select the correct statement:

OBJECTIVE PROBLEMS (More Than One Answer Correct). :

10.

11.

Numerical Chemistry

The solution of SO,Cl; has 0.2 M H,SO, and 0.4
MHCI

The volume ratio of NaOH used for H,SO, and
HClis1:2

The volume ratio of NaOH used for H,SO, and
HClis1:1

Molarity of SO,Cl, solution is 0.1 M

(@
(®)
©
(d)

. Which one are correct about the solution that containg

3.42 ppm Al,(SO4); and 1.42 ppm Na,SO,?
(a) [AI**]=[Na"]

(b) [SOF"]=[Na*]=[AI’"]

(c) [SO3 ]=[Na*]+[AI’"]

(d) [SOF"]=[Na*]

. luis equal to:

() 1.67x107 % g
(d) 1 dalton

(a) 931.48 MeV
(c) flf th mass of C'?

L is equal to:

N4

(a) 1.67x107% kg

(c) 1 dalton

H3BO3 is:

(a) Monobasic acid

(b) Lewis acid

(c) Electron pair acceptor
(d) Na3BOj exist as ionic compound

Which of the following are primary standard solution?
(a) Oxalic acid (b) NaOH

(c) Borax (d) Na,COj; -10H,0
Which of the following graphs correctly represents the
variations ?

() 1u
(d) Logschmidt number

| 2
® g &5
2 =
2 —
temperature temperature
13
© &g @ &3
e % s
= =
dilution dilution
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-u—u-

L (d) Co + Co,
a b
a+ b=1

' €O, +2NaOH—s Na,CO; +H,0
Megq. of CO, =Meq.of NaOH = 1x 1000

Mole of CO, = 1X1000 _ 4 ¢
2x1000

CO+ 3 02 — CO,
0.5 mole CO, is formed more.

NaOH required more = 2 litre of 1/2 M NaOH
=56g KOH =1mol KOH

2‘ (a' bn C) H2804 + 503
a b
a+b=2 (1)
Also, Meq. of
H,S0,4 + Meq of SO; =Meq.of NaOH
49x 1000+—x 1000=0.1x432.5
40a+49b =84.77 (2
a=147g b=053g
Equivalent of H,SO,4 = 1. 4497 =0.03

SO, +H,0—> H2804
Eq. of SO; -033 =0.01325

Mass of H,O to react with SO,

=0.53x18 _ g 119255
80

»1.47 g H,S0, is associated with 0.53 g H,0

100 g H, SOy is associated with ==—-— 0. 513:7100g H,0

or8.11 gH,0
Solution of oleum is 100 +8.11 =108.11%
108.11% oleum = 100g H,SO4 +8.11g H,0

- 100g H;50, + &11x80
=100g H,SO, +36g SO,
=136g oleum

136 g oleum has 36g SO;
2 g oleum has 36x2 =0.53g SO,

033x100- 265

%offreeSO;=

2V — (V3*), +6e
2e+(Fe’" );— 2Fe’’ x3
2VO + 3Fe,03 — 6FeO0 + V205

3. (b,c,d)

(v.fof CO, =2)

4. (a,b,d) H;PO; is dibasic acid.

70x 1000
5. (a,¢) [sozc12]=2_l;‘;+m7=o.21u

SO,Cl, + 2H,0—> H,S0, + 2HCI

100 x 0.2
=20 0 0
0 20 40

40
g MH;SO.=%; Myua =100

e NHZSO‘—04andNHC,—04
6. (8,c) 3.42ppm Al,(SO, ), = 26X3X342 ooy 5027

342
=2.88 ppm SO2~
27x32:23 42 ppm Al**
=0.54 ppm AI**
1.42 ppm Na,SO, = 6 1242 ppm SO,
=0.96 ppm SO~
_46x1.42 +
= ppm Na
=0.46ppmNa”
[AI**]= 054—"10 =2.0x10"° M
27x10%
3
[SOz'] (2.88+0.96)x 10 —4x10° M
96x10°
[Na+]=0.46xl(: =2x10"° M
23x10
7. (a,b,c,d) lu or lamu =1dalton. Also amu is replaced by u
(now-a-days).

8. (a,b,c) Logschmidt number is referred as the number of
molecules of a gas present in 1 mL at STP i.e.,

Av.no. _ 19
22400 2.689%10
9. (a,b,c,d) These all are facts.
10. (a,c,d) Standard solution of NaOH can not be prepared by
weighing since it reacts with CO, on exposure to air.
11. (a,b,c) Mole fraction of solute and solvent change with
dilution, however mole of solute remains constant and
mole fraction of solute decrease with dilution, mole of
solute and molality does not change with temperature.
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Numerical Chemistry

COMPREHENSION BASED PROBLEMS

Comprehension 1 : Estimation of N in a compound is
made by Kjeldahl’s method. A sample containing 0.4775 g of
(NH4),C;04 and inert materials was dissolved in water and
made strongly alkaline with KOH, which converted NH} to
NH;. The liberated ammonia was distilled into exactly 50.0 mL
of 0.05035 M H,SO,. The excess H,SO, was back titrated
with 11.3 mL of 0.1214 M NaOH.

[Molar mass of (NH4),C,0,4 =124.10 and atomic mass
of N =14.00]

[1] Percent of (NH4),C,0, :

(a) 10.74 (b) 47.8

(c) 12.74 (d) 42.8
[2] Percent of N in sample :

(a) 47.8 (b) 40.8

(c) 42.8 (d) 10.74

Comprehension 2 : 50 mL of a solution, containing 1 g
each of Na,CO,,NaHCO; and NaOH was titrated with
N HCIL. What will be the titre readings if :

[1] Only phenolphthalein is used as indicator?

(a) 21.3mL (b) 55.8 mL
(c) 344mL (d) 68.4 mL
[2] Only methyl orange is used as indicator from the very
beginning?
(a) 55.8 mL (b) 21.3 mL
(c) 34.4mL (d) 68.4mL ‘
[3] Methyl orange is added after the first end point with
phenolphthalein?
(a) 21.3mL (b) 55.8 mL
(c) 34.4mL (d) 68.4mL

Comprehension 3 : HNO; used as a reagent has specific
gravity of 1.42 g mL™" and contains 70% by strength HNO;.
 [1] Normality of acid is.

(a) 16.78
(c) 14.78

(b) 15.78
(d) 17.78

[2] Volume of acid that contains 63 g pure acid is.

a) 100 mL (b) 40.24 mL
Ec; 63.38 mL (d) 70.68 mL ‘
[3] Volume of water required to make 1N solution from 2
mL conc. HNO;.
(a) 29.56 mL (b) 30.56 mL
(c) 28.56 mL (d) 31.56 mL

Comprehension 4 : The density of 3M solution of
Na,S,0; is1.25g mL™".
[1] The % by mass of Na,S,0; is :

(a) 36.24 (b) 37.92

(c) 40.24 (d) 38.34
[2] Mole fraction of Na,S,03 is :

(a) 0.015 (b) 0.025

(c) 0.065 (d) 0.035

[3] Molalities of Na* and S,03" ions are respectively :
(a) 7.732, 3.866 (b) 3.866, 7.732
(c) 3.732,7.866 (d) 7.866, 3.732
Comprehension 5 : Oxides of non metals are acidic
although N 0, NO, CO and H,O are neutral. On the other hand
oxides of metals are either amphoteric or basic. However in
higher oxidation state same metals forms acidic oxides.
[1] Which is used for absorbing CO :
(a) Amm. AgNO;, (b) Amm. Cu,Cl,
(c) Turpentine oil (d) Pyrogallol
[2] SO, can be absorbed in :
(a) Lime water (b) Baryta water
(c) KOH (d) All of these
[3] Acetylene can be absorbed in :
(a) Amm. AgNO, (b) H,SO,
(c) NaOH (d) Na,CO,
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Comprehension 1
[1] (o) Meq. of (NH, ), C,04 =Meq.of NH;
=Meq. of H,S0, used
w
34107 2x 1000 = Meq.of NH; = 3.663
[Meq. of H,SO, used

=(0.05035%2x 50-11.3x0.1214) = 3.663]
oo W(N]{‘)ch‘ =0.2273 g

. Percentage of (NH, ),C,0,= 22273 100=47.8%

0.4775
2] (@) Meq. of N =Meq. of NH;
w =
or Tia 1000 = 3.663
or wn, =0.0513g
Percentage of N = 20313 100=10.74%

0.4775
Comprehension 2

[1]1 (c) The end point using phenolphthalein as indicator uses
complete NaOH and half Meq. of Na,CO;.

. Meg. of NaOH + % Meq. of Na,CO;3

= Meg. of HCI
4—10x1000+[%x5—13x1000]=1xV|
¥, =34.4 mL

2] (@ The end point using methyl orange from the beginning
uses all the equivalents of bases taken.
. Meq. of NaOH + Meq. of Na ,CO; +

Meq. of NaHCO; = Megq. of HCI
1 1 1 -
R)xlooo+~5—3x1000+ﬁx1000— 1xV,

i V, =55.8 mL

[3] (a) The end point using methyl orange when I end point
using phenolphthalein has already been detected,
consumes half Meq. of Na,CO; and complete
NaHCO;.
-liMeq. of Na,COj + Meq. of NaHCO; = Meg.of HCI

1,1 41000+

—x1000=1xV3
2 53 84
FA V3 =21.3 mL
Comprehension 3
1] (b) Strength of HNO3 =70%

Volume of solution =100 mL

SOLUTIONS

and Volume of HNO; =70 mL

. Mass of HNO; in solution =70x1.42 g

Eg. of HNO; in solution = 19—"6;—'“3
Moo o TOX2_ (o Eq.
HNO3 ™ 635100/ 1000 V in litre

=15.78
[2] (c) '+ 70x142g of pure acid is present in 100 mL
. . 100x63 _
63 g of pure acid present in= J0x142 63.38 mL
[3] (@ Meq. of conc. HNO; =Meq. of dil. HNO;
(. Megq. does not change on dilution)
2x1578=V x1
g ¥V =3156mL
Volume of water added = 3156—2=29.56 mL
Comprehension 4
Molarity of Na;S,03 is 3 M.
Mole of Na,S,0;3 =3
Mass of Na,S,0; =3x158=474¢g
and V of solution =1 litre =1000 mL
' Mass of solution = 1000x1.25=1250g
Mass of water = 1250—474 = 776¢g

[1] (b) % by mass of Na,S,0, =20 N825:05 ;04
mass of solution

=A74 100=
555 100=37.92

[2] (c) Mole fraction of Na,S,0,
_ Mole of Na,S,0;
Mole of Na,S,03 + Moleof H,O0

_ 3 o
3+776/18 Gees

Moleof Na*
Mass of water in g
6x1000 _

776 7.732

Molality of $,0% = 3"7% =3.866

3] (@ MolalityofNa* =

Comprehension 5
[1] (b) Itisa fact.
[2] (d) SO, is acidic oxide and reacts with bases.
[3] (@) CH==CH+ AgNO; — AgC= CAg
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Read the following statements (8) and explanations (E).

Choose the correct answers from the codes (a), (b), (c)
and (d) :

S is correct but E is wrong
S is wrong but E is correct
goth S and E are correct and E is correct explanation of

Both S and E are correct but E is not correct explanation

of §

S:

E:

S:

E:

» =

@

¢ Equivalent

Equivalent mass of H3BO; and Na;BO, are M /3.

Equivalent mass of H 3BO; is M/1 and Na;BO 3 is
M/3.

1 equivalent of H,S0, contains 1 equivalent of H,
S and O each.

{\ species contains same number of equivalents of
its components.

mass of ozone

in the change
03 — 0, is 8.

: 1 mole of O3 on decomposition gives 3 /2 mole of

0,.

¢ CO and C,H, both can be absorbed in ammoniacal

CuCl.

: CH, is absorbed on animal charcoal.
¢ Acidimetry and alkalimetry are the terms used in

volumetric analysis.

: The reactant left after the chemical reaction is

called limiting reagent.

: NaNOj has no definite mclecule.

: Its formula mass is 85.
: 31.26 mL of 0.165 M solution of Ba(OH), is

exactly neutralised by 25 mL of citric acid C¢HgO,
of molarity 0.138.

: The acid is tribasic in nature.

1 equivalent of K,Cr,0, has 1 equivalent of K, Cr
and O each.

: Equivalent and milliequivalent reacts in equal

number to give same equivalent of product.

: The H-bonding of NH; and H,Ois represented as:

H—0=<H—N—H
| |
H H

10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

=1

L nm®n

Numerical ChOM/stfy

H,0 is more acidic than NH; and thus, H,0 is
proton donor.

: H,BO; is monobasic Lewis acid but salt Na; B0,

exist.

: H;BO; reacts with NaOH to give Na;BO,,

Av. No. was Proposcd 6.019x10% on O-16 scale
and 6.02 x10* on C-12 scale.

: The numerical value of Avogadro’s number

depends upon the atomic mass scale.

: Atomicity of phosphorus is four.

: Atomicity is the number of atoms present in

1 molecule.

: Density = specific gravity x 0.99823 at 20°C.
: Density = specific gravity at 4°C.
: Density is expressed as g mL™' whereas specific

gravity is dimension less.

: Specific gravity is ratio of the masses of solution

and solvent.

¢ In the titration of Na,CO; with HCI using methyl

orange indicator, the volume of acid required is
twice that of the acid required using
phenolphthalien as indicator.

: Two moles of HCI are required for the complete

neutralisation of one mole of Na,CO;.

: Sulphate is estimated as BaSO, and not as MgSO,.

¢ Ionic radius of Mg?* is smaller than Ba2*

¢ Atomic masses of most of the elements are

fractional.

; I MX
Atomic mass = 100 where M is mass of isotope

and X is its % abundance.
Analytical molarity of 1 M HCl is zero.

¢ Equilibrium molarity of 1 M HCl is zero.

Equivalence point is a theoretical value.

¢ End point is an experimental value,
¢ Actual yield in case of most of the reaction is lesser

than theoretical yield.

¢ The reactants are either not 100% pure or some side

reactions follows,
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ANSWERS (Statement Explanation Problems)

1. (b) H;BO; is monobasic acid; Na,CO; is a salt having  10. (a) B(OH); + NaOH—> Na[B(OH), ]

total charge on cation or anion = 3 11. (c) Explanation is correct reason for statement.
2. (¢) Equivalent reacts in equal number. 12. () —do—
3. (d) 20; — 30,, 13. (d) Both are facts.

i.e.,2mole O3 = 3mole 0, =3x 4eq. 0, 14. (c) Statement is correct reason for statement

Eo =M =48, 15. () Na;CO +2HCI—> 2NaCl+ H,0+ CO;,
6 6 phenolphthalein is used for
4. (d) Both are facts. Na,CO; + HCl — NaHCOj; + NaCl + CO-
5. (a) The reactant used is called limiting reagent. 16. (d) BaSOj is insoluble.
6. (d) NaNO; has solid lattice. 17. (c) Explanation is correct reason for statement.
7. (c) Meq. of Ba(OH), =Meq. of acid 18. () HCl— H™ +CI7
31.26x0.165%x2=25xM xn=25x0.138xn 1 [UN

n=3 After dissociation 0 1 1

8. (c) Explanation is correct reason for statement. 19. (d) These are facts.

H 20. (c) Explanation is correct reason for statement.

|

9. (b) H—bonding is as : H—O—H...N—H
|
H
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mmssmms  MATCHING TYPE PROBLEMS s

Typel: Only One Match Possible 4. ListA List B

1. Match the given concentrations with their prope: A L N 4 molecules of H
Concentration Prop:’rt; L A. 1.8mL H;0, 10" ~
A. MO!&llty a. lonic solute (d=1g/mL) e
B. Ionic strength b. Very low concentration B. 1.8mL H_,&OV at STP b, 2.24 lll)rc u:vsu H;0,
C. ppb c. Lycz? C. 8.03x107* mole H,0(v) ¢. 1.8 gof Hz‘)y
) 2 d, 1,446 107" g H,0
D. Formality d. Independent of ¢ 4.84 10" molecules
temperature "iof
. of H,0
2. I(,;lst-A List-B 5. List-A Lllzt-B
as : 3
.- es Adsorbents‘ Concentrations Factors influencing
B. 2 a. FeSO, solution expressed In
C' (1:!%) b. Alkaline pyragallol A. Molarity a. Temperature
D. e ::i ’thg;ntme oil B. Molality b. Dilution
E - Ny 8 8- ((;Il- KOH,, C. Mole fraction of solute  c. Addition of solute
o - Amm. Lutly D. Strength of solution
Type ll: More Than One Match Are Possible 6. List-A List-B
3. Experimental determination of molar mass of Adsorbent Gases
compounds may be made by the following methods. A. Lime water a. SO,
Match them properly. More than one match are B. Conc. H,SO, b. H,S
possible : i ' i
A. Gases a. Victor Meyer's method C. Heated Mg 2 :;lov
B. Volatile liquids b. Hofmann’s method s
C. Non volatile solids c. Duma’s method e. 0;
D. Solidsoflowm.mass d. Ebullioscopy or cryoscopy f. N
E. Solids of high m. mass e. Osmotic pressure

such as polymers f. Raoult’s law

I v R

1. Ad;

2. A-d;
3. A-ab,c;

B—c; C—a D—c; E-b.
B-a, b,c,f; Cd,ef, D-d,f, E-e

4. A-a,b,c; B-d,e; C-d, e.
5. A-a,b,c; B-b,c; C-b, c; D-a, b, c.
6. A-a,b; B, d; C—, f.
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Fundamental particles of atom
(1) Atom consists of two parts
(a) Nucleus: Contains neutrons and protons.
(b) Extra nuclear part: Contains electrons.
(2) The characteristics of fundamental particles are
given below :

Mass
in amu

Charge in

Particle Symbol coulomb

Mass in kg Charge in esu

Electron  _¢°  0.000548 9.1091x 107" —4.803 x107'* -1602x 107

Proton  ,p'  1.00757 16725x107% +4.803x 107" +1.602x 107"

Neutron  on' 1.00893 16748 x 1077 0 0

Note : 1. The radius of electron is 4.28x 10~ cm
2. The radius of proton is 1.53x 10™%cm
Atomic number (2):
Z = No. of protons in the nucleus of an atom
= No. of electrons in the extra nuclear part of
neutral atom.

Mass number (4): It is equal to sum of numbers of
protons and no. of neutrons in an atom or the number of
nucleons.

A=p+n (1)

Size of the nucleus: (1) The size of the various nuclei
(r) can be calculated from

radius () = (1.3 x107%)4" (2)
where 4 is the mass no. and r is the radius of nucleus in
cm.

(2) If nucleus is assumed to be spherical, the density
of nucleus (d) may be expressed as

Massof nucleus _  Mass no. » 1 0

= Volume of nucleus  Avogadro’s no. ~ 43xr>’

i

(3) The dimensions of nucleus are of the order of 10~ nm.
(4) The dimensions of atom are of the order of10™! nm.
(5) The density of nucleus =1.68 X 10Mg cm &

Theory of relativity and velocity of particle: According
to the theory of relativity, the mass (m; ) of a particle (electron) at
high speed is given by
T (4

2
-]
c

where m is the mass in the rest; u is velocity and c is velocity
of light

If u=c¢, then m =eo

Planck’s quantum theory: Radiant energy is emitted or
absorbed only in discrete units or packets of energy called photon
(quantum). The energy ‘E” associated with a quantum is given by

E =hv where h is Planck’s constant and v is frequency of
radiations.

m =

E=hv=%=hca (%=V) 5

h=6.625%10* J-sec = 6.625 x 107" erg - sec
c is velocity of light =3.0 x10® m sec ™
=3.0x10" cm sec”
vis frequency of light insec ™', ¥ is wave no. inm ™' orem ™.
il It is thus clear that energy of photon decreases with increase
inA.
Note: Energy ‘E’ associated with a photon can also be written as

_ 12375
E= = eV

where E is energy in eV and A is wavelength of light in A.

1



Bohr's model for H or H like atoms, lLe.,
Oone electron systems

() ~Thc electrons are in continuous motions round the
nucleus in closed orbits of definite energy level known as
shells. Shells are named as &, L, M. N... or numbered as 1, 2, 3,
4 ... from the nucleus. As the distance of shell increases from
the nucleus, energy level of shell increases.
‘ ) As lot_tg as an electron occupy a definite energy level,
it does not radiate out energy. The emission or absorption of
energy occurs only when electron jumps from one level to
other

AE =E,, -E, =hv (6)

If n; > m emission spectra

If ny <m absorption spectra

(3) The angular momentum of electron in closed shell is
always quantized, i.e., integer multiple of A/ (m).

Angular momentum= n - % or mur=n- A (7

2n
Some important results of Bohr's model
For H atom or H like atoms, i.e., He*, Li**...

Radius: 7, =n*xn and r,=—0H"_ (8)
4n"me-Z
where Z is at. no., e is charge on electron, m is mass of
electron and # is no. of shell.
and for H atom n=0529A ..(9)
Energy: Ey =PE+KE
where E7 is total energy of an electron in a shell.

PE is potential energy =

T

KE is kinetic energy:-,l;z;e-
2 12z (10
Er=- W2 Tn 2r, {0
L (1D
==PE (
Ey 3
K£=-%E- (12)
Also, by Egs. (8) and (10). \\;e get
24
Ey=-28meZ (13)
n~h”
1.72x107"
for H atom, E7 =—2———z—erg

n
-19
__2m )ﬁlO joule = --13—;6eV
n° n°

These equations also reveal that .
and E,=—7
n

o ~(14)
Ey< -

Numerical Chemistry

where E, and E, are energy levels in nth shell and st

shell.
Tfor H

Also TH like atom =T (15)
2
and E, Hlike atom = Entorn XZ ..(16)
Velocity of electron in an orbit :
_2nZé’ an
For Hlike atom: 4, = o
2ne?
For Hatom: un == ..(18)
Uy =+ ..(19)
n

where 1, is velocity of electron in Ist orbit.
Time required (7) to complete one revolution by an
electron round the nucleus in an orbit :
_2nr,
.
Number of revolution per sec. made by an electron
round the nucleus in an orbit :

...(20)

Ha ..
B 1)

Note: (1) The use of above formulae from Egs. (8) to '(21) is
permitted only in CGS units. If MKS units are

number of revolution =

used: the factor 4“:8 should be used accordingly.
0
1n CGS =l ooy
4ne,
In MKS 1

—— =9x10° Nm?’C?
4ney

(2) If+13.6eVenergy is given to H atom, the electron in H
atom will be knocked out giving rise to the formation of
H". That is why ionisation potential of H = 136V, i.e.,
the energy level of Ist shell with a negative sign.
Frequency (v), wavelength (1) and wave number V)
during electronic transition :

AE=E,, -E, =%=hv=hcv

2452
or hv=le_2n"me’Z% . 2711 _ 1
A h= ny  n3y
or l___;=2nzm22e‘ 1 _ 1
A

«(22)

where A is the wavelength of radiations during electronic
transition from n; to . Ry, is Rydberg constant and is equal to
109678 cm ™'

(1) When n, =1 n, =234 . Lyman series in UV
region
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(2) Whennm =2 ny=3,4,5 ..Balmerseries in visible
region
_ (3) When n =3 n;=4,5,6 ..Paschen series in IR
region
(4) When m =4 n, =5,6,7
region
(5) When m =5 n,=6,7,8
region
To derive no. of subshell in a shell
A result of Sommerfeld model suggests that
n_ length of major axis
k  length of minor axis
e.g., if principal quantum no. n =4
The values of kcanbe 1,2, 3,4 only, since kis an integer
4th shell have 4 subshells.

Total spin and magnetic moment: The total spin (s) of
an atom is given by s =% X n, where n is number of unpaired

...Brackett series in IR

..Pfund series in IR

(23)

electrons.

The spin magnetic moment (i) of electron (excluding
orbital magnetic moment) in Bohr Magneton (B.M.) is given

by:
Keffective =y 45(s +1) ..(24)
If s= % Xn
Heffective =y7(n+2) B.M. ..(25)

To derive the possible no. of A in line spectrum when
an electron de-excites from one level to other.

If an electron jumps from n, into n orbit then
An = (n, —n, ) and possible number of A given out during the
jump =XAn ...(26)

Say an electron is in 4th shell in H atom. It is to be
de-excited to ground state level, i.e., 1st shell.

The possible no. of A given out = ZAn=X(4-1)

=X3=1+2+3=6

Particle and wave nature of electron, /.e., dual nature.

de Broglie proposed a relationship in between A of a
moving particle with its velocity on the basis of quantum
theory.

_h_h___h__ ke=lm?) @7
l_mu—P— 2m(KE) (<KE zmu) =

where m is mass of moving particle
u is its velocity
P is momentum of particle equal to mu or

JZm(KE)
h is Planck’s constant.

The circumference of the nth orbit (if closed) is equal to
integer multiple of wavelength.

Thus, 2nr, =nk

Also, Frequency (v) of matter wave
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2
u u mu” _2KE
=r=——=——=== ..(28
A himai h K 28
Heisenberg's uncertainty principle:
According to this principle, it is impossible to determine
momentum and position of a subatomic particle precisely and
simultaneously.

Ap-Ax z‘—:’; .(29)

m~Aqu2L
4n

Au-Ax 2 B ..(30)
4nm
where Ap is uncertainty in momentum, Ax is uncertainty
in position and Au is uncertainty in velocity.
The four quantum numbers: The four quantum
numbers are results of Schrodinger wave equation.

(1) Principal quantum no.
(a) Denoted by ‘n’
(b) The values of ‘n’ are from 1 to n

n=1 K shell
n=2 L shell
n=3 M shell
n=4 N shell

(c) ‘n’ signify for the size and energy level of major
energy shell.
(2) Azimuthal or angular quantum no.

(a) Denoted by ‘/’

(b) The values of ‘/’ are from 0 to (n — 1)

=0 s subshell
=1 p subshell
I=2 d subshell
=3 S subshell

(c) ‘I’ signify for shape and energy level of subshells.
(3) Magnetic quantum no.

(a) Denoted by ‘m’

(b) The values of ‘m’ are from + {to F /

Let I=1 m=-1 0 +1
psorp, p; Py OF py

Let =2 m=-2 -1 0 +1 +2
d,, or dy or d;d, or da_»
da_2 dy, de ordy

(c) ‘m’ signify for the possible no. of orientations of
subshells.

(4) Spin quantum no.
(a) Denoted by ‘s’
1

(b) The values of ‘s’ are +% and -3
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(c) *s’ signify for the direction of spin of electron in a
sub-subshell or orbital.

Angular momentum

Anguiar momentum of an electron in an orbit = nzi
T

(31
Angular momentum of an electron in an orbital
= % xJ[a+nn -(32)

Pauli exclusion principle

(1) Itis impossible for two electrons of an atem to have
all their four quantum no. same.

) eg, is correct for 1s?

is wrong for 1s*

(3) Following results have been obtained by Pauli
exclusion principle.
(a) Maximum no. of electrons in a shell can be 2n?.
(b) Maximum no. of electrons in a subshell can be 2,
6, 10, 14, in s, p, d, frespectively.
(c) Maximum no. of electrons in a sub-subshell is 2
only.
Note: Electronic transition between subshells is possible only
when Al = £1.
Aufbau principles
The electronic configuration is written on the basis of
following rules.
(1) The electrons in a poly electronic atom are filled one
by one in order of increasing energy level.

1s? is correct

2s? is wrong
because energy level of Is <2s.

(2) Hund’s rules:

(a) In filling a group of orbitals of equal-energy (or
subshells) it is preferred to assign electrons to empty
orbitals rather than pair them in a particular
subshell, because the former arrangement leads to
lower energy level.

(b) Same spin of unpaired electrons in sub-subshell also
gives rise to lower energy level.
eg., 7H: 152, 2.s22p3

e.g., H:

For2p® 1 1 1 is correct

11

1 L 1 is wrong (statement b)

is wrong (statement a)

Numerical Chemistry

(3) (n+1)rule:

(a) The subshell with lower values of (n+ /) possesses
lower energy level and should be filled first.
eg, 10K: 152, 2522 p%, 35?3 p®3d" is wrong

152, 25%2p8, 3523p6, 4s" is correct

n+lofds=4+0=4
n+lof3d=3+2=5
Thus, 4s should be filled first.

() If (n+1) is same for two subshells, the one with
lower values of n possess lower energy and should
be filled first.
eg., 25¢c: lsz,2.s22p6,3s23p6, 4s24p" is wrong

1s?, ?_vZZp(’, 3523p63d' , 4s? is correct
n+lofdp=4+1=5
n+lof3d=3+2=5

Thus, 3d should be filled first. - n of3d <nof4s

(4) A subshell having nearly completely filled or nearly

half filled configuration tends to acquire exactly
completely filled or exactly half filled nature in

order to attain stability, i.e., lower energy level.
eg., 2Cr:1s%,25%2p°, 3523 p%3d*, 4s? is wrong
15,2522 p%, 3523 p®3d°>, 4s" is correct
29Cu: 152, 2322;76, 3s23p63d9, 4s? is wrong
1s?, 2522 pS, 3323p63d'°, 4s' is correct
4Pd: 12,2572 p%, 3523 p%34"°, 4524 544",
557 is wrong
Is?,2572p%, 35?3 p%34", 4524 p%4d"*
is correct
Photo Electric Effect
When a photon strikes the metallic surface, it gives up its
energy to the electron. Part of this energy (say /) is used by the
electrons to escape from the metal, the remaining imparts the

g Ao 1
kinetic energy (E mu? ) to the photoelectrons. If the incident

radiation has frequency v, then its photons have energy Av, it
follows from the conservation of energy principle that

=W+ (-:l_;)mu2 .(33)

or (l)mu2 =hv-W ..(34)

2

The equation shows that if KE is plotted against
frequency of incident radiations, a straight line is obtained with
a slope equal to Planck’s constant. The equation expresses the
fact that if a photon strikes a metal then it can release an
electron from the metal provided the photon energy (i.e., hv) is
greater than the binding energy or work function (W) of the
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electron in the metal. Further the released
out with kinetic energy equal to (hv - W)

Instead of irmdiating n metal, one cun irradiate atoms with
photons of known frequency, the above oquation may be
written as: hv =1E + KE,

electron will esoapo

This suggests that tho photon energy i partly used to
knock out an electron from the atom (i.e., IE) and the remainder
shows up as the kinetic eneryy of the released photoelectron,

The potential applied on the surface to reduce the volocity
of photo-electron to zero is known as stopping potential ¥,
thus, kinetic energy = eV,

Thus, Av=W + (Stopping potential % charge)

1)
«(35)

(36)

hv=W+el 0
where ¢ I electronic charge and ¥, Is stopping potential,
Number of Nodes ’
Total number of nodos In a shell = (1 = 1)
Angularnodon= /

Spherloal noden=n -/~ 1
Wave function of H ltom' In ground state:

I !
Wave function, y, = 16 rlmy
J Ray

W(37)
(38)

+(39)
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© NUMERICALPROBLEMS ®

10.

11.

12.

13.

14.

15.

- The mass-charge ratio for A* ion is 1.97 x 10~ kgC™'.

Calculate the mass of A atom.

Calculate the force of attraction between an electron and
a body having two proton charge when they are
0.529 10" cm apart. Charge on one electron and one
proton is 1.6 X107 Cand +1.6x10™'° C.

Two carbon discs of 1.0 g each are 1.0 cm apart have
equal and opposite charges. If forces of attraction
between them is 1.00x10~° N, calculate the ratio of
excess electrons to total atoms on the negatively
charged disc. (Permitivity constant is
9.0x10° N m?>C)

. o-particles of 6 MeV energy is scattered back from a

silver foil. Calculate the maximum volume in which the

entire positive charge of the atom is supposed to be

concentrated. (Z for silver = 47)

K =9.0x10° Nm*C™,

What is the relationship between eV and the wavelength

in metre of the energetically equivalent photon?

What is the mass of one photon?

Write down the numerical value of 4 and its unit.

Calculate the energy per quantum associated with light

of wavelengths,

(a) 5890 A ®) 250x10~° m

(c) 40x10™ cm (d) 600 nm

Also calculate the energy per mol of photon in case (d).

AIR service on Vividh Bharati is transmitted on 219 m

band. What is its transmission frequency in Hertz?

A certain laser transition emits 6.37x10'* quanta per

second per square metre. Calculate the power out put in

joule per square metre per second. Given A =632.§lnm.

The dissociation energy of H, is 430.53k Jmol™". If
i iation energy of wavelength 253.7

:{én,liwehxgo‘;f%?xﬁ?mt energyrg\)\,rill be convegrtthed into

kinetic energy? .

Jodine molecule dissociates into atoms after absorbing

light of 4500 A. If one quantum of radiation is absorbed

by each molecule, calculate the kinetic energy of iodine

atoms. (Bond energy of /; =240k J mol™') (IIT 1995)

A bulb emits light of A 4500 A. The bulb is rated as 150
watt and 8% of the energy is emitted as light. How many
photons are emitted by the bulb per second? (IIT 1995)
Calculate the number of photons emitted in 10 hour by a
60W sodium 1amp. (A phioa =5893 A)

Calculate the energy required to excite one litre of
hydrogen gas at 1 atm and 298 K to the first excited state
of atomic hydrogen. The energy for the dissociation of
H—Hbondis436 k J mol™". (TIT 2000)

16.

17.

18.

19.

20.

21.

22.

25.

Also calculate the minimum frequency of photon to
break this bond.

Suppose 10”7 J of light energy is needed by the interior
of the human eye to see an object. How many photons of
green light (A =550 nm) are needed to generate this
minimum amount of energy? .

0, undergoes photochemical dissociation into one
normal oxygen atom and one oxygen atom, 1.967 ev
more energetic than normal. The dissociation of O, into
two normal atoms of oxygen requires 498 k J mol™'.
What is the maximum wavelength effective for
photochemical dissociation of O,?

A certain dye absorbs light of A =4530 A and then
fluorescence light of 5080 A. Assuming that under
given conditions 47% of the absorbed energy is
re-emitted out as fluorescence, calculate the ratio of
quanta emitted out to the no. of quanta absorbed.

A photon of 300 nm is absorbed by a gas and then
re-emits two photons. One re-emitted photon has
wavelength 496 nm. Calculate energy of other photon
re-emitted out.

Certain sun glasses having small crystals of AgCl
incorporated in the lenses, on exposure to light of

appropriate wavelength turns to gray colour to reduce
the glare following the reaction:

AgCl-25 Ag +Cl
(Gray)

If the heat of reaction for the decomposition of AgCl is
248k J mol™!, what maximum wavelength is needed to
induce the desired process?

Atomic radius is of the order of 10~® ¢m and nuclear
radius is of the order of 107" cm. Calculate what
fraction of atom is occupied by nucleus?

2
Prove that u, = (Ze
mr,

) where u is velocity of electron

in a one electron atom of at. no. Z at a distance r, from
the nucleus, m and e are mass and charge of electron.

- Calculate the velocity of an electron placed in III orbit

of H atom. Also calculate the no. of revolution/sec
round the nucleus.

. Find out the energy of H atom in first excitation state.

The value of permitivity factor

4meg =1.11264x107'° C2 N~';p 2.

Consider the hydrogen atom to be a proton embedded in
a cavity of radius a, (Bohr’s radius), whose charge is
neutralized by the addition of an electron to the cavity in
vacuum, infinitely slowly.
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26.

27.

28.

29.

30.

31

32.

33.

34.

35.

37.

38.

39.

(a) Estimate the average of total energy of an electron
in its ground state in a hydrogen atom as the work
done in the above neutralization process. Also, if
the magnitude of the average kinetic energy is half
the magnitude of the average potential energy, find
the average potential energy. (1IT 1996)
Also derive the wavelength of the electron when it
is ag from the proton. How does this compare with
the wavelength of an electron in the ground state

Bohr’s orbit?

What is the principal quantum no. of H atom orbital if

the electron energy is —3.4eV ? Also report the angular

momentum of electron.

The velocity of electron in a certain Bohr’s orbit of H

atom bears the ratio 1:275 to the velocity of light :

(a) What is the quantum number (n) of orbit?

(b) Calculate the wave number of radiations emitted
when electron jumps from (n +1) state to ground
state.

The ionisation energy of H atom is 13.6 eV. What will

be ionisation energy of He* and Li** ions?

The ionisation energy of He* is 196 x107'® J atom ™.

Calculate the energy of first stationary state of Li**.
Electromagnetic radiations of wavelength 242 nm is
just sufficient to ionise sodium atom. Calculate the

ionisation energy of sodium in kJ mol ™.

(Roorkee 1992)
Calculate the shortest and longest wavelength in H
spectrum of Lyman series. Ry =109678 em™.
Convert the value of Rydberg constant
(Ry =109678cm™) into Rydberg an unit of energy
(ie., 1 Rydberg (1 Rh) =2.18x107'* J).
How many spectral lines are emitted by atomic
hydrogen excited to the nth energy level?
Calculate the Rydberg constant R if He™ ions are known
to have the wavelength difference between the first (of
the longest wavelength) lines of Balmer and Lyman
series equal to 133.7 nm.
The A of H,, line of Balmer series is 6500 A. What is the
A of H line of Balmer series?
Calculate the longest wavelength which can remove the
electron from I Bohr’s orbit. Given E; =136eV.
Calculate the frequency of the spectral line emitted
when the electron in n=3 in H atom de-excites to
ground state. Ry =109737cm ™.
Calculate the wavelength of radiations emitted
producing a line in Lyman series, when an electron falls
from fourth stationary state in hydrogen atom.
(Ry =1.1x10"m™") (Roorkee 1995)
The ionisation energy of a H like Bohr’s atom in 4
Rydberg.

®)

40.

41.

42.

43.

44.

45.

46.

47.

48.
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(a) Calculate the wavelength radiated when electron
jumps from the first excited state to ground state,
(b) What is the radius of [ orbit of this atom?
Given IR, =2.18x107" J,
ThelP, of His 13.6 eV. It is exposed to electromagnetic
waves of 1028 A and gives out induced radiations. Find
the wavelength of these induced radiations.
Calculate A of the radiations when the electron jumps
from 111 to I1 orbit for H atom. The electronic energy in
11 and 111 Bohr’s orbit of H 1tom are ~5.42 x 10’ "2 and
~2.41x107'% erg respectively.
The energy E for an clectron in H atom is

—zu%q—zerg. Calculate the energy required to
n

remove electron completely from n=2 orbit. Also

calculate the longest wavelength of light that can be

used to cause this transition.

Calculate the energy emitted when electrons of 1.0 g

atom of hydrogen undergo transition giving the spectral

lines of lowest energy in the visible region of its atomic

spectra.

Ry =1.1x10"m™", c=3x10% msec” and

h=6.62x107* J sec. (Roorkee 1993)

Energy required for excitation of electron in 1 mole H

atom from ground state to 2nd excited state is 2.67 times

lesser than dissociation energy per mole of H;(g).

Calculate the amount of energy needed to excite each H

atom of H,(g) confined in 1.0 litre at 27°C and 1 bar

pressure. R =0083 bar litre K™ mol™";

Ry =1.1x10" m™".

1.8 g hydrogen atoms are excited to radiations. The

study of spectra indicates that 27% of the atoms are in

ITIrd energy level and 15% of atoms in IInd energy level

and the rest in ground state. IP of His 13.6 eV. Calculate

(a) no. of atoms present in III and II energy levels.

(b) total energy evolved when all the atoms return to

ground state.

For He* and Li%*, the energies are related to the

228
le ’

1

quantum no. n, through an expression: E, =—

where Z is the atomic no.
B=2.179x107"% J,

(a) What is the energy of lowest level of a He* ion?
(b) What is the energy of I1I level of Li** ion?

What hydrogen like ion has the wavelength difference
between the first lines of Balmer and Lyman series
equal t0 593 nm? Ry, =109678cm ™.

Wavelength of high energy transition of H atom is
91.2 nm. Calculate the corresponding wavelength of
He" ion. (IiT 2003)

of species and
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49,

50.

51.

52.

53.

55.

56.

57.

Calculate the ratio of wavelengths of m" line of Lyman
series and Balmer series of H-atorn.

To what series does the spectral lines of atomic
hydrogen belong if its wave number is equal to the
difference between the wave numbers of the following
two lines of the Balmer series: 486.1 and 410.2 nm?
What is the wavelength of that line?

A series of lines in the spectrum of atomic H lies at
wavelengihs 656.46, 486.27, 434.17, 410.29 nm. What
is the wavelength of next line in this series?

A hydrogen-like atom (atomic number Z) is in a higher
excited state of quantum number n. This excited atom
can make a transition to the first excited state by
successively emitting two photons of energies 10.20 eV
and 17.00 eV respectively. Alternatively, the atom from
the same excited state can make a transition to the
second excited state by successively emitting two
photons of energy 4.25 eV and 5.95 eV respectively.
Determine the values of n and Z.

Estimate the difference in energy between st and 2nd
Bohr’s orbit for a H atom. At what minimum at. no., a
transition from n =2 to n =1energy level would result in
the emission of X-rays with A =30x10"® m? Which
hydrogen atom like species does this atomic no.
corresponds to? (11T 1993)

. What transition in the hydrogen spectrum would have

the same wavelength as the Balmer transition n=4 to

n=20ofHe" spectrum? (IXT 1993)

Calculate the wavelength emitted during the transition

of electron in between two levels of Li>* ion whose sum

is 4 and difference is 2.

Consider the following two electronic transition

possibilities in a hydrogen atom as pictured given:

(1) The electron drops from third Bohr’s orbit to
second Bohr’s orbit followed with the next

transition from second to first Bohr’s orbit.
n=3

n=2

n=1

(2) The electron drops from third Bohr’s orbit to first
Bohr’s orbit directly.

Show that :

(a) The sum of the energies for the transitions n =3 to

n=2and n=2to n=1is equal to the energy of

transition forn=3ton=1

Are wavelengths and frequencies of the emitted

spectrum are also additive in the same way as their

energies are?

The angular momentum of an electron in a Bohr’s orbit

of H atom is 4.2178 X 107 kg - m? / sec. Calculate the

spectral line emitted when electron falls from this level

to next lower level.

(b)

58.

59.

60.

61.

62.

63.

65.

66

67.

68

69.

70.

7

Numerical Chemistry

Find the quantum no. ‘n’ corresponding to the excited
state of He* ion if on transition to the ground state that
ion emits two photons in succession with wavelengths

108.5 and 30.4 nm.
A single electron atom has nuclear charge +Ze where Z

i ic number and e is electronic charge. It requires
?2?}/(:3n\lll(t:onexcite the electron from the second Bohr’s
orbit to third Bohr’s orbit. Find :
(a) the atomic number of elemen.t.‘
(b) the energy required for transition of electron from
third to fourth orbit.
(c) the wavelength required'to remove electron from
first Bohr’s orbit to infinity. .
(d) the kinetic energy of electron in first Bohr’s orbit.
Calculate the angular frequency of an electron
occupying the second Bohr’s orbit of He" ion. .
Two hydrogen atoms collide head on and end up with
zero kinetic energy. Each atom then emits a photon of
wavelength 121.6 nm. Which transition leads to this
wavelength? How fast were the hydrogen atoms
travelling before collision?
(Ry =1.097x10"m ™" and my =1.67x107" kg)
Calculate the wavelength of a 100 g rubber ball moving
with a velocity 100m sec™'. Is the wavelength of ball
short enough to be observed? (IIT 2004)

Calculate momentum of radiations of wavelength
0.33 nm.

. How much will the kinetic energy and total energy of an

electron in H atoms change if the atom emiits a photon of

wavelength 4860 A?

Find out the number of waves made by a Bohr’s electron

inone complete revolution inits 3rd orbit.  (IIT 1994)

Find out the following :

(@) The velocity of electron in first Bohr’s orbit of
H-atom (r=a,).

(b) de Broglie wave length of the electron in first
Bohr’s orbit of H-atom.

(c) The orbital angular momentum of 2p-orbitals in
terms of" 5y units, (IIT 2005)

Calculate the wavelength of moving electron having
455x107 joule of kinetic energy.

Calcu.late the momentum of electron moving with 1/3rd
velocity of light.

With what velocity must an electron travel so that its
T:n;;m ?is equal to that of a photon of wavelength of
Calculate uy, for an electron at 27°C. Given
me =9108x107%% g

Calculate the wavelength of helium at speed
is equal to its rms speed at 27°C. wom whose
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72.

73.

74.

75.

76.

71.

78.

79.

81.

An electron beam can undergo diffraction by crystals.
Through what potential should a beam of electrons be
accelerated so that its wavelength becomes equal to
1.54 A? (IIT May 1997)
The vapours of Hg absorb some electrons accelerated
b‘y a p_otcnt:gl difference of 4.5 volt as a result of which
light is emitted. If the full energy of single incident
clec!ron is supposed to be converted into light emitted
:;;:mgle Hg atom, find the wave number (1/ A) of the
ight.

F:alculatc the accelerating potential that must be
imparted to a proton beam to give it an effective
wavelength of 0.005 nm.

An electron moves in an electric field with a kinetic
energy of 2.5 eV. What is the associated de Broglie
wavelength?

Show that de Broglie wavelength of electron
accelerated through ¥ volt is nearly given by:

150 1/2
W
(in A) [V]

A dust particle having mass equal to10™"" g, diameter of
10~ cm and velocity 10~ cmsec™. The error in
measurement of velocity is 0.1%. Calculate uncertainty
in its position. Comment on the result.

Calculate the uncertainty in velocity of an electron if the
uncertainty in its position is of the order of 1 A.
Calculate the uncertainty in velocity of a cricket ball
(mass =015 kg) if its uncertainty in position is of the
order of 1 A.

What is the maximum precision with which the
momentum of an electron can be known if the
uncertainty in the position of electron is +0001 A? Will
there be any problem in describing the momentum if it

has a value of , where a, is Bohr’s radius of first

2na,
orbit, i.e., 0.529 A?
Theposiﬁonofaprotnnismmsmedwithanaccuracyof
+10x%10~"! m. Find the uncertainty in the position of
proton 1 second later. ASSUME ¥ proton =velocity of light.
An electron has a total energy of 2 MeV. Calculate the
effective mass of the electron in kg and its speed.
Assume rest mass of electron 0.511 MeV.
On the basis of Heisenberg’s uncertainty principle,
show that the electron cannot exist within the nucleus.
Energy required to stop the ejection of electrons from
Cu plate is 0.24 eV. Calculate the work function when
radiations of A =253.7 nm strike the plate.
A stationary He * ion emitted a photon corresponding to
the first line (H, ) of the Lyman series. That photon
liberated a photo electron from a stationary H atom in
ground state. What is the velocity of photo electron?
Ry =109678cm ™.
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Thephotoeleclricemissionrequiruadneshold
frequency v,. For a certain metal A, =2200 A and
A, =1900 A produce electrons with a maximum kinetic
energy KE, and KE,. If KE, =2KE;, calculate v, and
corresponding A ¢.

The minimum energy required to overcome the
attractive forces between electron and the surface of Ag
metal is 7.52x107"? J. What will be the maximum
kineticencrgyofelecn'onejectedomﬁunAgwhichis
being exposed to U.V. light of A =360 A?

88.'1'bcbindingenergyofelecu'onsinametzlis

250 kJ mol ™. What is the threshold frequency of metal?

89. Wavelength of the K, characteristic X-ray of iron and

91.

92.

93.

9s.

97.

potassium are 1.931x10~° and 3737x10™ cm
respectively. What is the atomic number and name of
the element for which characteristic K, wavelength is
2.289x107% cm?

What is the significance of W4 » o?

Suggest the angular and spherical nodss in

(a) 4p ®) 3p (c) 3s.

The wave function () of 2s-orbital is given by:

372
1 1 r 1
w = ol 2___ e '1_~
5 oJaan [ao] [ ao]

At r = ry, radial node is formed. Calculate ry in terms of

ap.

. (IIT 2004)
Nitrogen atom has at. no. 7 and oxygen has at. no. 8.
Calculate total no. of electrons in nitrate ion.

. A neutral atom of an element has 2K 8L, 9 and 2N

electrons. Find out the following :

(a) Atomic no.

(b) Total no. of s electrons

(c) Total no. of p electrons

(d) Total ne. of d electrons

(e) Valency of element

(f) No. of unpaired electrons.

Oxygen consists of isotopes of 0'¢, 0'” and O'® and
carbon consists of isotopes of C'* and C"*. How many
types of CO, molecules can be formed? Also lvpon
their molar masses.

The atomic masses of two isotopes of O are 15.9936 and
17.0036. Calculate in each atom :

(a) No. of neutrons (b) No. of protons

(c) No. of electrons (d) Mass no.

Write down electronic configuration of the following
and report no. of unpaired electron in each.

(a) Mn:* ®) Cr? (c) Fe™ (d) Ni'? (o) QI°
(D Zn"™ (@ Fe” MNa (HMg (Hao
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98.

99,

100.

101.

102.

103.

Predict total spin for cach configuration,

(a) 18 ©) 18.28%2p% (o) 18?2672

() 157.28%2p" (¢) 152, 2572 p%,38%3p%3d%, 452,

A compound of vanadium has a magnetic moment of

1.73 BM. Work out the electronic configuration of the

vanadium ion in the compound. (IIT July 1997)

Point out the angular momentum of an electron in

(a) 4s orbital (b) 3p orbital (c) 4th orbit

Given below are the sets of quantum numbers for given

orbitals. Name these orbitals.

@ n=2 (b) n=4 (c) n=3 (d) n=4 (e) n=3
=1 1=2 =1 =0 =2
m=-1 m=0 m=xl m=0 m=%2

What values are assigned to quantum number n, 7, m for

(a) 2s (b) 2p. (c) 4d_ . (d) 4d ,?

Arrange the electrons represented by the following sets

of quantum number in decreasing order of energy.

(1) n=4 1=0 m, =0 m,=+%

(1) n=3 =1 m, =1 m,=—§

104,

105.

106.

107.

108.

Numerical Chemistry

(1) n=3 =2 m, =0 m, =+

N = N |—

(1 n=3 =0 m, =0 m, =—

Write down the quantum numbers of all the electrons
present in outermost orbit of Argon. '

An oxide of nitrogen has vapour density 46. Find the
total number of electrons in its 92 g.

Calculate the total number of electrons in

(a) 1.6g CH,

(b) one molecule of CO,

(c) N, molecule.

4Be” captures a K electron into its nucleus. What is the
mass number and at. no. of the nucleide formed?

Write electronic configuration of ;, Mg, ;;CL ,3V and
find out their period and groups in periodic table.
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-u_un

=1.97x1077 (sincee=1.602x107"* C)

=1.97x107 x1.602x10™" kg
m=3.16x107% kg

2. Force of attraction, F =K x%
d

where K =9.0x10° Nm2C2;
d=0.529x10"® cm=0.529%10""" m
£ o 0% 10° x (-1.6x107'% )x 2x 1.6x 10~
(0.529%107'% )2

=1.65x10"7 Newton

F=k 2192
)

Also, Nn=92=4q
K =9.0x10° Nm?C™?
9.0x10° x¢*
(1x1072)?
¢=3.3%107"" C on each disc
Charge on one electron = 1.602x107™"° C
.. Number of electrons on disc
__33x107"
" 1.602x107"
.. Number of atoms in 1 g carbon

600107
12

2.08x10°
5.0x10%
=4.17x107" electron /atom
1 (Ze)@2e) _ . (Z2)(2e)
4ne, r r
_9x10° x47x2x (1.6x107"7 )?
T 6x10°x1.6x107°
Maximum volume = %nr3 =48x1

and r=1x102m

1.0x107° =

=2.08x10°

5.0x10%

.. Ratio of electrons to atoms =

=225%10" m

0—41 ml

_ 6.625x107 x3.0x10°
l(ln m)
Let E phonon =16V=1.602x107""

_ 6.625x10 x3.0x10° _15 40 %10~ m
1.602x107"°

. Photons are supposed to be massless bundles of energy.

However, mass can be calculated by A =h/ mu

. h=6.625x107"" erg sec=6.625x 10" joule sec

Epm

The unit of & = joule sec or erg sec. [

10.

11

12.

E-——-

where E is energy associated per photon of wavelength A.
@) - E=8625X107x3.0x10°0 _3 39, 49-12

erg

5890107
-27 10

(b) E=6.625X|0 X3-;0X10 '7.95)(10_'1 erg
250x 10~

© E= 6.625x10°7 x3.0x10° _ 4 97107 erg
4x1078

@ E= 6.625x10°7 x3.0x10° _3 3, 1912 ¢rg
600x1077

E/mol photon = NE = 6.023x10% x3.3x107? erg
=19.88 x 10" erg

. Given, A=219m
_c 230x10° _ . 20 108 Hz
Thus, v= X or Vv 219
Energy falling per square metre per second

=No. of quanta falling per square metre per second

x Energy of one quantum

6.625%10 x3.0x10°
632.8x107°

=637x10" x% = 637x10 x

=2x107 Jm™? sec™!
Energy required to break H—H bond

=H3053x10° 1) ecle = 71510710 J
6.023%x10%

Energy of photon used for this purpose = I;'c

_6.625x107 x3.0x10®
253.7x107°
- Energy left after dissociation of bond
=(7.83-7.15)x10™"
or Energy converted into KE = 0.68x10™" J
% of energy used in kinetic energy
= 068x 107 00— 5.68%
7.83x107"
Energy given to I, molecule
= he _ 6.626x107 x3.0x10°

=7.83x107" J

=4417x107° J
A 4500x 1071
Also, energy used for breaking up of I, molecule
3
= _280X10°_ _ 3984510 )
6.023x10%

Energy used in imparting kinetic energy to two I atoms
=[4.417-3.984]x107" )

KE/iodine atom = [(4.417—-3.984)/2]x 107"
=0216x10"" J
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13. Energy of one photon = %

-34 8
= 6.625x107* x 30x10" 44210 5
450010

Energy emitted by bulb = 150x% J/sec (watt=1J/s)
nx4.42x10™ = 150x -8
100

(where n is no. of photons)
- n=272x10"
14. The energy of the photon
= hec _ 6.625%10** x3.0x10°
A 5893x 10710
=337x107"J
Now, total energy emitted by Na lamp
=watt X time = 60 x 1= 60 joule per second
3.37%107" Jenergy =1photon
3.37::(10"9 D
ie., no. of photons emitted out in one second.
No. of photons emitted out in 10 hour

=10x3600—9%0 __ =6.40 x 10%
3.37x107"°

Mole of H, present in one litre

joule

60 J energy =

15

RT 0.0821x298
Thus, energy needed to break H—H bonds in 0.0409 mole
OfH2
=0.0409x436=17.83kJ
Also energy needed to excite one H atom from 1st to 2nd
energy level
=13.6 (l——;—) =10.2eV=10.2x1.6x107" J

. Energy needed to excite 0.0409 2x 6.02x 10 atoms of H
=10.2x1.6x107"° x0.0409% 2x 6.02x 103 J

=80.36kJ
Thus, total energy needed = 17.83+ 80.36=98.19 kJ
436x10° .
Energy required to break (H—H) bond = ————=— joule
( ) 6.023x10%
E=hv
_436x10°__ 6 625x107 v
6.023x102

v=10.93x10" sec”! or Hz
16. The energy required to see object=10""" joule
Energy of photon of A(550x 10~ m)= %

-34 8
_ 6.625x10 x_:i.OxlO =3.61x10™"2 joule
550x10
3.61x107"° J = 1 photon

107 27.7photon
361x100 P

1007 J=

Numerical Chemistry

.. No. of photons for generating minimum amount of

energy =28 (an integer value) .

Note: The integer value should be reported in all such cases
where minimum no. of photon is asked because
fraction of a photon is never absorbed. Further more the
number reported shonld be higher one am"l never lower
one because lower integer will not provide minimum

value.
17. 0; 5 Onormat + Okxcited
0; — Onormat *+ ONorma! _
Energy required for simple dissociation of O, into two
normal atoms

z 498x10° -
- 10° Jmol™' = =222 Jmolecule
98 6.023x10%

If one atom in excited state has more energy, i.e., 1.967 eV
=1.967x1.602x107"? J
The energy required for photochemical dissocaition of O,
3
= A%xI0_ 1 967x1.602x 107"
6.023x10%
=82.68x107° +31.51x107%°
=114.19x107% joule
he
E E e—
A

114.19x 1020 = 6:625x107* x3.0x10°
’ x

A =1740.52x 107" m=1740.52 A

18. E of light absorbed in one photon = he
A sbsorbed

Let n, photons are absorbed, therefore,
Total energy absorbed = - .
A sbeorbed
Now, E of light re-emitted out in one photon = =
A emited

Let n, photons are re-emitted then,

Total energy re-emitted out = , x — 1€
A cmited

47
E ssorbed X100 = E ro-cmited oue

he 47 he

Xy X—=
Mavworoed ! 100 nle,ﬁm
By 47 Memia _ 47 | 5080
M 100 A pened 1007 4530

12 _0827
n

As given

19. E o _6.625x107 x3.0x10°
e 300x10~°

6.625x 107> x 3.0x 10 19
=4 J
496x10° sl
oo EW = E| photon *E"
photon re-emitted
* Bl photon =6.625%10™° ~4,0x 10~ n

=2.625x10™" joule

=6.625%x107"°J

EMMMM
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20. Energy needed to change = 248%10° J/ mol
If photon is used for this purpose, then according to Einstein
law one molecule absorbs one photon. Therefore,

N, % =248x10°

A = 6:625x107 % 3.0x10° x 6.023x10%
248x10°
=4.83x10" m

21. Volume of nucleus = %m’ = % n(10%)? cm?

Volume of atom = %n(lo“ ) cm®

Vleau = 10_39 10_1 5

Vaom 1072
Piiuclews =107 x Vatom

22. Kinetic energy of electron = %muz

. _1z
Also, from Bohr’s concept KE = —

Mllz

N=— N

(S

n

2
23. For CGS system u,, = (Ze ]

mr,

e=4.803x10"" esu
m=9.108x102% g
Radius of III orbit =7 xn> =0.529 X107 x 9 cm

1x (4.803x107'%)?
“n =11 9.108x 1072 x 0.529x 10 x9

u, =7.29x107 cmsec™

Now, circumference of III orbit
— 2% 1% 0.529%1078 x9=29.93x107 cm

For electron

-, No. of revolutions/sec

._-_“_"_=_7-_29_>ﬂ_-2,44xm“
2nr 29.93x10°
m2Z%me* o n=2
24. InMKS sys E,=—"——— s on=
ey (4neo )’ n’h?

_2x(3.14)% x(1)* X9.108x 107! x (1.602x107"%)*
ST (111264x 1070 ) x (2)% X (6.625x 107 )?
=5443x107" joule
25. (a) Work obtained inthe neutralization process is given by
a 1 (-)e

a0
W=-| F-da=- ———-—T'dd
I" - 4ngy g
2
s [
= 4ne, - ag

107

This work is to be called as powmul energy. ﬂogvcver
in doing so, one should note that dug energy is simply
lost during the process of attraction in between proton
and electron. As reported in the problem at d?u
condition, the electron simply possesses potential
energy. Thus, )
= =PE=-—£ A1
TE=PE+ KE=PE 7 A1)

Now in order, the electron to be capmredpy the proton
toformagroundmhyd;ogenamnshwldaho

€ (as it is half of the
moﬂo
potential energy given in question). Thus, the total
energy of the electron if it attains the ground state in H
atom,

- L e? + e? __ P

SEERE R 41(£oao moao moao

(b) The wavelength of electron when it is simply at 2
distance a, from the proton can be given as:

attain kinetic energy

At el
mu p
1 2
Also, lm:.z.muz =% (- p=mu)
Thus, A:#
2m(KE)

Since, KE =0 at this situation, thus A = oo
Also when electron is at a distance a, in Bohr’s orbit of

H atom
A=—h __ h
oy [t
2a, -4ne,
A=—R
ezm
4megag
26. E, for H=-13.6eV
Now, il
n2
34= -13.6 & w=
n2
Angular -34
NOW, momen! = .L= 2% 6.626x 10
- 2x 2x3.14

=21%x10"* J-sec!

27. Velocity of electron = 2—,1’3 x velocity of light

= -2—},—5x 3%10'° =1.09x10® cmsec™
2
Since, uy = 2:;
1.09x 108 < 2% 314X (4.803x107%)?

6.625%107 xn
n=20.06x10"' =2 (aninteger value)
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29.

30.

31

32.

33.

Also when electron jumps from (n+1),i.e.,3 to ground state
velan, [1_1]_ 1_1
V=g RH[ 3]-109678[—-3]

=9.75x10* cm™
E, forHe" =E, for Hx 22 = 13.6x4 =54.4 eV
E\ for Li** =E, for Hx 22 = 13.6x9=122.4 eV
E, for Li** = E, forHx 9
E, forHe* =E, forHx 4

E, for Li%* = E, for He* x%: 19.6x 1078 x%

=44.1x107"® J atom™!
Energy associated with a photon of 242 nm
_ 6.625x107 x_39.0x10‘ =821x10™ joule
242x10
1 atom of Na for ionisation requires = 8.21x10™"° J
6.023x10% atoms of Na for ionisation requires
=821x107" x6.023x 102 =49.45x10* J
=494.5 kJ mol ™'
For Lyman series n, =1
For shortest A of Lyman series; energy difference in two
levels showing transition should be maximum, i.e., n; = oo

A=911.7x10"% cm=911.7 A

For longest A of Lyman series; energy difference in two
levels showing transition should be minimum, i.e., n, =2

1 1

—==Ry |=—-=|= lO9678x—

A 1% 22 ]

A =1215.67x1078 cm=1215.67 A

Rydberg constant =109678cm™

=he_pey
E=hv= l. '

= -1

Vincm v =109678cm™

E = 6.626x107>* x3.0x10'° x 109678 J/ atom
E=2.18x10""® J/atom=1Rh
Also, E =N x Rh J/ mole

Spectral lines emitted when electron jumps from n to 1 is

—1)or ZAn
Ela-Dor (n+1)

2
If n=n-1

Then E(n-1)=(n-1)

In=n

(n- l+l) 1”( 1)

Numerical Chemistry

1 _» _l___l_; A= 38
M ﬂ'”“[zz 32] 'SRy Z?
1 _z2p (1_ gt
x;—ZRH[lz 22]’ T

A -A, =1337x107° and Z=2
. u =1.095x10° cm™
35. For H, line of Balmer seriesn; =2,n; =3
For Hp line of Balmer series n; = =2,n, =4
L 3 (1)

R N @)
By Eqgs. (1) and (2)

108
36. The photon capable of removing electron from I Bohr’s
orbit must possess energy
=13.6eV=13.6x1.602x107"° J=21.787x107" J
=he
A
21787101 = 6:625x 10‘;: x3.0x10°
A=91224x10""" m=912.24 A

This is longest A because a photon having A higher than this

will possess energy lesser then required, as E o Tl

hy=ha x[ 8"] 6500x 20 = 48148 &

1 1 1

37. —_—=Ry | ===
2 [ ]
C vy 1 1
==V=Ry-c|—-—
4 [".2 "22]

=109737x3.0x10"°| L __1L
12 32
=2.92x10" gec™

38, - Lo | Lo L
A [ n2

Given Ry =1.1x10; for Lyman series n, =1and n, =4

(given)
Loraxio7| 1oL
12 42

>

; A =0.9696 x 10~7 metre
39. Energy of I orbit of H like atom
=4R) =4x2.18x10™'® joule
E forH=-2.18x107'% J
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Ey e wom = Ey g X2°
—4x218x107" =—2.18x107 x 2*
Z2=2
Le., Atomic no. of H like atom is 2 or it is He*.
(a) For de-excitation of ‘¢’ in He* from n, =2ton, =1

Now E, =—4R,

=3R, =3x2I8x107'¥)
_he
-E =
LY
A= 6.625x10‘“ x3.0x10*
3%2.18x107®
=303.89 A
-3
(®) Radius (5 )of H like mm="*7=w_2&°_
=2.645%10" cm
40. E, of H atom = —13.6eV

: 6.625%x107 x3.0x10%
Energy given to H atom =
# 1028x107'°

=1.933x107'® J=12.07eV
-. Energy of H atom after excitation
=-13.6+12.07=-1.53eV

I=_—L.6~9 o n=3

=303.89%x10"" m

E,
E,=— =~ n
= 2153

Thus, electron in H atom is excited to 3rd shell

i ___he
lmdueedl.—————( )

E, =-13.6eV; E;=-1.53¢V
6.625x10™ x3.0x10°
(~1.53+13.6)x1.602x 10" 19

A=1028A
S | | Mx: =

1 =

__he
(E.—-E)

E, =-136eV; E;=-138ev

6.625x107 x3.0x10*
lz =

(—Li‘§+l3.6)xl.602x10“’
=1216x10"° m=1216 A
: _ hc
Il induced A 3 ————-(E )
136 .y
E =-136eV; E; —-Q‘?ev Ey=-Bfev
6.625%107>* x 3.0x 108
(_1_3_-§+1_3—'§)x1.602x 107"
9 4

=6568x107'° m=6568 A

A-;=

=1028x10"" m

41

42.

109

E, for H=-2.41x10""? erg
E, forH=-5.42x10"7 erg
For a jump from I11 to 11 shell

AE‘E)'E;‘L‘:

A

___he
"’5,-5,

__6.625x107 x3.0x10"
—2.41x107? +542x107"
=6602.9% 107 cm=6603 A
-12
E. = 21710

=g
Il

E, =___21 IX10°° - _5.425%10™2 erg

. Forremoval of electron E; = %- . E, should be given to

remove electron, i.e., +ve.
A = 6:625% 10?7 x3.0x10'"°
5.425%x107"2
=13663.6x107 cm=3663.6 A
So, the longest wavelength is 3663.6 A.

. For visible line spectrum, i.e., Balmer series n, = 2 Also for

minimum energy transition n, = 3

A =6.55x10" metre
E=he _ 6.62x107 x3.0x10°
A 6.55x1077
=3.03x107" joule

if N elections show this transition in 1 g-atom of H then

Energy released = ExN =3.03x107"° x 6.023x 102
=18.25x10* J
=182.5kJ

1x1
Total mole of H; = ————— = 0.
onlmole of Ha = S os - o0
*. Total mole of H atoms = 0.040x 2= 0.08
Energy needed to excite 1 mole H atom fromn = 1to n = 3is:

=R e g 1_1
E-T—hc RH[l_z -3—{ XN‘

Now

E=6.625%x10" x3.0x10® x1.1x 10’ x‘-;xe.ozsxlo”

=11.71x10° J/ mol

Energy required for dissociation of 1 mole H, molecules to
H atoms

=11.71x10° x2.67= 31.25% 10° J/ mol
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45.

46.

47.

Total energy needed
= Excitation energy + Dissociation energy
for 0.08 mole Hatom ~ for 0.04 mole H,

=11.71x10° x 0.08+31.25x 10° x 0.04
=9.37x10* +12.5x 10*
=21.87x10* J

1 g H contains = N atoms

. 1.8 g contains = N x 1.8atoms
=6.023x10% x1.8=10.84 x10? atoms

23
(@ - No. of atoms in III shell = m«s_ﬁgx_n

=292.68 x10*' atoms
2
No. of atoms in II shell = 1084+0(())x15

=162.6 x10*' atoms

2
and No. of atoms in I shell = W

=628.72 x10*' atoms
(b) When all the atoms return to I shell, then
E’ = (E; —E, )x292.68x10*

- (—%-6+13.6)x 1.602x 107! x 292.68x 10!

=5.668x10° joule
E” = (E, - E, )x162.6x10%

= (_%ﬁ l3.6)x 1.602x 107" x162.6x10%

=2.657x10° joule
- E=E’+E”=5.668x10° +2.657x10° joule
=832.50 kJ
22x2.179x1077 2.179x 1077 _g716x10 J
1
32 X2.l729>( 10—lB =-2.179 x lo-l. J
3

.
1
Wehave =Ry Z’ [—L,——ZJ

(a) E, forHe=-

(b) E, for Li** =-

n o m
For 1 line of Balmer series:

o Ry 22
_36 (1)

For 1 line of Lyman series:

1 2[ 1 1]_3 2
=Ry -Z°|=-—-——|==XRy X2
Ay, O [12 2? o

4 , (2)
3Ry -Z

Given, Ap-—Ap=59.3x107 cm

or AL=

48.

49.

Numerical Chemistry
36_____4 ___s93x107
o SRy -Z* 3Ry -Z°
1__[7.2-1.333]=59.3x1077
Ry -Z?
72 = 5.867 _ 5.867
o Ry x59.3x107  109678%19.3x107
z=3
-, H like atom is Li%*.
For Hatom : —1=RH —12———12- (1)
H Ill nz
ForHe'ion: 1 _Ry-22 —’2-—'2J @
He* nom
By Egs. (1) and (2) At L
y Egs. ) e 2
I = _]_. =
or Ayt =Au x-z—z—91 2x22 22.8 nm

m™ line of Lyman series n, = 1,n, = (m+1)

1 _ 11
T [1_2 (m+l)2] )
Similarly m® line of Balmer series, n, = 2,n, = m+2
1 _ 1_ 1
As |27 (me2y
Ap _[(m+1)> ~1)[4x (m+2)?]
Ar o (m+1)? [(m+2) -4)

-(2)

. Given, A, =486.1x10", m=486.1x10"" cm

A;=4102x10", m=4102x10" cm

1 1 1
of ————— =109678| — - —
486.1x1077 [22 n2]
o n= 4
For II case of Balmer series:

1 1 1 1
= =109678| L - L
A2 4102x107 [z’ n;]
o ny =6
Thus, given transition occurs from 6th level to 4th level.

v=l= o [
Also by Eq. (1) v=q 109678[41 62]

A=263%x10" cm
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51

52.

The given series lies in the visible region and thus appears to
be Balmer series.

Therefore, m=2 and n,=? for next line
Furthermore if A =410.29% 10~ cm and n, =2 then n,
may be calculated by

1 1 1

]
2

& nom

—L 100678 1L
41029x1077 2 Al
ny =6

Thus,ncxthnemllbcoaneddtmngd:e]mnpofclecu'on

from 7th to 2nd shell, i.e.,
1 1
—=Ry | — 1 Dot
A “[22 7] 09678[4 49]
A=3972%x10"7 cm
A =3972nm

Total energy liberated during transition of electron from nth
shell to first excited state (i.e., 2nd shell)

=1020+17.0=27.20eV=27.20x1.602x10™2 erg

he 2 1 1
—=Ry XZ hc|——-——
A > [22 nz]

27.20x1.602x1072 = Ry x 22 xhxe| -+ --L | (1)

LZZ n?
Similarly, total enmergy liberated during transition of
electron from nth shell to second excited i.e., 3rd shell)

=425+5.95=1020eV=10.20x1602x10™'? erg

:
10.20%1.602x 1072 = Ry x 2% xhxc lz--lz- 2
[3° n”]

Dividing Eq. (1) by Eq. 2), n=6
On substituting the value of n in Eqs. (1) or(2),
Z=3

E, forH=-13.6eV
Ezforﬂ-—l36——!—i——-—34ev
& E,—E, =-34- (-13.6)=+10.2eV
. Difference in two levels =10.2 eV
Also for transition of H like atom

A=30x10"m
2| 1_ 1
i [1—2-22

[+ Ry =109677cm™ =109677x10* m™)

—109677x10% X Z* [%]

3x1078
Zz=4 - 2‘2

54. For He',

m

For H,

z=2

0 W W N 1 T

P 2l |4 af
—l and ny =2

ss. Let the transmon occurs in between the levels n, and n;.
Thus, if n, > n, , then given
n+ny; =4
ny-m =2
m=1 and n,=3

1_ 2|1 _ 1
I—RH xXZ [F 32]
=109678x 3 x[g] (- Z=3for Li)

A=114x10"° cm

56. (a) AE =Ry lz'l’]
L"l o
For3to2 AEs,, =Ry l-l] (1)
12* 3
_ 1 1
For2to1l AEZ_,] = RH Ll_Z_Z—Z] ...(2)
- 1_1
For3tol AE;_,] _RH ‘_1_2-3_2] (3)
It is evident from Eqs. (1), (2) and (3), that
AE,, =AE;,,+A E,,

(b) Also E = hv; thus, frequencies are also additive.
but E= !'f and thus, wavelengths are not additive.

57. Gi =nh
ven, mur n

"" =4.2178x107
_42178x107 x2x3.14 -4

or
6.625%107
1_ 11
G

The transition spectral line for 4th to 3rd shell is
1. K -
X 109678[32 e

A=18x10" cm
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58. Given, A2 =304x10"7 cm

A, =108.5%1077 cm

Let excited state of He* be n,. It comes from n; to n; and
then n, to 1 to emit two successive photon

L=pyz2| 1l L

A 1? n?
1
1 1 1
————=109678% 4| — - —
30.4x1077 [1’ ]
o n =2
Now forA, :n; =2andn, :?

1

108.5% 10”7 22 p2

=109678x 4| L - L
n,

o np; = 5
Thus, excited state for He is 5th orbit.
59. (@) v 1eV=1.602x10"" erg

Also, AE:%E:;;3 -E; =Ry '”""22[2—11'"3_11]

42.7%1.602x10™'2 = 1096782* [-‘7--'7]
2?2 3
x3x10'° x 6.626x 1072’

o Z:=226 L Z=5
11
®) AE=E4—E3=RH-c-h-Zz[3—2-4—z]
_ 10 =27 ., g2 7
=109678x 3x10'° x 6.626x 10 x 5% x 7=
=26.5x107"? erg
1 2( 1 1
(© X=RH'Z [l—z_j]
1
= =109678x 25
A
A=3.65x10"7 cm
2
_1_2_1 (2nze?) _ 2?2 'm
(d) KE—:—Zmu —zm( - ) 3.3

_ 2x(3.14)* x 57 x (4.803x107'%)* x9.108x 10"
N 12 x (6.625% 10777 )?
=545x107" erg

2nZe*

60. Velocity of electron in He* ion in an orbit (u) =

2,2
Radius of He" ion in an orbit (r, )= —-2—
4nme’Z

Angular frequency or angular velocity @
u _2mZe* xan’me’Z  gnz%met
e R

n nhx n*h?

61.

62.

63

65.

Numerical Chemistry

© n=2, m=9108x102g, Z=2h=6625x10"7
o Bx(@2/ 7)° x(2)? x9.108x 1072 x (4.803x107')*
(2)° x(6.625x107%y?
=2.067 x 10" sec™
Wavelength emitted in U.V. region and thus n, =1; For H
atom

1 7| 1 1
— L _=1.097x10 [—-—]
121.6x107° 1> n?

n=2

Also the energy released is due to collision and all the
kinetic energy is released in form of photon. Thus,

3
1 _ 6.626x107* x3x 10

or  =x1.67x107% xu? =
2 121.6x107°

u=4.43x10* msec™!
According to de Broglie equation A = ﬁ
“ m=100g =100x10"* kg,u =100 msec™'
A= _6625XI07" __ ¢ 65510

100x100x 103
We have A =h
mu
=k
mu= K

6.625x 1073

ey =2.01x 10" kg m sec ™'

i.e.,, Momentum =

. Energy emitted out in form of photon

= he _ 6.625%x107% x3x10"
A 4860x 10~

=4,089%10"'? erg =4.089x 107" J =2.553¢V
The total energy loss of electron for atom = 2.583 eV
Also we have total energy = - Kinetic energy (from Bohr's
equation).

: Kinetic energy of electron in atom changes by

(increases)

=2.583 eV

r, forH=n x n?

B forH=0.529%x 9% 10 cm ("+n =0.529A)

Also, u, =4

n
L]
’_2.19;10 -

u sec

¢ uy =2.19%10" cmsec™')
~ No. of waves in one round
_2_1:1_ 2nn - 2/ X uy Xm
A hlmuy h
= 2X22X0.529% 9% 10" x2.19x 10" x9.108x 10" _ 4
7x3%6.62x 1072
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66. (a) =nh
(a) mur="52
_nh
u_21tmr

= 1% 6.626x10°
2x3.14%9.108x 1072 x 0,529% 10~%
=2.19%10% cm/sec

® A=l
mu
_ 6.626x10"% - -8
9.108x 1078 x 2 19108~ ~-2x 107 em
=3324
(c) Orbital angular momentum of 2p-orbital
=k e

=%J1(l+l) Col=1)

wl X 2=J§x7|(ﬂ=_h_)

2n
67. Kinetic energy = -; mu® =4.55x10°%
ll2 = QLZSXZ
9.108x 10~
u= 103 msec”!
—-34
Now, A=_h __ 6.625x10

mu  9108x107*" x10°

=7.27x10"7 metre
68. Momentum of electron = m’-u

where m’ is mass of electron in motion =

u=c/3
9.108x10% _ 3x10"

3
(4
Jl (3xc)
_9.108x107% x3x10'"°
B 0.94x3

=9.69x107'® g cm sec™

Also,

Momentum =

69. - gt
mu

-34
. Momentum, mu = b MO_T kg msec™' ..(1)
A 5200x10
Also momentum of electron = mu = 9.108x 107! x u ...(2)
Since, both are same, therefore, by Eqgs. (1) and (2)
9.108x 107 xy = $625X10°2
5200x107'°
u=1400 m sec”!
RT _ [ 3x8.314x300
70. um = | |—= 1 E)
M Y9.108x 107" x6.023x10

=11.68 x 10* m/ sec

7.

72.

73.

74.

75.

113

Uy Of He = ‘fﬂ = fw =1367.7 ms™'
m ax10”

~34
Now, A=t =_6625X107" _q39,1p-""
mu 4x107 x1367.7
6.023%10%
For an electron, —;mu2=e.V
ﬂnd =L
mu
1
Thus, zmmzk2 =eV
1 h?
orV=-=
2t

_ 1% (6.62x 107 )2
2x9.108x 107! x (1.54x107'°)? x1.602x 107"

=63.3 volt
Energy of an accelerated electron
=0V =1.602x10""° x4.5=7.209x10"'° J

This energy is completely converted into light.

ie., % =7.209x10™"
6.625x 10'3; x3.0x10° _ 550010719
xl = wave no.=3.63 x 10° metre™
For proton,
u= H; mass of proton = 1.67x 1072’ kg
u=—6625x10™ =7.94x10* metre sec™!

1.67x10727 x 0.005% 10~°

Now accelerating potential is ¥, then velocity (u) acquired by
the charge particle having charge Q and mass m.

QV = —;muz
ue J(ﬁ% J(w
" 1.67x107%7

or 7.94x%10% = J(w
1.67x107%

V =32.85 volt

. B | a7
KE== =iml 8
g ZM[MX]
1
KE==
2

6.626x 1072

V2x9.108x 10°2® x 2.5% 1.602x 102
=7.7%x10"% ¢m
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76. y W I |
mu ,l2eVm
= 6.626x 107
V2x1.6x107° x¥ x9.1x 10~
- _ 6.626x107* _1227x10”°
5.396x107% [p]"/2 172
-10
=1227x1070 1227 4
[v]llz

(reV=1/2mu®)

metre

0.1x107* 1
71. Au=01x107
100

=1x107" cmsec™
Au-Ax=-H_
4mm

6.625x10°%
4%3.14x107" x1x1077
The uncertainty in position as compared to particle size
-10
=_Ax _527x100 459,10 cm
diameter 107
The factor being small and almost being negligible for
microscopic particles.
78. According to Heisenberg's uncertainty principle
Au-Ax=-t
4nm

-k
4ntm- Ax
= 6.625%x107*
4x2_72x9.108x10"‘ x1071?
=5.8x10° msec”
h
79. Au-Ax v
A __ 6.625x107

47""'Ax_4x2—72x0.]5x10"°

Ax= =5.27x10"" cm

Au

Au=

=3.51x10"* msec™

=
80. Ax-dp=-~
Ax=0001A=10"m
-34
_6.625x10"_ _527x10"2 Ns

P 3.14x10D
Now if the given momentum = _i;
__ 6625x107*
2x3.14x0.529x107'°
=2x10"% Ns

The uncertainty in momentum seems to be about

-22

_5_2_7"_'Q_] or 263.5 times as large as the momentum
2x107%

itself is. Because of this reason, the concept of Bohr’s orbit

81.

82.

83.

Numerical Chemistry

has been replaced by probabilities of locating electron
cloud. _ A
Axo -84 = Zm
— -
4nm- Axg

or Au= % i.e., the distance travelled by proton in time 1.
t-h
41t)n‘AIo
_ 6.626x107* x1
4x3.14x1.672x107% x1.0x107"

Au

Ax=

=3.15x10° m
Mass of electron in motion = -9—§—1 amu
2 ~27
=—<_x1.66x10
931! ke
(~ 1lamu =931 MeV)
=35.6x107" kg
0
Also, m, = e

2
-4
[4
0511, 1 66x10°7
or 356x1021 =281

2
l_l __u l
3x 10‘0

u=2.9x10" cm sec™
Radius of the nucleus is of the order of 10™"> cm and thus
uncertainty in position of electron, i.e., (Ax), if it is within
the nucleus will be 107> cm.

Ax-Auz P
4tm

1

Now,

6.626x107%
4%3.14x9.108x10728 x 10713
=5.79x10"? cm/ sec
i.e., order of velocity of electron will be 100 times greater

than the velocity of light which is impossible. Thus,
possibility of electron to exist within the nucleus is zero.

Au=

. Energy of photon = work function +1/ 2mu?

Energy of photon = work function + eV, (1)
where e is electronic charge and ¥, is stopping potential and
eV, is equal to energy required to stop the ejection of
electron.

E _he _ 6.625x107* x3.0x10°
photon = 5= =

A 253.7x10~°
=17.834x107"J
-19
=1.834x10"" v _489ev
1.602x 107"
By Eq. (1) 4.89 = work function + 0.24
Work function =4.65 V
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85. Energy of photon liberated from He* during_emission of
H, line of Lyman series = hc- Ry, Z? [l.._‘]

2 2
= 6.625x10"7 x 3% 10'° x 109678 22 [-43]

=6.54x107" erg

This energy is used in liberating electron from H atom from
ground state, therefore,

6.54x107" = E, ofH+-%mu2

=13.6x1.602x 10"12 +—;muz

%muz =6.54x10™" =2.179x 107"

=4361x10™" erg
u? = 4361107 x2
9.108x 107
& u=3.09x10® cm sec™!
86. Energy of photon
= Kinetic energy of photo electron + Threshold frequency

hvl =KE, +hV0 (1)
and hv, = KEz +hV0 w(2)
Multiplying Eq. (1) by 2 and subtracting Eq. (2) from it
Zhv, —hVZ =hv, (" 2KE, =KE,)
or (2v) —vy)=Vvy
V_E_L=3x10“[2 _ 1]
°T\X,  A2) 1071 L2200 1900
(1A=10""m)
Vo =1.1483 x 10" sec™
e o 3x10° _ _56126x10”" m
Also, Ao = = agax 108
=2612.6 A

87. Energy absorbed = %

_ 6.625x10°7 x3.0x10" _ 55510711 erg
360x10™
=5.52x107"% joule
i i i i f attraction
Now this energy is used in overcoming forces o
between surface of metal and imparting velocity to electron,

therefore,

wsorbed = £ used in attractive forces +
8 Kinetic energy of electron

Kinetic energy = 5.52x 107" —7.52x 107" joule
=47.68x107" joule
88. Binding energy of electron =250kJ mol ™!
250x10°
6.023x 103
=4.15x107")

Binding energy of one electron =

Also, Binding energy = hvo
Where v, is threshold frequency.

118

4.15x 107" = 6.625%10™ x v,
Vo =6x10" sec

89. The frequency of emitted X-rays ix given by

90.

9

92.

93.

J; =a(Z-b)
(according to Mosley's law, whore @ and b are characteristic
constants)

or sta(z—h)

iy (where ¢ {8 veloeity of light)

Thus, for 3o Fe(v Z = 26) . K‘— = a(26~b) ()
|
For oK (' Z=19) "X(“ =a(19-b) w(2)

By Eqs. (1) and (2)

Ay _26-b
A 19-b

AL =1931x 10" em, Ay =3.737x 107 em

[3231x 10 _26-5
1931x10™  19-b

26-b
|.39=m
or 2641-139h=26-b or b=105 ..(3)
By Eqgs. (1) and (3)
30x10°__ 561 05
1.931x 107"
a=5x10"

Now, if A = 2.289x 107" ¢, then

10
"“”‘*‘0 =5%107 (Z-1.08)
2.289%x107%

Z=24 (' Z is integer)

Therefore, atomic no. of element is 24 and so it is

chromium.,

V value represents an orbital. The given value is for
4d » (n=4,1=2,m=0).

Angular nodes = /, spherical node = n- /-1

(@ 1,2 (b) 1,1 (¢) 0,2

a2
=1 1 rl -2

Yo = [—] '[2——]~e <do
232 Lao ag

Forradial node atr=p, y 55 = QL This is possible only when
[2-—"’—] =0 or 2=00
ap ay

Formula of nitrate jon = NOj
No. of electron in NO, = Electrons in N + 3 x
Electrons in O + |

(due to negative charge)
=T7+3x8+1=32

n =2ay

. Electronic configuration of neutral atom:

152 272p% 3?3p3al 442
K' L M "N
(8) At no. = Total no. of electron in neutral atom = 21
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97.
(a)
(®)
()
)
()
®
®
(b)
@
0]

98.

(®)
(c)
@)
(e)

Total no. of s electrons =8
Total no. of p electrons =12
Total no. of d electrons =1

Valency of element +2 and +3 (due to no. of electrons
in outer shell and penultimate d sub-shell)

() No. of unpaired ‘e’ =1(of 3d)
Total no. of molecules of CO, =12
(1) C20'0'¢
() C20"Q"
(3) C20'0'
(4) C20'Q"
(5) C20'0™
(6) C'*0"70" Molar mass =47 g mol ™
Similarly six molecules with C'* isotope.
pe
I isotope of O II isotope of O
15.9936 17.0036
.. Mass no. are 16 17 (Integer values)
.~ No.of neutrons =16-8=8 =17-8=9
and No. of electrons =8 =8
Mass No. — At. No. = No. of neutrons
Electronic configuration No. of unpaired (e)
sMn™ i1s?,2572p% 3s23p5 343
2 Cr? 5% 2522p% 3s23p534°
sFe™  :1s?,2522p% 3s23p53d°
zaNi‘z :lsz,?.s‘22p6,3523p63ds
nC™ :1s%,25%2p%, 3s73p°
0Zn"? :]sz,ZszZp6,3sz3p63dl°
wFe?  :15%,2522p°,3s73p%3d°
1 Na 1152, 2522p8, 3¢
pMg  :15%,2572p% 36
2#Cr? :1%,25%2p%, 3573p%3d? %
Note : In case of writing electronic configuration of cation,
first write configuration of neutral atom and then take
out desired electrons from outermost shell, e.g.,
2sMn :u’.2s22p°.3s’3p:34:.4s2
2, 6
Mt 15, 25%2p5,35°3p%3d°, 4¢'
Count unpaired electrons in each. ;

Total spin = No. of unpaired electron x (1 5)

Molar mass =44 g mol !
Molar mass =46 g mol ™!
Molar mass =48 g mol !
Molar mass =45 g mol !
Molar mass =46 g mol !

Atomic masses are

© = H O O N WV A W

(a) Total spin in Is? =0x(:t%)=o

(b) Total spin in 1s?, 257 2p° =0x(t%)=o
(c) Total spin in Is?, 257 2p° =lx(t%)=1%
(d) Total spin in Is?,2522p> =3 x(t%)-i%
(¢) Total spin in Is*, 25 2p®, 3s?3p 3d°, 452

Numerical Chemistry

l = é

99. No. of unpaired electrons are given by

100.

101.

102.

103.

104.

Magnetic moment = ,/[n(n +2)]
where # is no. of unpaired electrons
or 1.73=[n(n+2)]or1.73x1.73=n? +2n

Now vanadium atom must have one unpaired electron and
thus its configuration is l
2V 15?257 2p8, 352 3p%3d
Angular momentum in an orbital = %,/[(H 1)x1]
(a) = 0for 4s orbital
Angular momentum = 0
(b) /= 1for3p orbital \
. Angular momentum = ——
e Ta
Angular momentum in an orbit = -;—1’%
n = 4 for 4th orbit
*.  Angular momentum = %

sn=1

©

(@ v n=2andl/=1 S 2p
Alsom=-1 <. 2p or2p,

() 4d,

() 3pyor3p,

d) 4s

(e) 3dx3_y; or 34,‘,

(a) 2s i n=2 =0 m=0

(b) 2p, P n=2 =1 m=0

(c) 4dx,_,; : n=4 1=2 =-2or+2

(d) 4d, : n=4 =2 m=0

Find (n+1) for each set

(1) Lower is the value of (n+1), lower is energy level.

(2) If (n+1)are same then orbital with lower values of n
possess lower energy.

Decreasing order of energy 3 >1>2 >4,
18Ar: 157, 222p8 35236
Quantum numbers for 3p° electrons

1=1 1 1

n=3

m=-lor+1 s=+5m—E
n=3 I=1 m=0 s=+%or-%
n=3 I=1 m=+lor-1 s=+—;or——;
n=3 I=1  m=-lor+l s=—-;or+—;
n=3 I=1 m=0 s=——;or+—;
n=3 I=1  m=+lor-1| x=-%or+—;
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108.

106.

107.

108.

Let oxide of nitrogen be N,0,
Molar mass of N0, = 46x2=92g mol~
2x14+16(a)=92
a=4
Oxide is N, O,
92 g N,04 = Imole of N,O, = N molecules of N,04

1 molecule of N, O, has 46 electrons
' N'molecules of N,O,4 have 46x N electrons
where N is Avogadro’s number.
(a) 16 g CH,4 has N molecules

1.6 g CH,4 has i]% molecules

Now 1 molecule of CH, has (6+4)e=10e
N /10molecules of CH4 have =N electrons

(b) No. of electrons in 1 molecule of CO, = 6+ 16=22
(c) No. of electrons in 1 molecule of N, = 7+7=14
4Be7 +. 80 b 4 3Li7
At. No.=3; Mass No. =7
Mg @ 1s?,25%2p8, 357

17Cl e 1s2,2522p5, 35%3p°

2V 1s2,25%2p% 3523p%3d°  45?
To locate periods: The no. of outermost shell suggest the
period of element. Therefore, Mg in III period, Cl in III
period, V in IV period.
To locate groups: First locate block and then group as
given below:
(a) s-Block: (1) The configuration ns' or ns® followed
with (n— l)s'2 p‘5 represents s-block.
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(2) Ins-block ns' represents for I gp.
ns? represents for II gp.
Therefore, Mg is s-block element of II group. ]
(b) p-Block: (1) The configuration ns?np' ©°6 represent

p-block.
(2) In p-block no. of (ns+ np)electrons represent group.
ns*np' =1llgp. ns? np4 = Vigp.
ns*np? =1Vgp. ns’ np® =Vllgp.
ns’np® =Vgp. ns® np® = zero gp.
Therefore, Cl is p-block element of VII group.
(c) d-Block: (1) The configuration ns' or ns? followed
with (n—1)s> p® d'~' represents d-block.
(2) In d-block = [No. of ‘e’ in outer shell penultimate
+ No. of ‘e’ in penultimate shell]
—8 = A = group number

A=3 III group
A=4 IV group
A=5 V group
A=6 VI group
A=17 VII group
A=8

A=9 VIII group
A=10

A=11 I group
A=12 IT group

~ 13V is d-block element of V group.
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Mtomi: sl SR

10.
11.
12.
13.

14.

15.

16.

17.
18.
19.
20.

21.

22.

23.

The ratio of speeds of electron in I orbit of H-atom to IV
orbit of He*-ion is.....

The transition of electron occurs in H-atom from 6th to
3rd orbit. The no. of spectral lines given are .....

. The no. of waves made by an electron during its

revolution in 5th orbit is.....
Energy of an electron in an orbit of H-atom is — RTH .The

no. of degenerate orbitals in this orbit are .....

The number of revolutions/sec made by an electron in II
orbit is 8 times of the number of revolution/sec made by
electron in nth orbit. The value of n is .....

. A transition of electron from an higher orbit to 2nd orbit

produces 10 spectral lines. The higher orbit no. is .....

. A transition for H atom from II to I orbit has same

wavelength as from nth orbit to 2nd orbit for He* ion.
The value of ‘n’ is .....

. Suppose 31 x10™'® Jenergy is needed by the interior of

the human eye to see an object. How many photon of
light of A =400 nm will be needed to see the object?
(h=6.6x107* Js)

. Humphry series is obtained when electron in H-atom

jumps from a higher orbit to  orbit. The value of nis .....
The total values of m for each orbital in M shell are .....
No. of elliptical orbitals in 5th shell are .....

No. of nodal planes in 3d orbitals are .....

The magnetic moment of 4 Nb is found to be 5.916.
Total no. of unpaired electron are .....

An absorption of 12.088 eV energy by an electron in
ground state of H-atom brings in the excitation of
electron to which orbit?

Total no. of degenerate orbital in Yy, o orbital of
H-atom.

The ratio of the time required for an electron taking one
round of 2nd orbit of H-atom and He * ion respectively.
Total number of nodes in 3rd shell is ......

Number of unpaired electrons in 3 jonis ......

Total spin of electrons in Cr atom is ......

Number of lobes in d_, orbital 1 -

Possible number of molecules of H,0 using | H and all
isotopes of oxygen.

If radius of I orbit of H-atom is 0.5x10™ c¢m, the de
Broglie wavelength of electron in I orbit is a 7t A. The
closest value of ¢ is.....

The energy required to stop the ejection of electrons
from a metal plate in photoelectric effect is 0.89 eV.
The radiations of 253.7 nm strike the metal plate to

24,

25.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

The wavelength ratio of two radiations is 1 : 5, The ratio
of their energy is.....

The ratio of velocity of electrons in 1st orbit and 3rd
orbit is.....

The wavelength of certain line in Balmer series is observed to
be 4341A. To what value of n, does this comresponds ?
Number of unpaired electrons in 2Ni*” ion is.....

An ol drop has 1.1214x10™'"* coulomb charge. Number
of electrons associated with this oil drop is .....
Number of orbitals not having spherical shape in 3rd
shell is .....

n, values for II line of Humphry series corresponds

The lowest value of n which allows g-orbitals to exist
180

Values of magnetic quantum numbers in an outer shell
of an element are nine. What is the outermost shell of
element ?

Which energy level in He" has same energy level as the
4th energy level of H ?

N and Ne both have same number of electrons having
their spin in one direction. The maximum number of
electrons having same spin orientation is.....

How many elements possess same number of
s-electrons as p-electrons?

1078 J of energy is needed to carry out the reaction.
How many photons of light of 450 nm are needed to
generate this energy.

Cr™ has magnetic moment equal to 5.916 BM. The
value of nis ......

z’B .
E, = —n—2 where Z is the atomic number of species

and B =2.179x107'%J. If energy level of Li>" ion in a
particular shell is -2.179x107'*J, the principal
quantum number of shell is ......

The value of angular quantum number from which
electron drops to emit I line of Lyman series.

The velocity of electron in a certain Bohr's orbit of H
atom bears the ratio 1 : 275 to the velocity of light. The

number of waves made by electron during one complete
revolution round this orbit is
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43.

44.

45.

46.
47.

48.

49.
50.

51.

The binding energy of electrons in a metal is 2.5 x10°
kJ mol™ and threshold frequency of metal is
6x10"sec™!. The value of a i ......

Total number of molecules of CO, formed by using C-12
isotope and O-16, O-17 and O-18 isotopes are ......
Angular momentum in an orbit is 37. The value of nis

The quantum number 6 corresponding to the excited
state of He™ ion if on deexcitation to the ground state
that ion emits photons in succession with two
wavelengths only. The quantum number of the shell in
which the electron comes first before occupying ground
state is ......

How many orbitals of He*
level in2™ shell?

The ratio of e/m for H* and He* is ......

H atom is in an excited state. It is subjected to radiation
to excite further in next excited state. If photon of

energy 1.89eV is required to do show, the finally
excited state of H atom isin ...... orbit.

The total values of magnetic quantum number of an
electron when the value of n=2is

ion possess same energy

52.

53.

54.

55.

57.
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How many sets of four quantum numbers are possible
for electrons present in He*”
Number of electrons in the nucleus of an element of
atomic number 14 is ......

If two electrons in an atom round the nucleus one each
in circular orbit of R and 4R. The time taken for one
complete revolution in 4R shellis ...... times of R shell.
The maximum number of electrons that can have
principal quantum no., n = 3 and spin quantum no.

(IIT 2011)

. The work function (¢) of some metals is listed below.

The number of metals which will show photoelectric
effect when light of 300 nm wavelength falls on the
metal is : (IIT 2011)
Metal Li Na K Mg Cu Ag Fe Pt W

o(ev) 2423 22 3.7 48 43 4.7 63 475

The atomic masses of He and Ne are 4 and 20 a.m.u.,
respectively. The value of the de Broglie wavelength of
He gas at —73°C is“M ™ times that of the de Broglie
wavelength of Ne at 727°C. M is :

[JEE (Advanced) 12013]

I v S

L. Two 2. Six 3. Five . Four 5. Four 6. Six

13. Five 14. Three 15. Five 16 Four 17. Two 18. Two
25, Three 26. Five 27. Two 28. Seven 29. Eight 30. Eight
37. Two  38. Three 39. One 40. Threc 41. One  42. Two
49. Two 50, Three 51. Four 52. Four 53. Zero 54. Eight

7. Four
19. Three
31. Two
43. Two
§5. Nine

8. Seven 9. Six . Nine 11. Four 12. Two
20. Two 21. Three 22. One  23. Four 24. Five
32. Five 33, Three 34. Eight 35. Five  36. Three
44. Six 45, Three 46. Two 47. Two  48. Four
56. Four 57. Five



- A Bohr orbit of H-atom having energy =—%h has

degenerate levels :
@ 2 ®) 4
© s )9

!fspeed of an electron of mass ‘m’ in an orbit represents
its wavelength, then its wavelength is given by :

(@ % (®) ‘E
h _h_
© \/; (@ \[2:

Out of which A values are definitely observed during
emission or absorption spectrum of H-atom?

(a) Lyman (b) Balmer
(c) Paschen (d) All of these

. The wavelength of m™ line Balmer series for an orbital

is 4103 A. The value of m represents:
@) 2 (b) 4
(c) 6 (d) R

. Spin angular momentum of electron is given by :

V3 h JE h
@ Tz ®Viw
3h 4h
(c) E (d) 3

Which of the following does not contain same number
of electrons in its outer shell as Pd has in its outer shell?
@ Ag* (b) Cd*

(c) Cu® (d) Cu*

Which of the following transitions are allowed in the
normal electronic spectrum of H-atom?

(a) 4pto3p (b) 4dto 3s

(c) 4pto3d (d) 3sto2s

The wavelength of an electron accelerated by a potential
difference of 500 V is:

(@) 55%x10"" ' m (b) 3.89x107""' m

(c) 55%x10™" m (d) 3.89x10" m
Completely filled or half filled set of d-orbitals is
assumed to be spherically symmetrical. Which of the
following has spherical symmetry?

(a) Pd™ (b) 0*

(c) Cr (d) Ni

In absence of Pauli principle, the configuration of ;Li
would have been:

18 2s 2p 18 2s 2p
@®O® eo®O [T1]
1s 2s 2p

© @ ©®O® T[]

: OBJECTIVE PROBLEMS (One Answer Correct) :

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chemistry

1k
ik

A 3p-orbital has:

(a) two spherical nodes

(b) two non-spherical nodes

(c) one spherical and one non-spherical node
(d) one spherical and two non-spherical node

Which has maximum number of unpaired electron?
(a) Mg* ®) Ti**

(c) V¥ (d) Fe?*

For a d-electron, the orbital angular momentum is:
@ V6 n ®) V21

() h d) 2h

The first use of quantum theory to explain the structure

of atom was by:

(a) Heisenberg' (b) Bohr

(c) Planck (d) Einstein

The energy of an electron in the first orbit of H-atom is

13.6eV. The possible value of excited state for electron

in Bohr orbit of H-atom is :

(a) -34eV (b) 4.2eV

(c) —6.8eV (d) +6.8 eV

The electrons, identified by quantum number n and /,

() n=4,1=1; (ii) n=4,1=0; (i) n=3,1=2;

(iv) n=3,1=1 can be placed into order of increasing

energy, from the lowest to highest, as:

(@) (iv)<(i)<(ii) <) (b) (ii) < (iv)< (i) < (iii)

(©) ()<(i<(i)<(v) (d) ()< ()< (iv) < (ii)

Select the correct statement:

(@) The electron density in the XY plane of 3d 2
orbital is zero. \

(b) The energy of 3d-orbitals is less than 4s-orbital.

(c) The 3d-orbitals are far away from nucleus than
4s-orbital.

(d) Wave function of atomic orbital represents an
orbital,

Select the correct statement:

(a) Electromagnetic waves with minimum wavelength
is radiowave

(b) X-rays are deflected in electric and magnetic field

(¢) E =hv represents dual nature of electron

(d) No. of nodal planes in 3p sub-shell is one

The radius of first Bohr's orbit in H-atoms is n. The

corresponding wavelength of an electron in 2nd orbit is:
(a) 6mr (b) 4nn
(c) 2mn (d) 3nn
The ratio of angular momentum of electron in two

successive orbit is a (a >1) and their difference is b.
Then a / bis equal to :

(@ (b) "'—’;'
© 2 b (d) 2+l 2n

n 2n n h
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21.

22,

23.

24.

25.

26.

27.

28.

29,

The de Broglie wavelength of a particle of mass m and

temperature T K is given by :

@) h h
N2mkT 3mkT

(©) =2 @
JamkT mkT

A proton (p) a deutron (D) and an oi-particle (o) possess
same kinetic energy. The order of de Broglie
wavelengths is :

@ A, > Ay > 1) ®) Ap> A >4,

© Ap>Ap>Aq D Ae>Ap> A,
Number of waves in a Bohr orbit of H-atom is 3. Its
potential energy would be
(a) -34eV (b) -3.02 ev

(c) -1.51 eV (d) —13.6 eV

If a, be the radius of first Bohr orbit of H-atom, the de

Broglie wavelength of an electron moving in the III
Bohr orbit is :

(a) 6ma, (b) 2ma,

(c) 4na, (d) maq

An electron during its transition shows a decrease in its
kinetic energy by 1/4 value. The potential energy
change during this transition will be :

1 3
(B)EKE (b)ZKE
@ SKE

The momentum of a photon is p, the energy associated
with photon is given by :

@ £

©) SKE

E

(b) =
E
: d) [=
() p-E @ J:
The ratio of momentum of a proton and an a-particle

which are accelerated from rest by a potential difference
of 200 V. m, and mg are masses of proton and

o-particles :
2m, mp
(a) e (b) \,_—2%
2m
mp d) o
© 2my ¢ mp

A source of light having wavelength A ejects photo
electron with maximum kinetic energy | eY. On
irradiating same metal with wavlength A /3, the ejected
photoelectron possess kinetic energy of 4eV. The work
function of metal is :

(a) 2eV (b) 1eV

(c) 3eV (d) 0.5eV '
Nodal plane of 3 p, orbital lies along the plane :
(a) xy (b) yz

(c) zx (d) either of these

30.

31

32.

33.

34,

35.

36.

37.

38.
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The frequency of revolution of electron II excited state
He* and I excited state of H-atom :

27 32

(a) ) ®) 55
4

© 3 @3
When photon of energy 4.25 eV strikes the surface, the
ejected electron has maximum kinetic energy T,
expressed in eV and de Broglie wavelength A ,. The
maximum kinetic energy of photoelectrons lilberated by
another metal B by photons of 4.70 eV is Ty
(Ts =T, —1.5eV). If de Broglie wavelength of the

electron is A g (A3 =2A 4 ), then which is not correct?
(a) work function of 4 is 2.25 eV

(b) Tz =05 eV
(c) work function of B is 1.20 eV
d) T, =20 eV

The photoelectric work function for a metal surface is
4.125 eV. The cut of wavelength for this surface is :
(a) 3011 A (b) 2062.5 A

(c) 4125A (d) 6000 A

A black body has maximum wavelength A ,, at 2000 K.
Its corresponding wavelength at 3000 K will be :

3\ 22
@ 3 OF:
16A 81A
@) Sk @ &1

If particles are moving with same velocity, then which
has maximum de-Broglie wavelength?

(a) Proton (b) o-particle

(c) Neutron (d) B-particle

A metal surface on capable of showing photoelectric
effect does not show this phenomenon on exposure to
U.V. rays. The effect can be observed in exposure of
surface to :

(a) IR rays (b) X-rays

(c) Radio wave (d) Micro wave

An electron is moving round the nucleus of a hydrogen
atom in a circular orbit of radius #. The coulombic force

F between the two is : | K = 1

4@0
2 2
(@) % (b) -ﬁ
=
ez - ez
(© 3 O

In which of the following systems will the radius of the
first orbit is minimum?

(a) Doubly ionised lithium

(b) Singly ionised helium

(c) Deuterum atom

(d) Hydrogen atom

The mass number of nucleus is :

(a) always less than its atomic no.
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39.

40.

41.

42.

43.

45.

(b) always greater than its atomic no.

(c) some time equal to its atomic no.

(d) some times less than its atomic no.

According to Einstein photoelectric effect equation, the
graph between the kinetic energy of photoelectron

gjected and the frequency (v) of incidented radiations
is:

@ Ke ‘: () xs/
\
(c) KE i (d KE i

In India electricity is supplied for domestic use at 220V.
Itis supplied in USA at 110V. If the resistance of a 60W
bulb for use in India is R, , the resistance of 60W bulb in
USA will be :

() 2R

(@ R
R R
() '3 (d) 2

Ionisation potential of hydrogen atom is 13.6 eV. If
ground state of H-atom is excited by monochromatic
radiations of 12.1 eV, then number of spectral lines
emitted by H-atom on deexcitation will be :

(@ 1 (b) 2

(c) 3 @) 4

The momentum of a photon of energy 1MeV in kg-m/s
will be :

(a) 5x1072 (b) 0.33x10°

(c) 7x107% (d) 1072

When photons of energy v fall on an aluminium plate
(of work function W), photoelectrons of maximum
kinetic energy ‘K’ are ejected. If the frequency of
radiation is doubled, the maximum kinetic energy of the
ejected photoelectrons will be :

(a) K+hv (b) K +Wy

(c) 2K d) K

The angular momentum of an electron in a H-atom is
proportional to (if 7 is radius of orbit) :

L b) 1
(a) T (b) s
© Jr @ r*

The work function of a photosensitive surface of a metal
is 6.2 eV. The wavelength of incident radiation for
which stopping potential is 5eV lies in the :

(a) IR region (b) X-ray region

(c) U.V.region (d) visible region

46.

47.

48.

49.

50.

51.

52.

53.

54.

55

56

Numerical Chemistry

Monochromatic light of wavelength 667 mm is
produced by helium-neon laser. The power emitted is
9mW. The average number of photons/sec. hitting the
target exposed to this beam is :

(a) 9x10" (b) 3x10'

(c) 9x10" (@) 3x10”

The potential difference that must be applied to stop the
fastest photoelectrons emitted by a mck;l surface,
having work function 5.01 eV, when U.V. light of 200
nm falls in it, must be :

(a) 24¢eV (b) -12V

(c) —24V d) 1.2V

The work functions for metals 4, B and C respectively
are 1.92 eV, 2.00 eV and 5.0 eV. Which of them will
emit photo electrons if exposed to radiations of
wavelength 4100 A.

(a) A4only (b) A and B only

(c) All of these (d) None of these

An electron in the ground state of hydrogen has an
angular momentum L, and electron in the first orbit of
Li%** has angular momentum L,, then

(a) Ll =L2 (b) L| =3L2

(c) 3L, =L, (d) L, =6L,

If magnetic quantum number of a given electron in an
atom is -3, then what will be its minimum principal
quantum no.?

(a) 2 (b) 3

(c) 4 @) 5

Out of a photon and electron, the equation E=p-c
(where pis momentum and cis velocity of light) is valid
for: :

(a) photon only (b) electron only

(c) both (a) and (b) (d) none of these

The total number of electrons in one molecule of! CO, is

(a) 22 (b) 44

(c) 66 (d) 88

The number of neutrons in dipositive zinc ion, with
mass number 70 is :

(a) 34 (b) 36

(c) 38 (d) 40

Rutherford's experiment on scattering of a-particles
showed for the first time that the atom has ;

(a) electrons (b) protons

(c) nucleus (d) neutrons

The number of unpaired electrons in Ni* are :

(a) 0 (b) 2

(c) 4 (d) 8

Any p-orbital can accommodate upto :

(a) four clectrons

(b) six electrons

(¢) two clectrons with parallel spins

(d) two electrons with opposite spins
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57.

58.

59.

60.

61.

62.

63.

65.

67.

The principal quantum number of an atom is related to
the :

(a) size of the orbital

(b) spin angular momentum

(c) orientation of the orbital in space
(d) orbital angular momentum

Rutherford’s scattering experiment is related to the size
of the:

(a) nucleus (b) atom

(c) electron (d) neutron

The increasing order (lowest first) for the values of e/m
(charge/mass) for electron (e), proton (p), neutron (n)
and alpha particle (0t) is :

(@) ¢ pno (®) n, pea
() n, po,e @) n,0, pe
Correct set of four quantum numbers for the valence

(outermost) electron of rubidium (Z=37)is :

(a) 5,0,0,+1/2 (b) 5,1,0,+1/2

() 5,1,1,+1/2 (d) 6,0,0,+1/2

Which electronic level would allow the hydrogen atom

to absorb a photon but not to emit a photon?

(a) 3s () 2p

(c) 2s @) 1s

Bohr’s model can explain :

(a) the spectrum of hydrogen atom only

(b) spectrum of an atom or ion containing one electron
only

(c) the spectrum of hydrogen molecule

(d) the solar spectrum

The radius of an atomic nucleus is of the order of :
@) 10%m (b) 10™%cm
(c) 107%cm (d) 107%cm

Electromagnetic radiation with maximum wavelength
is :
(a) ultra violet (b) radio wave
(c) X-ray (d) infra-red )
Rutherford’s alpha particle scattering experiment
eventually led to the conclusion that :
(a) mass and energy are related
(b) electrons occupy space around the nucleus
(c) neutrons are buried deep in the nucleus
(d) the point of impact with matter can be precisely

determined
Which one of the following sets of quantum numbers
represents an impossible arrangement?

n | m s n | m s

@3 2 =2 12 (b4 0 0 12
©3 2 -3 12 @5 3 0 -2
The ratio of the energy of a photon of 2000 A
wavelength radiation to that of 4000A radiation is :
(a) 1/4 (b) 4
(c) 112 d) 2

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

123

The sum of the numbers of neutron and proton in the

isotope of hydrogeniis :
(@) 6 OE
(c) 4 @3

The triad of nuclei that are isotones is :

(® '$C N, GF ®) 3¢, N, BF

© '$G 1N, GF @ '4G N, 5F

The wavelength of a spectral line for an electronic

transition is inversely related to : ) -

(a) the number of electrons undergoing the transition

(b) the nuclear charge of the atom

(c) the difference in the energy of the energy levels
involved in the transition )

(d) the velocity of the electron undergoing the
transition o
The orbital diagram in which the aufbau principle is

violated :

2s 2p 2s 2p
@@MOIO] o

2s 2p 2s 2p
© )

The correct ground state electronic configuration of
chromium atom is :

(a) [Ar]3d°4s° (b) [Ar]3d*4s?
(c) [Ar]3d®4s° (d) [Ar]4d>4s'

The correct set of quantum numbers for the unpaired
electron of chlorine atom is :

n I m n | m
(a) 2 1 0 ®) 2 1 -lor+l
(c) 3 1 -lor+l (d) 3 0 0

If the speed of electron in the Bohr’s first orbit of
H-atom is X, the speed of the electron in the third orbit
is:

(a) X9 (b) X3

(c) 3X (d) 9x

Which of the following does not characterise X-rays?
(a) The radiation can ionise gases

(b) It causes ZnS to fluorescence

(c) Deflected by electric and magnetic fields

(d) Have wavelengths shorter than ultraviolet rays
Which of the following relates to photons both as wave
motion and as a stream of particles?

(a) Interference () E =mc?

(c) Diffraction (d) E=hv

The orbital angular momentum of an electron in 2s
orbital is :

(a) +%% (b) zero
h h
(6} 5= (d) Ji-ﬁ
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85.

The wave no. ford:cshormwavelmgthtnnsitionin
tthahnerserisofalomichydmgenis:

(a) 27420cm™! (b) 28420cm ™!

(c) 29420cm™ (d) 12186cm™

The electron in He* ion is excited to next higher state.
jl'hemﬁoofarenofshellofcxcitedsmelogmmdm
is:

@@ 9

() 4
(c) 16 d 12
Fmanelecuun,a—panicleandpmwntohavesamedc

Broglie wavelength, their kinetic energy should be in
the order :

(a) E, >E, >E, (b) E,>E,>E,

(©) E, >E, >E, d) E, =E, =E,
Dmingd:euansitionofelectmninﬂ-mﬁomany
lower to higher orbit, the angular momentum cannot be

changed by :

@ # ® 2

(c) 2a d) 3%
The electronic configuration of an element is
1s?,2572p%, 35?3 p®3d°, 4s'. This represents its:

(IIT 2000)
(b) ground state
(d) anionic form

(a) excited state
(c) cationic form

Number of nodal plane in p, -orbital is: (IIT 2000)
@1 ®) 2
(c) 3 (d) 0

The wavelength of a golf ball weighing 200 g and
moving with a speed of 5m / h is of the order:

(IIT 2001)
() 10"°m (b) mj:m
() 107*m (@ 10¥m _
If I is the intensity of absorbed light and C is the
concentration of AB for the photochemical process
AB +hv —> AB" . The rate of formation of AB" is

directly proportional to: (IIT 2001)
@ C 0¥

© I? @ c1

Rutherford’s experiment, which established the nuclear
model of the atom, used a beam of : (IIT 2002)

(a) P-particles, which impinged on a metal foil and got
absorbed

(b) 7y-rays, which impinged on a metal foil and ejected
electrons

(c) helium atoms, which impinged on a metal foil and
got scattered

91.

92,

Numerical Chemistry
(d) helium nuclei, which impinged on 2 metal foil ang
got scattered
If the nitrogen atom and electronic configuration 157
would have energy lower than that of the normal growund
state configuration 1s°25”2p’, because the electrons
would be closer 1o the nucleus. Yet Is” is not observed
because it violates: (IIT 2002)
(a) Heisenberg’s uncertainty principle
(b) Hund’s rule
(c) Pauli exclusion principle
(d) Bohr postulate of stationary orbits
The quantum numbers +1/2 and —1/ 2 for the electron
spin represent: (IIT 2001)
(a) rotation of the electron i clockwise and
anticlockwise direction respectively
(b) rotation of the electron in anticlockwise and
clockwise direction respectively
(c) magnetic moment of the electron pointing up and
down respectively
(d) two quantum mechanical states which have no
classical analogue
The radius of which of the following orbit is same as
that of the first Bohr’s orbit of hydrogen atom?

(TIT 2004)
(a) He*(n=2) ®) Li* (n=2)
(©) Li*(n=3) (d) Be* (n=2)
Thenmnbefofmdialnodesof}sande-m'bimlsm
respectively: (IIT 2005)
(@ 2,0 () 0.2
(c) 1,2 @ 2.1

The kinetic energy of an electron in the second Bohr
orbit of a hydrogen atom is : (@, is Bohr radius)

) (IIT 2012)
h* A
@) —— b)) ————
4R "mag 16% “mag
© =2 @t
327 "mag 64% “mag;
Energy of an electron is given by

£=-2.17sx10“81(z—:]. Wavelength  of  light
3

required to excite an electron in an hydrogen atom from
level n=1to n=2 will be :

(h=6.62x10"Jsand c=3.0x10%ms ')

[JEE (Main) 2013]
(®) 850010 m
(d) 2.816x10 ' m

(a) 6.500x10 " m
(©) 1.214x10 " m
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s

1

v

10.

11.

12

13.

14,

15.

16.

@ E

©)
@
®)

(@

(c)
©

(@)

- (c)

©
(©
d F

(®)

()
(a)

=-R_ n_3'l'hus.degenuateotbm]sof3“’
n?
energy level are 3s, 3p‘,3p, 3p., 32 2.3y,
.;,34 and3d
A=u then A= or A= (
mu

Electrons in atom lie in ground state.

l-‘orBalmcrsen'ml=RH l,—l, .
A n} nl
— 1 ___109678| L1 __
4103x10°* 2 (m+2)
m=4
line represents 4™ line of Balmer series.
Spin angular momentum =

Tlms,m"h
-—2"; mg(mg +1)
_h 11 ) _3h
“x (“ ® V4 ax
Pd has 18 electrons in 4® shenwnemsc.r*mn
electrons.
Spectrum is observed only when A/=%1 and
Am=0,+1

h

2 2eV

12
o =eV,
and —mu” =¢

A= h

___h
x 2eV ,/2meV
m

= 6.626x10°>
J2x9.108x107" x1.602x10™*° x 500
=55x10" m
Cr has 3d° configuration. ) .
In absence of Pauli principle configuration of Li would
have been Is°.
Spherical node =n—1- 1=3-1-1=1
Non-spherical node =/=1
Fe?* has four unpaired electron (Is*, 2s*2p° .3%3p¢

34")
Angularmomcnnunm3d—orbml
L Ji(+ )-—— 2(2+D)
=‘/;"£=J&("=E)

Bohr made use of Planck’s quantum of theory to
propose his model for atom.
E, =.€j‘__:.|lé=-14ev

n° 2?
Higher is the value of (n+ 1), more is the energy level
of orbital. If (n+/) is same, lower value of n decides

lower energy level.

17. (@
18. (0

19. (®

20. (@

21. (b)

22, (¢
23, (b)

24, (@

25. (@

26. (b)

27. (b

Wave function  represents an orbital.
E = hv represents dual nature,
A=, xxnixa >,
n n
For H-atom if n = 2; A = 2% X 2=4xn
Angular momentum in two successive orbilnlsue-"f-

2x
and (n+ 1)L
2x
A+l g =t
e and o
a_ntl2x
b n k |
h h A 3o 2
AsS—=————= > kT =—mu
ma T JamiT 2 2
m
h 1
l: le:_—
3mkT m
PE=-2xEna =—al = - 2X136_ _302¢v
n- 3*
A=_h __h
muy M‘u—l
3
k3 ik
mu;  h/2Raq (Also mur )
=6xa¢,
K.E:-E.‘—

Let kinetic energy be initially £, then P.E. = -2E
New kinetic:c:netgnvillbel:‘—%:g

Changﬂnpotennalenagy: —%
(change is always + ve)
_E
T2
E=mc?
E=mc-c
C=£:£
mc p
QV:%,,.,I
(Qis charge, Fis accelerating potential)
e Y
m
For proton
0V
uy = m—: my, u, = ,,@l .m,
»
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For o-particle
' 2x20V
Ug = m_?Q; Y Mg U =A40.V.mg
(]

momentum of proton _ | m,

momentumof ot | 2mg
Now momentum ratio = 22 = 72 %p
Pa Mg Uq

28. (d) %=1+w
3he
A
3(J+w)=4+w
2w=1

=4+w

Progability of finding the electron along xz-plane is
zero.
30. (b) Frequency (F)of revolution = No. of revolution/sec
_u-Z 2
= e
(4, & rj are velocity of H-atom and radius of I orbit)
ForH-atom: Z=1 n=2

u,xlz u;
Fi= =L
% r|><23 8
ForHe'-atom: Z=2 n=3
_uIXZZ_ﬁ
He* _’]x33 27
e _ 32
Fu 27

31. (c) Let work function of 4 and B be W, and Wj
respectively, then

425=W, +T,
T, =425-W, (i)
TB =4.70— WB (li)
TB _TA =Q45+WA _WB
Ty -Ty =-1.5
Wy —W, =195eV ..(iii)
h h L.
=—= KE=-=
Now, A i e ( 2mu )
1 —
A oc—— (X is kinetic energy)
JK -
h: K_A =2
Ao VKp
Kaca=lu (KE=T)

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

(@

®)

@

(L)

@

(@)

©
@

©

(©)

(a)

Numerical Chemistry

Ty
T,-15
TA =2eV
Tg =05eV
W, =225eV
Wy =42eV
Work ﬁmction:%and
w=4.125eV=4.125x1.6x10""]

—34 8
) = 6:625x10 x3><190 A=3011A
4.125x1.6x107"

=4

or

By Wien’s displacement law : A ., - T = constant
MT =2,
A x2000= A , X 3000
A, =2
2™
A=t K (uis same & h is a constant)
mu m
Lower is m, more will be A .
The light used should be of higher energy then UV
region.
F=K O X0,
72
L Tw X7’ 0529xn?
! z z
1
1527
H
hv=W+KE=hvy+KE
~KE=hv-hy,
v=m:+C (slope = — hand intercept = hv,)
vV
P =2
ower =~
2 2
JELh @00 aiep
Ry R, Ry R,
R
Rz =—4—
E, =—1'-:'—56 Ao E=E,-E,
121=-138 3¢
n
n=3
Thus, deexcitation will lead spectral lines = ZAn
=I(3-1=3
E =mc?

E = momentum x ¢
5. ottty = 5w 10° 14651071
¢ 3x108
=522x107 kg-ms ™!
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43.

45.

47.

48.

49.

51.
52.
53.

S5.

56.

57.

@

. (¢)

©

- (b)

(C)

(®)

(@

©
(a)
(@
(d

(©)
(b)

(d)

(a)

hv=wy+K
2hv=w, +K,
K, =hv+k
mu2 _ 282
A

U o< —

Jr

Also angular momentumn = mur o< mTl xroemr
r
WN=W+K o =W +eV,

or hU=hV0 +€V0
%=6.2+5=11.2ev

3 = 6:625x107 x3x 10
11.2x1.6x107"
=1.1x10"mi.e., U.V. region
No. of photons emitted/sec = Eh_l.
C
(v E=nhv)and E = W x t (persec.)= W
-3 -7
_9x10 -)<M6.67x108 =3x10'6
66x10™" x3x10
E=hvy+eV,

-34 8
K= 6626x107" x3x10 eV
200%107° x16x107"°
=62eV
eVy =hv—hvy =hv-W
eVy =6.2-501=12 eV
or V,=12V :
-34
E=hyv= he _ _6.6X 10_10 x3.0x 10—19 eV
A 4100x107% x1.6x10
=3eV
Work function should be lower than 3eV to eject
electron.
nh

Angular momentum in the orbit is =

minimum value of n =4

Form=-3,1=3
For photon E = mc?
6 of C and 16 of O; Total 22 electrons.

;an; . no. of neutrons in Zn or Zn 2~ 40

All the positive charge concentrated in nucleus and
thus scattering occurs. il ik
s Ni Sassssssssmmgueind 3523p%3d®,4s

Pauli’s exclusion principle. A p orbital contains
maximum two electrons and that too with opposite
spin.
nxnt=r,
where, r,, =radius of n b ghell and

n = principal quantum number.

58.

59.

61.
62.
63.

- (b)

65.
66.

67.

69.

70.

71.

72.

73.

74.
75.

76.

(€)]
@

. (@)

@
(®)
(®)

()
©

d

d
(a)

©
(®)
(d

©

(b)
(c)

@
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Rutherford o-scattering experiment led to discovery of
nucleus.

0
(e/myy=—-9——;
" 1.675x107 kg
~19
(e/ m)y = 2><1.602xlo27 C :
4x1.675x10 kg
~19
(e/ m), = L602x10° C.
1.675%10 kg
~19
(e m), = 1:602x10°°C

9.108x10' kg

wRb=2,(2,6)(2,6,10)(2,6) (1)
=1s%,2572p%, 357 3p%3d'0, 457 4%, 55'

Valence electron is 5s'.

5s!

n=5,1=0,m=0,s=+%(or ——;)

Ground state of hydrogen atom, i.e., Is.
Bohr’s model is based on one electron system

Tistons =wevssican X107 e 70 = oo X 10 8cm
Radiation Wavelength (incm)

uv 107 01078

Radio Wave 1t010?

X-ray 107 and above
Infra-red 102 w010~
Rutherford thus proposed his model.

Foragivenn,/=0ton—1land m=—1to +1

All contain 8 neutrons. (Species containing same
number of neutrons are called isotones).

= he 1
AE__M or AE o< —

Accorfling to aufbau’s principle, electrons cannot be
filled in 2p orbital till 2s orbital is incomplete.
Half-filled sub-shells are more stable than incomplete
sub-shell. Hence, Cryy =[Ar]) 3d 5 4s'
17Cl=1s%,2s22p% 35235

3s 3p
For unpaired electron : n=3,/=1,m=—lor +1.

uy =Y
n

X-rays are not deflected by electric and magnetic
fields.

For photon, E = hv (in form of particle and wave)
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71.

78.

79.

81.

82.

83.

(b) Orbital angular momentum (m vr)= 21 ,/1(1+ 1)
7
For 2s orbital, / (azimuthal quantum number) =0
.. orbital angular momentum = zi JO(0+1)
h4

=h G-
_ZR‘/E-O

(a) For shortest wavelength AE = %‘ ,AE should be
maximum. Thus n; = 2and n, = co

-=_l _I_L - 1
3 Ru [22 “2]—109677)(4—2
=27419.5cm™
x 22
() n He* =’|TH;I§ He* ='1"T=2,1H

., Area of shell of nHe* _ mx (2 )? _

o 16
Area of shell of nHe* (,, )2
X

2
h
®) A=
V2Exm
To have same wavelength E x m must be same
WM, <mpy <mg
Eelectmn > Epro«on > Ea
(b) Change in angular momentum during transition
=y i )
=(np-nm) e
=(ng—-m)h

Also n;and n, are integers

(b, c) The given electronic configuration is for ground state
of ,4Cr and of Mn*. This question was asked in
single answer choice.

(a) Nodal plane in p-orbital = /=1

84.
85.

86.

87.

89.

91.

92.

Numerical Chemistry

_ h _6.626x1077 _ -30
(c) l-;;——————zooxs 6.626x10™" m/h
(d) The rate of formation of excited molecule as a result of
absorption of light is directly proportional to the
intensity of radiations.
ie., rate = KI (Lamberts law)
but if solution is used then
rate = K.I.C. (Beer’s law)
(d) Because Rutherford used a-particles and one
o-particle is represented as nucleus of helium with

2 protons and 2 electrons.

(c) Pauli proposed that s-orbitals cannot have more than
two electrons.
(d) Spin quantum number was derived in quantum
mechanics.
» _nH_nHx2? _nHx4 _
@ nBe =221 <27
(a) Number of radial nodes=n-1/-1
For  3s itis 2
For 2p itis 0
(c) As per Bohr’s postulate, kinetic energy in II orbit
2 2
O R R NI
2y 2ayx2% 2= )
-t
8ag
Since h?
3 ap =
¢ 4n?me?
S 5 s . hz 1 hZ
Kinetic energy in Il orbit= —2—_ x =

2

= e gl e

h =
(© E=3€=2178x107" xzz[l—l’_z_lz] (z=1)
- %= 662x107¢ x3x 108

4 -7
x—=1.214
2178x 108 <3 214x107m
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, : OBJECTIVE PROBLEMS (More Than One Answer Correct) :

1.

If T is the time required by electron in taking one round
in an orbit, n represents the number of waves in an orbit,
r represents the radius of orbit, then which are correct?
R 1 T

@ ——=3 (b) TZ(H) =%

4(He") 4(He")

mw 1 Exwy 1
© e =2 @ 7

E 4(He") 2

. Select the correct sentences:

(a) An electron in an orbit can absorb only one photon
and that too equivalent in energy to the energy
difference between two orbits

(b) 3d sub-shell penetrates more towards nucleus than
4s

(c) Green light is never emitted in black body
radiations

(d) The energy change between two successive orbits
increases with increasing value of n

. A metal surface having v, as threshold frequency is

incidented by light of frequency v, then which are

correct?
(@ a= ’2h (v Vo)
! 2 (hv w)

2h-c(ho -0
 meAkG xo

’2h(lo

. Select the correct statements if i == and h -1

2 2n
(a) ap-Ax=5- (b) Ap-Ax=1

h o
(©) Buy-Bx=gpy B

h

. Which of the following are correct?

(a) Each atom has at least one orbital symmetrical
about the nucleus .

(b) Each orbit has at least one orbital symmetrical
about the nucleus

(c) Number of electrons in Ne having their angular
momentum equal to zero is four

(d) Number of waves made by an electron in an orbit is
equal to number of orbit

Which of the following are correct? N

(a) Only Lyman series is observed in emission and
absorption spectrum both

(b) The continuum in line spectrum is noticed after a
certain value of n

(c) The wavelength of m" line of Balmer series is:

10.

11.

12.

13.

14.

129

(d) The number of spectral lines given when electron
drops from 5% t02™ shell is six

Select the correct statements:

(a) The concept of shell was given by Bohr

(b) The concept of sub-shells within a shell was given
by Pauli

(c) The degeneracy of orbitals exists in presence of
magnetic field

(d) The splitting of a line in fine lines under the
influence of magnetic field was proposed by

Zeeman
Anisotone of 13Geis:
(a) 11Ge ®) HAs
(c) %iSe (d) %se

Many elements have non-integral atomic masses

because :

(a) they have isotopes

(b) their isotopes have non-integral masses

(c) their isotopes have different masses

(d) the constituents, neutrons, protons and electrons.

combine to give fractional masses

When alpha particles are sent through a thin metal foil.

most of them go straight through the foil becanse :

(a) alpha particles are much heavier than electrons

(b) alpha particles are positively charged

(c) most part of the atom is empty space

(d) alpha particles move with high velocity

The atomic nucleus contains :

(a) protons (b) neutrons

(c) electrons (d) photons

Which of the following statement(s) is (are) comect?

() the electronic configuration of Cr is [Ar] 3d°4s.
(Atomic number of Cr = 24)

(b) The magnetic quantum number may have a
negative value

(¢) Insilver atom, 23 electrons have a spin of one type
and 24 of the opposite type. (Atomic number of Ag
=47)

(d) The oxidation state of nitrogen in HN ; is -3

Decrease in atomic number is observed during :

(a) alpha emission (b) beta emission

(¢) positron emission (d) electron caprure

Ground state electronic configuration of nitrogen atom

can be represented by :

@ MR A © BEDER
© @ ) [
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. | PSS SLUTIONS (More Than one Answer Correct) BRI || I

1. (B,C) ’]Xn
’2(H)"1(H)X2 =4ngy
’ _ Mgy X475 x42
+ =—
4He Z 2
LN |
Tanet 2
No. of waves in an orbit = No. of orbit
’.m:.z:l
ngg 4 2
15',.=E—;>(Z2
n
E
Ep =21 %12
M= x1
E ‘=E,x22
4 He 42
. Em _,
Eu{e*
Now Ty = 2nn _ 2nny xn®xn _ 2mny xn’
Uy U 2ne?
_nun’h_nu2’h
R
2nr, 2
S 4Het _ 2mny Xn
Similaly Tigs = Uy et T ZXuy XZ
_ 2mny x4% _ 2mny x4° _gq3 ik
- 2y e e?
Zz)(u_”i. 2 NH
4 4xh
T _arh . Tw 2 _1
aHet T 2.2 T 4 8
2. (a,b,c) EZ_EI >E; -E; >E, -E;...
3. (abd) hv:hv0+%mu2
2h(v— Vo) ZhC[AO—X]A
m m(Ag XA)
) -
=w+=
hv=w 2mu
_ ’Z(hv—w)
B m
h h _h

4. (ab,d) Heisenberg principle is Ap- Ax = =

Xh

10.

11.
12.

13.

14.

. (abd) m" line, 1]7=RH " [-—

m:Au- Ax-—
4n

Note that the principle loses its significance if Au and
Ax are not considered along same axis.

. (ab,c,d) For emission of A; An=any value, Al=1%],

Am=0,%1
Ne has 4 electrons in s-orbitals:

Foragivenn,/=0to (n-1)

152, 26%2p*

L) _lAg of
22 (m+2)} ]
two successive orbits becomes almost constant after a
certain value of 7.
Number of lines=ZAn=X5-2=L3=6
(ad) In presence of magnetic field orbitals are
non-degenerate, i.e., possess different energy levels.
(b,d) ;5 77 As and ; e 4 Se have same number of neutrons (A-Z)

72
as ;. Ge.

. (d) Mass of an atom is due to masses of p, n and ‘¢’ which

are not integers. (a), (b), (c) choices are for
non-integral at. wt.

(c,d) o-particles pass through because most part of the atom
is empty.

(a,b) Nucleus contains protons and neutrons.

(a,b,c)

(a) 24Cr=152,2522p%,35?3p%34° 45!

=[Ar]3d° 4s'

(b) For magnetic quantum number (m)negative values are
possible.
For s-sub-shell : /= 0,hence m= 0
For p-sub-shell : /=1, hence m=-1,0,+1

(©) sAg=15",25"2p%, 35 3p%34"° 4574 p® 44", 55'
Hence, 23 electrons have a spin of one type and 24 of
the opposite type.

(d) Oxidation state of N in HN is -%.

(ac, d)
7 sC— ”B+ ?e (Positron emission)

'351Cs+ X-rays

(K-electron capture)
% Th+3He (a-emission)

'33Ba+ Se—s

235
92 U )

(a,b) By Hund’s rule
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COMPREHENSION BASED PROBLEMS

Comprehension 1: A gas of identical H-like atom has
some atoms in the lowest (ground) energy level A and some
atoms in a particular upper (excited) energy level B and there
are no atoms in any other energy level. The atoms of the gas
make transition to a higher energy level by absorbing
monochromatic light of photon energy 2.7 eV. Subsequently,
the atoms emit radiation of only six different photons energies.
Some of the emitted photons have energy 2.7 eV. Some have
more and some have less than 2.7 eV.

(1] Th'e principal quantum number of initially excited level

Bis:
(a) 2 (b) 3
() 4 @5
[2] The ionisation energy for the gas atoms.
(a) 14.0eV (b) 144 eV
(c) 13.6eV (d) 20.2eV
[3] Find the maximum and the minimum energies of the
emitted photons.

(a) 144,13.6eV
(c) 13.5,0.7eV (d) 0.7,13.5eV
Comprehension 2 : Whenever an electron falls from a
higher level of energy to lower level of energy, equivalent
amount of energy is given out. The jump of electron not only
depends on major energy shell but also on the nature of orbital.
The emission of energy is derived from Bohr’s model and the
possibility of jump is decided by the selection rule. According
to Bohr’s theory E; for H-atom is 2.17 x10™"® J/atom.
[1] In which of the following jump of electron is possible?
(a) 3dtols (b) 4dto 3s
(c) 4fto2s (d) 3pto2s
[2] The shortest frequency which can remove 2 ™ electron
of He atom with a velocity of 10° m / sec:
(a) 3.28x10" Hz (b) 13.45x10" Hz
(c) 23.21x10" Hz (d) 4.5%10" Hz
[3] The angular frequency of an electron occupying the
second Bohr’s orbit of He " is:
(a) 2.07x10% sec™  (b) 2.07x10" sec”
(©) 2.07x10% sec™  (d) 2.07x10" sec
[4] The wavelength of Hjp-line of Balmer series of H-atom
is:
(a) 386 nm (b) 486 nm
(c) 586 nm (d) 686 nm
[5] The corresponding Hp-line of He* ion has frequency:
(a) 18.64x10™ (b) 9.12x10::
(c) 4.56x10" sec™  (d) 246x10" Hz
[6] The longest wavelength of light which can remove

electron completely from 2™ orbit of H-atom.
(a) 4000 A (b) 3000 A

(b) 13.4,14.6eV

(c) 5060 A (d) 3663.6 A "
Comprehension 3 :  The hydrogen like species Li*" is
in a spherically symmetric state S| with one radial node. Upfm
absorbing light the ion undergoes to transition to a state ;.
The state S, has one radial node and its energy is equal to the

ground state of the H-atom. (11T 2010
[1] The state S, is:
(a) Is (b) 2s
(c) 2p (d) 3s
[2] Energy of the state S, in units of H-atom ground state
energy is:
(a) 0.75 (b) 1.50
(c) 2.25 (d) 4.50
[3] The orbital angular momentum quantam number of the
state S, is:
(@ 0 () 1
(©) 2 @ 3

Comprehension 4 : The letters n, /, m proposed by
Bohr, Sommerfeld and Zeeman respectively for quantisation of
angular momentum in classical physics were later on obtained
as the results of solution of Schrodinger wave equation based
on quantum mechanics. The term n, /, m were named as
principal quantum number, azimuthal quantum number and
magnetic quantum number respectively. The fourth quantum
number s was given the name spin quantum number on the
basis of two spins of electrons. The first two quantum numbers
also decides the nodes, of an orbital.

[1] The numerical value y, 3 o denotes :
(a) 3d-orbitals (b) 41 -orbitals

(c) 2s-orbitals (d) 4d-orbitals
[2] The angular momentum of 3 p-orbitals in terms of

bl
Adf=-10
{h 21:} is:

(@) V2 h

(®) 2h
h h
(c) = d) —
2 @ 2r
[3]1 Which statement about energy level in H-atom is
correct?

(a) Only nand /decides energy level
(b) Only *I" decides energy level
(¢) Only ndecides energy level
(d) n, land m decides energy level
14] Au is uncertainty in velocity of electron and Av, is
uncertainty in position, then :

h h
a A j S e Av, = ——
(@) Auy Ax, e (b) Aug Ax, 3

h S
() Au,- Ax, > —"— . A
ey (d) none of these
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Comprehension 1

[1] (a) The electrons being present in I shell and another shell
n. These are excited to higher level n, by absorbing
2.7 eV and on de-excitation emits six A and thus
excited  state  n, comes to be 4,
[6=2 An= Z(nz - l) Soonp =4]

Ry-c-h Ry-c'h

2
1 n}

3 Egy ==

Since, de-excitation leads to different A having photon
energy S 2.7eVand thus absorption of 2.7 eV energy
causing excitation to IV shell and then re-emitting
photons of S 2.7eVare possible only when n, = 2 (the
de-excitation from IV shell occurs in I, I and IIT shell).

E4 _EZ =2.7eV
E4 —Ej <2.7eV
Ey—E, >27eV
_ _ R’, -c-h _ E|
BT
since n; =2 (as obtained by discussion)
[2] (b) Also, Es—E, =27eV
—ﬂ+£2'—=2.7cv
E] =-144¢eV
5 IP=144¢eV
E\ L E__144 =
3] (¢) Emmx =Es—E, =—;2-+I—2— 16 +144=13.5eV
E, E _
Ewin =E4—E;3 ——4—;+-2l—07 \%

Note : Itis , H? atom.

Comprehension 2 .
[1] (d) ForajumpAl/== 1according to selection rule
[2] (@) TotalE peeged = E needed tor€move 2nd electron from

1.2
+ =
He 2mu

=E, +—;x9.108x10‘3' x(10°)? Joule
He*
= Egy xZ* +4.554x107

=L 72 4 455ax10?
”2

=2.17x107'% +4.554x107%! (n=2;Z=2)
E=2.1746%10""% = hv
—-18
v=21746X10 — _ 32810 Hz
6.626x10
2nZe?

[3] (a) Velocity ofelectron in He* ion in an orbit (1) = -

Atomic Structure

Comprehansion 4
[1] (b)  represents an orbital and 4 39, hasn=4,1=3,i.e.,
4f-orbital.
(2] (2) Angular momentum in an orbital = 71+ 1)-2L1t

= JI0+ D) L = V2xh

T

Radius of He* on in an orbit (7, ) = ;‘%
. Angular frequency or angular velocity
u _2mze* xan*me’Z _ gnd 73 me
m=-":= nhx n*h* n’h?
n=2 m=9.108x10""* g,
Z=2h=6625x10""
8x%(22/7)* x(2)* x9.108x 107" x (4.803% 107" )*
. (2)° x(6.625x107%7 )}

=2.067 x 10" sec™

1 2| 1 1
2= 22l
4 ® =Ry [2, 42]
o 2[3
=109678 1 [16]
A=4.86x10"° cm=4.86x10"" m
=486x10"° m=486nm
A
151 (© Ay =1216x107° cm (x;ﬁz_g)
10
ve£=3X10 __j467x10" B2
A 1216x107°
~12
6 @ E=-ZIXI0 oy
n
~12
E, =——2]'7):‘10 =-5425x10712 erg

For removal of electron E, =%‘ E, should be

given to remove electron, i.e., +ve.
2 = 6.625x107 x3.0x10'°
5.425x10712
=3663.6x107% cm=3663.6 A
So, the longest wavelength is 3663.6 A.

Comprehension 3

Energy in state S, of Li** =E, of Li** =E, of
H=-13.6eV

Also,  Eg, of Li** =

Ew xz® __136x3?
2

n n?

i n=3

The state S, represents 3rd orbital with one radial
node, i.e., 3p radial node = n— /- 1= 1

The state S, represents 2s (as n—1-/=1). Also
transition is gossible from 25 to 3p Al=z%1 and
Eg, =~E'"2:3 =2.25%Ey ; For state S, (i.e, 3p)
I=1

L. (b) 2. (¢) 3. (b)
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[3] (c) Subshells of a shell in H-atom possess same energy
level, i.e., I does not specify for the energy level of an
orbital in H-atom. )

[4] (d) Heisenberg principle has no signit.'lcancc of Au is along
X-axis and AX along Y-axis are given.
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(2)
(©)
@

8.

In each sub question given below a statement (S) and
explanation (E) is given. Choose the correct answers
from .thc codes (a), (b), (¢) and (d) given for each
question:

S is correct but E is wrong

S is wrong but E is correct

lsaoth S and E are correct and E is correct explanation of
Bt?éh S and E are correct but E is not correct explanation
o

. S: Transition of electron between p, and p, would

not lead to an spectral line.
E : p-orbitals are degenerate orbitals.
S : Number of sub-shells in a shell is equal to the
number of shell.
E: According to Sommerfeld :
n _ Length of major axis
k  Length of minor axis
S: Electronic configuration of 5, V¥ jonis [Ar]'a 3d?
and not [Ar]ls 3d° 4s%.
E: V* ion is diamagnetic in nature.
S: Bohr proposed that angular momentum of electron
in an orbit is quantised.

E: deBroglie derived that: mur = nih;.

: Number of waves in an orbit of atom is equal to
number of that orbit.
2nr,

E : Number of waves in an orbit is derived by %

: Matter waves and electromagnetic waves differ
from each other in many respect.

E: The matter waves possess lesser wave number than
electromagnetic waves as well as cannot radiate in
empty space.

S: Atriplyionised Be-atdm has the same radius of 2nd
orbit as that of'ground state of H-atom.

! .. nxn
E : The radius of a# orbit is 7, = Z
S : Wavelength of I line of Humphrey series is more

than I line of Lyman series in H-atom.
he

S : The energy radiated per unit volume, i.e., energy
density in black body radiation depends upon the

temperature.
E : Green light is never emitted in black body

radiations.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chemistry

: The magnetic moment of Mg-atom is more than

K-atom as the former has two electrons in
outermost shell.

: The magnetic moment of N-atom is more than

magnetic moment of O-atom and former has more

number of unpaired electrons.
An electron in an s-orbital has a non-zero proba-

bility of being found right at the nucleus.

. /=0 for s-orbitals and thus there is no orbital

angular momentum to fling the electron away from
the nucleus.

: An electron in s-orbital is not circulating around

the nucleus but simply as distributed around it
whereas an electron in p-orbital can be thought of
as circulating around the nucleus.

: For s-orbital angular momentum is zero for a

p-orbital angular momentum is non-zero.

: All s-orbital in H-atom corresponds to a non-zero

probability density at nucleus.

: The probability density is given by : y? and

Ye<e

: The location and momentum of an electron in an

orbital are complementry to each other.

: The statement is against Heisenberg uncertainty

principle.
Studies on black body radiations led to Planck’s
hypothesis of quantisation of electromagnetic
radiations.

: Photoelectric effect provides evidence of the

particle nature of electromagnetic radiation
whereas diffraction provides evidence of its wave
nature.

The mix?imum frequency of radiations to show pho-
toelectric effect depends upon the work function.

: The concept is used to determine identity of the

metals.

: The 3 p-orbital has higher energy level than 3s in

He" ion.
The energy of an orbital depends upon n and /.

: Specific charge of a-particles is twice to that of

proton.

: Specific charge is given by e/ m.

: d-orbitals are five fold non-degenerate in presence

of magnetic field.

: In presence of magnetic field the energy of orbitals

becomes altogether different.

¢ Electromagnetic radiations will be emitted for the

transition of 2 p to 2s-orbital in H-atom.
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21.

22.

23.

24,

25.

26.

27.

E: Both have same energy level and thus, no
transition.

S : The gy represents an orbital.

E : The orbital may be 6 g.

S: Monochromatic X-rays fall on lighter elements

such as carbon and show scattering under the name
of Compton effect.

N scatered light is always lower than A jcigen: light.
24Cr has more paramagnetic nature than ,5Mn.

¢ Crhas more number of unpaired electrons than Mn.

: The possible number of orientations of a sub-shell
is 21 +1).

: The possible number of electrons in a sub-shell is
(41+2).

S: Aufbau rule is violated in writing electronic
configuration of Pd.

: Pd shows diamagnetic nature.

: Humphrey series discovered in H atomic spectra
has lowest energy radiations.

E : The series belongs to n; =6.
S: Cujy) has less stable nature than Cu ;) but Fe{y; )
is more stable than Fe %;,).

<] e w e

@« =

E : Half filled and completely filled, subshells are
more stable.

28.

29.

30.

31

32.

33.

34.

35,

= ®»

H®E®
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: 2p-orbitals do not have any spherical node.

The number of spherical and angular node is equal
to (n — I —1) and / respectively.

: Dipositive zinc jon exhibits paramagnetism due to

the loss of two electrons from 3d-orbitals of neutral
atom.

: Paramagnetism is due to the presence of unpaired

electron.

. As the distance of shell increases from the nucleus,

its energy level increases.

: The energy of a shell is E,, < —1/ n.

: Zn? is diamagnetic

: The electrons are lost from 4s orbital from Zn2*

: Aspectral line is seen when electron jumps from 44

to3s

: Aspectral line is seen when electron jumps from 4d

to3p

: H-atom has only one electron in its orbit, but

several spectral lines are noticed

: The H-spectra is observed in H, gas

All the d-orbitals are identical in shape.

¢ All the p-orbitals are identical in shape.

Band gap in germanium is small.

(2007)

: The energy spread of each germanium atomic

energy level is infinitesimally small.
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(©

. (c).
. (a)

@

5. (c)

6.
7.

11.
12.

13.
14.

15.
16.
17.

18.

(©
(©)

- (d)

(®)

(©)
©
(a)
(d)

(d)
(b)

(b)

Degenerate orbitals possess same energy and thus,
transition between p, and p y will not radiate energy.
k =1to n and cannot be zero
- For fourth shell k = 1,2, 3, 4, i.e., four sub-shells.
23 V:i[Ar]3d?, 457 V** ([Ar]3d2.  Also it s
paramagnetic due to the presence of two unpaired
electrons.
Both are facts.
On substituting #, (mw;, = "—h) and A (k =L) in
2n mu

2—1;'1'-, number of waves comes equal to n.
Explanation is correct reason for statement.

2 2 2
n =%forr)m3* =1 >;2 and for rjyy =1 =l
AE, = E¢ — E5 in Humphrey series and AE = E, — E|
for Lyman series
] AE > AE,
o A Lyman < A Humphrey
Both are facts.
Magnetic moment depends upon number of unpaired
electrons and given by = /n (n+2), where n is no. of

unpaired electrons.

Valence electron Unpaired electron
K ' 1 1
Mg 2 0
N 3 3
(o) 4 2

Explanation is correct reason for statement.

Explanation is correct reason for statement.
Zr

yece 240 gt p=0; \yz <e”
The statement belongs to Heisenberg uncertainty
principle.

Both are facts.

Both are facts.

Higher is the value of (n+ /) more is the energy level of
orbital for one electron systems energy of 3s = 3p.

oxl

Specific charge for proton = i and

i =2 _c
specific charge of 0. = o

19

20.

21,

22.

23.

24.

25.

26.
27.

28.
29,

30.

31.

32,
33.

34,
3s5.

e ANSWERS (Statement Explanation Problems) p== J

(©)

@

(©
(b)

(d)

(b)

(b)
()

Numerical Chemistry

Presence of magnetic field shows different repulsions
for micromagnetic character developed in d-orbitals
due to different orientations.

In H like atom energy, of an orbital is decided by ‘n’
only and not by ‘/.

y represents an orbital Y means 7= 6, /=4,
m=0,i.e, 6 g orbital.

In Compton effect A geanered > M incident -

24 Cr has all six unpaired electrons whereas s Mn has
five unpaired out of seven electrons. Both have 5

d-electrons.
The values of m are —/to+/ through zero, i.e., total

(21+ 1) orbitals and each orbital has two electrons.

Pd being diamagnetic and thus, has 4d'® configuration
rather than 44 % 55,

For Humphrey series A E = E,, — E, .i.e., very small.
In Cu*, no doubt outer shell has 34'° or completely
filled configuration but hydration energy of Cu *(aq.)
is more.

Explanation is correct answer for statement.

Zn** shows paramagnetism due to the presence of
unpaired electrons but electrons are lost from Zn fromn
4s subshell.

E, <— Lz; thus if n increase; £ » Increases.
n

Zn:...35%3p®3d"0 452
Zn?t . 3523563410 (4; :

¢ w3s"3p73d™"  (diamagnetic due to no
unpaired electron)
For spectral line to be given Al =+ 1
H, gas has so many molecules which are dissouated to

from a large no. of H-atoms having different energy
levels.

One of the d-orbital has baby soother shape.

Gerrpanium, semi-conductor substance, has small band
£ap In comparison to insulator (non-metal).
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] [ o]
sessmms MATCHING TYPE PROBLEMS s
Typel: Only One Match Possible Typell: More than one match are Possible
1. List-A List-B 6. List-A List-B
Ar 1. n? A. Orbital angular 1. Principal quantum
B.E, 2. n? momentum of the number
U . electron in a H-like
S 3.n atom
D. Aﬂg‘-“? momentum 4. n B. Wave functionofa 2. Azimuthal quantum
- Ol:blt H-like atom obeying number
2. According to Bohr’s concept, E, is total energy, K, is Pauli principle
kinetic energy, V, is potential energy, , is radius of n™ C. Shape, size and 3. Magnetic quantum
orbit. orientation of H-like number
List-A List-B orbitals
V, D. Probability density of 4. Electron spin quantum
A. X 1.0 electron at the nucleus  number
n . .
. in H-like atom
B.r, <E,, thenx = 2. -1 7. List-A List-B
C. éngular momentum 3. =2 A.1BM 1. Spin magnetic moment
in lowest orbit B. INM 2. Nuclear magnetic
D. (r, )_l oc u: ,thenY = 4.1 moment
3. List-1 List-2 C. Doughnut structure 3. 9.27 X107 J/T
-27
A. Number of electrons in a a. 4l+2 D. w0 4. 5.051x107J/T
p-orbital E. Two nodal planes 5.3d
B. Number of orbitals in a shell b.2I+1 i List-1
C. Number of orbital in a c.n ) st List-2
sub-shell ) A 3d, a. Two angular mode
D. Number of electrons in a d2
sub-shell 2 35j’xz-y2 b. Doughnut shape
i List-1 List-2 D' h ¢. Zero node
A. Orbital angular momentumof a. zero ' d. Four total nodes
4f-sub-shell 9. Column-I Column-I1
B. Total spin of 6 electrons in 3h A. Diffraction i.  Wave motion
p-sub shell T B. Interference ii. Mass decay
C. Angular momentum  of &, Bh C. Photoelectric effect  iii. Particle nature
electron in 6th shell 4 D. E \
« L=mc wv.  Planck’
D. Spin angular momentumof 4 34 B mok's teory
3d® sub-shell n - E=hv v.  Threshold frequency

5. List-1 List-2
A. Mass spectrum a. Wave function
B. X-ray spectrum b. Unpaired electrons

. Atomic number

o

C. Paramagnetism

D. Orbital d. Isotopes



b.

C.

List-C

. Independent

of mass
number

Dependent of
mass number
Electron

4. 9.58x10" Ckg™ d. Proton

138
Typelll: Only one Match from each list
10. List-A List-B
(A) Density of 1.107% m?
nucleus
(B) Nuclearradius 2. 10!7 kg /m?
(C) Higher e/m 3. -1.76 x10"
Ckg™!
(D) Lowere/m
(E) A =91.7s[ 2"2
e
(F) A= 3647[ 2
n° -4

1] 5. Balmerseries e AinA

2
] 6. Lyman series  f. Ainnm

I s S 1

-

COPIAANE BN M

. A-2;B-1;C-
A-3;B-2; C-
A-d; B—; C

A—d; B—; C-b;
A-2; B-1;C-1,2, 3. D-none
A-1, 3; B2, 4; C-5; D-5; E-5.
A-b; B-a, b; C—d; D—<

U
m

A-i; B—i; C—iii, v; D-i, 11 E-i, iii, iv
A-2-a; B-1-b; C-4-4d; D-3—c; E-6-f; F-5-¢
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Binding energy: The total energy given out during
binding up of nucleons in nucleus is known as binding energy.

Mass defect: 1. A stable nucleus has less mass than its
constituent particles. This difference is known as mass defect,
ie.,

Am = sum of the masses of constituents — mass of stable
nucleus

2. The difference in mass is converted into energy
(known as BE) according to Einstein mass-energy relationship,
ie.,
2

E=mc (1)
3. Thus, Binding energy = Am x ¢2 (2)
where, BE is in erg, Amin g and ¢ in cmsec ™'
BE =1.66 x107* (Am’) x (3 x10'°)? erg
(Am’ in amu)

=14.94x107* x Am’ erg
=14.94x107"" x Am’ joule
-11
_14.94x10 X Am' &V
1.602x107"
(- 1.602x107° J=1eV)
14.94 x107"!

=772 xAm’ MeV
1.602 x107'% x108

(- 10® eV =1MeV)

BE =931.478 X Am” MeV .(3)
or 1amumass=931.478 MeV ..(4)
Total BE ®)

4. BE pernucleons=———"—

No.of nucleons

Stability of nucleus

(1) Greater is the mass defect, more is BE, Lesser is the
energy level of nucleus, more is its stability. .

(2) If neutron-proton ratio, i.e., n/p>1.5 the nucleus is
unstable.

(3) The no. of stable nucleide is maximum when both at.
n0. and no. of neutrons are even numbers.

The radioactive emisslons: The radioactive
disintegrations are accompanied with o, B particles and 7y rays.

a-particle emission: 1. An excited nucleus having
higher energy level allows a-particles (mass 4 units, charge 2
units) to come out as energy carrier in order to bring down the
lower energy level to excited nucleus.

2. o-particles are identified as , He*, i.e., fastly moving
He nucleus.

3. n/pratio increases during o.-emission.

B-particle emission: 1. After o-emission, n/p ratio
increases and thus to bring it down, neutron decay occurs
which results in emission of B-particles as '

onl _— HHl +_ e° ;

2. B-particles are identified as fastly moving electrons,
i.e., -1 eo.

3. n/pratio decreases during f-emission.

Y-rays emission: 1. If the resultant nucleus formed
after o, B emission still possesses higher energy level than

required for its stability, the difference in energy comes out in
the form of electromagnetic waves or y-rays.

2. y-rays are represented as Av.
Soddy and Fajan’s Group Displacement Law

(1) Aradioactive element on losing an ci-particle shows a
loss in its mass no. by 4 units and loss in atomic no. by 2 units.

That is why a newly formed element occupies two
positions left to the parent element in periodic table.

gRa% =%,  Rpp222 _-a, 5 P08

11 group 2€r0 group VI group
(2) A radioactive element on decay of a B-particle shows
a gain in its atomic no. by 1 unit, whereas mass no. remains the
same.
That is why newly formed element occupies one position
right to the parent element in periodic table.

szbm ;B) @ Bi2M ;IB* 84P0214
1V group V group VI group
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Note :
periodic table formed after emission of a, B-particles,
one should keep in mind that:

L. Elements with at. no. 89, 90 to 103 are placed in III gp.

2. Elements with at. no. 57, 58 to 71 are placed in III gp.

3. Elemeants with at. no. 26, 27, 28; 44, 45, 46; 76, 77, 78
are placed in VIII gp.

Rutherford’s theory of rate of radioactive
disintegration or rate of decay: Radioactive decays occur
at their characteristic rates, following first order kinetics,
independent of temperature, pressure and all external factors.
The rate of decay depends upon the amount of element present.
Consider, an element 4 undergoes decay to form B.

A— B
t =0, no. of atoms No
t =1, no. of atoms N
No-N

The rate of decay # because rate continuously

decreases with time.
Suppose dN atoms are decayed in an infinitesimal small
time dr, then

Activity or rate ofdecay:—% =A(N) ...(6)
The negative sign indicates for a decrease in no. of atoms
with time. K is characteristic constant for given substance

known as decay constant, independent of all external factors
suchas P, T....., etc.

On integrating Eq. (1) -I%:lj dt
-InN=M+c
at t=0,N=N,
’ c=-In N,
—InN=A-InN,
No
or ln7=7u )
No _ u
or -;,——e ..(8)
N .
or 2.303log o T" =M (9
N M _y-A/2303
or — =" =10 ..(10)

No
Characteristics of Rate of Decay
1. Half-life period: The time required to complete half
N
of the decay, i.e., ift=12, N =—23;

(1)

i 0.693
On substituting these inEq. (1), A= T

2. Averagelife: Average life(t)=% ..(12)

Average life of a radioactive species is the time in which
species reduces to 37% of its initial value.

While reporting the position of a new element in

Numerical Chemistry

3. The time required to disintegrate a definite fraction is

independent of initial concentration, L.e., fi/» < ( Ng)°, where

f,, is time required to complete 1/ n decay. Therefore, half
decay is also written as,

t2 = (No)°
No
4. Amount leftaftern halvcs=37 ~(13)
Amount used in n halves
No _Nol2"-1]
=Nyg-—2=——— -(14)
072 2"

totaltime T
No. of halves (")=m —f_l/:(b-)

.. 0693 x Number of atoms present 1
5.  Activity = Half - life ...(16)

Unit of radioactivity: The unit of radioactivity of an
element is measured by the rate at which it changes into
daughter element. It has been derived on the scale of
disintegration of Ra.

Consider 1 g Ra (;,, =1600 year) undergoes decay, then

Rate of decay = A X No. of atoms of Rain 1 g

_ 0.693 » 6:023x10%

7 1600 x 365 X 24 X 60 X 60 226

=3.7x10" dps =3.7x10'" Becquerrel (orBg.)  ...(17)

=1curie - 3.7x10" dps =1ci) .(18)

=3.7x10* Rutherford (-~ 10® dps =1rd) -(19)

The S.I. unit of radioactivity is dps or Becquerrel. The
other units to express rate of decay are,

Microcurie =10~% curie =3.7 x10* dps
Millicurie =103 curie =3.7 x 107 dps

Radioactive series: A series of radioactive nucleide,
each except the first being the decay product of previous one.
The three naturally occurring series are,

(1) Thorium series or 4n series with parent element Th =

i (2) Uranium series or (4n + 2) series with parent element

U

Also,

s (3) Actinium series or (4n + 3) series with parent element

U
One is Artificial Series

(4) Naptunium series or (4n+1) series with parent
element Np=’

The significance of ‘n°lies in the fact that mass number of
each member of a given series is an integer multiple of n with
residue 0, 1, 2, 3 respectively for 4n, 4n+1. 4n+2 and 4n+3
series. In all the series except Np series, there exists an element
of zero group (at. no. 86) in gaseous state.

Radioactive equilibrium: A state ultimately reached
when a radioactive substance of slow decay yields 2
radioactive product on disintegration. This product also decays
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to give a further radioactive substance and so on to produce a
radioactive series. The amount of any daughter radioactive
product present, after equilibrium has been reached, remains
constant, the loss due to decay being counter balanced by gain
from the decay of immediate product.
A—>B—C
At equilibrium, rate of formation of B =rate of decay of B
A A N A= A. B N B

or Z'_A.=&
A N,
Ad_Np _hios _1g

Apg N4 tpg Ty

Xisdecayconstantandlxlandke:-]—
T Lz

Note: 1. Eq. (2) holds good only when A,>>>Ajz or
;2 A >>> ty,,B. This is called secular equilibrium.
2. Ify,2A=1,, B and A , <Ap,then
Ny _Ap-3,
Ny A,
This is called transient equilibrium.
3. IfA > Agorty; A< ty, B,nostate of equilibrium is
attained.

Maximum yield of daughter element: A radioactive
element 4 decays to give a daughter element B which further
decays to another daughter element C and so on till a stable
element is formed (4 — B — C). Also if number of daughter
atoms at ¢ =0 is zero and parent atom is much more lived than
daughter (i.e., A4 <Ap), where A, and Ap are decay
constants of 4 and B respectively, then number of atoms of
daughter element B after time ¢ is

- Nok 4 —Aat _ At
NB = A-B = k" [e € ]

Maximum activity of daughter element can be expressed

atia s

.(21)

-(22)

2.303 Ap

= 1 at
o Ag =2y o810 [3’,4 ]
Parallel path decay: A radioactive element A decays to

B and C in two parallel paths as:
Say emission of &

(23)

ission of
Say emi B -

The average decay constant for the element 4 can be
expressed as

l.w=lam +lﬂ path (24)
Eq. (24) can be expressed in Eq. (25) and (26) as:
A path = [Fractional yield of B]x Aav. -(25)
Ag pan = [Fractional yield of C]x Aev.  --(26)
4 A27)

Average atomic mass (4)= % Xrom
o
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Nuclear reactions

The phenomenon of interaction of nucleons giving rise to
the formation of a new nucleus or a process in which one
nuclide is converted to another by interaction with another
nuclide. The first ever nuclear reaction in laboratory was
carried out by Rutherford when he bombarded N atoms with
o-particles.

4N + He—> yO+ H+Q

Another, method of representing this nuclear reaction is

UN(o:p) 170. Like chemical reactions, nuclear reactions also

involve energy changes, represented by the symbol Q. If Q is
negative , the reaction is endoergic, i.e., energy is absorbed and
if O is positive, energy is released, i.e., exoergic. The value of
Q can be determind from the difference in the total mass of
reactants and products of the reaction.

Types of nuclear reactions

Some of the nuclear reactions are cited below :

() Induced radioactivity : The phenomenon of
converting stable nuclei into unstable one by the interaction of
nucleons or a nuclear reaction yielding a product nuclei of
radioactive nature, is known as induced or artificial
radioactivity (Irene Curie and F. Joliot).

YB+ $He — '3C+ |H Nuclear reaction

YB+$He — N+ bn

l Nuclear reaction,
Vis-a-Vis
3¢+ .Y e Artificial radioactivity

(ii) Nuclear Fission : (a) The phenomenon of splitting
up of a h.eavy nucleus, on bombardment with slow speed
neutrons, into two fragments of comparable mass, with the
release of two or more fast moving neutrons and a large amount
of energy, is known as nuclear fission.

§6Ba+ 3oKr +3hn
'%‘.‘.Xe + ggSr +24n
4Cs + Rb+24n

A loss in mass occurs releasing a huge amount of energy
=2.041x10'°kJ per mol of 25U,

(ii?) Nuclenlj fusion : (@) The phenomenon of joining up
of two light nuclei into a heavier nucleus is called fusion, e.g.,

2 3
iH+ {H— 3He + bn; (AH =-17.6 MeV)

(b) Huge amount of energy is required to overpower the
Coul'omblc fon_‘ces of repulsion in between two nuclei which is
obtained by triggering on nuclear fission.

. (iv) Spa!lat.ion reacton : Spallation is a reaction in
Vl{hlch the excitation energy of the target nucleus is sufficiently
high and results in the emission of several particles such as -
particles and protons, leaving behind a number of product
nuclei of sufficiently smaller masses than the target, e.g.,

BAs+H— EMn+9 H+120n

(b) BU+ pn— BU
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® NUMERICAL PROBLEMS ©

11. Calculate the group of elements formed in the fina

1. Calculate the binding energy for ; H? atom. The mass of
1 H? atom is 2.014102 amu, where 11 and 1p have their
masss 2.016490 amu. Neglect mass of electron.

stage of radioactive changes given below:

< -B
(a) 92Uz35 o 90Th 231 (b) 90-”1 231 R 9IXZJI
111 group

2. (a) Although nucleus is a part of atom but number of ULz
electrons present in the atom has no role in © o X2 25 gAc 27(4) o Th? == g&Ra?
deciding binding energy of nucleus. Explain. 9,}, Foup

(b) The atomic mass of 30'® =15.9949 amu. Calculate
the BE/nucleon for this atom. Mass of 1 and 1p is
2.016490 amu and m, =000055 amu.

3. The atomic masses of Li, He and proton are 7.01823
amu, 4.00387 amu and 1.00715 amu respectively.
Calculate the energy evolved in the reaction,

sLi7 +,p' —52,He? +AE

Given 1 amu =931 MeV.

4. Calculate the energy released in joules and MeV in the
following nuclear reaction:

identify the element. (I1T 2004)

12.

13.

14.

Calculate the number of neutrons in the remaining atom
after emission of an o.-particle from g5 X 238 atoms. Also
report the mass no. and atomic no. of resultant atom.
If a g U nucleus upon being struck by a neutron
changes to s¢Ba'?, three neutrons and an unknown
product. What is the unknown product?

Prove that the time required for 99.9% c_iecay of a
radioactive substance is almost 10 times to its half-life

period. .
Represent and derive mathematically the half-life

2¢1,2 3 1 15.

Rl 2He +°3n period of radioactive substance.
Assume that the masses of ?H, 3He and neutron (n) 16. 1gof - Au'® (1, =65 hr) decays by B-emission to
respectively are 2.0141, 3.0160 and 1.0087 in amu. produce stable Hg.

5. How much heat would be developed per hour from 1 (a) Write nuclear reaction for process.
curie of C'* source if all the energy olfabeta deca?; were (b) How much Hg will be present after 260 hr.
imprisoned? Atomic masses of C* and N™ are 17. The rate of decay of a radioactive sample is 302 x10°

14.00324 and 14.00307 amu respectively. dpm at time 10 min and1.20 x 10° dpm at a time 20 min.

6. Calculate the loss in mass d“""% the change: Evaluate the decay constant, half-life and average life of

3Li7 + IH‘ —— 2 ,He" +17.25MeV sample.

7. An isotopic species of lithium hydride SLi’His used as 18. A sample of '31, as iodide ion, was administered to a
a potential nuclear fuel f°”°“’12g the nuclear reaction: patient in a carrier consisting of 0.10 mg of stable iodide

SLi 2H—2 3He ion. After 4 day, 67.7% of the initial activity was
Calculate the expected power production of megawatt detected in the thyroid glapd of the patient. What mass
(Mw) associated with 1.00 g of SLi 2H per day per cent of the stable iodide ion had migrated to the
ing 100% efficiency. Given $Li=6.01512 amu; thyroid gland? ¢,,, for I =8day.
r;ssummg o et iy _'400260 - 19. The half-life period of 5;I'* is 60 day. What % of
TH=2.01410 amu ; ; He = 4 o radioactivity would be present after 180 day?

8. Calculate the mass defect and binding 4388338)/ 20. One of the hazards of nuclear explosion is the
micleonfor anaiphe pirltlgi;ag\;/l::imass o am generation of Sr*° and its subsequent incorporation in
mp =1.0073and my =1. p i s necindic bones. This nucleide has a half life of 28.1 year.

9. Calculate mass no., atomic no. a‘}‘l gr:up Inthep Suppose one microgram was absorbed by a new-bom
table for RaC in the following change. child, how much St will remain in his bones after 20

wRa? —% Rn —% Rad —%5 RaB —25 RaC year? (1T 1995)

10. (a) Calculate no. of o and P-particles emitted when ~ 21. At :.Cer;':l)llr; |:1stant,T: ;;lielcferc;f r;fadioact.ive. n;(n)tznal
238 . P Pb2%6. contains atoms. The half-life of material is ay.

92 U** changes into radioactive g, (1T 2000) Calculate the no. of disintegrations in the first second.

234 4:. s : . 22. The activity of a radioactive isotope falls to 12.5% in
(b) Th?* disintegrates and emits 63 —and 7a.-particles 90 day. Compute the half-life and decay constant of

to form a stable element. Find the atomic number isotope.

and mass number of the stable product. Also 23. A radioactive element (t12 =30day) is spread over a

room. Its activity is 50 times the permissible value of
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24.

25.

26.

27.

28.

29.

30.

31

32

33.

35.

safe working. Calculate the number of day after which
the room will be available for safe working.

Calculate the ratio of N / N after an hour has passed
for a radioactive material of half-life 47.2 second.

Two radioactive nucleide P and Q have their decay
constant in the ratio 3:2. 1 mole of each is taken
separately and allowed to decay for a time interval of
three times of half-life of 4. If 0.2 mole of P are left,
what moles of Q will be left?

The activity of a radioactive sample drops to 1/64th of
its original value in 2 hr. Find the decay constant for
sample.

It is known that 1 g of Ra??6 emits 11.6 x10'7 atoms of
o per year. Given the half-life of Ra?*® be 1600 years.
Compute the value of Avogadro’s no.

The disintegration rate of a certain radioactive sample at
any instant is 4750 dpm. Five minutes later, the rate
becomes 2700 dpm. Calculate half-life of sample.

The radioactive disintegration of ¢Pu®’ an

o-emission process is accompanied by the loss of 5.24
MeV/dis. If 1, of ¢4Pu 9 is2.44x10* year, calculate
the energy released per year from 1.0 g sample of
saPu?? inkJ.

1 g Ra?® is placed in an evacuated tube whose volume
is Scc. Assuming that each Ra nucleus yields four
He-atoms which are retained in the tube, what will be
the pressure of He produced at 27°C after the end of
1590 year? t;,, for Ra is 1590 year.

The decay constant for an o-decay of Th?? s
1.58 107" sec™!. Find out the no. of o-decays that

occur from 1 g sample in 365 day.

A certain radio isotope z X # (t;,, =10day) decays to
give 7_,Y A% If one g-atom of z X* is kept in a
sealed vessel, how much He will accumulate in 20 day

at STP? .
10 g-atoms of an o-active radioactive isotope are
disintegrating in a sealed container. In one hour, tl.xe He
gas collected at STP is 11.2 cm?. Calculate half-life of

the radioactive isotope.

. A radioactive isotope z A™ (ty2 =10day) decays to

give ;_¢ B™ stable atom along with o-particles. Ifmg
of A are taken and kept in a sealed tube, how much He
will accumulate in 20 day at STP?

1 g-atom of Ra??® is placed in an evacu:léted tube ?f
volume 5 litre. Assuming that each ggRa’*® nucleus is
an o-emitter and all the contents are present in tube,
calculate the total pressure of gases and partial pressure
of He collected in tube at27° Cafter the end of 800 year.
ty/2 of Ra is 1600 year. Neglect volume occupied by

undecayed Ra.

36

37.

3s.

39.

400 84

41.

42.

43.

45.
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The activity of the hair of an egyptian mummy is
7 disintegration minute™' of C'. Find the age of
mummy. Given tos of c' is 5770 year and
disintegration rate of fresh sample of c" s
14 disintegration minute 4
What mass of C'* with ¢/, =5730 year has activity
equal to one curie?
A sample of 140, was mixed with ordinary 2¢O, for
studying a biological tracer experiment. The 10 mL of
this mixture at STP possess the rate of 1 0* disintegration
per minute. How many millicurie of radioactive carbon
is needed to prepare 60 litre of such a mixture?
0.1 g-atom of radioactive isotope ; X * (half-life 5 day)
is taken. How many number of atoms will decay during
eleventh day?
Po?'® decays with o-particle to g Pb?® with a
half-life of 138.4 day. If 1.0g of g Po*! is placed in a
sealed tube, how much helium will accumulate in
69.2day? Express the answer incm 3 at STP. Also report
the volume of He formed if 1 g of Po?'°0, is used.
(Roorkee 1991)
A solution contains 1 milli curie of L-pheny] alanine C'*
(uniformly labelled) in 2.0 mL solution. The activity of
labelled sample is given as 150 milli curie/milli mole.
Calculate:

(a) the concentration of sample in the solution in
mole/litre.

(b) the activity of the solution in terms of counting per
minute/mL at a counting efficiency of 80%.

The ¢C'* and ¢C'” ratio in a piece of wood is 1/16 part

that of atmosphere. Calculate the age of wood. ty of

C"is 5577 years.

The half-life period of C'* is 5760 year. A piece of wood

when buried in the earth had 1% C'*. Now as charcoal it

has only 0.25% C'*. How long has the piece of wood
been buried?

. A sample of U™® (half-life = 4.5 x10° yr) ore is found

to contain 23.8g of U”® and 20.6 g of Pb?. Calculate

the age of the ore. (Roorkee 1996)

(a) On analysis a sample of uranium ore was found to
contain 0.277 g of 4, Pb>*® and 1.667 g of 4, U=,
The half-life period of U*® is 4.51x10? year.Ifall
the lead was assumed to have come from decay of
92 U%®, what is the age of earth?

(b) An ore of ¢, U?® is found to contain 9 UZ? and
22Pb? in the mass ratio of 1:0.1. The half life
period of ¢, U is 4.5x10° year. Calculate the
age of ore. (IIT 2000)
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47.

49.

51.

52.

53.

SS.

A sample of pitch blende is found to contain 50%
uranium and 2.425% lead. Of this lead only 93% was
Pb2% isotope. If the disintegration constant is
1.52x107'° yr™' | how old could be the pitch blende
deposits?

The isotopes U™ and U occur in nature in the ratio
140:1. Assuming that at the time of earth formation, they
Were present in equal ratio, make an estimation of the
age of earth. The half-life period of U%® and U%S are
4.5x10” and 7.13 x10° year respectively.

. In nature a decay chain series starts with 90Th>? and

finally terminates at g, Pb2%. A thorium ore sample was
found to contain8 x 10~ mL of He at STP and 5 x 10"

of Th*2, Find the age of ore sample assuming that
source of He to be only due to decay of Th?2. Also
assume complete retention of He within the ore.
12Th®? =1.39x10" year. (Roorkee 1992)
The half-life of 3P is 14.3 day. Calculate the specific
activity of a phosphorus containing specimen having
1.0 part per million *?P (Atomic mass of P =31).

. A mixture of Pu®® and Pu®* has a specific activity of

6x10° dps per g sample. The half-lives of the isotopes
are 2.44 x10* year and 6.58 x10° year respectively.
Calculate the composition of mixture.

In a sample of radioactive element, radium disintegrates
at an average rate of 2.24 x 10" oi-particles per minute.
Each o-particle takes up 2 electrons from the air and
becomes a neutral helium atom. After 420 days, the He
gas collected was 0.5 mL measured at27°Cand 750 nm
of mercury pressure. From the above data, calculate
Avogadro’s no.

An experiment requires minimum f-activity produced at
the rate of 346 P-particles per minute. The half-life
period of 4, Mo® which is a B-emitter is 66.6 hrs. Find
the minimum amount of 4 Mo®® required to carry out
the experiment in 6.909 hours.

A solution contains a mixture of isotopes of
XM (1, =14days) and X *? (1), =25days). Total
activity is 1 curie at r =0. The activity reduces by 50% in
20 days. Find:

(a) the initial activities of X *' and X 2.

(b) the ratio of their initial no. of nuclei.

What amount of energy is evolved by one curie of Rn
(an o-emitter) in:

(a) one hour (b) its mean life?

Given that kinetic energy of one a-particle is 5.5 MeV
and A =2 x107® sec™' for Rn.

54.5 mg of Na; PO, contains P*? (15.6% of sample) and
p?' atoms. Assuming only P*? atoms radioactive,

56.

57.

58.

59.

60.

61.

62.

63.

Numerical Chemistry

calculate the rate of decay for the given sample of
Na3PO,. The half-life period for P¥ =143 day; molar
mass of Na;PO4 =161.2.

10K consists of 0.012% of the potassium in nature.
The human body contains 0.35% potassium by mass.
Calculate the total radioactivity resulting from ;oK%
decay in a 75 kg human. Half-life for oK* is
1.3x10° year.

32 mg of pure o4 Pu?>*0, has an activity of 6.4 x10’
dps. Calculate (i) the half-life of o4Pu®®. (ii) the
amount PuO, left, if 100 mg of PuO, is kept for
5000 year.

A small amount of solution containing Na?* radio
nucleide with activity 4 =2 x 10? dps was administered
into blood of a patient in a hospital. After 5 hours, a
sample of the blood drawn out from the patient showed
an activity of 16 dpm per cc t),, for Na 24 =15 hrs.Find:

(a) Volume of the blood in patient.
(b) Activity of blood sample drawn after a further time
of 5 hrs. (IIT 1994)

There is a stream of neutrons with kinetic energy
0.0327eV. If the half-life of neutron is 700 sec, what
fraction of neutron will decay before they travel a
distance of 100 metre? m, =1.675x107%" kg.

Nuclei of a radioactive element A are being produced at
a constant rate .. The element 4 has a decay constant A.
At time ¢ =0, there are N nuclei of element 4.

(a) Calculate the number of nuclei (V) of 4 at any time
L.

() Ifa=2X N, calculate the number of nuclei of 4
after one half-life of 4 and also the limiting value of
Nast— oo,

A radionucleide of **P with half-life 14.3 day are

produced i;\ a nuclear reactor at a constant rate,

¢=2.7x10" nuclei per second. How soon after the
beginning of production of that nucleide will its activity

be equal to 1.7 x10° dis / s?

At radioactive equilibrium, the ratio between two atoms
of radioactive elements 4 and B are 3.1x10°: 1 If

half-life period of 4 is2 x10'° year, what is half-life of
B?

In an experiment on two radioactive isotopes of an
element (which do not decay into each other), their
molar ratio at a given instant is 3. The rapidly decaying
isotope has larger mass and an initial activity of L0 uCi.
The half-lives of the two isotopes are 12 and 16 hr
respectively. What would be the activity of each isotope
and their molar ratio after two day?
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83.

Radioactivity

64. Thenucleidic ratioof , H’ to | H' in a sample of water is

67.

69.

70.

n.

72.

8.0x107'® : 1. Tritium undergoes decay with a half-life
period of 12.3 year. How many tritium atoms would

10.0 g of such a sample contains 40 year after the
original sample is collected? (IT1992)

. The mean lives of a radioactive substance are 1620 year

and 405 year for o-emission and B-emission
respectively. Find out the time during which three
fourth of a sample will decay if it is decaying both by
a-emission and B-emission simultaneously.

. Consider an a-particle just in contact with a 5 U

nucleus. Calculate the coulombic repulsion energy (i.e.,
the height of coulombic barrier between UZ® and
a-particle) assuming that the distance between them is
equal to the sum of their radii.
With what velocity should an a-particle travel towards
the nucleus of a copper atom so as to arrive at a distance
107" metre from the nucleus of the copper atom?

(IIT May 1997)
a-particles accelerated by 3x10° volt bombarded a
boron target. This results in the nuclear reaction.

sHe* +5B'Y — (% 4, H' +y

If the combined energy of '*C and H' is 5%10° eV,
calculate the energy, frequency and wavelength of
y-rays. 1x 10° eV energy is used in penetrating the
nucleus.
(He =4.0026 amu, B=10.0129 amu, C =13.0036 amu)
A positron and an electron collide and annihilated to
emit two gamma photons of same energy. Calculate the
wavelengths corresponding to this gamma emission.
Ac? has a half-life of 22 year in its radioactive decay.
The decay follows two parallel paths, one leading the
Th? and the other leading to Fr 223 The percentage
yields of these two daughters nucleides are 2% and 98%
respectively. What is the rate constant in yr !, for each
of the separate paths? (11T 1996)
84 Cu (half-life = 12.8 hr) decays by p ~-emission (38%),
B*-emission (19%) and electron capture (43%). Write
the decay products and calculate partial half lives for
each of the decay processes.
A follows parallel path I order reactions giving B and C
as:

A
SR ..

54

SOy

If initial concentration of A is 0.25 M, calculate the
concentration of C after 5 hour of reaction. .
Given, A, =15x10"s"", A, =5%x107"s"

© sB 4+ ,He — 5 NU 4 on!

13 0
C + €

(d) 3As™ + \H? — 2sMn ¢ +9,H' +12n'
To which radioactive series the fo!
during disintegrations:

llowing appears

28,
89 AC™?; gAc??’
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73. There is a stream of neutrons with a kinetic energy of
0.0327 eV. If the half-life of neutrons is 700 second,
what fraction of neutrons will decay before they travel a
distance of 10 km? (Mass of neutron

=1.675x107% kg). )

74. The isotopic masses of | H? and ,He* are 2.0141 an
4.0026 amu respectively. Calculate the quantity of
energy liberated when two mole of | H? undergo fission
to form 1 mole of , He*. The velocity of light in vacuum
i52.998 x10°® m / sec.

75. The half-life of Pb?'? is 10.6 hour. It undergoes decay to
its daughter (unstable) element Bi?'? of half-life
60.5 minute. Calculate the time at which daughter
element will have maximum activity.

76. Match the tellowing:

1. Isotopes A. 3016 and 30'7

2. Isobars B. Na*, Mg®,F~
3. Nuclear isomers C. H%and ,H?

4. Isosters D. U, and Uy

5. Isotones E. CO; and N,O

6. Isoelectronics F. 4 X z, a2X S
7. Isodiaphers G. 5Ca* and ,K*

77. Naturally occurring B consists of two isotopes, whose
atomic masss are 10.01 and 11.01. The atomic mass of
natural boron is 10.81. Calculate the % of each isotope
in natural boron.

78. C1* and C1%" are the naturally occurring Cl isotopes,

what % of CI** accounts for the atomic mass of 35.453
in mixture?

79. The gb}mdance of three isotopes of oxygen, each
containing 8, 9 and 10 neutrons respectively has the %

of one isotope (containing 8 neutrons) 90%. What are
the other % if the atomic mass of oxygen is 16.12?

80. Write equations for the following transformations:
@ 7N" (n, p) ®) 15K* (p,0)
(¢) K-electron capture  (d) B*-decay by ,, Na?
81. Complete the following:
(1) nU™ 4on' — AW 4 B2y

g (IIT 2005)
(2) 2)H’ — ,He* +...

82

(3) 14Se® — . +2_¢° (IIT 2005)
82. Name the process represented below:

(8) |3A127 + 2He‘ — ]5P30 + onl

L’ |4Si30 + +|l.'0

®) sB+ He' —s "+ K

Numerical Chemistry

. Following reactions are given. Which one is more

hazardous for civilization?
Fission :
U 4 on! > 6Ba'"! + 5 Kr? +
2~3on' +200 MeV
Fusion: \H? + |H> — ,He* + on' +17.6 McV
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." PSS 0 (JTIONS (Numerical Problems) MR "-

1. Mass of neutron and proton in ; H? =2.016490 amu
Actual mass of | H? =2.014102amu
Mass defect = 2.388x 10~ amu
Binding energy = 2.388x 107> x 931 MeV
=2.2232 MeV
2. (a) Although binding energy is referred to nucleus, it is
more. conyem'ent to use the mass of whole atom
(nuclide) in calculation. If m, is the atomic mass of
atom X and m, is mass of electron
, Moyciens =My —Z XM, (1)
Also for | Hatom, my_yom = m,

M e = = e ..«(if)

where m, is mass of proton

Now for a nucleus having Z protons and (4-2)
neutrons where Z and 4 are atomic number and mass
number of given atom

Massdecay:me:Hm" +(A=Z)Xm, = Myyieus

(i)
By (i), (ii) and (iii)
Mass decay
=Zxmy—Zxm, +(A=Z)Xm, —m, +ZXm,
—mep+(A Z)xm, —m, .(iv)
o BE.=[Zxm, +(4-Z)m, —m, ]xc (V)
It is thus evident that electron’s mass has no role in
calculating binding energy.

(b) Mass of In+1p = 2.016490 amu
’ Mass of 87+ 8p = 8x (2.016490)amu
Total mass of 0'® nucleus = m(p+n)
= 8x(2.016490)=16.13192amu
Mass defect = 16.13192—15.9949 = 0.13702amu
BE = Mass defect x 931.478 MeV
=0.13702x931.478=127.63 MeV
Total BE

No. of nucleons

=127.63 _7 977 MeV
16

BE/nucleon =

3. Mass of reactants = mass of Li + mass of p
=17.01823+1.00715= 8.02538amu

Mass of products = 2 x mass of He = 2% 4.00387
=8.00774 amu

Mass loss during change = 8.02533— 8.00774
=0.01764 amu

Energy evolved during reaction

=0.01764 x 931=16.423 MeV
4. Am=[2X 2.0141] - 3.0160— 1.0087

=3.5%107> amu

AE = Am % 931 478
AE=354107" x93147%
=3.260 MeV
Also AE=5223x10"" 4
(;C” =y 7NIA . _'eu
= 14.,00324 - 14.00307 = 000017 amu
Energy produced during this decay of 1 atom
= Amx 931 478 MeV
=0,00017x931.478 MeV
=0.158 MeV
=0.158x10% eV
=0.158x10° %1.602x107" j
=2.53x107"J
Now, | curie of C'* means decay of 3.70x10' dps
Thus, energy produced during decay of 1 curie mass of C*
=3.70%10" x2.53x107 Js~!
=936x107*J

Energy produced during 1 hr
=9.36x10" x60x60=337J

. Total energy change during reaction =17.25 MeV

Energy = mass defect x 931

Now, AE = Amx 931
) _AE _1725_
o5 = 95y = 0.0185amu

=0.0185amu=3.07x10% g

. Mass decay, Am per molecule of LiH

=m($Li ’H)-2xm,He*
=(6.01512+2.01410)—2x 4.0026
=0.02402 amu

Thus, energy produced during this mass decay
=Amx 931.478
=0.02402% 931.478 = 22.35 MeV
=22.35%x10% eV
=22.35x10° x1.602x107" J
=3.58x1071 ]

Now energy produced for 1 mole of LiH
=3.58x107" x6.023x10%
=21.55%10" Jmol™

Energy produced for 1 g of
11
6L| 2H=21'55Txm Jg-‘ pcrday
Energy produced for 1 g of ® Li *H per sec
= 2155101 4 o1
8x24x3600 °
=3.12x10° wg ™'

=3.12Mwg"'

s =1w)
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8. o-particle has 2P and 2N

Mass of 2P + 2N in a-particle
=2x1.0073+2x1.0087 = 4.032 amu
Actual mass of a-particle (given) = 4.0028 amu
Mass defect = 4.032-4.0028 =0.0292 amu
BE = Mass defect x 931
=0.0292x 931
=27.1852 MeV
BE/nucleon = w =6.7963 MeV

Now,

Emission of an & shows a loss in mass no. by 4 units and
loss in at. no. by 2 units.

Emission of a B shows a gain in at. no. by one unit; mass
No. remains same.

Thus, for change

4
wRa2s 2ty o o wRadg?!s ie’
11 group zero group VI grouwp
4
“mzls -2He &,RnCZ"
VI growp V growp
At. no. of RaC =83
Mass no. of RaC = 214

Group of element RaC is V from configuration 2, 8, 18,
32,18, 5.

The no. of electrons in outer shell of an element suggest
for its group.

10. (a) Let x o and y B-particles be given out during the

change.

U — o, Pb¥®
Equatmg mass no. on both sides,
% 238=206+4x+ yx0

x=8

Equating atomic ro. on both sides
92 82+ 2x+ (—1)=82+2x 8+ y(-1)
% y=6
-. No. of a-particles =8

No. of B-particles =6

wTh® —5 7,He* +6_,e"+; 4™
Equating atomic number
90=14+6x(-1)+2Z
’ Z=82
Equanng mass number
234=28+m
¢ m= 206
Thus. the element with atomic number 82 and mass
number 206 is g Pb™®.
(8) 02U — Th®' + ,He'
Elements 89 and 90 to 103 are in III gp. known
as actinides.
Th is in I1I gp.

() o X2 isalsoin Il gp.
“c) goAc® isalsoin 11 gp.

+x, He' +y _,e°

(b)

13.

14,

15.

16.

Numerical Chemistry

@ oRa®™ isin 1 gp.
@XM — (X" +; Ho'
Bquating mass no. on both sides
238=m+4
i3 m= h) ]4
Equating at, no, on both sidex
N=A+2
A=%
A’ has at no, = 90
Mass no, = 234
No. of neutrons = 234 = 90 =144
“:UL\S +o0 n' — MBII“" +4 X"+3 n"l
Equating mass no. on both sides
235+|= 145+ m+3x1
=88
Equanng at. no. on bmh sides
92+0=56+A+3x0
A=36
Unknown product is 35 X' ® le. 3 Kr*
1 2.2‘03 log _l!}\_,o_
For 99.9% decay N, =100
N =100-999=01

We have

o = 2388110
2.303

l999% = - x3

For 50% decay Ny =100; N =50

2303 100 _ 2.303
t
s =257 log - = 2503 0.3010
By Egs. (1) and (2) 199.9% = Is0e, X 10
Forhalflife, t=1r,, then N=Ngy/2
- 2303 N
i log o —* o
2.303 No _ 2303
or tyy = 1 £.503
L A R L
2103)‘03010
= 0693
A
@) nAUS soHg!® + _ e
(b) f|/2=65hl’
T=260hr
T=f|/2x"
No.ofhalves(n)—‘_ﬁso—4
Now  Au left undecayed (N ——-—|=—l-
yed (N)= 2 o 168

Au decayed = 13

198 g Au gives 198 g Hg
15/16g Au gives 15/16 g Hg

(1)

-(2)
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Radioactivity
17. n=A-N,, n=\N,
n_N_3.02x10°

Also, 10=%10 No

i (1)

20= _2'103 ]og ﬂ.

; (2)
By Egs. (2) - (1)
_2303
20-10= 2 [ —1ogNe ]
2.303 2.30
Moy [101; ] 238108252
A =0.092 min~!
0.693 _ 0.693
t ===
172 A 0.092 7.50 min
1_ 1
Tav S-S o
X 0092 10.87 min
2. A
18. t= i°3 logyo 22 (, - 0.293)
A 0707 or 70.7%
Ay

Now after 4 day AA in thyroid gland is 67.7%; Thus,
0

unstable iodide present in thyroid = %;x 100=95.8%.

Since, it is carried by stable iodide ion and thus same per

cent of stable iodide is present in thyroid gland.

19. t/, = 60day, T =180day
o T _180_
tyz 60

_23 3
20. Given, t;,, = 28.1year, No=10"%g, t=20year,
N=?
; 2.;0310&0 i .
2.303x28.1;, 10~
s 0.693 0810 T~
N=61x10"g

21. Given, t;,; =30day, No= 10'2 atoms

The disintegration in first second means initial rate of

disintegration 5.3 L
_—dN _ Z . «10
rate ==~ =}-No = 35324 60x 60
=2.674 x 10° disintegrations in first second
22, Given,if 1, =100; r=12.5; t = 90day;
n _No _ 100
TN 125 0
No _2.303
b= 2.3’03 logio " =50 °B10 T2 5

=231x107% day™’
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Now, No. of halves (n)=3
T=t,,Xn
90=1ty, X3
ty2 =30 day
23. leen, r, = 50r where r .5 activity for safe working

Now, t=g‘i—°310g (- ry < Ngandre<N)
2.303x30 SOr
log 10 2% =169.38 da
1="0693 BI y
24. Wehave A= w log o ﬁ‘l
_0.693 693
T
£ = 1 60 60sec
0.693 _ 2303 No
472 60x60 B0 N
N o_112x108

0
25. Let the decay constant A, and A, be 3a and 22

respectively.

0.693 0.693
t fP=—=—; =272
172 © 3 2 of O 2
at T=3x1,, of p= 30693 _ 0.693
3a a

T= 2.;03 log 2

For P: 0.693 2303lg
a 3a

log
For Q: 0693 23031 og-L 1 np _3

2a no k,gi 2
no
or 10gl=—3-]ogl
np 2 YIQ

N i 32
o - 3
log e log (n—] or np=(ng)

]
if np =02, then ny =0.09.
26. Rateat time f = - x rateat t = 0
() ()
b _64
n
Since, ne<No; 1n <N,
n _No No _No
—_———= N, =—=—
P T

No. of halves, i.e., n=6
Time=1t,,, Xn (. t=2hr)
2X60%x 60=t,, X6 or t,; =1200sec
A=069 _ 577510 sec
1200
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27, <2 Rate=A-N,
» 226gRahasatoms=N, (N, is Avogadro’s number)
Av.no
1 gRahas= - =
g 276 atoms =N

11.6x10'7 = 0693 Av.No.

1600 226
Av.No.=6.052 x 102
28. 7o =4750dpm att=0
r, =2700dpm, att= Smin
T _ 4750
n 2700
Also, Rate =< No.of atoms
n _No _ 4750
r, N, 2700
2 N
t= i()} log o N—"’
2.303 4750
5=2:303,,, 4750
% CB105300
A =0.113 minute™
-0.693 _ ‘
2 0113 6.13 minute
29. Rate=A-N

= 0693x6.023x10” _ 5 157,10 is jyear
2.44x10% x 239
Loss in em:rgyperyeeu’:5.24x7.157x1016 MeV
=524x7157x10" x10° eV
=524x7.157x10" x10° x1.602x 107" J
—5.24%7.157x10' x10° x1.602x107"° x 107 kJ
=60.08 kJ

=1 e
30. No—ifé or N 226 X
where x is the mole of Ra disintegrated in time # = 1590 year
- _ 2303 No
X A———' logo N
1/226 _ 2.303 1
21220 _ 2242 —
0 T1s90 B (1-226%)
226

__—-0'693 = 2—'393. log
1590 1590

x=221x10""
1 atom of Ra on decay gives 4 atoms of He
Mole of He formed = 4x2.21x 107
Now for pressure, PV = nRT
Px—3— =4x2.21x107 x0.0821x 300
1000

P =43.54 atm

N

31. 1=
lv"— is ratio and thus taken in atoms, mass or mole as
i

desired

2.303

365% 24 X 60 60= —==22
1.58x107'°

1
1 L
08 10 N

Numerical Chemistry

N=0995¢g
Mass of Th 2*? undergoing decay
=Ny-N=1-0.995g =0.005g
232 g Th on decay produces 6.023x 10% a-particles
0.005 g Th on decay produces

_ 6.023x10% x0.005 ¢, articles
232
=1.298 x 10" o-particles
32. The decay equation is,
zX" —_— Z—ZYA-‘ +2 HC‘
t/2 = 10day N, =1g-atom
T =20day
n=2 (-n=T/t3)

Amount of X left after 2 halves = zlz g-atom

Amount of X used in 2 halves = 1- zlz = % g-atom

1 g-atom of X gives 1 mole of He or 22400 mL He

% g-atom of X gives % mole of He or % mL He

=16800 mL He
33. N, =10g-atoms = 10x 6.023x 102 = 6.023x 10** atoms

112
Vol f He collected = 11.2 mL = ——=— mo
olume of He collzcte: 574 le

=5x10"* mole
=5%107* x6.023%10% atoms
=3.01x10% atoms

The helium atoms formed = No. of atoms of radioactive
substance decayed

No. of atoms of radioactive substance left
=(N)=6.023x10** —3.01x 10% = 6.0227x 10> atoms
A= 2.3‘03 oo %
A=2303,, 6.023x10%*
1 6.0227x10%
A=4982x10" b

fp =292 = —0693 _ _3910.29 hour

Note : N; and N can be put directly in terms of mole or
g-atoms but in this problem it will lead to a problem in
solving log values.

Alternate solution

Rate=A-N
mole formed/hr = rate = —L1:2
22400
11.2 _ 0.693

Sha = =222 10

22400 1,,,

- 0.693x 10x 22400
11.2

hrn2 =13860 hour
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34. V4 A" — z-aBm-u +3 ZHe‘
Given, Mass of 4 = mg
& Mole of 4 (N )= 1mole
Also, t=20day; ¢, =10day
& n=2 (0 t=1ty2 Xn)

2A™ left in 2 halves = L mole = 1 mol
2% 4

7 A™ decayed in 2 halves = l—%:%mol

He formed:}x%mole=.3. mol

(- decay of 1 mole gives 3 mole He)
Volume of He at STP = w =50.4 litre

3s. ssRa??® — ¢ Rn?? 4+, He*
Ny =1g-atom, t,,; Ra=1600year, = 800year
2.303 N
Now, t= 1 =0
A B0y
2.303x 1600 1
800="—""r———
0693 B0y

N =0.707 g-atom
Amount of Ra decayed = 1-0.707 = 0.293 g-atom
Rn formed = 0.293 mol
and Mole of He formed = 0.293 mol
Total mole of gases = 0.293+0.293 = 0.586
=nRT
Total pressure of He and Rn is,

P= 9%3—6 x 0.0821% 300 =2.887 atm

P;,, = P x mole fraction of He = 2.887x%

=1.443 atm
36. r =14dpm, r=7dpm
by
”
Also, Rate at any time o< no. of atoms
n_No_,
r N

Ny _ 2.303x5770
Now, =230 1031 g10 A;) __——:"—-log,o

t =5770 year
3. 1 curie = 3.7x10'° disintegration sec”!

ie., Rate = 3.7 10' dps
Rate = A X no. of atoms
0.693
5730% 365% 24X 60x 60
No. of atoms = 9. 65x 10%
Now 6.023% 107 atoms of C'* =148
14%9.65% 10%

~14x965x10_ -0.2243 ¢

6.023x10%

Now,

37%10"° = x no. of atoms

9.65x 10% atoms of C"*
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38. Rate of decay of 10 mL gas = 10* dis/min
120 dis/sec or dps

Thus, rate of decay of 60 litre gas
10* x 60x1000 _ {06
== 22— —"=10
60x10 dot
3.7%10'° dps is shown by 1 curie of C**

; 10
10° dps is shown by
g 37x10°

Now,

curie of C™*

G 10t 3
-, milli curie of carbon = ————+X 10
3.7x10
(- 10* millicurie= 1curi€)
=0.027 mCi
39. N, =0.1g-atom
t= 10day and = 5day
2.303 No
3 ——1 —_—
A 0810
0.693 _ 2. 303 0.1
=5 ~T10 BN
" N\yo.i.e., species left after 10 day = 0.0250 g-atom
Similarly if = 11day
i i 11
0 6593 _2.303 1og10 %V_
. Ny, ,i.e., species left after 11 day = 0.0218 g-atom
Species decayed in 11th day = Nyo — Ny
=0.0250-0.0218=3.2x 107 g-atoms
=3.2%6.023x10% x 107 atoms

=1.93 x 10" atoms
40. t;2 =138.4day, t=69.2day

No. ofhalvesn—L=£‘2-=l

thy, 1384 2
g=0.707g

1 _
Po left after :—Zhalv&s = (2)1 s
. Pousedin % halves = 1-0.707=0.293g

Now, aPo?'® — 5 Pb?® +, He*

210 g Po on decay will produce =4 g He

0.293 g Po on decay will produce = %ﬁﬂ

=5.581x107 g He

25
. Volume of He at STP = ﬁl—)‘l—o“ﬁ—z@

=31.25 mL=31.25 cm®
Also P02 in 1 g PoO, = -2}‘—0 =0.868

-, Po2' left after 1/2 halves

210 g
- [m]x i =06148
Po?'" used after 1/2 halves

=0.868-0.614=0254g
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Mass of He formed =———=484

Volume of He at STP = %%‘2“00

=27.104 cm’
1 m mole = 150 m curie
1

lmcuﬁeE—mmle
150

Now, concentration =

41. (a)

mmole -

VinmL ~ 150x2
=333x102 M

(b) 1 curie=3.7x10"" dps =3.7x10'° x 60dpm

=3.7x10" XGOX%%counting per minute
1 millicurie = 3.7x 10'° x60xlsT%x10'3 cpm

cpm/mL = 3.7x10'° x60x%x£—

=88.8x10" cpm/ mL

42. Given, Nen —iNOC“
" Na: 16N

oc?

Since, only C'* undergoes decay

NCIZ = NOCIZ

N
or sc__16

NC“ 1

2.303 16 _ 2.303
t= - logo 1=0693 2222 % 5577 log o 2*

t =5577x4 =22308 year
43. t2 of C"* = 5760 year
_ 0.693
=560 7"
NOCI‘ =1%
Nc" =0.25%
2.303 No

t= x‘log 7

23035760, 1 _2303x5760, 2
= 50693 [°B0G25 = T 0go3 o8I0

t =11520 year
Note : Always cancel 2.303 log, 2 with 0.693. Otherwise the

answer will be approximate.
44. 921.]238 E— 32Pb206 "'82]"04 +6_|e°

Pb present = % = 0.1g-atom = Udecayed

Upl'esent—ZZ:;8 0.1g -atom

Thus, N =0.1g-atom
Ny = U present + Udecayed
=0.1+0.1=0.2g-atom

N
Now, t= % logo Wo

Numerical Chemistry
_2.303x4.5x10° 02
RS0 gy
1 =4.5x10° year
Time = ¢ year
92U =1. 667g =

45. (a) Let,
1667 mole

206 _ o 277
2 Pb7° =0.277g = 06

All the lead has come from decay of U. Therefore,

_0277
Pb formed = 25 mo

0277 mol

mole

U decayed =
Total mole of uranium before decay, i.e.,
N, =L 667 , 0277
°7 238 T 206
1.667
238

N
For UZ® ¢ = —2'203 log1o

Also, NforU8 =

1.667 +0277
_2.303x4.51x10° S, 238 206
0.693 1667

238

+=1.143 x 10° year

[Ans. (b) 7.097 x10® year]
50 _ _0.50
1008~ 238 F= g
=2.10x10"3 g-atom
2425 _ 2425
100 &~ 100206
2.425x93
100x 206 x 100
=0Q109x10 g-atom
N =2.10x10" g-atom

No =(2.10+0.109)x 107 = 2.209x 10~ g-atom

46. Uranium present =

Pb present = g-atom

Pb formed from uranium decay =

Now =2 io" log,o A;?
___ 2303 2.209%10"°
= lo. e
152x10™° 25 lox 10
1=33x10° years
N bl
47. In nature —UTe 140 atr=¢
NUHS 1
At the time of earth formation,
N, s
—NW =1 ae=o
oys 1
Nogw Nyns
NOU”“ NU:}s 140
Foru®s, NOU:'“ = A
- =e ()
A U.‘\l
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For U%S: Nogss _ -2)
Ny
Ny xﬂﬂ o B,
Noyns N
or -1_1—0 N e()‘l)x = AZ)S)I
(A8 APy =og, 1-log, 140
S P SRR
=-49416
1=6.04x10° year
48. 50Th?? — & Pb™® +6,He* +4 _¢°

6% 22400 mL He is formed by 232 g Th decay
8x10™° mL He is formed by
_232x8x107°
6x 22400
=1.38x1077 g Th decay
Att=t,samplehas Th=5x10" g N
Att=0,sample had Th = 5x 107 +1.38x 1077 « N

g Th decay

=6.38x107 g
N
For Thdecay " 1= 2‘203 log o —N'l
_2.303x1.39x10" | 6.38x10”
0.693 5%1077

=4.89 x10° year

49. The specific activity of a radioactive nucleus is its activity
of disintegration rate per g of specimen.

1gof J'Phas%atomsof Mp

The sample contains 106 part of it as 2p
Thus, *2Pin 1 g specimen
N

= . atoms of 2P
31x10

Thus, rate=A-N

0.693 N
14 3X24x60x60 31x10°
0.693x 6.023x10”
T 14.3% 24 x 60x 60x 31x 10°
Rate = 1.09x 10'° dps per g specimen
or specific activity = 1.09x 10'° dps perg
_ 1.09x10'°
T 37x10°
=0.295Ci per g

curie per g

50. Given,
Specific activity of sample = 6x 10” dps per g of mixture
Let the masses of Pu?’ and Pu®
respectively, then

are a and b g

a+b=| '“)
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For Pu?: n=A-N,
0.693x 6.023x 102 xa -
T 244 10° x 365% 24 x 60x 60 239
=2.77x10° xadps g~
0.693% 6.023x 102 x b
6.58x10° x365x74x60x60x240
=8.38x10° xbdpsg™
227%10° xa+8.38x10° xb = 6x10°
or 2.27a+8.38b=6 .(2)
By Egs. (1) and (2)
a=03895 or 38.95%
b=0.6105 or 61.05%
51. No. of a-particles or He formed = 2.24 X 10" min
No. of He particles formed in 420 day
—224x10" x420x 24 % 60=1.355x10"
Also at 27° Cand 750 mm of P, He = Q5 mL

For Pu?: N =

From PV =nRT
750, 05 _, %0.0821x 300
760" 1000

n=2.0%x10" mole
lecn, 2.0x10™° mole He =1.355x 10" particles He
1355%10"
2.0x107

Therefore, Avogadro’s no.=6.775x 10> particle / mol
52. To carry out experiment,

Rate of B-emission required = 346 particle min ™'

g Rate=A.N

or desired no. of atoms to carry out experiment atter
6.909 hr

1 mole He = =6.775x 10> particles

= % = 346x66.6X60 _ 995 10° atoms

Now, when N =1.995x 10° atoms of Mo at ¢ = 6.909 hrs
N can be evaluated as

_230 N
A 220810 Vo
2.303%66.6 N
6.909= "
Toen B0y
No _
" 1.0745

Ng =N x1.0745=1.995% 10° x 10748
=2.1436% 10° atoms of Mo

Mass of Mo required to carry out experiment in
6.909 hour = G !

0
= 2.1436x10 xQQQ.“‘%Xm "o

6.023% 103
53. Let nc:)ivi(y of X' and X *2 are @ and b curie respectively
att=
a+b = |curie RNA)
Now, Rate o« No. of atonw
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2.303 N,
Forx* (= T log:o—)v2=¥
20=2:303x14
0.693
n =0.3716a
2.303 N,
1=_)~0 log 1o To s 2.;03
20= 2.303)( 25
0.693
r =0.5744p

Given activity after 20 day = —;curie

()
logo —
»
a
log o =
A

For X 42 )

logjo —
=

b
log;p =
n

0.3716a+0.5744b = —;
or 0.74322+1.1488b = 1 (2)
By Egs. (1) and (2)
a=0.3669 Ci = 0.3669x 3.7x10"° dps
b=0.6331Ci = 0.6331x3.7x10'° dps

Now, Rate=A-N (. a=0.3669curie)
For X% 03669x10°x37=—__0693 4
© X3 = %24 60x60 "0
X2 063 1037 0.693 A
For 6331x10"° x3.7 “25x24x60x6()~°
N
—L_=03245
N2
54. gsRn — ,He' + g X (ana-emitter)

Rate=A-N,
3.7x10'° = 2x1078 x N,
Ny, i.e., number of atoms of Rn at (¢ = 0)
=1.85x10'° atoms
(a) Rnleftafter 1 hr is calculated by

N
'=2'3‘031°8w-ﬁg
__2.303 Ny
60X60—2—)(F6-log|0 N
No _1.00m2
N
1.85x10' 16
=——="""_=1.837x10"° at
N="Toon2 oms
No. of a-particles formed =No. of Rn atoms

decayed
=1.85%10'0 —1.837x10'® = 0.013x10'® atoms
Energy = 0.013x10'® x5.5=0.0715x10'* MeV
=0.0715x102 eV
=0.0715x10% x1.602x10™"° 1 =114.5J

®) Rnleﬂaﬁcrt=xl

Numerical Chemistry

_1.85x10" _ "
N-—Z_,7IT 0.6%)('0‘

No. of o-particles formed
=1.85%x10" - 0.6806x 10"
=1.1694%10"
Energy=1.1694x10'° x 5.5
=6.4317x10' MeV=6.4317x10" x10° ev
=6.4317x10% x1.602x107" J
=1.03x10* J

-3
5.  Na,PO, =L'l56’% mol
s4.5x10”

161.2

g-atoms P*? atoms =

P atoms = mol

54.5x107 156 _ 5 57, 10
1612 100

Atoms of P2 = 5.27x107° x6.023x 10>

Now, Rate —_—

N e DRl

Rate =1.78 x10"* dps

56. Total mass of o K* = oig:)zx—?ggxﬁxloj g
=3.15x102 g
_3.15x1072 x6.023x 10>
40

x5.27x107° x6.023x 102

atoms

Rate =A x No. of atoms
_ 0.693 «3:15x107 x6.023x 107
1.3x10° x 365x 24 x 60 40
Rate =4.81x 10° dpm

57. (i)

32x1073
PuO, = 32x107
2500 ol
32x1073
Pu = —
270 ™!
-3
Atoms (N) of Pu = 32—’2‘7‘3_ X6.023x102

Now, rate=A-N

6.4x107 = x 32x107° x6.023x10™
270
A=897%x10" sec™
0.693 _ _ 0.693
A g97x107"
100x10™*
Pu0, = 20X10 ~
=550 ™!
Pu = 100x107
0

= =7.73x 10" sec

(ii) Also,

mol

2, N
NOW, = im log 10 —No-
5000 365x 24 X 60x 60
= 2303x 2.73x 10"

0.693 log1o

10ox10™
270x N
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N =321x10"*

Pu left = 3.21% 10~ mol
PuO, left = 3.21%10™* mol

or Mass of PuO, left=3.21x10™ x270g

=86.67 mg
58. Let ¥ mL blood is present in patient

(@ rn ofNa* =2x10% dps =2x 10 x 60dpm
=120%10° dpm for ¥ mL blood
rof Na® =16dpm/mLat t = Shr= 16x¥ dpm/V mL

n_No
r N
No _120x10°
N 16V
2.303 N
=2 o
2.303x15 120x 10
5=
0.693 9810 1

X V =5.95x%10° mL
(b) Activity of blood sample after 5 hrmore, i.e., t =10hr

(=2303,  No

== 10810

A N
_ 2.303x15 120x10°
10==0603 10810~

A =75.6x10° dpm per 5.95x 10> mL
3
ZI56X10° 4o per il
5.95x10°
=12.71dpm per mL
=0.2118 dps per mL
59 %muz =0.0327x1.6x107 J

2 = 2x00327x1.6x1077 _ g5, 10t
1.675%x107
u=2500m/s
100

§ = ——=004sec
Time taken to travel 100 metre 2500

dN _».4t
Thus, N

dN _ 0693, 004=3.96%x1075
N 700

A —> Decay product
=0 No

Since, . is the number of 4 atoms producgd at constant
rate. Note that N is the number of nuclei left at time ¢

60. (a)

th -ﬂ=l-N. Hence, rate of accumulation of
t

radionuclide (%!),
aN _ (o - _dN _ _ a4
ik ek Rl v

on integrating N to N and time 0 to £.

61.

62.

63.
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NN _ [
INo(a-M) Jo
- log [~ ANTY, =
or (@—=AN)=(0—~ANg)e™
N=oo-(@-MNo)M]
(b) Ifa=2ANy,then
N=2NQ—N02_M
at t=1t,,=0693/A
(-Axo.m)
N=2Ny~Noe* *
=2Ny-No/2=3Ny/2
Ift— o then N =lim,..[2No—Noe™]
=2N0—No€‘=2No (e"'—)O)
The radio nuclide is formed at a constant rate q.
Thedecayrate—ﬂ=k~N
dt
The rate of accumulation‘fi—]:,=(q—kN)
N 4N '
=\ dt
or IO (q—M) IO
or  —aflog, (g-AN)Y =t
or l=-%[log,(q-7w)-log,q]
-1 g-AN _1 q
t=—=1 ==
or kog, o xlog,[q*m]
_2.303 q
t X |0g[q—M]
2303 q
t= = i
X log[q_A] (s A=AN)

9
_~2.303x143 log 2.7x10

0.693 T

At radioactive equilibrium 4 — B
Na_Ms _tiaa
Ng Ay ty
3.1x10° _ 2x10'°
1 ti2e
oo ti28 =6.45 Yyear
Isotope A:
Moleof 4 =a; ), =12hr
(rapidly decaying has more mass)
[r4lo =1.0pCi=1.0x 107 Ci
=1.0x10"® x3.7x10'° dps

Isotope B:
Mole of B=b; t;,, =16hr
Gi a_
iven b 3
For A: [ralo=A, xaxN, (N, is Av.no.)

1.0x107 x3.7x 10" = __0.693

= 0693 23
12>(6‘)x60><a><6.023><l0
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a=3.82x10""* moleof A

Numerical Chemistry

Total distance in between u:"ammandarm;:h
-13 =
b=£= 3,823('0—]5 =1 28)(10'.'5 MleofB =8.06X 10 1 +2.06X10— lO.lelO" cm
' Now repulsion energy o
For B: _— _0i0: _92x4.8x10™" x2x3.8x10'
[3loA-Ng =mxl.28x]0"’ % 6.023% 107 r 10.12><10'7 i
_ 7 erg =418.9x1077 x6242x10"' eV
[7510 =9.275x 10 dps =418.9x107" erg =418.9x
For A:

(22303, 0 %
A r

(

2 g
t=2x24hr; A =_°-16293;

n =1.0x10" x3.7x 10" = 37x 10* dps

3.7x10*

2.303x12
2x24 =
0603 0BT
r4 =2315.40 dps =6.26 x 10~ Ci =0.0626 uCi
For B: =230, %
A r

2.303x16, 9.275x10°
2x24 =
0.693 '8

Y]
7 =1.159 x10° dps =3.13 x 10~ Ci =0.0313 uCi
Also, after2dayry =L ,-N,; 3 =Ag-Ny

T _Na A
5 Nz Ap
Na_r s
or NB = " X}‘A
0.0626 _ 0.693 12
=080y U0 x —_ =]
0.0313° 16 0.693
64. 18 gH,0has 2N H atoms initand H : H' ::8x107'% ;1
18 g H,O has | H? atoms = 8x107'% x 6.023x10% x 2
10 g H,0 has | H> atoms
_ 8x107% x6.023x10% x2x10
18
ie,  Ngof H?=5354x10° atoms
N,
Now, t= 2.;03 log o —Nl
2.303x12.3 5.354x10°
= lo,
40==603 o8I0

N =5.624 x10° atoms.
65. For successive o, B-emissions in parallel paths,

m b g b 5o
Maversge =R + X8 = 7655+ 205 = Te20 Yo
Givenatt =1t N=leo (since 3/ 4 part decays)
2.303 No
t=—"""logp —-
— 10
t= Q()S;ﬂ) log 4 =449.24 year
66. Faciews = 1.3%1077 x(4)'3; where A is mass number

ryos =13%1077 x(238)" = 8.06x10"* cm
Fat =13%107° % (4)"" = 2.06x10™° cm

N

69.

2

_418.9x107 x6242x10"" \ 1o 26 14 Mev

10°
67. At closest distance kinetic energy should be equal o
repulsion energy s
1 2__1 27
A =2 x££
2 41l£o r
where repulsion term is given by
992 _2eZe 22
r ) i r
u?=_2Ze
MEgmr

29%(1.6x107'7)?

“= V3.14x 8.85x107"2 x (4x1.672x1077 )x1075
u=6.3x10° m sec”’

. Total mass before reaction

=4.0026+10.0129=14.0155amm
Total mass after reaction

=13.0036+1.008=14.0116am
Mass decay during reaction

=14.0155-14.0116= 0.0039arm
Total energy given out
=0.0039x 931MeV= 3.6309x 10%eV
=3.6309%10° x1.602x10™"° J
=5816x107"1

Now, E=hv
5.816x107" = 6.625% 107 v
Frequency, v=877x10™ Hz
and v=LX
A
£

v

A=C2 30U gy gm0
8.77x10% -

Note : Energy supplied to o-particle = g x v
=2x1.602x10""x 3% 10° )
= 2x1.602x107"° x 3% 10°
1.602x 107"
This energy is used up to over power the penetration of
nucleus and imparting

P energy to C and H atoms, i.e.,
1X10° eV+5%10% eV=6 x 10% eV

eV=6x10° eV

e+ e® —5 2 (photons of same energy)

The mass of two electrons is converted into energy

The energy produced during emission of two photons
=2xm, x¢?
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=2x9.108x107' x (3.0x10%)?
=163.9x107'% J

Energy of one photon = w -

E=he

Now,

or  8.195x1071% = 6:625x107* x3.0x10°

or A =2425%x 10‘3; m =2.425 pm
M hae=282=315%10? year!
For the decay involving two parallel paths,
Th??
A
B3

Wehave A=Ay pan +Ag path
A ac X Fraction of Th =A path

A ac X Fraction of Fr=Ap, path
or  Aac X (1- Fraction of Th)= A, path
Thus, by Egs. (1) and (3), we get

A.A; =A-‘l‘h path +A'Frpath

Fractional yield of Th = — P

Ac path

2 _ e |

X 100 6.30x107" yr

Thus,

OF ATy path = 3.15%x1072

Fr path

A
Also, Fractional yield of Fr = x

Ac path
Mg =3.15%1072 x%=3.087x10" yr!

7.
M 70 % (8%)

A
2> SaNi +,Je (19%)

+1e9; A
7 e

0.693 -1
128

AL +A, +X3=K“=
=541

Also for parallel path decay
A, = Fractional yield of 30Zn X A gy

A, = Fractional yield of zsN‘ X N ay
A, = Fractional yield of 5§Ni° XA,

64
29Cu

(43%)

Given, Aoy =
0.693
12.8

x1072 hr™!

A _38
A, 19
A _38
and R; 43

8.195x107' J

72.

(1)

-2
(3

7.
O
2
(3)
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From Egs. (1), (2) and (3) A, = 2.056x 107 hr™';
Ay =1.028x 1072 hr™';A5 =2.327x 107 hr™'
s 0.693
ty/2 fi -emission = =33.70 hr
vz forp 2.056x 107
- 0.693
t,/, for p*-emission = ———>— =67.41 hr
vz forP 1.028x10°2
0.693  _
lectron capture = —————— =29.78 hr
i ez o 2.327x1072
A=A +Ay=1.5x107 +5x10
=20x10"°%s~!
Also, 2.303 log —-]—° A Xt

2 3o3|og[9£]5- =20x107 x 5% 60 60

1
% [4], =0.1744 M
[A] decomposed =[A]o —[4],
=0.25-0.1744 = 0.0756 M

; As
= x[A4]q g X
Fraction of C formed [M - A'2] [ .

wiN

5%10° 2
=0.0756x 222V __x £
20x107°¢ 5

=7.56x10" M
Note that 5 mole of 4 are used to give 2 mole of C.

Kinetic energy = %mu2

0.0327x1.602x107" =2 x1.675x107% x 1,2

1
2
(1eV=1.602x107" J)
x u=2500.0m/sec= 250km/sec
Thus, time taken to move 10 km = —5 =4.0sec
Now, neutrons left (N) aﬂer 4 0 sec can be obtained by
A=2 303l g
N
0.693 _ 2. 303 log
700 4 N

Ny _
N =1.004

N =99.60%
" No. of neutrons decayed = 0.4% or 0.004
Fusion reaction is 2 \H* —— ,He* +energy
Mass defect =2 x mass of | H? — mass of ,He!
=2x2.0141-4.0026 = 0.0256 amu
Energy liberated during fusion of 2 atoms of
| H? = Amc?
=0.0256x 1.66x 10727 x (2.998x 10% )2
=38x107"2J
Energy liberated during fusion of 2V atoms of , H? to
give
N atoms (or | mole , He*) = 3.8x10™'% x 6.023x 103
=23x10"%J

(No =100
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75.

76.

77.

__ 0693 _ oy
T0.6x 50 = 1-0896x10
- "6(‘)593—1145><10‘J
2.303 A
¢ =230 | ~Bi
pull L} v
- 2303 , 1145107
10.3604x107 - '° 1.0896x 10~

=227.1 minute

Isotopes: 1. Atoms of same element having same at. no.
but different mass no. are known as isotopes.
2. Nu.cleldes and its decay product after one o and two
B-particles are isotopes.
3. eg, |H', |H? and | H’; each has same at. no.
< Correct choice 1 — A
Isobars: 1. Atoms of different elements having same
mass no. are isobars.
2. Nucleide and its decay product after B-emission are
isobars.
3. eg, H? and , He?; each has same mass no.

Correct choice 2 - G
Nuclear isomers: 1. Atoms of an element of the same
atomic mass but possessing different rate of decay as a
result of being in different quantum states.
2. eg., U, and Uz; Co®™ and Co; Br® and Br®"
o Correct choice 3—-D
Isosters: 1. Molecules having same no. of atoms and
same no. of electrons are isosters.
2. e.g.,CO, and N, Oeach has three atoms and 22 electrons.
8 Correct choice 4 — E
Isotones: 1. Nucleide containing same no. of neutrons
but different no. of protons.
2. e8, H? and , H?; each has one neutron.

Correct choice 5 - C
lnoelectronicu 1. Atom and ions having same no. of

electrons are isoelectronics.
2. eg, N> ,0* ,F ,Ne,Na™ Mg?*, Al**; each has 10

electrons
Correct choice 6 - B

lsodhphen 1. Atoms having the same difference of

neutrons and protons or same isotopic no.

2. Nucleide and its decay product after a-emission are

isodiaphers.

3 eg, zA"—> 7-2B™*%, each has the same

difference of n and p, i.e., (n— p)=m—2Z.

: Correct choice 7-F

Avemgeatomlcmass(A) A X, ZX 1ol -

9% of one isotope X its relative atomic mass + .
% of other X its relative atomic mass

= 100
Let % of isotope of mass 10.01 be a.

78.

79.

81.

Numerical Chemistry

10.01xa+11.01 (100-a
10.81=-fW\)
a=20
% of isotope of mass 10.01 =20
2 % of isotope of mass 11.01=80
Average atomic mass (4 ) =24, X / EX 14

9% of one isotope X its relative at. mass + .
% of other X its relative at. mass

= 100
Let % of C1*°be ‘a”.
35.453=

? a=17135%
Mass number of isotope of O with 8 neutrons = 16 and is
90%.
Mass number of isotope of O with 9 neutrons=17 Leta %
Mass number of isotope of O with 10 neutrons = 18
(10-a)%
Average atomic mass of O (4 )= Z4; X, / ZX 1o
%of 0'° x its mass + % of O'7 x its mass +
%of 0'® x its mass

35xa+37(100—a)
100

- 100
90x16+17(a)+18(10—a)
1612=
. 100
a=8
% of 0'7 =8%

%0of0'"* =10-8=2%
(@ 7N (n, p) indicates that N'* on bombardment with
neutrons gives proton.
7N“+on| — sz+|pl
on equating at. no. and mass no. on both sides, we get
JNY 4o ! «CY 4, p!
“K” + Hl —_ “A.I'“ +3 He‘
In some nucleus, the nucleus may capture an electron
from the X shell. The vacancy created is filled by
electrons from higher levels giving rise to
characteristics X-rays. This is called as K-electron
capture or simply K-capture.
“Bll” + _|¢. — 5sCs
11 Nﬂzz — 10 Nen +4 ¢.
B or positron)
2UD + o) sAM2 4 B4
Equation is
U5 + on! sCs™2 + ,Rb? +2 o'
2,H> — ,He*+ ,x™
Equating at. no. on both sides and mass no. on both
sides

(b)
(©

133 4, X - rays

(CY
2

Z=0 m=2
zlﬂl —_ 1“3‘ +2.nl
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3)

82. (a)

(b)

(©)
@

83. For g Ac™®:

Equating at. no. and mass no. on both sides
uSe'z e “Kr" +2, ¢°

It is an example of induced radioactivity or artificial
radloactivity, i.e., conversion of a naturally stable
element into radioactive element by bombarding it
with high energy particles.

It is an example of nuclear reaction. A reaction that
involves a change in the nucleus of an atom due to
interaction of nucleons.

It is an example of induced radioactivity or artificial
radioactivity.

It is an example of spallation reaction. A nuclear
reaction in which a high energy incident particle
causes several particles or fragments to be emitted out
from target nucleus. The mass no. and at. no. of target
nucleus are reduced by several units.

Mass No.

=238,
2 =% 570

159

i.e., 228 is completely divisible by 4 and therefore, g Ac?®
is a member of 4n series.

Mass No. 227 _ .3
For g Ac227: ————4 = _4— = 562

Ac?? is a member of (4n + 3) series.

. Nuclear fission: A nuclear reaction in which a heavy

atomic nucleus splits up into two approximately equal parts,
at the same time emitting neutrons and releasing very large
amount of energy.
Nuclear fusion: A nuclear reaction between light atomic
nuclei as a result of which a heavier nucleus is formed and a
large quantity of nuclear energy is released.
As given:
In fission 200 MeV is formed and mass involved = 236g
In fusion 17.6 MeV is formed and mass involved
=2+3=5g

Energy released/g mass is more in fusion and thus
fusion is more hazardous for civilization.
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Numerical Chemistry

@ SINGLE INTEGER ANSWER PROBLEMS @

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

. §S2Th belongs to III gp. It forms a new element after

emission of an a-particle belonging to gp.

. n/p ratio of '*Cis .....
3 .
. 1 H” on decays forms a new element with mass number

. Pair annihilation involves how much particles to

produce Yy-rays.

. No. of o-particles emitted during the emission :

238
3U— ZPb+ajHe +b%e

. Time required to complete 99% decay is how much to

time required to complete 90% decay?

. If1Rd=10" dps,thenais ......
. Total number of a-particles emitted in Actinium series

. Ratio of atoms of B and 4 left after the process of decay

at secular equilibrium if their average life are 12 year
and 3 year for 4 and B respectively.
A — B —C

T 12y 3y
The number of known isotopes of iron are ......
Nucleodic masses of }*N and ¥ N are mixed to give
average atomic mass of 14.1. The ratio of "N and BN

mixed is ...... L
The radius of nucleus varies with mass no. as 4" ".The

value of n is ..... ‘
If t3,4 and t;, are time required for completetion of 3/4

decay and 1/4 decay then t3/4 =12 X1, than n .is ......
Nuclear fusion occurs at 10" K. The value of 7 s ......
Atoms ;7 A, 3B and ¢C are such that gB is an isobar of
14 and atom 1JC is isotone to gB. The number of

peutrons in 4 are o
Isotopic number of 3 Feis ......

. 194.
In a nuclear reaction : ',}’O 30,
(ES.) (GS.)

AE = 4.5 x10® kJ mol . The mass difference in mg of

excited state and ground state of B0is ...... .
The minimum number of particles required to show pair
annihilation process. . . ‘

The total number of a-and p-particles emitted in the
(11T 2009)

233 U undergoes

nuclear reaction 235U — ;Pb.
The number of neutrons emitted when
controlled nuclear fission to '4 Xe and 33Sr.

In a certain type of nuclear reaction, one neutron is a
projectile (a reactant) and two neutrons are produced.
Assume that each process takes 1 s. Suppose that half of
all the product neutrons cause another cvent each, and
the other half escape from the sample. How many
neutrons will be produced in the third second ?

22.

23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

In the abundance of three isotopes of H, onc of mass 2 is
6%. Calculate the % of other respective isotopes of ’H
in a mixture when the mean atomic mass of His 1.12 at
any time.

Number of neutrons in lighter isotope of LOis.....
Atoms 74, 3B and 4'C are such that 4B is an isobar of 14
and atom Y'C is isotone to yB. The number of neutrons

in ;A4 are.....

A certain radio-isotope shows the change

A X — A8y +23He (1, =10 day). If 2g-atom of X
aretaken,p:mueofﬂe(inaml)acamﬂmedhlasaled
tube of 12 litre in 20 day at 300K is..... (R=0.08 litre atm K”*
mol™)

The n/p ratio in the daughter element formed after
exposure of 7 Mg to deuterium which as a result loose

an o-particle is.....

In the nuclear chain reaction

BU—'¥9Ba+ Kr+3 jn+E

The number of neutrons given out after three steps is.....
In the problem 27 energy released in Three steps is nE,
the value of n is.....

In a nuclear fission caused by the impact of a single
neutron, two neutrons are produced in one step. The
number of neutrons produced in 3rd step will be.....

10 g of a radioactive sample has a half life of 4 hour.
The half life of 5 g of the same substance is.....

The ratio of radii of the atom to the nucleus is 10°. The
value of a is.....

An element has a half life of 2 day. The time taken for
seven by eight of a sample to decay is.....

Two radioactive nuclides 4 and B have half lives in the
ratio 2 : 3 respectively. An experiment is started with one
mole of each 4 and B. The molar ratio np/n, left after
three half lives of 4 is.....

In a nuclear reaction '30— '30; \E =4.5x10%k]J
mol™. The mass difference in excited state of '* O and
ground state of '°0 per mol in mg is....

Number of neutrons in parent nucleus after two
successive B emission giving 'IN is.....

Area of cross section of nucleus is about 107! cm™

Two radioactive species 4 and B have their decay
constant 10 : 1 respectively. Both have initially the same
number of nuclei. After time 1, the ratio of nuclei of 4

and B becomes %’. The average life of A will be a x 1.

What isa ?
Iftg96 =nxt))2, thennisequalto ......
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39.

45.

47.

. Packing fraction of element '2Cis
41.
42,
43,

Assuming the nuclear chain reaction:
235 140
2U— '§Ba+37Kr 43ln+E,

The qumber of neutrons released in three successive
steps is ......

Iflu=1.492x107" erg; the value of a is ......
The ratio of **Cland *’Clisotope in Cl, gas is

2% Biis last product of series (4n + a), the value of a is

The ratio of nuclear radius of two elements % 4 and ® B
8o .
90Th a member of 3rd group on loosing one ¢i-particles

forms_t.he daughter element. The group of this element is
...... in periodic table.

The number of neutrons in lightest radioisotope is

The degree of decay in time ¢ is equal to
equal to zero.

49.

50.

51.

52.

161

The number of radioactive atom of a radioisotope falls
to 12.5% in nine days. What is its half-life period in
day?
The half-life of 59Sr is 20 year. If a sample of this
nucleide has activity of 8000 disintegration per minute,
its activity after 80 year willbe 5 x 10? dpm. What is a?
In the abundance of three isotopes of H, one of mass 2 is
6%, the % of H isotope of H in a mixture when the
average atomic mass of H is 1.12 at any time
The half-life of a radioactive element is 100 minute.
The time interval required between the two stages of
decay, i.e., 50% and 87.5% is a X 102 minute. The value
ofais ...... .
The periodic table consists of 18 groups. An isotope of
copper, on bombardment with protons, undergoes a
nuclear reaction yielding element X as shown below. To
which group, element X belongs in the periodic table?
SCu+l H—o6hn+a+2|H+X  (T2012)

I |

1. Two 2.One 3. Three 4. Two 5. Eight 6. Two
13. Two 14. Seven 15. Nine 16. Six  17. Five 18. Two
21 Two 22. Three 23. Eight 24. Nine 25. Six  26. One
33. Two 34. Five 35. Nine 36. One 37. Nine 38. Eight
45. Two 46. Two 47. Zero 48. Three 49. Two 50. Three

7. Six

19. Eight
27. Nine
39. Nine
51. Two

8. Seven 9. Four 10. Four 11. Nine 12. Three

20. Four (one neutron is to be used to bring in fission)

28. Three 29. Eight 30. Four 31. Five 32. Six
40. Zero  41. Three 42. Three 43. One  44. Two
52. Eight



J) #mCo — %Co emits Y-radiations of wavelength
3x107% m Assuming each nuclei emits one

wavelength, with what mass per mole of two nuclei
differ?

(@) 443x107 g ® 443x10% g
(c) 443x107 g (d) 443g

3. A drug has mdloacthty 80 dpm and after 20 minutes
after its activity is 40 dpm. The number of atoms present

initially were: )
(a) 2375 @) 2309 (&
(d) 2475

2
(c) 2409
3 1 g sample of "2Sm has 27% purity and emits
a-particles with half-life 10'> year. Calculate the
number of -particles approximately emitted in 1 sec:
® 24 (b) 48
(c) 16 (d) 32
/4./ The degree of decay of a radioactive species
(t,,/z =12 years) after six years is: Vv {
) 0.30 ®) 060 yx " G
(c) 0.20 (d) 0.45 & Y
5,) A radioactive element decays as:
A — B —C.
fy2=2yrs fy2=4yrs
If 100 atoms of A present initially undergoes decay then
at radioactive equilibrium:
(@) Ng/Ny=2

Ng

VB _ %
(b) N,

Np _ 0693
© N, " n2

the equilibrium does not exist
. Emission of o-particle from a radioactive species

produces its:
(a) Isotope ¢ (b) Isotqne
(c) Isobar 4 ~—d) Isodiapher

/ The activity of a radioactive sample reduces by 10% in

‘\\2y, 12.5 yr.The half-life of this radioactivity specnes when it
/45 is reduced to 90%: PP
\° (a) 28.20 yr /a/azzoyr /r, ,,/
(c) 2.5yr @125y VY, X

. (8f The activity of "3'Iis reduced to 60% in 4 yr. How much

S 4 time it would require to reduce its amount by 40%? -‘
(a) 6yr (b) 0.2303 yr U’ ¢
(c) 22yr 4yr
i Specific activity of **Ra is:
b .1,~  (a) 10 curie (b) 226 curie i /19

(c) 223 curie 1000 millicurie
. The abundance of three 15Gtopes of oxygen (atomic

mass 16.12) contains 8, 9, 10 neutrons respectively. One
Pl _‘)

% R\

.’\‘/

|Q YDV~
by

: OBJECTIVE PROBLEMS (One Answer Correct) :

e b Numerical Chemistry
i¥

ik
of the heaviest isotopes has 2% abundance. The other
two are:
90, 8 (b) 80,18
(c) 60,38 (d) 18, 80

1. 22Th belongs to III gp. It emits an c-particle. The
daughter element belongs to:
@) Igp (®) T gp.
11 (d) IV gp.
? heavner element continuously emits o- and
@amcles The finally stable element may belong to:

14 gp. A6) 16" gp
(c) 10" gp d) 12% gp
(13. Conversion of energy to mass occurs in:
"~ (a) a-emission _4b) p-emission
(c) y-emission C* (@ pair production

. Two radioactive elements A and B (decay constant
=10\ and A respectively), initially have the same
number of nuclei. The ratio of nuclei of 4 and B leﬁ will
be 1/e after time: 2
(a) aor)™ ® a7
(©) 11x(10A)™! _d) OA)~!
A sample of radioactive element has rate R, at time #,
and R, at time ¢, (¢, > ¢; ). Which one is not correct if A
is rate constant and 7 is average life?
@ R >R,

){{) No. of atoms decayed in time (t, —¢,) = R, ;Rz

(c) No. of atoms decayed in time (t,— t, ) =(R| Rz) X1
—R
k

No. of atoms decayed in time (1, — ;) =

% The number of neutrons accompanying the formation of
)2(;5: and 33Sr from the absorption of a slow neutron
by 5° U followed by nuclear reaction is:

@ 0 \(b) 2
(© 1 43

Select the incorrect statement:
(a) Theadsorption of H, by Pd is known as occlusion.
The number of electrons in the parent nucleus of
7'N after B-emission is 8. P
- (¢) In electric field B-particles are deflected more than
/(di - particles inspite of o-particles carry more charge.

ucleides having odd number of protons and
neutrons are fairly stable.

/I The charge mass ratio for an alpha particle is about ......

coulombs/kg.
4.8x10’
(c) 2.41x1077

(b) 2.41x108
(d) 2.41x10°°



Radioactivity
/@ The activity of a radioactive substance is 4, and 4, at

time #; and #, respectively. If#, > ¢, then the ratio of %
1

is: —_
@ e—M'Wz) pRACER)
er (1) () per
The time required for a radioactive species to decay % of
its initial amount is ¢. The fraction of radioactive species

left a?er 0.5¢ is: v
1 1 Y
® 5 ‘ ®5 s
2 1 5
z(‘e)/J; @) 3 l‘f\ln

tie ¢. The time ¢ is related to mean life (T) by:  \\n”
(2) 2T In2 ®)27m2 g a2
(© 2T* In2 A 4TIn2 & gye T

/lﬂ; radioactive species involves four half life period in
@ A radionuclide having decay constant A is produced at a
constant rate of o per sec. If N be the number of nuclei
at t =0, then maximum number of nuclide possible are:
@) No+2 ®) No+2

A
@% d No
@. Two radioactive species 4 and B having half life in the

ratio 3 : 2. If 4 goes to 25% decay in time ¢, and B goes
to 75% decay in time ¢,. The ratio of #; and ¢, is:

(a) 0311:1 (b) 0.420:1
(c) 0.119:1 (d) 0.273:1
/Z( Half life period of lead is equal to:
A (a) Zero (b) 0.693
(c) 1/0.693 _4dy” Infinity

N, atoms of a radioactive nuclide are decayed having
decay constant A. The degree of decay after time is

/zs:

given by: .
(a) e™ by l-le
(©) M d l-eu

26) 5 g of radioactive species having molar mass 200
@ undergoes decay with decay constant of A. The initial

/\»' %pecific activity can be given by: N
V' (a) 3x10% A dps (b) 3x10% A dps
©)3x10?' A dps (d) 3x10% A dps
. IfE; and E, are the energy to remove an electron from
shell and a nucleon from the nucleus respectively, then:
A8 E, >E; () E; >E,
(c) E, =E,; d) E, 2E;
. ; d
4.0 mg of a B-emitter (®" X)has half life 9f 5 days an
the average energy of emitted }partlc{es is 0.34 MeV.
The rate of emission of energy in watt 1s:

v
N
M _y M<[N-M,+Z-M,]

&
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(@ 2.0 ) 1.0
(c) 15 @) 1.0
. The nucleus 4§°Cd, after two successive B-decay will
give:
(@) &'Pa (®) &'In
© 5%'sn Ay 5’Sn

@ Nuclear-Fission is best explained by:
(@ Liquid droplet theory
Yukawa nt-meson theory
(c) Independent particle model of the nucleus
(d) Proton-proton cycle

/an,, and M, represents mass of neuiron and proton

respectively. An element having atomic mass M has n
neutrons and Z protons, then:

() M>[N-M,+Z-M,]
© M=[N-M,+Z-M,]
@ M=N[M, +M,)]

/32. Energy released in nuclear fission is due to:

”~ Few mass is converted into energy
(b) Total binding energy of fragments is more than the
binding energy of parental element
(c) Total binding energy of fragments is less than the
binding energy of parental element
(d) Total binding energy of fragments is equal to the
binding energy of parental element .

- A 10 g sample of radioactive sample is present at r =Q.
The approximate mass of this element in the sample
after two mean life is: It

& 135¢g 10 () 250¢g
(c) 3.70g e- (d) 630¢g

. In a nuclear fusion process masses of the fusing nuclei
be m; and m, and the mass of resultant nucleus is m,

~N B =X
R 53 2]

then:
(a) m=m +m, (®) m=m —m,
eym<m +m d) m>m, +m,

If M, and M, are masses of proton and neutron
respectively. For a nucleus it binding energy is B and it
contains Z protons and N neutrons, the correct relation
for this nucleus it C is velocity of light is:

(@ M(N,Z)=NM, +ZM, - BC?

(b) M(N,Z)=NM, +ZM, +BC*
® MW, 2)=Nu, + 20, - B

C2

44) M(N,Z)=NM, +ZM, + =

2

§8 In the reaction H +JH—> {He +bn if binding
energies of {H , {Hand 4 He are respectively a, band ¢
(in MeV), then the energy released in this reaction is:
(@) a+b+c _Ab)a+b-c¢
@c-(a+b) (d) c+a-b



164

/ﬂ./ Fission of nuclide is possible because the binding
~ energy per nucleon in them:
(a) increases with mass no. at low mass number
(b) decreases with mass no. at low mass number
(¢) increases with mass no. at high mass number
{&dm with mass no. at high mass number
38 ‘U emits 8a- and 6B-particles. The ratio of neutron

Numerical Chemistry
(b) All the B-particles emitted by B will have same

spced . .
() The B-particles emitted by 5 have widely different
speeds
(d) In both cases o.- and - have almost same speed.
7. 1f 3 Uemits an o.-particle, the product has mass no. and

/proton in product nyclei is: ol 24 . at. no.:
(a) 60/41 =1 > (by'62/4l 21 By 4 (a) 236,92 X _(b) 234,90
_ (c) 61/62 =+ =+ (d) 61/40 (c) 238,90 (d) 236,90

,39. The radius of Germanium nuclide is measured to be

/ twice of the radius of § Be. the number of nucleons in Ge
are: e m..
(@) 72 ® 73 eV
_(c) 74 @7

. Two radioactive materials 4, and 4, have decay
constant 5A and A respectively. If initially they have the
same number of nuclei than ratio of nuclei of 4; to 4,

will be_ after a time: LT
] e
A8 o ®)
© 2 @

41. An o-particle of energy -;:muz bombarded a heavy
v

target of charge ze. The distance of closest approach for
a-nucleus will be proportional to: . @ 1>"

@ ~ ®u? @ -«
ze .
1 4 L
/(,c} m @ u? ,
/42./ The activity of a radioactive sample is 4, at/ =0and —eo—
.L',/.

4 at £ =5 minute. The time in which activity is reduced to
L half of initial value 1s:

% 2 s WY,
¢ @ bg ® 5 B
\- (C) SIong ,(d)’Sln2 .
1% 43, In nuclear reactions, we have conservation of :
¥ / (a) mass only
(b) energy only

(c) momentum only
charge, total energy and momentum _
Two nuclei have their mass no. in the ratio 1 : 3, the ratio

o
5

(A

of their nuclear densities is: &
@) 3"%:1 1:1
() 1:3 @3:1

In a nuclear fission, 0.1% is converted into energy.
The energy released by fission of 1kg mass is:

Ly « (@ 9x107J (b) 9x10:;1
S oal™  (6) 9x10' ) (B 9x107 ] .
2 A nuclide 4 undergoes a-decay and another nuclide

undergoes p-decay, then : '
(a) The a-particles emitted by 4 may have widely

different speed

48, The radiations from a naturally occurring mdiqactive
~ substance, as seen after deflection by a magnet in one
direction, are:
(a) definitely alpha rays
(b) definitely beta rays
(c) both alpha and beta rays
(d)either alpha or beta rays

49.” The radius of an atomic nucleus is of the order of:
(@) 107 cm /(WIO_: cm
(©) 10 cm ) 108 cm

The half-life period of a radioactive element is 140 days.
After 560 days, one gram of element will reduce to:
(a) 12 g (b) 1/4g

(c) 1/8g Ady 1/16g

/51. 2] Alis a stable isotope, 73 Alis expected to disintegrate

by:
(a) o emission /(B)/B emission
(c) positron emission (d) proton emission
/y The number of neutrons accompanying the formation of
¥ Xe and 33Sr from the absorption of a slow neutron

B3, followed by nuclear fission is:

by 5 fis:
_(b) 2
Nk

92t
(2 0
}, The decay constant of a radioactive species is A for the

/50.

©1
process in which a parent element showing formation of
a daughter element. After time ¢, P atoms of parent
element are left and D atoms of daughter elements are
i 4 formed. If £, is half life then which expression
X correctly represents decay of parent element :
h2

; _ hn D _ _D
/«{'—0.6931n(1+P) @)"0.693'“(' P)

= Lz Q _ 2 ﬂ)
© t=gen(B) @ r=52m(E

/5( Which is correct for a graph plotted between log -:"— vs
o

log 4 (where r,, is radius of nucleus and 4 is its mass no).
(a) astraight line with a slope 0.5
(b) a circle with radius 1.3 x 10" cm

};‘«) a straight line with slope 0.333

(d) an ellipse with minor and major axis in the ratio %

_— e
day = ,'L'n/‘ In
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Radioactivity

e s(‘ e JC’B”"
%sotopic number of 33 Uis :
@235 (43-7% (b) 92
(c) 143 Ady 51
- Total time (T) required for a species to reduce it to%is
correctly represented with its average life, by the
relation : ke B
(@) t*In2 (b) 2tIn2 i
LWw L
(c) t*In2 ~Ad) 4tIn2 Lie

(8% ,Zf Na is the most stable isotope of Na. Find the process
by which 7 Na can undergo radioactive decay:
o (ITT 2003)
@ B~ -emission (b) o.-emission
_fc) B*-emission (d) K-electron capture
/58./ A positron is emitted by # Na. The ratio of the atomic
il mass and atomic number of the resulting nuclide is:
‘ ~ (@T2007)
(a) 22/10 © (b) 22/11¢
_¢) 23/10 (d) 23/12
. Given that the abundances of isotopes 54 Fe, **Fe and

57 Fe are 5%, 90% and 5% respectively, the atomic mass
of Feis: (IIT 2009)

165

(a) 55.85 Ab) 55.95
(c) 55.75 (d) 56.65
< The total no. of a- and B-particles emitted in the nuclear

reaction: 3 U— 2dpp k4 ® (IIT 2009)
(a8 ®) 6
(c) 4 @) 2

63 Bombardment of aluminium by a. -particles leads to the
~ artificial disintegration in two ways (i) and (ii) as shown

Products X,Y and Zrespectively are (IIT 2011)
+pe (il) 30
>
ZAl Pp+y
i (i)l l
% 14SitX - 305i +Z .
Proton, neutron, positron 4 f ‘
(b) Neutron, positron, proton t P
oton positron neutron ) ¢

_(d) Positron, proton neutron™

. n.% 252005



Numerical Chemistry

e

1. (b) E/photon = i” Also, E = mc?
N- hc_mcz
A
m=N-h _6.023x10* x6.626x 10~
cA 3x 10° x 3% 10710

2. (b)

(a)

(a)

@
@)

®

@

@

10. (a)

=4.43x10"° kg =4.43x107 g
-2303, No _2303, ¥
1=22og —0 = 2303, Yo
Py og N Py log 7
_2.303, 80
20= 228316, 80
% 4o
A = 2:303x0.3010
20

» Now,yo=A:N,
_ 2.303x0.3010
80=£:203x0.3010
20 XN
s No=2309
2= 0.693
102 X 365% 24 x 60x 60

y=A XN =22x 1020 x 1X27x6.023x10%

=2.2x1072 sec”

100x 152
=24 o-per sec”!
ﬂ—eh' . N=Nye™
N y o 0 ’
No-N _Ng-Nye™ o
Now, a= = =1-
ow, No No 1-e
_0.693
a=l-e 2 =029

If t,,, of daughter element is higher than parent
element, radioactive equilibrium is not noticed.
Emission of o-particles always leads to formation of
isodiapher, i.e., (n— P)remains constant.

Half-life of a species remains constant. N = %0,
2.303, 100 -3
= | =843x10
Now A=Sos Py
0.693
. t)y = ———=82.20yrs
¢ "2 8.43x107

Time required to reduce activity by 40% = time
required to reduce activity to 60%, ie., 40% is
decayed.

Specific activity ***Ra =rateof decay of 1g  of
226 Ra =1 curie = 1000 millicurie

It is the unit of radioactivity derived by assuming rate

of decay of 1 g of Ra.
16.12= 16xa+17x(98—a)+18x2

100
a=90% for '*Oand 2% for '7 0,

11. (b)
12. (a)

13. (d)

14. (d)

15. (d)

16. (d)
17. (d)

18. (a)

19. (b)

20. (a)

21. (d)

2’z"l'h — 22BRa+"He Note elements from 89 to
103 are placed in gp. IIL
Naptunium series ends at Bi (15®
series terminates at Pb (14 gp.)
Energy of photon can be converted entirely into an
electron and a positron when the photon passes
through matter This is pair production
(hv=_, Oe+ +Ie)
N A= N 0€ M N
Ng_ -on N4
== Given, —~=e
Ns ¢ ™ Ns
9A=1 or

gp.) and rest all

Ng =Noe™
-1

=—

oA
Rate decreases with time : R,
Ry =Ry =A(N, = N3)
No. of atoms decayed in time
ty—t,=N; =N, = Bi—R

=R -Ry)1
235U+ n—»> 139Xe+ “Sr+ 3 n
Nuclides with odd number of neutrons and protons are
unstable.

e _2x1.602x107"
4x1.66x107%
=e™ and A e

4o
A4, — M=)
4, °

At =2.303log L
1/3

Axls=230310g1
2 a

=AN|, R;=AN,

=4.8x10’
m
4,

40

log 3

Iog 1

_o. 477
i

2=

log 1 =0.2385
a

=1.7318

Q|—

a=05774=-L
J3

1372 X4=

AlsoT=1 = ty2 _'l/z
In2

T=— =
ln2°” 4TIn 2



Radioactivity

22. (c) Rate of formation of nuclide, % =a-AN
t

23.

25.

27.

29.

31

3.

(a)

- (d)

()

()

(@)
(®)

@

. (a)

(a)

(a)

(where AN is its rate of decay)
For maximum number, % =0
t

o.-AN=0
or N =g.
A
tad _3
2.303x ¢, 4
Ford: ty =—— 1274
A 0693 °83
2.303x ty,B
ForB: t, = ——_ V27
2= "o Lot
h_fvd log43
t, ty,B  log4
3

= 3 x0.2075=0.311

Pb is not radioactive and thus A =0
0.693

o dija === tyy =
N=Ng-e™
No—N-’-No—N(re_h
=Noll-¢™]
degreeofdecay:N;;Nﬂ-e'“.

Specific activity = activity shownby 1 g species = rate
shown per g by species
A-N; _ 6x10% x)
M 200
=2 x3x10% dps
where N is no. of atoms in 1 g
E,>E, as binding energy responsible for holding

nucleons in nucleus is very high. .
Power = Energy of 1B (in J) x No. of B particles

Activity=A-N =

emitted/sec i
No. of B particles emitted e e A-N
0.693 4x107 x 6.023x10%
= . x 4x107 x6.023x]0
5x 24 x 60x 60 210
=1.84x10" .
Power = 0.34x 10 x1.6x107'7 x1.84x10

=1 watt
Scd— o Sn+ 2%
Nuclear fission has been explained in terms of liquid
droplet theory.
Total mass of atom is always less than sum of the
masses of its constituent elements and this difference is
given out in form of binding energy of nucleus. '
The decay releases energy due to mass decay, i.e.,

E=mc.

33.

34,

3s.

36.

37.
38.

39.

40.

41.

42.

(2)

(©)
(©

©

@
®)

(a)

(a)

©

@

>\

: 1
life= — St
mean life= >
-2
N=Noge™™ =Nge * =Noe™
N=10x0.135=135g
During fusion, mass decay also occurs to release huge
amount of energy.
Mass decay =N -M, +Z:M, -M(N,Z)
B.E. = Mass decay X ¢?

Mass decay = -éz—
C

B _NM,+ZM,-M(N,Z)
CZ

~. M(N,Z)=NM, +ZM,,-C_B2

Mass decay = (mass of ;He+mass of :)n)
—(massofle+massofl3H)
(-~ Am=Exu’)
_ BE. of jHe+0-B.E. of {H-B.E. of JH

uZ

mass decay = _c#
u

c—a-b
X

Now E = mass decay X u*= u*=c—a-b

Iztlis a fac; o:nd therefore heavier nuclei show fission.
4

28U 2Pb+83He+6 Je

p=82,n=124

. nip=124/82= 6241

R=Ry(4)"

By

[Rs ]’ =2_(1)’

R(}c m 2
m=9x2> =172

N4 =Noe™" =Noe™™

Ng =Noe™ =Noe™

Ny e M _ g (Gweni‘_=l
NB NB e
LYVES
=1
4\

For the closest approach
Final P.E. = Initial K.E.
K-ze2e 1,
) 2
2
n= 4Kzg
mu

l‘2

A=Age™

A N
20 = o™
e
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43.

45.

46.

47.
48.

49,
50.

51.

52.

@

- (b)

@

(©)

®)
@

(b)
@)

®)

@

1
A==
5.
= Elx—z =5In2
All are conserved.
Densities of nucleus are independent of mass no.

812
B A =El_><l><(3x10 )
100
=9x10" J
During B-decay, the energy is distributed among

B-particles and antineutrino

1 0. 1 =
o _jet,, p+V

23877 -G, 234

0 U > 50 Th

A naturally occurring substance may emit alpha- or
beta-rays.

It is an experimental fact[r, =1.33x107'> Acm'?]

T=nxXty,

Lz
Now, N, = No(l)n = 1><(.1.)4 =ig
J 2 2 16
The species ,239 Al (No. of neutrons = 16) contains more
neutrons than the stable isotope ,237 Al (No. of neutrons

= 14) due to higher n/pratio. Neutron decays to show B
emission.

A&
B— particle

235 1 139- 94 1
92 U+o n - 54 Xe+38 Sr+3on

1 1
on—) +lp+

53.

54.

55.
56.

57.
58.

59.

60.
61.

(@)

©

(d
(CY)

(a)
©
(®)
(a)
(a)

Numerical Chemistry

Forf - D

=L Ne

t= k In N
No=P+D
N=P

_1 P+D]
t= X ln[ P

L D]

= Inf1+=
"= 0693 "[ P
r=r,xA4"? (where 7, =1.3x10™cm)
T 4103

To

log :L = % log A i.e., a straight line with slope 31
[

Isotopic number = No. of neutron — no. of protons

No _No .. No. of half lives = 4
16 24
S T=4%ty,
Alsoty; = hi—z =1XIn2 (tis average life)
S T=4tIn2

n/pof f':Na > ﬁNa

ﬁ Na —» ﬁNe+ ¢?e
54x5+56x90+57x5
t. =
At. mass 519045 =55.95

238 214 4 0
92 U— "p,Pb+6,He+2 S e

27 4 30a:, |
13 Al+ S He > 145+ p

27 4 30 1
i3 AlF gHe— (oPHon

0p, 0
155t €



Radioactivity

: OBJECTIVE PROBLEMS (More Than One Answer Correct) :

1.

Decrease in atomic number is observed in:
(a) o-emission (b) P-emission
(c) positron emission (d) electron capture

. Which of the following statements are correct?

(a) K-electron capture always release X-rays

(b) Ga§eous emenation is not observed in neptunium
series

(c) y-emissions are secondary emissions

(d) Elements placed above the belt of stability show
B-emission.

. In which of the following decays n /p increases?

(a) a-emission
(c) Positron emission

(b) K-electron capture
(d) y-emission

. Select the correct statements:

(a) a-decay produces isodiaphers
(b) B-decay produces isobars

(c) 1C shows positron emission
(d) *Na shows B-emission

. Select the correct statements. Fusion in stars:

(a) occurs at temperature 107 K through proton-proton
cycle

(b) occurs at temperature 10® K through proton-carbon
cycle

(c) is uncontrolled nuclear reaction

(d) is thermonuclear reaction

Radioisotopes are used in:

(a) deciding basicity of H 3P0, and H3PO;

(b) deciding mechanism of photosynthesis

(c) deciding mechanism of ester hydrolysis

(d) calculating age of animal or vegetable objects by
carbon dating technique

Select the correct statements: .

(a) Relative stabilities of radioactive isotopes are
expressed in terms of their average life .

(b) The complete decay of radioactive species takes
place in infinite time

(c) The half-life of 14( in charcoal or in cellulose is
same

(d) Average life is defined as the time to reduce rate of
decay by 63%

Select the correct statements:

(a) Mass of a stable nucleus can never
twice of its atomic number o

(b) Shorter the life of aradio element, longer is its range
and greater the energy of the a-particles that it
expels o

(c) Tritium dating is used for determining ages of
comparatively recent dates

15

be less than

10.

11.

12.

13.

14.

169

(d) The first example of true artificial transmustation
was JLi+ |H—2 He

The nuclear reactions accompanied with emission of

neutron(s) are:

(a) JAl+} He— 5P

(b) 2c+}H- "N

(c) 3P fiSi+ e

(d) %! Am+ $He - 37'Bk

Decrease in atomic number is observed during:

(a) alpha emmission (b) beta emission

(c) positron emission (d) electron capture

For a radioactive species decaying with rate r, N is the

number of atoms left after time ¢, D being the no- of

daughter element formed and 1,/ be the half-life period.

Select the correct graphical representations :

®) N

(a) tn

No. of atoms

© NoN‘ ' : d
time

Which of the following are used as moderator in nuclear
reactor :

degree of
decay
VR

(a) Graphite (b) Lithium

(c) Beryllium (d) Heavy water

Which of the following emissions do not emit X-rays ?
(a) B*-decay (b) B~ -decay

(c) K-electron capture  (d) a-decay

In which of the following radioactive process, electnical
neutrality is maintained in daughter element.

(a) a-decay (b) K-electror capture

(c) y-decay (d) B~ ~decay

In the nuclear transmutation

3Be+ X —§ Be +Y (X, V)is(are):

[JEE (Advanced) 11 2013)
(@) (v,n) ®) (nD)
(c) (n,D) @ (. p)



Numerical Chemistry

- " SOLUTIONS (More Than One Answer Correct) ".

- (ac,d)o-emission: 74 — ;"_;B+ He (z decreases)

m 0

z+1 B+ Ie

Positron emission : | p —s o+ Ve (z decreases)
K-electron capture :

: p +_?e—> bn+X- -ray (z decreases)

2. (a)bc,d) For concepts follow Concepts of physical
chemistry by P. Bahadur, Prakash Publications,
Muzaffarnagar. Naptunium series does not produces
Rn isotope as intermediate.

3. (a,b,c) In y-emission n/p remains constant.
4. (abed) U™ — BITh + He (n— p)=constant

::H-—) ;He+ _?e (fH and ;Hc have same mass

B-emission: "4 —

number)
'4C—> 1B+ e (n/pbelow the belt of stability)
f‘:Na e leg +_ e (n/p above the belt of
stability)

(a,b,c,d) All are facts.

(a,b,c,d) —do—.

(a,b,c,d) —do—.

(b,c,d) | His stable nucleus.

»w

L

9. (2,d) ] Al+ jHe— [JP+ on
2! Am+ jHe— *g3Bk+ in

~a . .
10. (acd) ; X* —> ;.Y *™* (o-emission)

B G R SRS (B-emission)
A —y s A ‘]’e (positron-emission)
zX" e—) 7 (Y4
11. (a,b,c,d)r=l-N
= A =constant =

(electron capture)

0.693
ty
Also tyz <(N)°
D=Noy-Nand N =N,-e™
and o=l-e™
12. (a,c,d) These are facts.
13. (a,b,d) Only K-electron capture leads to X-ray emission.

14. (a,b,c,d) Radioactive emission give rise to the formation of
neutral atom.

15.  (a, b) Equating mass no. and atomic no. of two sides of
change.

(a) 3Be +y——5Be + on'
(b) 3Be+| P—3Be +
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COMPREHENSION BASED PROBLEMS

Comprehension 1 : Radioactive decay obey I order
kinetics and the rate of any radiospecies can be given by
r=K [No]where all letters represent their usual notations. A
sample contains 107 kg of two substances 4 and B with half
lives of 4 and 8 sec respectively (Given that atomic mass of B is
twice of 4).

[1] The mass of 4 and B left after 16 second is:
(a) 0.625g,2.50 g (b) 0.625g,0.252 g

(c) 08g,02¢g (d) 0.8g,02¢

[2] The ratio of initial rate of decay of A and B is:
(a) 3:2 (b) 2:1
(c) 4:1 (d) 3:4

[3] The mass ratio of 4 and B that must be taken so that
initial rate of decay remains same:

(a) 3:2 (b) 2:1
(c) 4:1 (d) 1:4
[4] The ratio of average life of 4 and B is:
(a) 1:2 (b) 2:1
(c) 1:4 (d) 4:1

Comprehension 2 : A radioactive nuclide having
n/p>10 undergoes a-decay, B-decay succesively. The parent
element on c-decay looses its atomic no. by two unit and mass
no. by four units. In B-decay the parent atom gains its atomic
no. by one unit whereas mass number remains same. The
y-emission occurs only when daughter element possesses some
higher energy than required for its stability.

[1] An element 233 Th looses an a-particle. If Th belongs to

III gp, the daughter element belongs to:
(@) Igp () gp
(c) mgp (d) zero gp
If atomic mass of Th is 232.18 and its at no. is 90. If it
Jooses 6 — ot and 4 — P particles, the mass no. of finally
stable element is:
(a) 208.18 (b) 208
(c) 226 (d) 2i2
[3] Inthe nuclear decay of an element (Z =88, electron =88,
neutron =145) emitting out 3 He nuclei (an a-particle),
the number of proton, electron and neutrons in daughter
element is:
(a) 86, 88, 143 (b) 86, 86, 143
(c) 86, 88, 144 (d) 86, 86, 142
60 m 60

[4] Inthe nuclear reaction Co — Cothe emission occurs
as;
(a) X-rays

[2

(b) y-rays

(c) a-particle (d) K—el;ctron capture
COInprephenslon 3 : The emission of penetrating

o, B-particles (3He and ¢ respectively) along with

Y-radiation (hv) was noticed from unstable nucleus. {\Il

elements having Z > 82 show this phenomenon. The emission

was explained in terms of low binding cnergy (giving
a-decay), high #/p ratio (neutron decayj. y-emission from a
radioactive nuclide is sccondary emission. The emission of one
kind of a particles occurs at one time, later on may be followed
by other. In addition to these emission positron emission and
X-ray emission is also noticed due to n/p < | and K-electron
capture respectively .
[1] The neutron decay leads to emission of B-particles and :

(a) neutrino (b) antineutrino

(c) mesons (d) y-rays

[2] The missing term in o + e bn+2is:
(a) y-rays (b) infra red
(c) X-rays (d) visible rays

[3] An element of group III with atomic no. 90 and mass
number 238 undergoes decay of one a-particle. The
newly formed element belongs to:

(a) I group (b) 1I group
(c) III group (d) IV group

[4] An element 28U of 11l gp undergoes radioactive decay
to finally produce a stable element. The finally formed
stable element belongs to:

(@) Igp (b) 13thgp
(c) Il gp (d) 14th gp

[5] The emission of penetrating rays from a radioactive
species can be shielded by:

(a) Biblocks (b) Pb blocks
(c) C blocks (d) Mg blocks

[6] The value of“ n’ for the parent and finally stable element
gbtained from the decay of (4n +1) series respectively
is:

(a) 60,52 (b) 58,54
(c) 58,51 (d) 60, 54
Co.mprehension 4: Inthe upper atmosphere, neutrons
present in cosmic rays causes the following nuclear reaction.
PN+pno PC+H
The isotope '¢C gets circulated in the atmosphere as well
as in living species. In a place where nuclear explosion takes
place, the concentration of 'C increases both in the

atmosphere as well as in living species. The isotope '¢C
disintegrates according to the reaction.

14 = e .

§C— YN+S%e+V with a half life of 5760 years.
When a species dies, the concentration of '*C in it decreases

due to the above disintegration reaction. the time at which
species has died can be estimated from the knowledge of its '*C
content compared to that existing in atmosphere, Beyond

30,000 year, the activity of disintegration is too low to be used
for the estimation of time period. [IIT 2006)
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[1] In radiocarbon dating for finding the age of fossils, the
correct statement is:

(a) During the life time '*C assimilated by the human
being is in equilibium with the '“C that
decomposes by B emission resulting in the constant
ratio of "*C/ *Cata particular instant

®) “c dating method is inappropriate for finding the
life of a given sample because '“C undergoes B

emission and the ratio '*C /'2C is not constant in
human beings

(c) For a dead human being, the decay of '*C depends
in place to place

(d) None of the above

Radioactivity

Numerical Chemistry

[2] Two organisms died on the same day. One died at a
place where nuclear explosion had taken place while the
other died at a place where no such explosion has
occurred. The ratio of *C during life to that present in
the fossil at an instant is 7 for the former and r, for the
latter. The age of the former was calculated at #; and for
the latter as t,. The correct choice for the timings ¢, and

12 is:
@ n>t (®) 1 <n
) 4 =ty (d) none of these

[3] Inboth the fossils are brought to a common place where
no explosion has occurred then:
@ >t ®) 4 <t
© n=t (d) none of these
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M e——Emmm——— [

Comprehension 1
(1] (@ ForA: Ny=107x10’=10g
2303, Ng
t=-——| c—

A BN
2.303x4, 10
16=2205X4,,, 10
0693 85,

or log % =12036 .. w, =0.625¢g

ForB: N,=1072x10°; N=10g

2.303x8, _ 10
16=2:303x8,,, 10
0693 8%,

B Wpg =2.50 g
@@ =220,
4 a

(Leta is atomic mass of A, then)

=080y
T4 _y4
8
’ 0 hd
Bl @ =088
J » 3 w

0.693, Wi _ 0693, %2

ifrg =1f then 2EEx =L =2 x5

1
w, 4

B

4l (@

o
1

i
[ea)
O
w

[}
o= 2 2
[}
o
[=a)
VA oo
w

SIS

Comprehension 2

(1] (® %9Rabelongs to alkaline earth family.

2] () Z2Th —> “pPb+o;He+4el,

[3] (b) Excess electrons are lost due to exchange of electron
with atmosphere. Radioactive decay leads to neutral
atom.

[4] (b) y-rays are given by unstable nuclide left after o
B-emissions and are known as secondary emission.

Comprehension 3
1 @®

21 ©
B31 ()

tn— P+ le+ V.
(antineutrino)
K -electron capture always leads to emission of X-rays.
2;:‘,'I‘h - 7':;Ra+ ;He; Ra is alkaline earth metal.
Migp Ugp
[4] (d) The finally formed stable element for all three natural
radioactive series is Pb belonging to gp 14.
[5] (b) Radioactive rays do not penetrate lead blocks.
[6] (a) (4n+1)series has parent element 2*' Pu and 2 Bi is
finally formed stable element.
Comprehension 4
[1] (a) Follow text

l2] (n) n= [“C]livilucxplosion and - [MC]livinggxpkm‘m

[:C]de-d [ Claead
N _ [ Cliiving explosi
Lo ot
[ C]‘ivinsmcxplodon
(3] (¢) Heren=n 1>t
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(a)
(b)
(c)
(d)

In each sub question given below a statement (S) and

explanation (E) is given. Choose the correct answers

from.the codes (a), (b), (c) and (d) given for each
question:

§ is correct but E is wrong

S is wrong but E is correct

Both S and E are corect and E is correct explanation of

B;)éh S and E are correct but E is not correct explanation

o

S: One will need a very powerful crane to lift a
nuclear mass of even microscopic size.

E: The density of nucleus is very high.

S: Proton, electron and neutron each has its
antiparticle.

E: Antiproton and antielectron has opposite charge to
proton and electron are cailed antiproton and
positron respectively. Antineutron possess only
opposite spin.

S: Mesons have mass more than electron whereas
hyperons have mass more than protons.

E: Mesons (short lived) on decomposition gives
mesons, electrons, positrons,  neutrinos,
antineutrinos and y-rays. Hyperons too are short
lived on decay gives hyperons, mesons, neutrons
and protons.

S: The density of nucleus is about 18 x10'7 kg m
and all nucleus have approximately same density.

E: The density of nucleus is independent of mass
present in it.

S: The density of '2C nuclide is about
1.8x10"7 kgm®.

E: The ratio of density of 'zC nuclide and water is
about1.8x10' kg m ™.

: king fraction
= Hte _ isotopic mass — mass number %10
- mass number

E: Positive value of packing fraction implies for the
unstability of nucleus.

S: The exchange of energy during nuclear reaction
takes place in form of kinetic energy in nuclear
fission.

E: The evolution of kinetic energy leads to other
forms of energy during fission.

S: The half-life of a radioactive species is
independent of temperature and mass of active
species.

E: Radioactive decay takes infinite time to complete
decay a given sample.

9. S:

11. S:

12. S:

13. S

14. S:

15. S:

16. S:

17. S:

20. S:
E:
21. S:

22. S:

An atom on losing an O-partticle forms g

isodiapher.
Isodiaphers are the clements having szme
difference in their neutrons and protons,
The O, given out during photosynthesis in plants
involves O-atoms of H,0 and not of CO,.
COY + H,0 — Starch +O.
Nuclear fission is a chain reaction.
Extra neutrons generated during fission further
attacks nuclide of fissionable material
B-particles are deflected less than u-particles m
electrical field.
B-particles have very low mass.
Nuclear fusion are made at very high temperamre,
ie,10’ K
Nuclear fusion reactions are exoergic.
Radiolysis of water yields H,.
The reaction during radiolysis of water i
disproportionation reaction.
3¢ Fe is most stable nucleus.
Binding energy per nucleon is maximum for X Fe.
Neutron decay results in f-emission and emissica
of neutrino.
Higher values of n/p ratio give rise t neutron
decay.
K-electron capture leads to emission of neutron and
X-rays.
The vacancy created in K-shell is filled by
electrons from higher levels and thus, X-rays are
given out.
Binding energy/nucleons becomes almost constant
at 7.6 for elements beyond Pb and onwards.
The lower value of binding cnergy/nuclecas is
responsible for decay of transuranic elements.
Yukawa predicted the existance of X-mesons.
n-mesons have their mass about 237 times more
than electrons.
Parent element of (47 +1) senies is plutonium-241.
It decays to give 8ot and SB-particles.
Rutherford studied the first nuclear reaction:

7N +3He 5 VO +1H+1.193 MeV
a-particles lesser than energy 7.6 MeV were found
ineffective.
The first man made atom produced by arificial
transmutation was T,.
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E:

23. S:

25. S:

26. S:

27. S:

E:

28. S:

E:

Thg phepomenon of converting 2 stable nuclei into
radioactive one is called artificial radioactivity.
tiy2 of C'* is same whether it is in CO; or in
cellulose or in coal.
The rate of decay of an element is independent of
all external factors.
The ‘neutrons are better initiator of nuclear
reactions than protons, deutrons or o-particles.
Neutrons being uncharged particles, not exert
repulsion forces from nucleus.
Nuclide 39 Al s less stable than joca.
Nuclides having odd number of protons and
neutrons are generally unstable.
Elements having high n/p ratio are less stable and
emit f-particles.
They tend to lower their energy level by
B-emission.
Neutrons are better projectile than protons to bring
in nuclear reaction.
The neutrons being neutral do not experience
repulsion from positively charged nucleus.

; 11 11 :
The reaction : ¢C' — sB" takes place with
positron decay.
n/ p ratio decreases in this change.
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29. S: During nuclear fission, the products formed are

31.

32.

33.

E:
30. S:

E:

S:

radioactive.

Nuclear fusion requires high temperature.

¢C"! lies below the belt of stability and thus decays
to emit B-particle.

An element lying below the belt of stability try to
make it stable by losing positron.

The binding energy per nucleon is in the order
3Be>ILi> 3He

The binding energy per nucleon increases linearly
upto »Fe.

The position of an element in periodic table after
emission of ot + 2f particles remains the same.
The product formed in above case is isotope.

An example of K-electron capture is :
'ggBa+e'—> 13535Cs+X-my
The atomic number decreases by one umit as a
result of K-electron capture.
The plot of atomic number (y-axis) vs. number of
neutrons (x-axis) for stable nuclei shows a
curvature towards x-axis from the line of 45° slope
as the atomic number is increased. (IIT 2008)
Proton-proton electrostatic repulsion begins to
overcome attractive forces involving proton and
neutrons in heavier nuclides.
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1. (c) Suppose we have to life a nuclear mass of microscopic

size say ¥ =107 cm’. The mass of this particle in
nucleus = volume of particle x density of nucleus N
Mass of nucleus
Volume of nucleus
_ Ax1.66x107%
4

3
=
3

Density of nucleus =

- Ax1.66x107%
4/3x3.14%(1.33x10712 x 413 )3

—_ 1.66x10™ x3
4x3.14x235x107%°

=1.68x10"
mass of particle = 1075 x1.68x10'* g
=1.68x10° g
=1.68 x10° kg

0

2. (d) Proton +1l p¢electron _ e, neutron (;n

3.

LIPS

10.

11.
12.

13.

G
CY)
@

@

(C)
(@
(©)
(2

(c)

. . . 1
antiproton _: P, positron +fe, antineutron ;n

Both are facts.
—do—
Density of each nucleus = 1.8x10'7 kg /m®; density
of water = 1% 1000 kg/m°.
Both are facts. A negative value of packing fraction
means mass number > isotopic mass, i.e., Some mass
has been converted into binding energy to stabilize
nucleus. This concept was primarily given to discuss
the stability of nucleus.
Both are facts.
—do—

74— 7iB+ jHe
n=p=(m=22) (m=-22)
CO, +H,'*0— (C¢H,05 ), +' 0,.
obtained from tracer technique.
Explanation is correct reason for statement,

This is

(b) B-particles are deflected more towards anode.

@

Both are facts.

16.

17.
18.
19.
20.

21.

22.
23.
24,
25.

26.

27.

28.

29.
30.

31.
32.
33.
34.

®)

(®)
(©
@
(©)

@

(d)
(©)
(c)
(c)

(b)
(®)

(c)
(c)
(d)
()

Numerical Chemistry

2H,0—> HzOz +H,

The binding energy per nucleons increases upto ,4Fe
and becomes maximum at 8.7 MeV. It then decreases.
More is binding energy, lesser is energy level of
nucleus more is its stability.

Neutron decay occurs due to high »/p ratio as

‘on - :p+_|e0 +V (antineutrino)

Assertion represents K-electron capture.

Follow answer 15.

These are facts about T-mesons.

Parent element of (4n+ 1) series is *! Pu. The series

gzixes 8 and 5P particles to give finally stable element
Bi.

o-particles with energy lesser than 7.6 MeV were not

capable to penetrate nucleus and over power the

repulsive forces.

Both are facts. -

Explanation is correct reason for statement.

Explanation is correct reason for statement.

Alhas 13 protons and 17 neutron. the stable atoms have

€ven p-even n system and unstable atoms usually have

odd p-odd neutron system.

Elements having high n/ p ratio tends to decrease it and

thus neutron decay takes place to eject out B-particles.

Positively charged particles are less suitable projectiles

because they use a part of their kinetic energy to

overpower the forces of repulsion from nucleus.

A decay of ¢C'" takes place with positron emission but

2 increases.
P

Nuclear fusion requires as high as 107 K temperature.

1 1 . .
6C"' = sB" +,,¢% The given explanation is
correct,

Explanation is correct reason for statement.
—do—

Both are correct,
Explanation is correct reason for statement,
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Typel:
1. List-A
(A) Nuclear fission

(B) Nuclear fusion

(C) B-decay
(D) Pair production
(E) a-decay

2. List-A

a) ®3co
(B) “%Th

© 'cC

D) 239%,T'h series

3. List-A

(A) Proton rich nuclides

(B) Artificially prepared
elements

© %C

(D) C—Ncycle

(®) 3isc

AN LW

AW A W N -

List-B

. Conservation of mass and

energy

. Heavier atoms

. Lighter atoms

. Exoergic

. Self sustaining reaction

. Thermonuclear reactions

List-B

. 'Y-emitter
. Cancer therapy
. P-emitter
. O-emitter

. Branching decay in series
. Emenation

List-B

. K-electron capture
. Proton emission

. Positron emission

WTe

. Transuranic elements

MATCHING TYPE PROBLEMS

More Than One Match Are Possible

177

List B
6C
iH
e
Bu
$IRb
§Fr
List-C
a. proton rich
nucleide lying
below the belt of
stability
b. excited nucleus

4. ListA
(A) Only B-emitter 1.
(B) Maximum n/p ratio 2
(C) Positron emitter 3
(D) o,p-emitter 4,
(E) (4n+3)series 5
(F) electron capture 6.
Type Il : Only One Match From Each List
5. List-A List-B
(A) o-emission 1. Isobar
(B) B~ -emission 2. ﬁP
(C) y-emission 3. ®mco

(D) K-electron

(E) Positron
emission

4. B*-emission

5. Isodiapher

c. higher n/p ratio

d. high binding
energy

e. X-rays

Illmul

1. A-1,2,4,5; B-1,3,4,6; C-1,4; D-1; E-1,4
2. A-1,2; B-3; c-3; D-3,4,56
3. A-1,2,3; B4,5; c-3; D3 E2

4. A-1,2,6; B-2;

5. A-5-d;

D-4; E-46; F-5

B-l1—; C— —b, D-2-e¢; E4-a
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. Specific heats of Li(s), Na(s), K(s), Rb(s) and Cs(s) at
398 K are 3.57, 1.23, 0.756, 0.363 and 0.242 J g 'K
respectively. Compute the molar heat capacities of these
elements and identify any periodic trend. If there is
trend, use it to predict molar heat capacity of Fr.

. Calculate the energy required tc convert 5 mole of
sodium atom in the gaseous state to form sodium ion.
Ionisation enthalpy of Na =51eV / atom.

. Calculate the energy required to convert 7.974 g of
cesium atom in the gaseous state to form Cs* ions.
[onisation enthalpy of Cs=374kJ mol™" and atomic

mass of Cs is 132.9 amu.
. Calculate the effective nuclear charge at the periphery
of nitrogen atom when an extra electron is added in the
formation of anion. Also calculate the effective nuclear
charge of N-atom and O-atom.
. Shielding constant for Ne is 4.15. Calculate the
effective nuclear charge on Na* and F~ using only this
value.
. The ionization energy of Li is 5.39 eV. If ionization
energy of H is 13.6 eV, then calculate the effective
charge acting upon outermost electron of Li.
. How much energy is given out when 1.0 g of chlorine
atoms are converted into Cl™(g) ? Electron affinity of
Cl = —349 kJ /mol and atomic mass of Cl is 35.5 amu.
. For the gaseous phase reaction,

K+F— K" +F,
AH was calculated under conditions where the cations
and anions by electrostatic separation from combining
with each other. The ionisation energy of K is 4.3 eV.
What is electron affinity of fluorine?

9.

10.

11.

12.

13.

The first IP of lithium is 5.41 eV and electron affinity of
Cl is —3.61 eV. Calculate AH in kJmol™ for the
reaction:

Li(g) +Cl(g) — Li*(g)+Cl™ (g)
You are given Avogadro’s no. of ‘ X atoms. If half of
the atoms of X transfer one electron to the other half of
<X’ atoms, 409 kJ must be added. If these X ~ ions are
subsequently converted to X *, an additional 733 kJ
must be added. Calculate IP and EA of X'in eV. Use
(1eV=1.602x107'° Jand N =6.023 x10%).

Helium can be excited to the 1s'2p' configuration by
light of 58.44 nm. The lowest excited singlet state, with
the configuration 1s',2s' lies 4857cm™ below the
1s'2p' state. What would the average He—H bond

energy have to be in order that HeH, could form
non-endothermically from He and H,? Assume that the
compound would form from the lowest excited singlet
state of helium. Neglect any differences between AE
and AH. Take AH ; (H)=218.0kJ / mol.

1 g of Mg atoms in the vapour phase absorbs 50.0 kJ of
energy. Find the composition of Mg * and Mg?* formed
as a result of absorption of energy. /E, and /E, for Mg
are 740 and 1450 kJ mol ™' respectively.

Anhydrous AlICl; is covalent. From the data given

below, predict whether it would remain covalent or
become ionic in aqueous solution. (Ionisation energy

for  AIC;=5137kimol™;  Apgmion  fOF
AP = — 4665 kJ mol™ ’ A}lydrmion for
Cl™ = -381kJ mol™"), (IIT July 1997)
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

A mixture contains atoms of fluorine and chlorine. The
removal of an electron from each atom of sample
absorbs 284 kJ while the addition of an electron to each
atom of mixture releases 68.8 kJ. Determine the
percentage composition of mixture. Given /E, for F and
Cl are 27.91x107 and 20.77x10"2 kJ / atom
respectively and E4, for F and Cl are —5.53 x 10~2 and
-578x1072 kJ / atom respectively.

The first ionisation energy of H and He are 13.6 eV and
24.6 eV respectively. How much energy would be given
out during the formation of ground state of He atom
from He* nucleus if it combines with two electrons?
The ionisation energy of lithium is 5.40 eV. If ionisation
energy of H is 13.6 eV, then calculate the effective
charge acting upon outermost electron of Li.
Calculate the electronegativity of fluorine from the
following data:

Ey_p =104.2 keal mol™

Er_r =36.6 kcal mol™

Ey_r =134.6kcalmol™ (UPSEAT 1996)
Ionisation potential and electron affinity of fluorine are
17.42 and 3.45 eV respectively. Calculate electro-
negativity of fluorine.

Calculate the electronegativity X of' silicon using
Allred-Rochow equation : X =% +0.744 where
r. c 3
Z’ i8S Zegecrive calculated on the basis of Slater’s rule
taking all the electrons. Covalent radius of Si=1.175 A
The boiling point of krypton (Kr) and radon (Rn) are
—~152°C and -62°C respectively. Calculate the
approximate boiling point of xenon.
Calculate the % ionic character in HCl molecule. Given
bond length of HCl is 1.275 A and pLyyc; =1.03 debye.
The dipole moment of LiH is 1.964 X 107% cm and the
intermolecular distance between Li and H in this
molecule is 1.596 A. What is per cent ionic character in
molecule?
The dipole moment of KCI is 3.336 x107 coulomb

metre which indicates that it is a highly polar molecule.
The interatomic distance between K* and CI” in this
molecule is 2.6 x107'° m. Calculate the dipole morent
of KCI molecule, if there were opposite charges of one
fundamental unit located at each nucleus. Calculate
percentage ionic character of KCL (IIT 1993)
A diatomic molecule has a dipole moment equal to l..2
D. If bond length is 1.0 A, what fraction of electronic
charge ‘e’ exists on each atom? .
The experimental dipole moment of water mo}ecule is
1.84 D. Calculate the bond angle H—O—H in water
molecule, if dipole moment of OH bond is 1.5 D.

26.

27.

28,

29.

30.

31.

32.

33.

34.

35

36.
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The H—O—H bond angle in the water molecule Is 105°,
the H—O bond distance being 0,94 A, The dipele
moment for the molecule is 1,85 D, Calculate the charge
on the oxygen atom.

Assuming that all the four valency of carbon atom in
propane pointing towards the corners of a regular
tetrahedron, calculate the distance between the terminal
carbon atoms in propane, Given, C—C single bond
length is 1.54 A,

In B, molecule, distance between two [ atoms is found
to be 3.54 A. Also Bl has sp*-hybridised boron atom.
If radius of covalently bonded I atom is 1,33, what will
be covalent radius of boron?

Calculate the molar mass of HF if density of HF gas is
317g/ Lat 300 K and 1.0 atm. Comment on the result.
Atomic radius of F(,y and F,) arc 72 and 136 pm

respectively. Calculate the ratio and percentage increasc
in terms of volume during the formation of F;, from

F(s')-

The multiple double bond radii of C is 0.67 A. Calculate
the multiple double bond radii of O if oxygen to oxygen
bond length in CO, is 2.323 A.

The atomic radius of Li and Li* are 1.23 A and 0.76 A
respectively. Assuming that the difference in ionic radii
relates to the space occupied by 2s-electron, calculate
the % volume of Li-atom occupied by single valence
electron.

In solid ammonia, each NH; molecule has six other
NH; molecules as nearest neighbours. AH of
sublimation of NHj at the melting point is 30.8 kJ/mol
and the estimated AH of sublimation in the absence of
hydrogen bonding is 14.4 kJ / mol. What is the strength
of hydrogen bond in solid ammonia?

Assuming covalent radii to be additive property;
calculate the iodine-iodine distances in o~ ,m”
p-di-iodobenzene. The benzene ring is regular hexagon
and each C—I bond lies on a line passing through the
centre of hexagon. The C—C bond length in C4Hy are
1.40 A and covalent radius of iodine and carbon atom
are 133 A and 077 A. Also neglect different
overlapping effect.

Calculate the I—I distance in the given compound
H,C = CI, if C— I bond length is 2.10 A.

What type of hybridisation are expected on central atom
of each of the following molecule:

(a) BeH, (b) CH,Br, (c) PFg (d) BF; (e) CH3'
(f) CH3 (g) CH3 (h) SF¢ (i) ICl; () AlH; (K)
NH; (I) SbF¢ (m) BH3 (n) ClO; (o) I3 (p) ClO;
(q) CIO3.

)
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37.

38.

39.

40.

41.

42.

43.

Point out the nature of hybridisation on underlined
atoms:
(@) F,C=C=CF,
(©) C(QN),
Draw the molecular structures of XeF,, XeF; and
XeO,F, indicating the location of lone pair(s) of
electrons.
Using VSEPR theory, identify the type of hybridisation
and draw the structure of OF,. What are oxidation states
of Oand F? (IIT 1994)
Write the MO configuration of O,. Specify its bond
order and magnetic properties. (IIT 2000)
Predict the type of hybridisation of each carbon atom in
the following:
(a) CH5CN,
(b) CH;CH =CH,,
(c) H;C—C=C—CH;,,
(d) HC=C—CH=CH, (IIT 1998)
Draw the geometry of OSF, using VSEPR theory.

(IIT 2004)
Arrange the following compounds/species in the order

of 0—O bond lengths. O,, 0, [AsF, ], [KO, ]
(IIT 2004)

(b) ,B—C=C—BF,

. A solution containing 2.665 g of CrCl; -6H,Ois passed

through a cation exchanger. The chloride ions obtaiqed
in solution were treated with excess of AgNO; to give
2.87 g of AgCl. Deduce the structure of compound.l

45.

46.

47.

48.

49.

50.

51.
52.

Numerical Chemistry

1 g of the complex [Cr(H;0)sCI]Cl; - H,O was passed
through a cation exchanger to produce HCL. The acid
liberated was diluted to 1 litre. What is normality of this
acid solution?

A solution containing 0.319 g of complex CrCl; - 6H,0
was passed through cation exchanger and the solution
given out was neutralised by 28.5 mL of 0.125 M
NaOH. What is the correct formula of complex?

Metal carbonyls having formula M (CO),, where x is
the number of carbonyl units co-ordinated to metal M
are formed by Fe, Cr and Ni. If effective atomic number
of each metal is 36, what are the formula of metal
carbonyls?

A metal complex having composition Cr(INH3 ) sC1,Br
has been isolated in two forms (4) and (B). The form (4)
reacts with AgNO; to give a white precipitate readily
soluble in dilute aqueous ammonia, whereas (B) gives a
pale yellow precipitate soluble in concentrated
ammonia. Write the formulae of (4) and (B) and state
the hybridisation of chromium in each. Calculate their
magnetic moments (Spin-only value). (IIT 2009)
Predict the number of water molecules (s) directly
bonded to metal centre in CuSO, - 5H,0.

What is the co-ordination number of Al in the
crystalline state of AIC1;? (IXT 2009)

What type of hybridisation exists in BeF, in solid state?
Nitrogen forms oxides as N ,0, NO, NO,,N,0;3.N,0;
and N,05. Which oxides contain N-N bonds?

(IIT 2009)



Periodic Properties, Chemical Bonding and Complexes

. " USRS 0| TIONS (Numerical Problems) TS | | .

1.

Molar heat capacity = Atomic mass x speclﬁc heat

(Jmol™ K1) gtk
Li(s) = 6.94x3.57=24.78
Na(s) = 22.99x1.23=28.28
K(s) = 39.10x0.756=29.56
Rb(s) = 85.47x0.363=31.03
Cs(s) = 13291x0.242=32.16

There is a trend on plotting these values with atomic

number, the extra polatlon of graph gives the value of
Fr(s)=33.5JK™ mo

. IE of Na=5.1eV/atom=5.1x 6.023% 10% eV/ mol

=5.1x6.023x10%* x1.602x10™"° J/ mol
=492.091x10° J/ mol
-, Energy required to convert 5 mole Na(s) to Na*

=5x%492.091x10° J=2.46 x10° J
_1974 _
Mole of Cs atom = 1329 0.06

». Energy required for 7.974 g Cs atom to form Cs* (g)
=374%0.06=22.44 kJ

. In N™-ion

Addition of extra electron
Test electron

6 =[(0.35 x no. of electron in nth shell excludmg

valence electron) + (0.85x no. of electrons in (n— 1)th
shell) + (1.0 x no. of electrons in inner shells)]

6 =[0.35x% 5]+[0.85x 2] =3.45

Effective nuclear charge Z* = Z—0 = 7—-345=3.55

N Y
—)

6 =[0.35x4]+[0.85x 2]=3.1

. Effective nuclear charge = Z—0 =7-3.1=3.9
O-atom: (Is)(2522p*)

0 =[0.35x 5] +[085x 2] =3.45
7% =7Z-0=8-345=4.55

Test electron

Test electron

9.

joNe: (1s?) (257 2p°)
nNa*:(1s) (257 2p°%)
oF :(1s?) (257 2p%)
Thus, shielding constant ¢ is same for all these, .e., 4.15.
Zne = Zne —O = 10-415=5.85
Zy o =2y, —0=11-415=685
Z, =Z,_-0=9-415=485

g 5 . 1 ;
. For Li, electronic configuration is 1s2,2s', so given

ionization energy value is for (n = 2).
2

Z
We know that: E; °:’ x E,
n

E, = Energy of nth level, Z ¢ = Effective nuclear charge,
E, = Energy of first orbit of H-atom.

E,

Ey
Given E, =-13.6eV; E,=-5.39eVandn=2

539 _
Z= 2><"136 1.26

Thus, effective nuclear charge is 1.26 because 2s-electron is
shielded by 1s*-electrons.
Also from Slater’'s rulec; =0.85x2=1.70
Zi; =3-1.70=1.30
1
Mole of Cl atom = ——
ole of Cl atom 353

or Zg=n

Thus energy released during

Cl+e—>Cl™ (g)—mx349 =9.83 kJ

AH =19x 10 cal/ mol

=19x10° x4.18]/ mol = 19%4.18x10° o,
1.602x107"°
_ 19x10° x4.18
1.602x107" x 6.023x 102
=0.82eV/atom
AH = IE, + EA,
0.82=4.3+FA,
E EA, =3.48 eV / atom
AH/molecule of Li* and Cl1™ = IP, + %4
Li

eV/atom

Also,

=541-3.61=1.80eV
Li— Li* +e IP =+ve

and Cl+e—> ClI™ EA =-ve
AH /mol =1.8x6.023x10% eV
=1.8x6.023x10% x1.602x107"° J

=1.8x6.023%x10% x1.602x107"° x 10~ kJ
=173.7kJ
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10.

11.

12.

X— Xt +e;
X+e—> X7, AH =-FEA) =-beV
if N/2 atoms of X lose electrons which are taken up by
remaining N / 2 of X to give X ~, then
axN _px N __409x10°
2 2 1.602x107"°
409x10° x 2
1.602x 107" x 6.023x 10%
& a-b=8477
Now, N/2of X~ lose two electrons to give X *
X~ — X +e; AH=+FA, =+b
X— X*"+e AH=+IP =+a
ax Ny px N - _133x10°
2 2 1.602x107"
733x10% x2
1.602x107" x 6.023x 102

or a-b=

or a+b=

a+b=15.194
i a=11.835eV
and b=3.358 eV
Formation of HeH, requires energy equal to sum of
(i) energy for excitation from 1s? to 1s'2s' to form He
singlet is equal to : [Energy needed for excitation from 15
to 1s*>2p'—energy level difference in between 1s'2s' and
1s'2p']
Thus, Exe single :=£-°-{'£= 3.40x107"%-9.66x10°2°J
1 2
=3.30 x107'® J/ molecule

ﬁ =4857cm™

(i) energy to produce two mole of H, ie,
2x218.0=436kJ/ mol
Thus, E for 2 mole bonds of He—H

=[3.30x107'® x 6.023x 107 +436x10° ] J/ mol

=2423.5kJ mol™!
-+ Exje_y =1211.8 kJ mol ™!

-1
Mole of M =i

These mole of Mg will be converted to Mg * and Mg ** . Let
a mole of Mg ™ are formed, then

ax 740+(§%-a)x2190= 50

a=002845

_ 002845 00
= 0020 x100=68.28

% of Mg 2t =31.72

where A, = 58.44x10° m and

% of Mg™*

AH =IP, =aeV 13.

14.

15.

16.

17.

Numerical Chemistry

AICl; +ag.— AlCl; (aq.); AH=?
AH = Energy released during hydration + Energy used
during ionisation

= —4665-3x381+5137=—-671

Thus, formation of ions will take place because
AHy, > AH onisation - .
Let the mixture contains a, b atoms of F and Cl respectively.
Thus, total energy absorbed is:

284 = ax27.91x 1072 +5x20.77x102 (1)
Also total energy released is:

_68.8=ax(~5.53x1072)+bx(-5.78x1072)

or 68.8=5.53x1072 xa+5.78x102 xb ..(2)

By Egs. (1) and (2),
a=4.57x10%
b=17.53x10%
22
%osz[ 4.57x10 22]><1oo=37.'ns
4.57x10% +7.53x10
% of Cl = 62.24
Given H— H +e¢; IE, =13.6eV
He—— He" +e; IE, =24.6eV

We have to determine the values of
He?* +e—— He'; AH=a
He* + e—— He; AH=b
He?" +2e — He; AH = (a+b)
The IE, of He* = IE}, x2% =136x4 = 544V

& a=-544¢eV
Also for He* + e—— He; IE, =24.6eV
o b=-246eV
Thus, Total energy given out = a+b = —-54.4 + (-24.6)
=-79eV

Li:1s?,2' sn=2

72
Also Ey = =5 XEy

n
where Z is effective charge

E

Z=n —L =2% ﬂ) =
Ey 13.6 136

Th“szeff“ﬁ"e charge is 1.26 because 2s electron is shielded
by Is® electrons.

Let Xyand X¢ be the electronegativity of H and F, then
Xu ~Xp=0208[Ey_g —(Ey_y xEp_g)2]2
Xy ~X§ =0208[134.6 - (104.2x 36.6)2 "2

Xy ~Xp=178and Xy < X

Since, X'y =2.1 (although this value is not given in problem)
Xp=21+1.78=3.88
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18. The various equations to calculate electronegativity (X) are

as:
Mulliken scale X j, = @ (1)
where /E and EA4 are in eV
Pauling values are 2_18 times lesser than Mulliken value
Xp =0.336[X, —0.615) -(2)
Byeq.(1):. Xp=iEtEA _IE+E4 -3

P=2x28 " 56
Also if IE and EA are in kJ mol ™" then by Eq. (1)
_JE+EA _IE+EA
M~ 7x96.48  192.96 -
asid Xp IE+E4A _IE+EA 5)
2x2.8%96.48  540.28 ’
Thus, electronegativity of F on Pauling scale
17424345 _ 504
5.6 ’
Electronegativity of F on Mulliken scale
- 17.42;- 3.45 _10.435

19. Electronic configuration of Si : 1s, 2s22p®, 3s*3p?
Zegtective = Z—O (Where 6 is screening constant) and
0 = [nsand np electrons excluding test electron X 0.35)
+[(n—1)electrons x 0.85]+[(n - 2)electrons x 1.0]
Z=14-[3x0.35+8x0.85+2x1.0]=4.15
x = 0399%415 4 0744 =1.82
(1.175)
(Note : if n=1then for 1s electron the value = Is electrons
% 3.0
20. The zero gp. members are He, Ne, Ar, Kr, Xe, Rn. Law of
triad suggests that property of a middle element in a group
of three is average of its two adjacent elements.
b.pt.of Kr+b. pt.of Rn

b. pt. of Xe = 3
_-152+(-62) __214__yg7°C
2 2
21. pua =0xd
(Dipolemml)
p=1.03D=103x 107'® esu cm

and 4=1275A=1275x107" cm
1.03x107'8 =8 x1.275X 1078
5=0.808x 107" esu
4.803%107"° esu charge, % ionic nature of HCl =100
0.808x 10™% esu charge, % ionic nature of HCI
 100x0.808x107° _y6.82%
T 4803x107"°
22. K molecule = dxd
1.964 %1072 =8x1.596% 10710
§=1.2306x% 10~"? coulomb

183

% of ionic nature

-19
=Lml:_l.9_x 100="76.82%
1.602%10”

23. Dipole momentp =8xd
3336x10%° =8x2.6x107"°
5= 3336x107 _ 1 58351071° coulomb
2.6%107'°
1.602x10~"° charge on each, % character = 100
1.283x 107" charge on each, % character
- 1.283x10°7  00.- 80.09%
1.602x107"°
If one unit charge, then 8= 1.602x 107" C
: p=1602x10" x2.6x 1071°
=4.1652 x 10~ coulomb metre.

. -18
2. 5= Dipole moment _ 1.2x107" esucm _ 12x107"° esu
d 1.0x107% cm
Thus, fraction of electronic charge on each end

-10
=12x10°_ _ 025=25% of ‘¢
48x107"°

25. p=ﬁ+pf+2u,u,cosa

In H,0 only two dipoles equal to p, are operating due to

two O—H bonds.

Thus, 1.84= ,/(1.5)2 +(1.5)* +2x(1.5)x (1.5)cos @

cos o =—0.2476
o =104°20’

o
26, A0SN - o = M3y +Hig + 207 cos (105°)
H H

Since, H,O has two vectors of O—H bond acting at 105°.
Let dipole moment of O—H bond be ‘a’

185= \/2412 (1+cos 105°)
or aie,lo_y =L52debye=152x107"% esucm

Nc:jw Mo_y =8xd where, 8 is charge on either
en

1.52x107"® =5 x 094 x 1078
5=1617x107"" esu

Since, O acquires 23 charge, one § charge from each bond
and thus,

Charge on O atom=25=2x1617x 107"
=3.23x107"" esucm
27. Theangle®=109°28’ and ZB = AZ=154A
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Now, A40_g (9) (109"28’)
L T
) =sin 54°44’ =sin 54.73°

or AO0=0.816xAZ=0.816x1.54=1257A
5 AB=2xA0=1257Ax2=2514 A
28. The BI; molecule is coplaner in nature as shown in figure.

Io_ 4l
BI sin 60°

. or 10=Blsin 60"
' M = BIx 0867
BI =2.04A

Covalent radius of boron = BI — covalent radius of I
=2.04-133=0.714

29, - PV =XYRT
MR

or P=—
VMRT

or M= dI;T= 3'”"0'01821’(300-78.08gmol"
molar mass of HF in gaseous state is 78.08, whereas its
normal molar mass is 1+18=19g mol .

Thus, HF in gaseous state forms a tetramer due to strong

H-bonding.
_4 3 4 3 6
30. Volume of Fyy = 3 1r’ = %xmx (72)° =1.56x10
Volume of F, =%1:r3 = %xn x (136)° = 1053 x 10°
V._ 3
M) oy
B (12}

Also increase in volume = (10.53-1.56)x 10° = 8.97x10°

9% increase = 897X10° 100~ 5.75 x 10?
1.56x10°
31. CO,is 0=C=0
Thus, O to O bond length in CO, can be given as
2.323 = 2 radius of (O = )+ 2x radii of (C=)
2.323 = 2x radius of (O =)+ 2x0.67
. radius of (0 =)=0.49 A
32. Volume of Li* = % nx(0.76x107%)?
Volume of Li = -‘311: x (1.23%107%)}

Volume occupied by 2s ‘e
= g nx[(1.23x107%)> - (0.76x107% )*]

=§nx1.422x10‘2‘

% Volume occupied by 2s ‘e
%7: x 1.422x 10" x 100

%n x (1.23x 1078 )?
= 76.45

Numerical Chemistry

33. Total strength of all hydrogen bonds
=30.8-14.4=16.4 kJ/ mol

There are 6 nearest neighbours, but each hydrogen bond

involves 2 ammonia molecules. )
Strength of each H-bond in solid NH;
- % =5.5KkJ/ mol

34. (a) o-di-lodobenzene:
The distance between two I atoms 4B = AO=0B,

because A4OB is equilateral triangle.
e

1
or
I
AB = OP +covalent radius of C+

AB=0P+PA
covalent radius of I
=0P+1.33+0.77=1.40+1.33+0.77
AB=350A (OP=0Q=PQ, because AOPQ
is also equilateral triangle and PQ=C—C bond

length)
(b) m-di-iodobenzene:

fevunnanan

A
I

V‘\
I
The distance between two I atoms is
AB=AC+BC=24C (- AC=BC)

=240 cos 30°= 2(AP +OP)cos 30°
=2(AP + PR)cos 30°

(OP=PR -: APORis equilateral)
=2(2.10+1.40)x 0.866
=6.06 A

[+ AP = covalent radius of C + covalent radius of
[=0.77+1.33=2.10A and
PR =covalent bond length of C— C=1 .40]
(c) p-di-iodobenzene;

S - &

8
AB =04 +0B =204
=2(OP+PA)
=2x(PQ+P4)
(- OP =PQ; AOPQis equilateral)
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35.

36.

37.

38.

39.

41.

42.

=2(PQ+covalent radius of C+
covalent radius of I)
=2x(1.40+0.77+1.33)=7.0 A
CH, = CI; has sp®-hybridised carbon and thus ICI bond

angle is 120°. - 1
. 10_. N\ e 120° |
no G=sin60° wC c%o
[In A ICOZICO = 60° and ZIOC = 90°) I

or IO =ClI sin 60°=2.10x 0.866=1.8186 A
I—I distance = 2x 1.8186 =3.64 A

@sp ®)sp? () sp’d? (d)sp? (e)sp () sp? (g) 5p°
M) sp’d® ()sp’d G)sp® (k) sp® (1) sp3d? (m)sp’
M sp’ (©)sp’d (p)sp® (q) sp.

(@) sp*,sp, sp* ®) sp*,sp, sp, sp®

(¢) sp”; sp* on all four carbon of CN.

XeF,: Xe is in  sp’d F , Lone
-hybridised state having three _,.4— """ ':. patr
lone pair of electrons located :in:e = Xe |
equationally and thus, shape is \I' ~~~~~ | Loge
linear. F 2 pair
XeF, : Xe is in sp’d?-hybridised state Lon.f .pair
having two lone pair of electrons located F 1 F
axially and thus, shape is square planar. # Xe #
Lon'e.pair
XeO;F; : Xeisinsp>d>-hybridised j’ 6
state having one lone pair of electron Lone 4{5:::)Ee/ i
at equatorial position and thus, shape P3If "~~~ ',_\\\_\6

is distorted trigonal pyramidal.
The structure of OF, is V-shape due to p’-hybridisation of

oxygen with two lone pair of electrons on it.
Oxidation number of O and F are +2and —1respectively.

O
/Es%\
F F
MO configuration of O, :01s>,6” 1s?,625%,0° 25 ,02p2,
1:2p,2, . 1t2pf ,n' Zp;. 5 r 2p', .
Bond order = —; [No. of bonding electron —
No. of antibonding electron]

Also O, is paramagnetic as it has two unpaired electrons.
(a) sp and sp, ®) sp° ,sp? and sp’

(c) sp*, sp, spand sp° (d) sp,sp,sp” and sp?

S atom in OSF, shows sp’d 2_hybridisation leading to

trigonal bipyramidal geometry but distorted due to §=0
bond. The F atoms are at axial and equatorial pesitions

43.

45,

46.

185

whereas oxygen being less electronegative occupies one of
the three equatorial positions.

The MO configuration of O, O; in O;[AsF,]and O3 in
K*0;3 are: )
27.% 5,1
2 12 w9l o962 2 |m2py |7 2py
s ,025%,0 2s°,02 5
0,: ols“,0 Is Dx [anf_ ¥ 2plz
n2p?
n2p? ]

2] .,.% 5,2

- 2 012 2 02 2|72py | T 2Py
: ,025°,0 25s°,02 .

0;: ols“,0 Is Px [WZPZ_ - 2Plz

2

o) ols?,0" 152,02 ,0" 252 ,02p} [ n° 2p),

Thus, bond orders and bond length are:
Species 0, O} 03

Bond order 2 2.5 1.5
Bondlength 03 <O, <03

Higher is the bond order, lesser is bond length.

. Mole of AgCl obtained

2.665
266.5

=mole of Cl~ ions ionised from mole of

CrCl; -6H,0
= 0.01(molar mass of CrCl, - 6H,0=266.5)

— i 287
Mole of Cl1” ionised = 1435 0.02

Thus, 0.01 mole of complex CrCl; - 6H, O gives 0.02 mole
of CI™ on ionisation.
Now, since co-ordination number of Cr is six and only one
Cl ion is attached to Cr by co-ordinate bond or secondary
valency and therefore, complex is
[CrCl- (H,0)5]Cl, -H, 0.
[CrCl- (H;0)5]Cl, - H,0 — [CrCI(H, 0)5 ]**
+2CI” +H,0
2CI” +2AgNO; — 2AgCl + 2NO;3
Molar mass of [Cr(H,0); CI]Cl, - H,0 =266.5
Mole of complex = L
266.5
Note : 1 mole of [Cr(H,0);s CI]Cl, - H,0 will give 2 mole of
CI” ions or 2 mole of HCI.

Thus, mole of HCI fi =2x1
O] = s
2x1
N = =0.
HO = gge i 0075

The Cl atoms out side the co-ordination sphere will be
ionised to produce acid HCI.

Thus, Meq. of CI~ ions outside = Meq. of HCI formed

=Meq. of NaOH used
=28.5%0.125=3.56
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47.

48.

% mole or 1.197 m mole of complex produce 3.56 Megq.
or millimole small of Cl~.
Thus, 1 mole of complex will give 3 mole of C17, i.e., all the
three Cl atoms are outside the co-ordination sphere.
Thus, complex is [Cr(H,0)4]Cl .
M(CO),
In Fe(CO), :EAN= At. no. of Fe +2x No.of ligands,
ie,CO
36=26+2-x
x=5

Formula of iron carbony! is Fe(CO)
Similarly, Cr(CO)¢ and Ni(CO),.
Complex Cr(NH;)4Cl,Br has two isomers. Since,
co-ordination number of Cr is six and thus, two forms may
be :

[Cr(NH; ), Cl, JBr —£22 [Cr(NH; ), Cl, ]* +

(8)
NOj + AgBrl
yellow ppt. soluble partially in conc. NHj, ie,
[Ag(NH; ), ]Br

and [Cr(NH; ), Br-Cl]Cl —~£%, [Cr(NH; ), CIBr]" +
(4)
NOj + AgCld

49.

50.

51.

52.

N203: O=N—'N\ 5
o)

Numerical Chemistry

white ppt. soluble in dil. NH3,, i.e., [Ag(NH; ), ]CI

Hybridisation of Cr in (4) and (B) is d? sp? having 3

unpaired electrons (3d L)

Magnetic moment = y/n(n+2) B. M.
=./3(3+2)=3.87B.M.

Cu?* has coordination number four

[Cu(H,0)4]-SO4 -H, 0. o
In solid state AICl; exists as Al,Clg and has co-ordination

number four.
Cl ,Cly Cl
Al
a”MR g <a
In solid state BeF, exists as (BeF, ),. The hybridisation in
(BeF, ), is sp°.

NzO,NzO;,NzO4, Nzo: N=N-> O, NO: N=0,
NOz: N=0
(o)
(0] (0] 0
N,O, \N—N/
sl N

O

e

0 0

T\ 7
N,O5: —0—
205 O/N 0 N\O



Periodic Properties, Chemical Bonding and Complexes

¥
|5

B

_ e SINGLE INTEGER ANSWER PROBLEMS @

5__-___________—__—___——

1.

Number of 6 bonds in C(CN), are

2. Number of equitorial bonds in PCl; are ......

3. The ratio of s-character in sp and sp® hybridization is

10.

11.

12.
13.

14.

15.
16.

17.

18.

. Number of lone pair of electrons in XeOF, are
. Number of shell in which valence electrons of iodine

. Bond order of BN is
. Maximum number of atoms which can be attached on

{10 —

. Number of electron pairs in SFq at the comers of

octahedron are

. Number of electron pairs in XeF, at the comers of

square are ......

N-atom is ......
Assuming C¢Hg ring a regular hexagon and C—I bond
lies on the line through the centre of hexagon. If the
distance between adjacent carbon is 1.40 A and
covalent radius of iodine and carbon atoms are 1.33A
and 0.77A. The I—I distance in A is

I

I
The dipole moment of AB is 1.6X 1073 Cm. If
intermolecular distance is 2.0x107'" m, the % ionic
character of AB is ......
Bond order for CO is ......
Ratio of bond pair-lone pair electrons in XeOF; is ......
Number of unpaired electrons in O, [AsF,]is ......
Bond order of NO™ is ......
Number of lone pairs of electrons on central iodine atom
of I3 ion s ......
AX, possess trigonal bipyramidal shape. If 4 has no
lone pair, the value of 7 is ......
XeO, shows maximum oxidation state (+8). If Xe reacts
with fluorine atom, the maximum oxidation state shown
by Xeis+......

19.
20.

21.
22.

23.

24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34,

35.

36.

37.
38.

39.
40.

41.
42,
43.
44.

Ratio of number of bond pair and lone pairinIFy is ......
Number of hybridised orbitals populated with bonding
electron pairs in ICI; are ......

Ratio of o and  bonds in OSFj is ......

Number of nearest neighbours of NH3 molecules round
each molecule in solid NH; are ......

Based on VSEPR theory, number of 90 degree
F—Br—F bonds in BrFs is ...... (IIT 2010)
The ratio of shielding constant for Ne and Na is.....
Bond order of CO is.....

The ratio of bond order in 03" and O3 is.....

The number of anti bonding electrons in N3 is.....

The ratio of p-character and s-character in solid BeF; is....
The number of ¢ -bonds in C (CN)s.....

Number of lone pair of electrons on central atom of

The ratio of ¢ and n-bonds in tetracyano methane is.....
Number of 90° F—Xe—F bond angles in XeF; is
Number of 90° F—I—F bond angles in IFs is
Number of covalent bonds in Al,Clg is ......
The number of three centre two electrons bonds in a
molecule of diborane is ......

The ratio of ¢ -bond and n-bond in tetracyano methane

Number of S-S bonds in cyclic trimer of SOs is ......

Ratio of number of ¢ -bonds and S—O-S bonds in trimer
of 503 18 scnes

Number of 7t -bonds in trimer of SO; is

H,58506 a polythionic acid on decomposition gives
sulphur molecules equal to ......

The ratio of P—O and P = O bonds in P40, is
Number of S—S bonds in H,S50¢ is ......
Number of identical Cr — O bonds inCr,0%" ion s
The ratio of 6 and nt-bonds in benzene is

e wmER—

1. Eight 2. Three 3. Two 4. Ome 5. Five 6. Six 7. Four
13. Two 14. One 15. Three 16. Three 17. Five 18. Six 19. Two
25. Three 26. Two 27. Five 28. Three 29. Eight 30. Three 31. One
37. Zero 38. Four 39. Six 40. Three 41. Three 42. Four 43. Six

8. Two 9. Four

10. Seven 11. Five  12. Three
20. Two 21. Five 22. Six 23. Zero  24. One
32. Four 33. Eight 34. Six 35. Two  36. One
44. Four
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nuclear charge on Na* and F~ are respectively :

(a) 4.85,6.85 (b) 5.85,6.85

(c) 6.85,4.85 (d) 4.85,4.85

Electron gain enthalpy and ionisation energy of an atom

are —a and +b eV respectively. The electronegativity of
that atom on Mulliken scale is given by :

(@) a-b ®) b;a
© a+b (d)“T"‘b

- The atomic radii of Li is 1.23 A and ionic radius of Li*

is 0.76 A. The fraction of the volume occupied by 2s
electron in Li is :
(a) 0.764
(c) 0.595

(b) 0.184
(d) 0.236

- Photons of monochromatic light having just sufficient

energy to ionise Ar-atom are incidented over the
mixture of inert gases He, Ne, Ar, Kr and Xe. The
mixture will contain:

(a) He, Ne, gases; Ar*, Kr*, Xe™ ions

(b) He", Ne"ions; Ar, Kr, Xe gases

(c) He",Ne*, Ar*, Kr* and Xe* ions

(d) He",Ne™, Ar” ions and Kr, Xe gases

. If EA, and EA, for oxygen atom are —142 kJ mol ™! and

+844kImol™'. The energy released to form
20 +2e—> 20~ will be : (in kJ mol™")

(a) 986 (b) 702

(c) 284 (d) 1688

Dipole moment of K*CI™ is 3.336 107 cm and it is
80% ionic in nature. The inter ionic distance between
K*andCl ™ is:

(a) 130A () 2.60 A
(c) 39A (d) 1.20A
. Bond order for CO* and NO™ are respectively :
(a) 3.5,3.0 (®) 2.5,3.0
(c) 2.5,2.5 () 3.0,2.5

Bond order for N3 and N3 are same. Which relation is
correct for N3 and N3?

(a) Bond energy of N3 = Bond energy of N

(b) Bond energy of N3 > Bond energy of N3

(c) Bond energy of N3 < Bond energy of N3

(d) Bond energy of N3 2 Bond energy of N3

: OBJECTIVE PROBLEMS (One Answer Correct) :

- Shielding constant ¢ for Ne is 4.15. The effective

Numerical Chemlstry

9. The electron gain enthalpy of fluorine atom ig

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

333kImol™' and dissociation energy of F, is
158.8 kJ mol~'. Energy released during formation of
2g F~ from2g F, (atomic mass 40) is :

(a) 33.3kJ (b) 7.94KkJ

(c) 25.36 kJ (d) 41.24 kJ

The ionisation energy of lithium is 5.40 eV. If ionisation
energy of H-atom is 13.6 €V, the effective charge acting
upon outermost shell of Li is :

(a) 1.26 (b) 2.52

(c) 0.63 ) 3.0

Which of the molecule is hypovalent but has complete
octet?

(a) AICI; (b) PH;

(c) PCl; (d) SF,

Which of the molecule does not possess hypervalent
nature?

(a) IF, (b) SF,
(c) BF; (d) SFg
The species not having same bond order is :
(a) N3 (b) O3
(c) NO (d) NO*
Least basic trihalide is :

(a) NF; (b) NCI,
(¢) NBr; (d) NI,
Least acidic trihalide is :

(a) BF; (b) BCl,4
(c) BBr; (d) BI,

During the reaction : C,H, + 30, —> 2C0, +2H,0;
the hybridised state of carbon changes from :

(a) spto sp (®) sp to sp?

(c) sp to sp (d) sp to sp®

Which of the following is T-shaped?

(a) XeOF, (b) XeO,

(c) XeOF, (d) XeF,

Number of sigma bonds and double bonds in P40, are
respectively :

(a) 12,4 (b) 6,4

(c) 8,2 (d) 10,4

Which of the following is not correct for P40,y and
P4O¢?

() Both are acidic anhydride

(b) Both have spz-hybridised P-atoms

(c) Both have P— O — P bonds

(d) Both have six P— O — p bonds
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20.

21.

22.

25.

26.

27.

28.

29.

A planar molecule has AB y structure with six pairs of
electrons around 4 and one lone pair. The value of Xis :
(a) 2 ®) 4
(c) 6 @ 7
Among the following species, identify the isostructural
pairs:
NF;, NO3, BF;, H;0", HN,
(a) [NF3, NOj3 Jand [BF3, H30"]
(b) [NF3, HN3]and [NO3, BF; ]
(c) [NF;, H;0"]and [NO3, BF;]
(d) [NF;, H;0" Jand [HN 3, BF; ]
The two carbon atoms in calcium carbide are held by
which of the following bonds :
(a) three sigma bonds
(b) ionic bonds
(c) two pi and one sigma bonds
(d) ionic and covalent bonds

. Arrange the following compounds in order of

increasing dipole moment Toluene (I);
m-dichlorobenzene (II); o-dichlorobenzene (III);
p-dichlorobenzene (IV)

(a) I<IV<II<II
(¢) IV<I<II<II

(b) IV<I<I<II
(d) IV<I<I<II

Among KO,, AlO3, BaO, and NO3, unpaired electron
is present in :

(a) NO3 and BaO, (b) KO, and AlO;

(c) KO, only (d) BaO, only

Which contains both polar and non-polar bonds :

(a) NH,Cl1 (b) HCN

(c) H202 (d) CH4

Which has sp?-hybridization :

@@ CO, (®) SO,

() N,0 (d) CO

The critical temperature of water is higher than that of

0, because the H,O molecule has :

(a) fewer electrons than O,

(b) two covalent bonds

(c) V-shape

(d) dipole moment .

The geometry and the type of hybrid orbitals present
about the central atom in BF; is : ;
(a) linear, sp (b) trigonal planar, sp
(c) tetrahedral sp® (d) pyramidal, sp’
The geometry of H,S and its dipole moment are :
(a) angular and non-zero (b) angular and zero
(c) linear and non-zero  (d) linear and zero

31

32.

33.

35.

36.

37.

38.

39.

40.

189

IncompmmdsoftypeECl;,whcreE=B,P,AsandBi
theanglesCl—E—CIfordiﬁeremEareintheordcr:
(a) B>P=As=Bi (b) B>P> As>Bi
(c) B<P=As=Bi (d) B<P<As>Bi

e compound
::nHu;=é-go—CH2 ‘—CHZ —CECH,“BCz-—C]
bond is of the type :

@) sp-sp’ ®) sp*-sp’
) sp-sp’ @ sp*-p’
Which of the following shows biggest jump in I and III

ionisation energy:

(a) 1s%,25%2p%, 35
(b) 1s2,25°2p°,3s73p°
(©) 1s2,2522p%,35°3p%, 45> 4p’

(d) 15%, 25

Which of the following possesses highest second
ionisation energy:
(a) 1s%,25%2p%, 35>
(c) 1s%,25%2p°

®) 1s%,25%2p%,3s'
(@) 1s%,2s%2p*

. EA, of element is:

(a) always exothermic

(b) always endothermic

(c) may be exothermic or endothermic
(d) always zero

Element having highest LE. but zero electron gain
enthalpy:

(@ H () F

(c) He (d) B

The second electron gain enthalpy of O and S
(inkJ mol™") respectively are :

(a) —844, +590 (b) +590, +844

(c) +844,+590 (d) 590, +344

Which factor is responsible to make Li as a powerful

reducing agent:

(a) Electronegativity (b) Ionisation energy

(c) Electron gain enthalpy(d) Hydration energy

The first electron gain enthalpy of which pair is not

correctly represented by:

(@) 0>8 () C1>F

(c) N>P d) B>C

Which of the following factors does not influence the

covalent character in molecule:

(a) size of cation

(b) size of anion

(c) pseudo inert gas configuration of cation

(d) bond energy

If the formation of O?~ from O™ atom is shown below
O(g)+e—>07(g); AH =-142k J mol '
0™ (g)+e— 0% (g); AH =+844k Jmol ™'

then which of the following statements are correct:
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41.

42,

43.

44.

45.

46.

47.

48.

(®) O(g)— 0™ (g); AH =702k J mol ™!

(b) O™ ion opposes further addition of electron

(c) EA; of O>E4, of O

(d) All of these

The correct order of II ionisation energy shown in
correct order is:

(@ F>O>N>C (b) C>N>0>F

(c) O>N>F>C (d) O>F>N>C

The correct order of increasing electron affinity of the
following is:

(@) O<S<F<(l (b) O<S<CI<F

(c) S<O<F<(l (d) S<O<CI<F
Shielding constant of Ne is 4.15, the shielding constant
of Na* would be:

(a) 4.15 (b) 3.70

(c) 5.20 (d) 6.20

First ionisation energy of Li and K are 5.4 and 4.3 eV

respectively, approximate ionisation energy of Na will
be:

(a) 8.7eV () 1.lev

(c) 49eV d) 2.2eV

Which of the following has the highest electron
releasing tendency:

(a) F~ (b) OH™

(c) NH; (d) CH3

The compound which contains both ionic and covalent
bonds is:

(a) CH,4 (b) H,

(c) KCN (d) KClI

The octet rule is not valid for the molecule:

(a) CO, (b) H0

(c) O, (d) CO

Element X is strongly electropositive and.elemem Yis
strongly electronegative. Both are univalent. The
compound formed would be:

(a) X 'Y~ b XYY"
() X —Y d XY

49. Which of the following compounds are covalent?
(a) H, (b) CaO
(c) KCl (d) Na,S

51.

52.

. The total number of electrons that take part in forming

thebondin N is:

(a) 2 (b) 4

(c) 6 (d) 10

Which of the following is soluble in water:

(a) CS, (b) C,HsOH

(c) CCl4 (d) CHCI,

If a molecule MX ,, has zero dipole moment, the sigma

bonding orbitals used by M (atomic number < 21) are:
(a) pure p (b) sphybrid
(c) sp* hybrid (d) sp’hybrid

53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

63.

64.

65,

Numerical Chemistry

The ion that is isoelectronic with CO is:

(a) CN™ (b) O3

(c) Oz (d) N3

Among the following, the molecule that is linear is:
(a) CO, (b) NO,

(c) SO, (d) Clo,

Carbon tetrachloride has no net dipole moment becanse
of:

(a) its planar structure

(b) its regular tetrahedral structure _

(c) similar sizes of carbon and chlorine )

(d) similar electron affinities of carbon and chiorine

Which one among the following does not have the
hydrogen bond?

(a) phenol (b) liquid NH;

(c) water (d) liquid HC1

The types of bonds present in CuSO - SH-O are only:
(a) electrovalent and covalent

(b) electrovalent and coordinate covalent

(c) electrovalent, covalent and coordinate covalent
(d) covalent and coordinate covalent

On hybridization of one sand one porbitals we get-
(a) two mutually perpendicular orbitals

(b) two orbitals at 180°

(c) four orbitals directed tetrahedrally

(d) three orbitals in a plane

The molecule having one unpaired electron is:

(a) NO () COo

(c) CN~ (d) 0,

The hydration energy of Mg " is greater than that of:
(a) AI** (b) Na~

() Be™* (@ Mg¥

The bonds present in N ;05 are:

(a) only ionic (b) covalent and coordinate
(c) only covalent (d) covalent and tonie

The bond between two identical non-metal atoms has a
pair of electrons:

(a) unequally shared between the two

(b) transferred fully from one atom to another

(c) with identical spins

(d) equally shared between them

The hydrogen bond is strongest in:

(a) O-H...... S (M S Ho (0]

(c) F-H...... F ) ¥ Ho. 0
The hybridisation of sulphur in sulphur dioxide is:
(a) sp Q) -V'\

(¢) .\'pz W) .tvt:

Hydrogen bonding is maximum in:
(a) Ethanol (b) Diethyether
(¢) Ethyl chloride (d) Triethylanne
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66.

67.

69.

70.

7.

72.

73.

74.

75.

76.

1.

18.

7.

The first ionisation potential (in electron volt) of
nitrogen and oXygen atoms are respectively:

(a) 14.6,13.6 (b) 13.6, 14.6

(c) 13.6,13.6 (d) 14.6,14.6

Atomic radii of fluorine and neon (in A) are
respectively:

(a) 0.72, 1.60 (b) 1.60, 1.60

(c) 0.72,0.72 (d) 1.60,0.72

The correct increasing order of electronegativity is:

(@) C<N<Si<P (b) N<Si<C<P

(c) Si<P<C<N (d) P<Si<N<C

Which of the following has zero dipole moment?

(a) 1, 1-dichloro ethane

(b) cis-1, 2-dichloro ethene

(c) trans-1, 2-dichloro ethene

(d) none of the above

The bond between carbon atom (1) and carbon atom (2)
inN = C — CH = CH, involves hybridisation:

@) sp>,5p” ®) sp’,sp

© sp.sp’ @ spsp

The correct order for /E, is:

(a) Na<Mg> Al <Si (b) Na>Mg> Al>Si

(c) Na<Mg<Al>Si (d) Na>Mg > Al <Si
The species in which the central atom uses sp? hybrid

orbitals in its bonding is:

(a) PH; (b) NH;

() CH3 (d) SbH;

The molecule that has linear structure is:

(a) CO, (b) NO,

(c) SO, (d) SiO, .
The molecule which has zero dipole moment s:
(a) CHCl, (b) BF3

(c) NF; (d) ClO,

The molecule which has pyramidal shape is:
(a) PCI 3 (b) SO;

(c) CO3 (d) NO3

The compound in which carbon use its sp® hybrid
orbitals for bond formation is:

(a) HCOOH (b) (H,N);CO

(c) (CH3); COH (d) CH; CHO
Which of the following is paramagnetic:
(@) O, (b) CN

(¢) CO (d) NO*
Which has highest ionisation energy:

(a) [Ne]3s?3p' (b)[Ne] 3s*3p°

(c) [Ne]3s?3p’ (@) [Ar)3d", 4s*4p°

The hybridisation of carbon atom in C—C single bond of
HC=C—CH=CH,is:

80.

81.

82.

83.

84.

85.

86.

87.

89.

90.
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@) sp’ -5p’ (®) sp* -5

© sp-sp* (@) sp’ =sp '
The type of hybrid orbitals used by the chlorine atom in
ClOj is:

(@) s’ ®) sp*

(c) sp (d) none of these

The maximum possible number of hydrogen bonds a
water molecule can form is:

(a) 2 (®) 4

© 3 @1 '
The cyanide ion, CN™ and N, are isoelectronic. But in
contrast toCN ™, N is chemically inert, because of:

(a) low bond energy

(b) absence of bond polarity

(c) unsymmetrical electron distribution

(d) presence of more number of electrons in bonding
orbitals

Allyl isocyanide has:

(a) 90 and 47 bonds

(b) 8o and 57 bonds

(c) 90, 37 bonds and 2 non bonding electrons

(d) 8c,3m bonds and 4 non bonding electrons

Which one is most ionic:

(a) P,Os (b) CrOs

(C) MnO (d) Mn 207
Number of paired electrons in O, molecule is:
(@ 7 (b) 8

(c) 16 d) 14

Which of the following statement is true about CsBr;:
(a) It is a covalent compound

(b) Tt contains Cs>* and Br~ ions

(c) It contains Cs* and Brj ions

(d) It contains Cs, Br~ and lattice Br, molecule

KF combines with HF to form KHF,. The compound
contains:

(a) K*,F and H* (b) K*,F~ and HF

(¢) K" and [HF,]" (d) [KHF]" and F~

Among the following compounds the one that is polar
and has the central atom with sp2 hybridisation is:

(a) H,CO; (b) SiF,

(c) BF, (d) HCIO,

Which one of the following compounds has sp2
hybridisation?

(a) CO, (b) SO,

(c) N,0 (d) CO

The incorrect statement is:
(a) IE, of AI<IE, of Mg (b) IE, of Mg > IE, of Na
(c) IE, of Na<IE, of Mg(d) /E; of Mg <IEj; of Al
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91. The geometry and type of hybridisation about central
atom of BF; is:
(a) linear, sp (b) trigonal planar sp2
(c) tetrahedral sp> (d) pyramidal, sp®
92. The correct order of increasing C— O bond length of
C0,C0%",CO, is:
(a) CO3” <CO,<CO (b) CO, <CO% <CO
(c) CO<CO5 <CO, (d) CO<CO,<CO%
93. Ionic radii of:
(@ Ti* <Mn™ ®) ¥cr-<¥cr
(c) K*>CI (d) P> >p%*
94. In the compound CH,= CH-CH, -CH, -C=CH,
theC, — C; bond is of the type:
(a) sp-sp’ ®) sp* - sp’
(© sp-sp’® @ sp* - sp®
95. The correct order of radii is: (IIT2000)
(a) N<Be<B () F-<02<N*
(c) Na<Li<K (d) Fe** <Fe?* <Fe*"
96. Molecular shape of SF4,CF, and XeF, are: (IIT 2000)
(a) the same with 2, 0 and 1 lone pair of electron
respectively
(b) the same with 1, 1 and 1 lone pair of electron
respectively
(c) different with 0, 1 and 2 lone pairs of electrons
respectively
(d) different with 1, 0 and 2 lone pairs of electron
respectively

97.

98.

The hybridisation of atomic orbitals of nitrogen in NO3,
NOj3 and NHj are: (IIT 2000)
(a) sp, sp3 and .spz respectively

(b) sp, sp? and sp3 respectively

(c) sp?, sp and sp3 respectively

(d) sp%, sp> and sp respectively

Amongst H,0, H,S, H,Se and H,Te, the one with the
highest boiling point is : (IIT 2000)
(a) H,0 because of H-bonding

(b) H,Te because of higher molar mass

(c) H,S because of H-bonding

(d) H,Se because of lower molar mass

The correct order of hybridization of the central atom in
the following species NH3, [PtCl4]*", PCls and BCl,
is: (IIT 2001)
(@) dsp®,dsp®, sp%,sp>  (©) sp” dsp?, sp’d, sp’

() dsp*, sp*,sp>, dsp® () dsp®,sp’, sp?, dsp’

100.

101.

102.

103.

104.

105.

106.

107.

108.

Numerical Chemlmy

The common features among the species CN™, CO anq
NO™ are: (IIT 2001)
(a) bond order 3 and isoelectronics

(b) bond order 3 and weak field ligands

(c) bond order 2 and mt-acceptor

(d) isoelectric and weak field ligands

The set representing the correct order for first ionisation

potential (IIT 2001)
(a) K>Na>Li (b) Be>Mg>Ca
(c) B>C>N (d) Ge>Si>C

Specify the coordination geometry around and

hybridization of N and B complex of NH; and BF; :
(IIT 2002)

(a) N : tetrahedral, sp’; B : tetrahedral, sp’

(b) N : pyramidal, sp’; B : pyramidal, sp’

(c) N: pyramidal, sp>; B : planar, sp>

(d) N : pyramidal, sp’; B : tetrahedral, sp®

The least stable amongst the following is :

(a) Li~ (b) Be™

(c) B @) C”

Which of the following molecular species has unpaired

electrons : (IIT 2002)

(@ N, ®) F,

() Oz @) 03"

The nodal plane is the t-bond of ethene is located in :

(a) the molecular plane

(b) a plane parallel to molecular plane

(c) aplane perpendicular to the molecular plane which

bisects the carbon-carbon sigma and at right angles

(d) aplane perpendicular to the molecular plane which

contains the carbon-carbon sigma bond

Among the following the molecule with the highest

dipole moment s : (IIT 2003)

(a) CH,Cl1 (b) CH,Cl,

(c) CHCl;3 (d) ccl,

Which of the following are isoelectronics and

isostructural:

(IIT 2002)

NO3,C03%,Cl03, SO,

(TIT 2003)
(a) NO3,CO3” (b) SO3, NO3
(c) Cl03,C0% (d) CO¥,S0;
Which of the following represents the given mode of

hybridization sp2-sp?-sp-sp from left to right :
(IIT 2003)
(a) CH, =CH—C=CH
(b)) CH=C—C=CH
(C) CH2 =C=C=CH2
(d) CH; = CH — CH = CH,
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109.

110.

111

112.

113.

114.

115.

116.

Total number of lone pair of electrons in XeOF, is :

(LIT 2004)
@0 ®) 1
© 2 @ 3
Which statement is correct about O3 : (IIT 2004)

(a) Paramagnetic and bond order<0,

(b) Paramagnetic and bond order>0,

(c) Diamagnetic and bond order<0,

(d) Diamagnetic and bond order>0 2

Which species has the maximum number of lone pair of
electrons on the central atom : (IIT 2005)
@ [CI0;]° (b) XeF,

(c) SF, @ [

If the bond length of C—O bond in carbon monoxide is

1.128 A, then what is the value of C—O bond length in
Fe(CO)s :

(IIT 2006)

(@ 1.15A () 1.128A

(c) 1.72A d 1.118A

The species having different bond order that of CO is :
(IIT 2007)

(a) NO (b) NO*

(¢) CN™ d) N,

Among the following the paramagnetic compound is :
(IIT 2007)

(a) Na,0, () O;

(c) N,0 (d) KO,

The percentage of p-character in the orbitals of Py

forming P—P bond is : (IIT 2007)
(a) 25 (b) 33
(c) 50 d) 75

Among the following, the least stable resonance
strucn;gre is: (IIT 2007)

€] ° (o]
0/ NN
8

G e
e ®
§ go
0oO—2Z8 OO—ZQ\
N\,

R

117.

118.

119.

120.

121.

122.

123.

124.

125.
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Among the following statement, the correct statement

about PH; and NHj is: (IIT 2008)

(a) NH; is a better electron donor because the lone pair
of electron occupies spherical s-orbital and is less
directional.

(b) PHj is a better electron donor because the lone pair
of electron occupies sp’-orbital and is more
directional

(c) NH; is a better electron donor because the lone pair
of electron occupies sp’-orbital and more
directional.

(d) PH; is a better electron donor because the lon_e pair
of electron occupies spherical s-orbital and is less
directional.

The correct stability order of the following resonating
structures is : (IIT 2009)
+ - + -

(i()H,C=N=N . (ii))H,C—N=N

= + ' - ¥

(i) H,C—N=N ,(ivyH,C—N=N

(a) (i) > (i) > (iv) > (i)~ (b) (i) > (iii) > (ii) > (iv)

(c) (i) > (i) > (i) > (iv)  (d) (i) > (i) > (iv) > (ii)

The species having pyramidal shape is : (IIT 2010)

(a) SO4 (b) BrF;

(c) 8i03" (d) OSF,

Assuming that Hund’s rule is violeted, the bond order

and magnetic nature of diatomic molecule of B, is :

(IIT 2010)
(a) 1 and diamagnetic  (b) zero and diamagnetic
(c) 1 and paramagnetic  (d) zero and paramagnetic

In allene (C3Hy), the type(s) of hybridization of the
carbon atoms is/are :

(IIT 2012)
(a) spand sp3 (b) spand sp2
(c) only sp2 d) spl and sp3
The shape of XeO, F, molecule is : (IIT 2012)

(a) trigonal bipyramidal (b) square planar
(c) tetrahedral (d) see-saw
Which one of the following molecules is expected to

exhibit diamagnetic behaviour ? [JEE (Main) 2013)
(@ O, ®) S,
() G, (d) N,

In which of the following pairs of molecules/ions, both

the species are not likely to exist?  [JEE (Main) 2013)
() H3',He, (b) H3, He3*
(c) H3, He} (d) H3,He3"

Which of the following represents the correct order of

increasing first ionization enthalpy for Ca, Ba, S, Se and
Ar?

|JEE (Main) 2013)
(a) Ba<Ca<Se<S<Ar (b)Ca<Ba<S8S<Se<Ar
(¢) Ca<S<Ba<Se<Ar (d)S<Se<Ca<Ba<Ar
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126. Stability of the species Li,, Li; and Li; increases in the

order of :
(a) Li, <Li; <Lij
(c) Li, <Li§ <Li3

[JEE (Main) 2013]
(b) Liz <Li, <Li}
(d) Li; <Li} <Li,

Periodic Properties, Chemical Bonding and Complexes

lu_ul

1. (o)

2. (d)

joNe: 152, 252 2p®
2 F 152, 2522p8
All have same shielding constant.

Also, Zj=Z-0¢ .. Zggna =11-415=685

* 15?252 2p8

and  Z_. =9-415=485
_IE+E4
EN =522 and Ed =-E,,

V= % x3.14x(1.23)’ =7.79(A)}

V. =%x3.l4x(0.76)3 =184 (A)’

Volume occupied by 2s-electron
=7.719-1.84=5.95(A)°

- Fraction of volume occupied by 2s-electron

5.95
=779-0764

IE, decreases down the gp. Thus Ar, Kr and Xe will
show ionisation.

O+e—07; AH=-144KJ

5 20+2e— 207; AH =2x(-142)=-284 kJ
p=38xd

29 _ 1.602x107'° x 80
3.336x107%% = L2220 X Dxd

4 = 3:336x 107% x 100
1.602x107"° x 80
=2.60x10""" m=2.60A

NO* :0ls?,6°1s%,0252,6° 2s?,62p2 , n2p2, n2p?

BO=—;[10—4]= 3
CO* :ols?,0" 152,02 ,62p2, n2p2; m2p? 6" 2s'

BO=%[]0-3]=3.5
N, :0ls?,0" 1s?,025%,6" 25?,62p} , n2p} ,n2p}
In NJ :one bonding electron is less but in N7 one
antibonding electron is more.

N; is more stable than N3.

F, — 2F; AH=158.8kJmol™
Fte—F; Eg =-333kImol”
2gF, =%mol F,
158.8%2 -1
=228.8%2 - 7,94 kJ mol
Al 40
2

Also, % mol F, = 2x 2 g -atomof F

g -atom of F

1
10

127.

10.

11.

12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

Numerical Chemistry

The first ionisation potential of Na is 5.1 eV. The value
of electron gain enthalpy of Na™ will be :

[JEE (Main) 2013]
(a) -10.2 eV (b) +2.55 eV
(c) 2.55eV d) -5.1eV

(2)

(a)
(©)

)
(a)

(a)
(a)

(2)

()

©

©

(©
(b)

()

(c)

B » 333x— =333

AH for 2 g(F; — 2F7 )= ~-33.3+7.94
=-2536kJ
Li:ls?,2s' n=2

Ey, = Z_ x Ey ,where Z is effective charge.

Z= ,,/Eu =2x‘,54 =126

AICl, is hypovalent but AICI; completes its octet by
coordinate bond forming Al;Clg.

Except BF; all have expanded octet.

Bond order for N} , O3 and NO is 2.5. For NO* itis 3.
Due to more +ve charge on N on account of more
electronegativity of F.

Due to back bonding.

C,H, has sp*-hybridised carbon and CO, has
sp-hybridization.

XeOF, has sp’d-hybridization with two lone pairs of

electrons leading trigonal by pyramid shape in
T-shaped molecule.

||

P
o7 Do
[So —_ e
l|> }|’=0 sp*-hybridised P
0 ||\o
o

P40|0 is 0=

;
4: (@ OTT [0 T ]sp%d? six B are
attached on 4

NF; and H;0" have sp -hybndlzatlon NO3 and BF,
have sp®-hybridization.

C = Chonding in CaC,.

p-dichlorobenzene is non-polar (1 = 0), o-isomer has
maximum dipole moment cos o = 60°,
KO, has K*O3 structure having one unpaired
electron,

(0}
v

0 non-planar.

H

Polar
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26.
27.

28.
29,

30.

31

32.

33.

34.

3s.
36.

38.

39.

41.

42.
43.

45.
46.
47.

49.

(®)
@

®)
(a)

(b)

@)
@)
®)
©

(©
(c)

. (d)

(@)

(@
@

(C)

(@)
(@)

(©)

)
(O]
(b)
(a)
(a)

. (¢)
51.
52.

53.
- (@)
55.
56.

(b)
(b

(a)

(b)
(d

S in SO, has sp?-hybridization.

More is dipole moment, more is attraction among
molecules, more will be 7.

B in BF; has sp’-hybridization and trigonal planar.

S in H,S shows sp>-hybridization with angular

V-shape due to the presence of two lone pairs on
S-atom. Also, . # 0.

BCl; is s2~hybridised (120°); Rest all are sp3-
h);bridiseci. Also ;mgle decreases from P to Bi.

? sp? 5 5 p p
In all biggest jump will be in 4Be as Is is closest to
nucleus.
After removal of I electron, next electron will be
removed from 2p$.

First EA are exothermic however in alkaline earth
metals these are endothermic.

He has completely filled Ls orbital.

In O and S7, E4, will be +ve because addition of
electron is opposed by anionic sphere in each. Also
repulsion will be more predominant in O~

Lig — Lig, +e ; IE=less+ve
Li:g) +4g9.—> Li;q ; AH, =more—-ve  due tosmall
size of cation

Ligg +A4g.— Lig, ; AH=-ve

EA, of S>O; EA, of C1>F ; E4; of N>F and

EA, of B> EA, of C

Rest all influence polarisation of anion.

Addition of electron in anion is opposed by ionic
sphere. ) )
After the removal of one electron in oxygen, it acquires
half filled configuration, i.e., 0" 1s%, 2s%sp?

Follow text.
Ne:1s?,2s%2p®

Na* :1s2,25%2p®
JENa= IE K~02-1E Li
The basic nature is CH; >NH; >OH™ >F~
K*and[C= N]~

H-O-H; H has duplet of electron.

XY™ as X loses electron

H—H

IN=N.

Due to H-bonding

eg. CO, or BeF,

CN~ and CO both have 14 electrons.
sp-hybridisation 0 = C= 0

Net u = 0 due to regular tetrahedron geometry.

H-bonding is observed if H is attached on N, O or F
atoms.

Shielding effect will be same.

61.
62.
63.

65.

67.

68.

69.

70.

71.

72.
73.
74.
75.

76.

77.
78.

79.

80.

81.

82.
83.

84,
85.

(b)
(a)

(©)

(b)

(®)
()

(©)
(d)

Numerical Chemistry

[Cu(H,0)4]*" -804 -H20

sp-hybridisation has 180° angle.

NO has 15 electrons

Mg?* is smaller than Na* and has more charge

0 Y (0]
O>N—O—N<o

Non polar bond e.g.,H-H
F-H>O0-H>N-H
0=S8=0
lpz

Diethy! ether, ethyl chloride and triethyl amine do not
show H-bonding.
IE, of N> IE; of O due to half filled nature of orbitals
inN.
F has covalent radius whereas Ne has van der Waals’
radius. Covalent radius is smaller.
Electronegativity increases along the period, decreases
down the gp.
H Ne of Cl

D A
Cl H

12 3
N=C-CH=CH,
p .IPZ WZ
Ionisation energy order ; /E of Al < IE of Mg due to
ellipticity.
CH} has sp®-hybridisation.
Due to sp-hybridisation

u=0

Ko = 0due to coplanar (sp? ) geometry.

Due to sp*-hybridisation with one lone pair on P atom.
CH 3

CH; - <|: —OH , C" has 45-bonds.

CH,
O, is paramagnetic has two unpaired electrons.
Half filled nature. Also /E decreases down the gp

4 3 2 1
HC= C-CH=CH,
» o p?

Clin CIO3 has sp>-hybridisation.

UM T T

4 . 3
H—0Q—H
2

CN is polar; N, is non polar.

CH, = CH- CH,- C = N; 9, 3rtand 2 non bonding
electrons on N.

Lowest oxidation states of metals are more ionic.
O; has 16 electrons out of which two are unpaired.
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86. (c) CsBr; has Cs* and Brj ions

87.

89.
90.

91.
92.
93.

94,
95.

96.

97.

98.

100.
101.
102.

103.

104.
105.

106.

107.

108.

109,

110.

111.

112,

©

(@)

()
()

(®)
@
(@)

@
(®)
@

()

(@)
(a)

(b)
(@)

(b)

(a)

(a)
(b)
(b)

(C)

KHF, has K* and [HF,]" ions
(0]

Il
HO- C- OHand polar
.vpz

0=8=0
Removal of 2nd electron from 3s in Mg and 2p in Na
(more closer)
. IE; of Na> IE, of Mg
2 5
sp” leads to coplanar trigonal geometry of BF;
Follow resonance
Due to more effective nuclear charge on P**, the radii
decreases.
1 2 3 4 s 6
CH,= Clzl- CH,-CH,-C= CH
o P P P w W
Each has 10 electrons. The size of isoelectronic
decreases along the period

SF, has sp* d-hybridization with one lone pair, CF, has
sp>-hybridization with no lone pair and XeF, has
sp>d*-hybridization with two lone pairs.
The hybridised states of N in NO; , NO3 and NH; are
sp, sp* and sp® respectively.
It is a reason for given fact.
N in NH; (sp’), Pt in [PtCl4)*" (dsp?), P in
PCls (sp®d)and B in BCl; (sp?).
Each possesses 14 electrons with bond order 3.
The /E, decreases down the gp
NH; + BF; — [H;N— BF;]

5 s e} e
Li~ :1s2,25% (E4, =-ve)
Be™ :1s?,25%2p' (EA; =+ve)
03 has one unpaired electron.
A 7-bond nodel plane passing through the two bonded
nuclei, i.e., molecular plane.
Keai, = Obcnay =1.0DHeng, = 1.6D,
Both NOj and CO?~ have 32 electrons and central
atom in each is sp?-hybridized.
CH, =CH—C=CH

P sp? p p
Xe in XeOF, shows sp’d’-hybridization with one
lone pair on Xe-atom.
Both O and O, are paramagnetic : Bond order of
0, =2,Bond order 07 =2.5.
I3, XeF,, SF, and ClO3 have 3, 2, 1, 1 lone pair of

electrons respectively.
Due to synergic bond formation between CO and

metal, C— Obond length increases.

113. (b)
114. (d)

115. (d)
116. (a)

117. (c)

118. (b)
119. (d)

120. (a)

121. (b)

122. (d)

197

Bond order of CO is 3 and of NO* is 2.5.

It has O;' in having one unpaired electron.

P, has sp>-hybridization: s-character 25%, p-character
75%

Follow text

Basic character of hydrides NH; >PHj.

Follow characteristics of resonance '

Due to sp>-hybridisation of S and one lone pair.

S
Z\\
AN
ot /
In absence of Hund’s rule, molecular orbital diagram
of B, will be : - "
ols?,6°" Is?,02s% 0" 25° ,02p;
The different hybridization in C;Hy (H C=C=CH;)

are .
#
H,C—C=CH,

Xenon in XeO,F, shows sp>d-hybridization having
one lone pair of electron

i

o-

sp> d-hybridization (see-saw)

123. (c,d) Both (C; and N;) are diamagnetic as both have no

124. (a)
125. (a)

126. (d)

unpaired electron
M.O. configuration of
. . 2
C,: ols?,6" 1s?,62s%,6" 252 2py
1c2p§
M.O. configuration of
. . 2
N,: ols?,0° 1s%,025% 0" 252| "2PY | 022
n2p?
0, and S, both have two unpaired electrons.
Both H2* and He, (615”6 " 1s* ) have bond order zero.
Ionisation enthalpy increases along the period but
decreases down the group.
Bond order for Li,,Li; and Li; are 1, 0.5, 0.5

respectively. However Li;’ (one antibonding electron)

is more stable than Li; because Li; has threc
antibonding electrons.

127. (d)Na(g)— Na*(g)+e;1E = SleV

Na®*(g)+e— Na(g); EA =-IE = -5leV



. Select the correct statements :

(a) Tonisation energy increases for each successive
electron removal.

(b) The greatest increase in ionisation enthalpy is
experienced on removal of electron from the case
of noble gas.

(¢) End of valence electrons is marked by a big jump in
ionisation enthalpy.

(d) Removal of electron from orbitals bearing lower n
values is easier than from orbital having higher n
value.

. Which of the following compounds have electrovalent,

covalent and coordinate bonds but do not have

' hydrogen bond?

(a) CaCl, -2H,0 (b) CuSO, -5H,0

(c) FeSO, - TH,0 (d) Na,SO, -10H,0

. Which are correct about the structure of trimer of SO5,

ie. N S 309?

(a) It has cyclic structure

(b) It has two S—S bonds

(c) It has three S—O—S bonds

(d) It has sp*-hybridization of S and 120 and 6n-bonds

. Which are correct for white phosphorus molecule?

(a) It exists as P4

(b) P—P bond length equal to 2.21 A

(c) P—P bond angle is 109°28’

(d) It has sp>-hybridization and tetrahedron structure

Which of the following are correct about bond angles?

(a) OSF, <OSCl, <OSBr,

(b) Sbl; <Asl; <Pl

(c) PF; >PCl; <PBr; <PI;

(d) NO3 <NO, <NO3

Which of the following are correct for CO*, N3 ?

(a) Both have 13 electrons

(b) N3 has bond order 2.5 whereas CO* has bond
order 3.5

(c) Both have same M.O. configuration

(d) Bond length of N—N in N3 is greater than N, but
bond length of CO” is shorter than CO

. Which facts are correctly represented?

(a) Bond length : NO* <NO* <NO<NO~

(b) Bond order : NO* >NO*" =NO>NO"~

(c) Bond length : NO* <NO?* =NO<NO~

OBJECTIVE PROBLEMS (More Than One Answer Correct) :

10.

11.

12.

13.

14.

15.

16.

Numerical Chemistry

(d) Bond order : NO* > NO? >NO>NO~

In which of the following H-atom attached on carbon
atom shows H-bonding?

(a) CCl; -CH(OH),

(b) CHCl; in acetone

(c) CH; -CO-CH;

(d) CH; -CO-CH,COO0C,Hs

. Which of the following are correct?

(a) PH; and BiCls does not exist

(b) SeF, and CH, have same geometry

(c) pm - dn bonds are present in SO,

(d) Nodal plane in the n-bonds of ethane are located in
molecular plane

Select the correct statements :

(a) IE) of deuterium is more than /E, of H

(b) maximum electron affinity exists for F

(c) maximum /E stands for He

(d) trans-pent-2-ene is polar

Select the correct statements :

(a) There are two n-bonds in N, molecule

(b) Delocalisation involving sigma bonds orbitals is
called hyperconjugation

(c) Dipole moment of CH;F is greater than CH;Cl

(d) C,H,,CO,,SnCl, all are linear molecules

Resonance molecule should have:

(a) identical arrangement of atoms

(b) nearly same energy content

(c) the same number of paired electrons

(d) identical bonding

Dipole moment is shown by:

(a) 1, 4-dichloro ethane

(b) cis-1,2-dichloro ethane

(c) trans-1 2-dichloro ethane

(d) 1, 2-dichloro-2-pentene

CO; is isostructural with:

(a) HeCl, (b) SnCl,

(¢) C;H, (d) NO,

Which of the following are correct:

(a) The ionisation potential of oxygen is less than that
of nitrogen

(b) The ionisation potential of nitrogen is greater than
that of oxygen

(¢) Thetwo ionisation potential values are comparable

(d) The differences between the two ijonisation
potential values is too large

Sodium sulphate is soluble in water whereas barium

sulphate is sparingly soluble because:
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17.

18.

21.

(a) The hydration energy of Na,SO, is more than its
lattice energy

(b) The lattice energy of BaSO, is more than its
hydration energy

(c) The lattice energy has no role is solubility

(d) The hydration energy of Na,SO, is less than its
lattice energy

The linear structure is assumed by:

(a) SnCl, (b) NCO™

() CS, (d) NO;

(e) SO,

Which of the following have identical bond order?

(a) CN™ (®) Oz

(c) NO* (d) CN*

. The molecules that will have dipole moment are:

(a) 2, 2-dimethylpropane

(b) trans-2-pentene

(c) cis-3-hexene

(d) 2,2,3,3-tetramethylbutane

. Pick out the isoelectronic structrues from the following:

I CH} 0 H,0*

I NH, IV CHj

(a) Iand II (b) M and IV
(c) Tand II (d) IL I and IV

A, B and C are hydroxy compounds of the elements X, ¥
and Z respectively. X, Y and Z are in the same period of
periodic table. A gives an aqueous solution of pH less
than 7. B reacts with both strong acid and strong base. C
gives an aqueous solution which is strongly basic.
Which of the following statements is/are true?

22.

23.

199

(a) The three elements are non-metal

(b) The electronegativities decrease from Xto Z

(c) The atomic radius decreases in theorderZ>Y>X

(d) X, Y and Z may be phosphorous, aluminium and
potassium respectively

Which of the following statement is incorrect ?

(a) O, is paramagnetic, O is also paramagnetic

(b) O, is paramagnetic N2* is also paramagnetic

(c) B, is paramagnetic,C; is also paramagnetic

(d) Different observation is foand in their bond length
when NO —> NO* and CO — CO*

Which of the following statement(s) is/are correct?

(a) The removal of one electron from Na*(g) ion

requires more energy than that from Mg *®

(b) The hydration energy of Na* ion is more than that
of K* ion

(c) Ionic radii follows the order for three elements (X,
Y, Z) of same period belonging to group 1, 2 and 3
(ie, 1A, IIA and IIIA) in the periodic table is
Xt>y¥ >z,

(d) With the increasing electronegativity (which
increases with increasing positive charge), the basic
strength of any elemental oxide decreases

Which of the following shows same hybi'idized state :

(a) central N atom of azide ion (N3 )

(b) N atom in NO,F

(c) central O atom of ozone

(d) N atoms inNze
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. Il PS5 UTIONS (More Than one Answer Correct) e 3 | | Il

5.

. (B,C.d) S)Og has
o\?

. (abd) N3 :ols?,0"1s?, 02,0 257,

. (a,b,c) Lower is the value of n higher is the encrgy.

. (a,c,d) CuSO, - SH,0has [CuSO, - H,0}4H, 0.

0O o)

7o

S
o” \o/ o

/S
(a,bd) P, is P 89 P The molecule is under strain

and active in nature due to
P bond angle 60°
(a,b,c,d) Follow concepts of bonding (in concepts of
physical chemistry by P. Bahadur, Prakash

Publications, Muzaffamagar).
2 n2p
3,02 2

N7
0N

x

CO* :ols?,0" 1s%,025%,02p} [";"’J c"2s'
25-orbital of O-atom has lower energy than 2s-orbital
of C-atom. When they mix to form ©2s an
o 2s-orbitals, the latter has so high energy that it goes
above 62p, as wellas n2p, and n2p..

(a,b) NO** has one antibonding electron less than NO and
thus bond length in NO is more
NO:ols?,a" Is?,025%,0" 25°a2p2, [”2"’] x"2p)

nzp,

(a,b) Due to increasing charge density of carbon on account
of higher electronegativity of Cl.

(a,,d) SeFq (sp’d),CH, (sp”)

ll.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24,

. (a,b,c.d) Follow concepts.
(a,b,c) SnCl; is angular due to sp 2_hybridization.
(a,b,c) These are characteristics of resonance.
(b,d) p for (a)=Oand p for (¢)=0Q
(a.c) Both has sp -hybridization
(a,b,c) These are facts.
(a,b) These are facts.
(b,c) Both are linear.
(a,c) Bond order for both is 3.
(b,c) p for (a)= O for (d )= 0due to symmetry.
(b,d) These have sp>-hybridization.
(b,c) X is non metal, (e.g., O3 CI—OH—acidic)
Y is amphoteric (e.g., AI(OH); —ampbhoteric)
Z is metal (e.g., KOH—basic)
(b,d) Follow text.
(a,b,c,d) —do—
(b,c,d) The central atom of azide ion has sp-hybridisation.

P
"N=N=2N;
F F
|
0= N—0 «—— —O—)I]=O
+ +
sp?
F—N = N—F
Pt ot
'Fz lpz
[0}
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COMPREHENSION BASED PROBLEMS

Comprehension 1 : Dipole moment of a bond is a
vector and physical quantity to calculate the percentage ionic
character in a covalent bond. It is expressed as:

Dipole moment (1) = 3 xd

where, § is dipole moment and d is the bond length

It is usually expressed in terms of CGS unit known as
Debye (D)1D=10""® esu cm. In SI unit it is expressed in
Coulomb meter. Resultant dipole moment (it ) of two bond
moments (L, and |L,) acting at an angle , is given by :

e =yu?+1d +201, cosB

If u) =H,, Also if cos®=-1, i.e., 8 =180° then u =0.
(molecule is non polar)

Ifu #0 molecule is polar.

Dipole moment plays an important role in deciding the
stability order of alkanes, i.e., a more stable alkane has less
dipole moment. The dipole moment of a molecule can predict
the geometrical and position isomers as well as orientations in
benzene nucleus and polarity of molecule.

[1] Dipole moment of HCl molecule is found to be 0.816 D.
Assuming HCI bond length to be equal to 1 A, the %
ionic character of HCI molecule is:

(a) 10% (b) 17%
() 27% (d) 37%

[2] The correct mcreasmg order of dipole moment of the
following compounds is,
I Toluene;

III m-dichlorobenzene;
(a) I<II<II<IV
(c) I<IV<III<II

1I o-dichlorobenzene;
IV p-dichlorobenzene
() IV<I<II<II
(d) IV<I<II<III

[3] Dipole moment of
(1) p-dinitrobenzene (2) p-dichlorobenzene and
(3) p-dimethoxybenzene are in the order:
(a) 3>2>1 (b) 3=2>1
(c) 3=2=1 d) 3>2=1)
[4] Match the compounds in list- with their correct values
of dipole moment in list-II :

List-I Compound List-II Dipole moment (D)
1. o-nitrophenol (A) 0.05
2. o-dichlorobenzene (B) 1.00
3. o-xylene (©) 1.20
(a) 1-A, 2-B,3-C (b) 1-B, 2-A,3-C

(c) 1-C, 2-A, 3-B (d) 1-C, 2-B, 3-A

[S] Identify the correct increasing order of the stability
of the following alkenes, Icis-2-butene;
Il trans- 2 - butene; I1I isobutene:
(a) II<III<I (®) I<II<II
(c) I<II<III (d) NI<II<I

[6] Which of the following species is non polar?
(a) Ammonia (b) Sulphur dioxide
(c) Water (d) Sulphur trioxide

[7] The increasing order of dipole moment of bond in
halogen acids is:
(a) HF>HCI>HBr>HI (b) HI> HCI> HBr > HF
(c) HCI>HBr > HI> HF (d) HI>HBr> HF> HCl

[8] Which molecule is non polar?
(a) trans-Pent-2-ene (b) cis-Pent-2-ene
(c) cis- -chlompmpene (d) ST

[9] Which species is polar?
(a) trans-Hex-3-ene
(c) PCl;

(b) trans-But-2-ene
(d) XeFq
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lllmul

Comprehension 1

1. () p,=5xd
0.816x107'® =§x 1078
v 8§=0.816x107"" esu

0.816x107'°
4.80 3><10"°

c1©\<:)

=120°

% ionic character = x100=16.9%

CH;

2]. ® @

o
ca N

0
9 9 O
Cl O/N‘o

Notice the orientation in methoxy group.

= 180°

No2 cl «CH3
[@]. ()
CH; CH; CHs H
5. @ - Cc=C
5@ Se=cly 0 K
1
u=Lesg than III p=0
CH;
>c CH,
m
1 =Max

The stability order is
cis-2-butene > trans-2-butene > isobutene

[6]. (d) SO; hassp>-hybridization and three equal vectors acts
at 120°,

[7]. (a) The electronegativity order is F > Cl> Br > 1.

[8]. (d) SFs has octahedral geometry having p = Q.

[9]. (d) XeFs; has sp3d>-hybridization and pentagonal
pyramidal nature.
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In each §ub question given below a statement (S) and
explanation (E) is given. Choose the correct answers

from .the codes (a), (b), (¢) and (d) given for each
question:

§ is correct but E is wrong
S is wrong but E is correct
Both S and E are corect and E is correct explanation of
Both S and E are correct but E is not correct explanation

(a)

(©)
()]

3.

4.

10.

of §

S:

Cs and F, reacts violently.

: Cs is most electropositive and F, is most

electronegative,

: Transition elements exhibit horizontal and vertical

relationship.

The shielding effect as well as same outermost
shell configuration in transition metals are
responsible for their behaviour.

: BiCl; does not exist.
: In Bi inert pair effect is predominant.
: Bond order for CO* is more than bond order in CO

whereas bond order in N3 is less than N, whereas
both are isoelectronics.

: Both have same bond order.
: Bond order for N3 and N5 are same but N3 is more

stable than N 3.

: Antibonding electrons are more in N3.
: The bond angles in NO3, NO, and NO; are 180°,

134° and 115° respectively.

: Bond angles in a molecule also depends upon the

presence of lone electron as well as lone pair of
electron.

: Bond angle of PF;>PCl; but bond angle of

PCl 3< PBf; .

: The bond angles show an increase on decreasing

electronegativity of attached other atom on cgntml
atom but in PF; pnt —dn bonding results in an
increase in bond angle.

: Although carbon in HCHO is sp*-hybridized and

all the three bond angles are 120°C.

: In HCHO, presence of multiple bond gives rise two

bond angle. < HCOiis 122° and <HCHis 1 16°.

: N,0 is represented by (i) N=N =0 and (ii)

N == N — O but later is more stable.

: The form (ii) shows resonance.
: CS, is linear whereas H,S is non-linear.

CinCS, is sp-hybridized whereas S in H,S is
sp’-hybridized.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S:

E:

S:

E:

S:

E:

Nitric oxide, though an odd electron molecule is

diamagnetic in liquid state.

There occurs only partial dimerisation of NO to
N zoz .

All the AI—C] bonds in Al,Cl, are equivalent.
The terminal Al—Cl bonds are different from
bridge Al—C] bonds.

Bond dissociation energy of F; is lesser than Cl;.
An additional n-bond formation i.v_» ormd by
donor-acceptor mechanism in Cl; in winch an
unshared electron of one Cl-atom overlaps with a
free 3d-orbital electron of another Cl-atom.

: LiCl is predominantly a covalent compound.

E : Electronegativity difference between Li and Cl 15
too small. =
S: The electronic structure of O; is: W
° 0.:
... O..
E: 0. structure of O, is not allowed.
.0/ e
... LLJ
S: Sulphate is estimated as BaSO, and not as MgSO .

: Ionic radius of Mg?* is smaller than that of Ba>~
: Helium and Beryllium have similar outer

electronic configuration.

: Both are chemically inert.
: The size decreases as Pb> Pb>" > Pb*".

: The nuclear charge/electron increases, ie.. the

force of attraction towards nucleus increases.

: The S—S—S bond angle in S molecule is 105°.
: Sg has V-shape.

: 0—O0 bond length in H,0, is shorter than that of

0,F,.

: H,0; is a covalent compound.
¢ Fluorine molecule has bond order one.
: The number of electrons in antibonding molecular

orbitals is two less than in bonding molecular
orbitals.

: The dipole moment helps to predict whether

..

molecule is polar or non-polar.

: The dipole moment helps to predict the geometry

of molecules.

¢ All F—S—F bond angles in SF, are greater than

90° but lesser than 180°.

The lone pair-bond pair repulsion is weaker than
bond pair-bond pair repulsion.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

3s.

36.

: N3 and NO" both are diamagnetic substances.

¢ NO" is isoelectronic to N ,.

: The bond angle of PBr; is greater than PH; but the
bond angle of NBrj; is lesser than NH;.

: Electronegativity of P-atom is less than that of
N-atom.

: CaF; is soluble in water but Cal, not.

: CaF, is more ionic than Cal,.

: Oj; and NO3 are isoelectronic.

: Bond angles of O; and NO3 are 1168° and 115°
respectively.

¢ NO, is readily dimerised to N,0,.

: NO; has one unpaired electron and two such
electrons with opposite spin in two NO, molecules
forms bond between two N-atoms readily.

: BothCu™ and Na* have almost same radii.

: Cu” possesses more power to polarise an anion.

: IE, for He is maximum and E4, for Cl is more than

EA] of F.

: He possesses paired electrons in ls sub-shell,
closest to nucleus, whereas electron density in F is
maximum which exerts more electron-electron
repulsion.

. If difference of electronegativity between two
atoms is zero the resultant molecule will be
non-polar covalent.

: The shared pair of electron lies just in the middle of
two atoms.

: p-dimethoxy benzene is polar molecule.

. The two methoxy groups at para positions are
located as

<:> P
(0]
/O

CH,

. The lattice energy of silver halides is
AgF > AgCl> AgBr> Agl.

AgF is water soluble

. The molecule cis-l-chloropropene is more polar
than trans- I-chloropropene.

. The magnitude of resultant vector in frans-

|-chloro- propene is non-zero.

: IF, is super octet molecule.

. Central atom of I in IF; has 14 electrons.

: FeCl, is more covalent than FeCl; because electro-
negativity of Fe** >Fe?".

: Higher is the charge on cation, more is deformation
of anion, more is covalent character.

Periodic Properties, Chemical Bonding and Complexes

51. S:

E:

52.

S:
E:

The bond angle in H,O is greater than H,S.
H-bonding does not occur in H,S due to low
electronegativity of S.

The bond angle in BF; is smaller than that in BF,.
BF; has sp®-hybridisation, whereas BF; has sp’-
hybridisation.

37.

39.

41.

42.

43.

45.

47.

49.

7]

m »

me m um
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MO configuration of COis .
ols’,c" 152 62s°,02pF, W2p}, R2p}.0" 2.

. The bond energy level o *2s° possesses higher

energy because then only bond length order for CO
(more) and CO™ (less) can be explained.

: The dipole moment of NH; is less than NF; .

The lone pair presenton N shows additive nature to
N—H vector whereas it is subtractive to N—F

vector.

The bond energy of P—CI bond in PCl; and PCl
are different.

In PCl;, sp’ - p overlapping whereas in
PCls,sp’d- p overlapping is noticed.

SF, has lone pair of electron at equatorial position
in preference to apical position in the overall
trigonal bipyramidal geometry

: If lone pair is at equatorial position then only

repulsion is minimum.
BF; molecule is planar with an angle of 120°C.

: BF; has bond pair-lone pair electron ratio 1 : 3.

N and P show a maximum covalency of five.

: P can expand the outer shell of electrons beyond an

octet by involving d-orbitals present in its valence
shell.

: All molecules with polar bond have dipole

moment.

: Dipole moment is a vector quantity.

: PClsconducts current in solid state.

PCl; exists as [PCl4]* and [PClg] " ions.

: EA, for halogens is endothermic.

: Halogens have ns’np® configuration and can

..

accommodate only one electron.

: F atom has less electron affinity than CI atom.

Additional electrons are repelled more effectively
;):y 3p-electrons in Cl atom than by 2p-electrons in
atom.

: The ionisation energy of ,HZis more than

ionisation energy of , H'.

: This is due to isotopic effect.

Solubility of NaOH in water increases with rise in
temperature, although it is exothermic dissolution.
Changes showing exothermic nature occurs in
backward direction if temperature is raised.
Solubility of NaCl in D,0 is less than, H,O.

: Higher viscosity of D,0 is responsible for low

solubility of NaCl.

¢ NH;and CH3 both have pyramidal shape.

N in NH; and C in CH; both have s’

hyb;idisation with one lone pair of electron 00
each.

53. S: The first ionisation energy of N is greater than O.
E: N atom has half filled p-orbitals.
54. S: The firstionisation energy of Be is greater than that

of B.

[IIT 2000]

E: 2p-orbital is lower in energy than 2s-orbital.
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' ANSWERS (Statement Explanation Problems)

27.

28.

29.

30.
31.
32.

pwee

- (©)

(©)
©
()

(©)
(c)
©
(a

(©

- ()
- ()

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

(©)
(a)
@
(d
(a)
©
(a)
(®)
(c)
(©)
(a)
(d
(Y
(b)

(@

(c)

@

(©)
()
(2

Explanation is correct reason for statement.
—=do-—

—do—

Both N; and CO have different MO configuration but
bond order is same which results a change in N; and
CO" configuration and thus, bond order of N; and
CO™ are different.

Explanation is correct reason for statement.

—do—

—do—

It is a fact.

Form II is more stable due to lesser formal charge on
N-atom.

Explanation is correct reason for statement.
It is an experimental fact.
AL,Clg has the structure, © SAIK S A,
Explanation is correct reason for statement.
LiCl is covalent due to high polarising power of Li*.
Both are correct.
BaSO0, is insoluble. MgSO, is soluble.
Be is reactive metal.
Explanation is correct reason for statement.
Sg has puckered ring structure.
O—O bond is H,0, and O, F, are same.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
Bond angles in SF, (sp3d 2)are 116°.
Both statements are correct.
—do—
CaF, is insoluble in water but more ionic having high
lattice energy due to small size of F™.
Both are correct. The difference in bond angle is due to
lone pair-bond pair repulsion in Oj and lone
electron-bond pair repulsion in NO; .
Since the process does not require any rearrangement
and thus energy of activation for dimerisation of NO,
is low.
The more power of Cu ™ to polarise an anion is due to
its pseudo noble gas structure.

Tyt = 096A; R+ = 095A
Explanation is correct reason for statement.
Explanation is correct reason for statement.
p-dimethoxy benzene is polar due to orientation of
CHj group as, the resultant vector is not zero.

33.

34.

43.

45.

46.

47.
48.

49,

50.
51.

52.

53.

54.

@

(®)

. (c)
. (b)
. (¢)
. ()
. (c)
. (c)
. (@)

. (b)

(®)

(®)
(b)

(@)

©
(d)

()
()
(d)

(b)

(a)

CH, CH;
Ol

Inspite of higher lattice energy AgF is soluble because
F~ is extensively hydrated and heat of hydration
predominates over lattice energy.

Both cis-and trans-forms are polar. Trans is more polar
due to higher value of dipole moment due to additive
nature of CH; and Cl vectors.

Explanation is correct reason for statement.

This is Fajans’ rule. FeCl; is more covalent.
Explanation is correct reason for statement.

That is why [ N3 > B NF; -

Explanation is correct reason for statement.
Explanation is correct reason for statement.

BF; is planar due to sp?-hybridisation.Also in BF;,
three bond pair on boron atom and 9 lone pairs of
electrons on F atoms.

N shows maximum covalence of +3 along with one
coordinat¥sond whereas P shows maximum covalence
of +5 due to given explanation.

Molecules having polar bonds may (e.g.,CIF; polar)
or may not (e.g.,BF;) have dipole moment. The
resultant vector of bond moment decides the net dipole
moment in molecule.

Solid ionic compounds conduct current only in fused
state. PCl; in solid state exists as [PCl4] " [PCl,]" -

Halogens can have only E4, value because they can
accommodate only one electron (n.sznps to ns’ np‘):

No scope for further addition, thus £4 , for halogens is
zero.

Electron affinity of F < Electron affinity of Cl. Due to
more 2p-test electron repulsion in F atom.
Explanation is correct reason for statement.

Assertion is an experimental fact observed against Le
Chatelier principle.

Explanation is correct reason for statement.
Explanation is correct reason for statement.

The bond angle in H, S is smaller because S atom has
bigger size than O.Also H, Sdoes not show H-bonding.
In sp®-hybridisation bond angle is 120°. In sp’ it is
109°28".

Removal of electron from N atom requires more
energy due to half filled p-orbital in N atom.

Energy level of 2s is lesser than 2 p-orbital.
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| ]
Typel: Only One Match Are Possible
E. Ratio of probable density 5.~ e. SF,
1. List A List B of electron at r= 2a, and
; : r=0
(A) Melting point () 0* <0 <0<0*
(B) Thermalstability (i) F~<Cl” <Br <I 6. ListA List B List C
(C) Polarisability (i) HI<HBr<HCI<HF A Electrovalent & lf;’:f;‘,] and 1. Tons
(D) Electron affinity (iv) XeFg <XeF, <XeF, bonding . '
B. bC((’)vgil;m b. Lewis 2. Polarity
nding
o . ListB C. Singlet linkage  c. Sugden 3. One sided
(A) SO,Cl, (i)  Paramagnetic sharing
(B) Ice ii) Refri of ‘e’
() .gcrant D. Co-ordinate d. Menzies 4. One sided
(C) CuSO, (anhy.) (iii) Testing NH; bonding slf)ﬁn?g )
K,Hgl, + NaOH : . of ‘e’ pair
®) K;Hgly +Na (), TekingH,0 E. Valencebond e, Heitlor and 5. Hybridization
(E) Fluorocarbons (v) H-bonding theory London
(F) NO (vi) Tetrahedral F. Molecular f. Hund -Mulliken 6. Paramagnetism
orbital theory :
Type ll: More Than One Match Are Possible
3. ListA List B 7. ListA List B List C
(A)B, (p) Paramagnetic A.PCl a.sp’d i
(B)N, (q) Undergoes oxidation * P 1. Linear
(C) 03 (r) Undergoes reduction B. BeCl, b.sp 2. Trigonal bipyramids
(D) 0, (s) Bond orderfz 2 ; C.NH; c. sp3 3. Pyramidal
(t) Mixing of s an
p-orbitals D. XeF, d.sp’d® 4. Square planar
IIT 2009
4 List A List B : : B2 e.sp’d’ 5. Pentagonal pyramid
(A) sp’-hybridisation 1. NH;,3 8. List A List B List C
3,2
(B) Lone pair effect 2. Diethyl ether ekl l.sp"d™  a V-shaped
(C) Heteromolecular species 3. H;0 B. HgCl, 2.5p’d b. Seecsaw
(D) Paramagnetism 4. N,O C.I 3.sp ¢. T-shaped
(E) Dipole moment 5. 0; D.NO; 4. sp? d. Tetrahedral
(F) H-bonding 6. N2 E. CIO; 5.5p° B Bikair
. Ist
Type lli :  Only One Match From Ea::lhtll.; e F. XeOF, £. Square planar
5. ListA o o G.ICI;
1. I3 a. Llk
A. See-saw ’2 ' H.ICl;
B. T-shaped %8 il 1. TeCl,
D. Ratio of probable density 4. XeOF, d.0.018

of electron at r = a, and

r=0
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- 111

—ii;

A-p,q,1,t; B—q,T1, 5, t; C-p,q,r1,t;D-p,q,1,5,t

A-1,2,3; B-1,2,3; C-1,2,3,4; D-4,5,6;

A-3-¢g;
A-a-1;
A-a-2;
A-1-1;

B-
B-
B-
B-

4—
b-
b-
3-

e:

a;
2;
1

C-
C-
C-
C-

1-
c—
c-—
2=

€;

b;
KH
3;

il

1

3

-2-
-d-
-d-

4-

C,
4
4

a;

3

_A (v1), B (v), C- (IV), D—(m), E-(ii); F-()

1,2,3,4 F-1,3
F-f-6
F-2-¢; G-1-f, H-2-¢;

I-2-b



[A] Oxidation-reduction

(1) Oxidation is a process which liberates electrons,
i.e., de-electronation.

(2) Reduction is a process which gains electrons, i.e.,
electronation.
Orxidation
M— M+ ne

Reduction
M"+ne—s M

A" — A+ne A+ne—s 4™

m>mM™— M*™ + (my—ny)e | M*™24 (m—n)e— M*™

m>m A — A+ (n,—m)e A+ (m—m)e—s A™

(3) Oxidants are substances which:

(a) oxidize other.

(b) reduced themselves.

(c) show electronation.

(d) show a decrease in oxidation no. during a redox
change.

(e) has higher oxidation no. in a conjugate pair of
redox.

(4) Reductants are substances which:

(a) reduce other.

(b) oxidized themselves.

(c) show de-electronation.

(d) show an increase in oxidation no. during a redox
change.

(e) has lower oxidation no. in a conjugate pair of
redox.

(5) A redox change is one in which a reductant is
oxidized to liberate electrons, which are then used up by an
Oxidant to get jtself reduced.

M, — M +ne Oxidation
M3" +ne—s M, Reduction
M, + M;" — M|" + M, Redox reaction

(6) A redox change occurs simultaneously.

e TGO

[B] Types of Redox changes
(1) Intermolecular redox reactions : Two substances
reacts; one of them is oxidant and other is reductant, e.g.,
10FeSO4 +2KMnO, +8H,S04 —>
2MnSO, +5Fe;(SO4); +K,S0,4 +8H,0
Fe** — Fe*" +e
Mn”" +5e— Mn**
(2) Auto redox reactions or disproportionation : The
same element is oxidized and reduced as well, e.g.,
2Cu 2+ ey Cu2+ 4 Cuo
Cu™ is oxidized to Cu?* and Cu* is reduced to Cu.
(3) Intramolecular redox reactions : One element of a

compound is oxidized and other element of the same compound is
reduced, e.g.,

2KCIO; — 2KCl +30,
Clis reduced (C1** +6e —» CI7) and O is oxidized
[2(0%); — 309 +12¢]
(NH4),Cr;07, —> N; +Cr,05 +4H,0
N is oxidized @N >~ — NJ +6¢) and Cr is reduced
[(Cr®), +6e— (Cr**),]
[C] Oxidation Number

(1) Oxidation no. of an element in a particular compound
represents the no. of electrons lost or gained by an element during
its change from free state into that compound

or Oxidation‘ no. of an element in a particular compound
represents the extent of oxidation or reduction of an element
during its change from free state into that compound.

(2) Oxidation no. is given positive sign if electrons are lost.
Oxidation no. is given negative sign if electrons are gained.

(3) Oxidation no. represents real charge in case of ionic
compounds. However, in covalent compounds it represents
imaginary charge.
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[D] Rules for Deriving Oxidation Number

. Fpllowing rules have been arbitrarily adopted to decide
oxidation no. of elements on the basis of their periodic
properties.

(1) In uncombined state or free state, oxidation no. of an
element is zero.

(2) In combined state oxidation no. of

@) ... F is always —1.

(®) ... O is —2. In peroxides it is —1. However in F,0 it is

+2.

©) ... H is +1. In ionic hydrides it is - 1.(i.e., IA, IIA and
IIIA metals)
@ ... halogens as halide is always —1.
) ... sulphur as sulphide is always —2.
) ... metals is always +ve.
®) .o alkali metals (i.e., IA group-Li, Na, K, Rb, Cs, Fr)
is always +1.
() ... alkaline earth metals (i.e., IIA group—Be, Mg,
Ca, Sr, Ba, Ra) is always +2.
(3) The algebraic sum of all the oxidation no. of elements
in a compound is equal to zero, e.g., KMnOy,.
Ox. no. of K +Ox. no.of Mn + (Ox. no.of O) x4=0
(4) The algebraic sum of all the oxidation no. of elements
in aradical is equal to the net charge on the radical, e.g. ,CO%.
Oxidation no. of C +3 x (Oxidation no.of O) = -2
(5) Oxidation number can be zero, +ve, —ve (integer or
fraction).
(6) Maximum oxidation no. of an element is = Group no.
(Except O and F)
Minimum oxidation no. of an element is = Group no.-8
(Except metals)
[E] Oxidation State
It is defined as oxidation no. per atom, e.g., in KMnO,4
Oxidation no. of Mn is =+7
Oxidation state of Mn is = Mn’*

[F] Balancing a half reaction
Consider for example : Fe,0;— Fe 304
Step I : Write down the symbol of element with its
oxidation number on two sides of reaction.
Fe** — Fe¥*"
Step II : Write the elemental form of element in which it
exist in that compound as shown below.
(Fe*);— (Fe¥™),
Step 111 : Make the number of atoms same on two sides as
rted below :
e 3(Fe*),— 2(Fe
Step IV : Multipl] the all digits on right hand side

[i.e.,Z x3 x(+§)=+16 and on left hand side [i.e., 3 x 2 x

8/3+
)3

Numerical Chemistry
(+3) = +18] than subtract the value of left hand side from right
hand side [i.e., +16 — (+18) =— 2], ) ) _
Putthisnumber(—Z)withclecn'ononnynhandslde,m
its sign.
3(Fe),— 2AFe**"); ~2¢
[G] Balancing of Redox Equations ‘
Two methods are commonly used for this purpose.
1. Ion Electron Method )
Itinvolvesthreesctsofnﬂadepe_ndm_gmﬂnm
of medium (i.e., neutral, acid or alkaline) in which reaction
occurs.
(a) Neutral medium:
e.g., H,C,04+ KMnOy — CO, +K,0+ MnO+H§
Step 1. Select the oxidant, rednctxnt atoms and write
their half reactions, one representing oxidation and other
reduction.
ie., (€7 ) —2C" +2¢
5e+Mn’" —> Mn**
Step 2. Balance the no. of electrons and add the two
equations.
5(C**); —10C*" +10e
10e+2Mn"* — 2Mn**
5(C*), +2Mn”* —10C** +2Mn*"
Step 3. Write complete molecule of the reductant and
oxidant from which respective redox atoms were obtained.
5H,C,04 +2KMnO, — 10CO; +2MnO
Step 4. Balance other atoms if any (except H and O).
In above example K is unbalanced, therefore,
5H,C,04 +2KMnO, — 10CO, +2MnO + K50
(mentioned as product)
Step 5. Balance O-atom using H,O on desired side.
5H,C;0,4 +2KMnO, — 10C0; +2MnO +
K,0 +5H,0

(b) Acidic medium:

eg. NOj3 +H,S 5 HSO; +NH}
proceed like neutral medium for step 1 to step 4.

Step 1. Be+N** — N*-

S$¥ —5 8% +8e
Step 2. N** 487 — 3 N¥ +8%
Step3.  NOj +H,S — NH} + HSO;

Step 4. No other atom (except H and O) is unbalanced
and thus, no need for this step.

Step 5. Balance O-atom: Balancing of O-atom is made
by using H;O and H* ions.

Add desired molecules of H,0 on the side deficient with
O-atom and double H* on opposite side. Therefore,
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H,0+NOj3 +H,S — NH; +HS0j +2H*
Step 6. Balance charge by H*:
3H"+H,0+NO3 +H,S — NH} + HSO; +2H*
- Finally balanced equation is,
H' +H;0+NO3 +H,S — NH} +HSO;
(c) Alkaline medium:

eg, Fe +N,H, 2%, Fe(OH), + NH,
Proceed like neutral medium for step 1 to step 4.

Step 1. Fe — Fe?* +2¢
2e+(N?), —5 2N*

Step2. . Fe+(N?"), — Fe?* +2N*-

Step 3. Fe + N,H; — Fe(OH), + 2NH,

Step 4. No other atom (except H and O) is unbalanced
and thus, no need for this step.

Step 5. Balance O-atom: Balancing of O-atom is made
by using H,0O and OH™ ions.

Add desired molecules of H,O on the side rich with
O-atoms and double OH™ on opposite side. Therefore,

40H™ +Fe +N,H, — Fe(OH), +2NH; +2H,0

Step 6. Balance charge by H*:

40H™ +4H" +Fe + N,H, — Fe(OH),

+2NH; +2H,0
.. Finally balanced equation is,
2H,0 + Fe + N,;H4 — Fe(OH), +2NH;
2. Oxidation State Method
eg., KMnO4+ H2C204 — CO; +K,0 +MnO + H;0
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The initial step 1 should be written as
Step1. Mn"* — Mn?* i.e., change in oxidation no. of
Mn (+7 — +2) =5 units
(C**); —» 2C*" i.e., change in oxidation no.
of C (+6 —— +8) =2 units )
Step 2. Proceed from step 2 to last step for neutral, acidic
or alkaline medium as in ion electron method.

[H] Balancing of Half Reactions

Example 1. I, — 103 (Acid medium)
Step 1. Balance atoms other than O and H if needed, /.e.,
I, — 2103

Step 2. Balance O-atoms using H* and H,O as reported
earlier.

I, +6H,0 — 2103 +12H"
Step 3. Balance charge by electrons.

I, +6H,0 — 2103 +12H* +10e
This is balanced half reaction.
Example2. S,03 — SO,
Step 1. As above S,03” — 280,

Step 2. Balance O-atom by H,O and OH™ as reported
earlier.

(Basic medium)

20H" +8,0]" — 280, +H,0
Step 3. Balance charge by electrons.

20H™ +8,0§” — 250, +H,0 + 4e
This is balanced half reaction.
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9.

- Determine the oxidation no. of following elements

given in bold letters:
(a) KMnO,, (b) H,SOx, (¢) H;8,04, (d) NH{NO,,
(¢) K Fe(CN)s, (f) OsO4, (g) HCN, (h) HNC,
1) HNO;. 0) Ko;. (k) F0304. Q) Kl). (m) “OCN,
(n) FQ(CO)S, (0) FQWQ (p) NH; . NH).
(@) FeSO, - (NH,4),S0, - 6H,0(r) NOCI, (s) NOCIO,,
(t) Nax[Fe(CN)sNO], (u) [Fe(NO)(H,0) ]S04,
(V) Na»8,0. (W) Dimethyl sulphoxide or (CH;),SO,
(X) Na:S;O,\, (y) Cl'05 or CI‘O(O"- )2. (Z) CaOCl 2
Qetcmine the oxidation number of following elements
given in bold letters :
(a) CuH, (b) Na 8,04, (c) N;0, (d) Ba,XeOg,
(¢) C0,. (f) V(BrO,),, (g) Ca(ClO;),,
(h)CS.NI(}{V].Ozg N (l) LiAlH.g,
(J)KICo(C204); - (NH}); ], (k) [NI(CN), ],
(1) NaS;, (m) [XeO, ]*", (n) HOCN, (0) (CN),
Find the oxidation number of Fe in Fe;0,4 and in
Fe(Ill)  [Fe(II)(CN)¢ 5.
Find out the value of n in:

MnOj; +8H" +ne— Mn?* +4H,0
Calculate the oxidation number of Mn in the product

formed on strongly heating Mn 0.
Calculate the oxidation number of Mn in the product of
alkaline oxidative fusion of MnO,. (1IT 2009)

One mole of N,H, loses 10 mole electrons to form a
new compound Y. Assuming that all the N, appears in
new compound, what is oxidation state of N in ¥'?

In the reaction, Al + Fe304 —_— Al:O; +Fe

(a) Which element is oxidized and which is reduced?
(b) Total no. of electrons transferred during the

change.

The composition of a sample of wustite is Fe 930 0.
What percentage of iron is present in the form of Fe
amy? (UIT 1994)

Numerical Chemistry

4 ;',‘ $ia e
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10. Select the species acting as reductant and oxidant in the

12.

13.

14.

15.

16.

17.

reaction given below:
PCl, +Cl; — PCly
Identify the substance acting a8 oxidant or reductant
reduced if any in the following :
(i) AlCly +3K — Al +3KCI
(li) 302 +2st —3S+ Hzo
(iii) BaCl; + Na,SO, — BaS0O, +2NaCl
(iv) 31, +6NaOH —— NalO; + 5Nal +3H,0
Arrange the following in order of!
(a) Increasing oxidation no.of Mn:
Mn(OH);. KMII04
(b) Decreasing oxidation no. of X : HXO,4, HXO;,
2y
(c) Increasing oxidation no. of I: I, HI, HIOy, ICI
(IIT 1986)
Which of the following are oxidants and which are
reductants? Justify your answer with half equations?
Fe’*,50;,NO3,17, Na
HNO; acts only as oxidant whereas, HNO, acts as
reductant and oxidant both.
Balance the following equations:
(a) BaCrO,4 +KI +HCl— BaCl, +
I; +KCl+CrCl; +H,0
(b) Soz +N82CIO4 +H2804 JE—
NagSO,, +Cl'2 (304)3 + Hzo
(¢) C;HsOH+I, +OH™ — CHI, +

HCO; +H,0 +1~ (Basic)

Write down the disproportionation of HNO; in cold
water.

Eight mole of chlorine (Cl, ) undergoes a loss and gain

of 14. mole of electrons to form two oxidation state of
chlon_ne (Cl). Write down the two half reaction and
equation for disproportionation of chlorine, Cl,.

MnCl;, MnO,,
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e e I

1. (8

®)

©

(@

(O]

()]

KMnO,: Ox.no.of K=+1 by rules
Ox.no.of Mn=g
Ox.no.of O=-2 by rules
l+a+4x(-2)=0
a=+17
Ox.no.of H=+1
Ox. no. of O=-2
Ox.no.of S=a
2x1+a+5%(=2)=0

. a=+8 (wrong)
But this cannot be true as maximum ox. no. for S
(VI gp) stands + 6. The exceptional value is due to the

fact that two O-atoms in H,SO: sh i
i By 2805 show peroxide

HzSOsZ

(0]
[l
H—0—0—S—0—H
Il
(¢]
Thus, evaluation of ox. no. of S should be made as
2x1+a+3x(-2)+2x(-1)=0

o a=+6
H,S8,04:

Here too, two O-atoms form peroxide
linkage, i.e.,
ﬁ (o}
[l
H—O—SI—O—O—S—O—H
I Il
(o} (o)
2x14+2a+6x(=2)+2x(-1)=0
&% a=+6
NH,NO;: 2xa+4x1+3x(-2)=0 by rules
a=+1 (wrong)

No doubt there are two N-atoms in NH;NO3, but one
N-atom has negative ox. no. (attached to H) and the
other has positive ox. no. (attached to O). Therefore,
evaluation should be made separately as

Ox. no. of N in NO3

a+3x(-2)=-1
a=+5

Ox. no. of N in NH} and
a+4x(+1)=+1
a=-3
K4Fe(CN)g: Bymlcs,Ox.no.ofK=+l
) ) (MLNR 1986)
Ox. no. of CN™! =-1
Ox.no.of Fe=a
4x1+a+6x(-1)=0
a=+2
a+4x(-2)=0

0'041
3 a= +8
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Note : 1. The element Os and Ru show highest oxidation state,

ie,+8

2. Recently Ba,XeO; has been reported in which ox. no.

of Xe is +8.

(g) HCN : The evaluation cannot be made directly in

(h)

(@

some cases, e.g., HCN by using rules proposed earlier
since we have no rule for ox. no. of both N and C.

In all such cases evaluation of ox. no. should be made
using indirect concept or using fundamentals by which
rules have been framed.

(1) Each covalent bond contributes one unit for ox.
no.

(2) Covalently —bonded  atoms  with less
electronegativity acquires positive ox. no. whereas
other with more electronegativity acquires negative
0X. no.

(3) In case of co-ordinate bond, give + 2 value for ox.
no. to atom from which co-ordinate bond is directed to
a more electronegative atom and —2 value to more
electronegative atom.

If co-ordinate bond is directed from more
electronegative to less electronegative atom, then
neglect contribution of co-ordinate bond for both
atoms in which co-ordinate bond exist.

Thus, H—C=N Three bonds on
N-atom and N is

1+a+3x(-1)=0 more clectronegative

A4 Ox. no. of N
- =3x(-1)=-3
HNC : H—N=C
Ox.no. of H=+1
Ox. no. of N=[-2 + (=D + 0]=-3
forcovalent  [forcovalent No. contribution
bondwithC bond with H] for co-ordinate bond
(According to fundamental concept)
==-3
1+(-3)+a=0
a=+2
HNO;: By rules

l+a+3%x(-2)=0
O a=+§
By fundamental approach

—0—NZ°
HON<O

Ox.no, of H=+1
Ox.no,of N=+1 + (+2) + (+2) =+§
Covalent bond Two covalent Co-ordinate
with O bond with O bond
N being less electronegative than O.
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0

k)

U]

(m)

(@)

(©)

®

@

®

(s)

KO;: A superoxide ofK;
Ox. no. of K =+1
Ox.no.of O=a

1+2xa=0

(MLNR 1988)

(I

Fe30,:3xa+4x(-2)=0
. _.8
a= +3
or Fe;0, is a mixed oxide of FeO-Fe, 0,
Fe has two oxidation no. +2 and +3 separately.
However, factually speaking ox. no. of Fe in Fe 304 is
an average of two values (i.e., + 2and +3)

Average ox. no. = w =+38

3 3
KI;: l+3><(a)=0
a=-l
or KI, iSKI+Iz

I has two oxidation no. —1 and 0 respectively.
However, factually speaking ox. no. of I in KIj is an
average of two values —1and 0.

Average Ox.no.= — -7/ _21

“OCN: "0O—C=N

a+4-3=-1

a=-2

Sum of ox. no. of CO=0
a+5%x(0)=0
a=0

FegssO: 094xa+(-2)=0

a="=

94
Both N have same nature.
a+2+a+2=0
a=-2
FeSO, -(NH4 )2 SO, - 6H,0: Ox. no.of Fe=a
Sum of ox. no. for (NH, ), SO4 =0
Sum of ox. no. for H;0=0
Sum of ox. no. for SOf’ =-2
a+(-2)+0+6x(0)=0
a=+2
NOCL Cl—N==0oruse NO*CI~
Ox.no.of N=+1 (for covalent bond with Cl)
Ox.no.of N=+2 (for two covalent bonds with O)
Total ox. no. of N in NOCl =+3
NOCIO,: The compound may be written as
NO*ClO; for ClO%.
For ClO3, let Ox. no. of Cl=a
a+4x(-2)=-1
a=+17

(Follow covalent rules)

Fe(CO)s:

NHz'N}Iz:

®

(u

~

(\)

(w

~

(x)

W)

(@)

2. (a)

(b)

Numerical Chemistry

Na,[Fe(CN)sNO]: NO in iron complex has NO*

nature.
2x 1+ [a+Sx(=1)+(+1)]=0

o a=+2
[Fe(NO)(H;0)s]1S04:
a+1+5x0+(-2)=0
a=+1
Na;8,0s: 2X(+1)+4a+6x(-2)=0 .
. a=+=

2
Here also this value is the average oxidation no. of S,
The structure of Na;S4Og is
0 Il
Na—O—g—S—SP—IS’—O—Na
5 o
Thus, ox. no. of each S-atom forming double bond is
+ 5 whereas, ox. no. of each S-atom involved in pure
covalent bonding is zero.
+5+5+0+0 i ,é
4 2
Dimethyl sulphoxide or (CH; ),SO:

Ox.no.of CH; =+1; Ox. no. of O=-2
: 2x(+)+a+(-2)=0

Average oX. no.=

a=0
N815103:
2x1+2xa+3%x(-2)=0
a=+2

Here too it is the average ox. no.
The structure of Na, S, 0; is
(o}

||
Na—S—S—0—Na
Il

(6]

The ox. no. of S involved in double bond is + 5.
The ox. no. of other S-atom is — 1
CrOs5 orCrO(0; ),:  CrOs has butterfly structure as:

(o} 0}

| e
o Il o]
(0]
i.e., two peroxide bonds and thus four oxygen atoms
have ox. no. = —1and one oxygen atom has ox. no. -2
Thus, a+4x(-1)+1x(-2)=0 .. a=+6
CaOCl;: In bleaching powder two Cl-atoms are as
Ca(OCl)-Cl, i.e., one as Cl~ having ox. no. -1 and
other as OCI™ having ox. no. +1.
CuH: a+1=0
52 =-1 (+H in CuH has +1 oxidation
number)
Na;8306: 2x1+3xa+6x(-2)=0

a=+ ?
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(¢) N;0: 2xa+(-2)=0
a=+1
Although it is average of two oxidation numbers
shown below : a
N=N—O0
[ +2 -2

()] Blzmgl 2x2+a+6x(-2)=0
a=+8
(e) C;0;: 3xa+2x(-2)=0
o a=+%
() V(BrO;);: The BrO, ion is monovalent and thus

oxidation number of V=+2
(g) Ca(Cl0;),: The CIO, ion is monovalent and thus
for CIO3 ion
a+2x(-—2)=_1
(h) Cs4Na(HV ;40 ):
Ax1+1x14[1+10xa+28%(-2)]=0 .

. a=+3

. a=+5§
(i) LiAIH,: l+a+4x(-1)=0
a=+3
() K[Co(C204); (NH;),]: 1+[a+2x(-2)+2x0]=0
a=+3
®) [NICNNP":  a+dx(-)=-2
a=+2

() Na,8,: Like peroxide, ox. no. of S in S2” is -1
(m) [XeOg]*: In per xemate Xe has +8 oxidation
number
a+6x(-2)=—4
a=+8
(Note : No per oxide bond).
(n) HOCN : Follow bonding rules to evaluate oxidation

number.
+ -1 4] -3
H—O0—C=N

P > S—
+1-2 +4 -3

+3 -3
(© (CN);: (C=N),
Follow bonding rules to evaluate oxidation number.

3. Let the oxidation number of Fe be a

Fe;0, : Ixa+4x(-2)=0

=+=
S

Actually this is average oxidation number of Fe in Fe;04.It
exist in FeO-Fe,0; having oxidation number of Fe+2in
FeO and +3 in Fe,0;. Thus, average oxidation number

_ 2x latomof Fe (in FeO)+ 3 x 2atoms of Fe (in Fe,0;) _ , 8
- 3

3 (Total atoms of Fe)
Fe(Ill) , [Fe(IH(CN)g]s : Fe(Wl) has +3 oxidation
number

Fe(II) has + 2 oxidation number
Also, average oxidation number
4x(+3)+3%x(+2) o

=

18
7 7

6.

7.

10.

11.
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Total charge on LHS = Total charge on RHS.
(-1)+8+(-n)=+2
&, n=5§
2Mn,0, —2- 4MnO, + 30, oxidation mumber of Mn in
sz is+4.
2MnO, + 4KOH + 0, — 2K, MnO, +2H,0,
oxidation number of Mn in K, MnO; is +6
N,Hy — (Y)+10e
Y contains all N-atoms
(N*); — (2N)° +10e
2a-(—4)=10
a=+3
2A1° — (AI’7), + 6e (1)
8e+ (Fe¥* ); — 3Fe® -2
Mutltiplying Eq. (1) by 4 and Eq. (2) by 3, then adding
8AI° — 4(AI*"), + 24e
24e+3Fe¥r ); — e’
8AI° + 3(Fe¥*" ); —> 4AI*"), + 9Fe’
or 8Al + 3Fe; 0, —> 4Al,0; + 9Fe
Therefore, it is clear that
(a) Alis oxidized and Fe**" is reduced.
(b) Total no. of electrons transferred during change = 24.

Oxidaﬁonno.ofl-"einwustiteis=%=2.15
It is an intermediate value in between two oxidation state of
Fe as, Fe (1I) and (III),

Therefore,

Let percentage of Fe (IIT) be a, then
2x(100-a)+3xa=2.15x100
or a=15.05

Percentage of Fe (1II) =15.05%
P P £ 2
2+C15 — 20"

. PCl; is reductant ~ In a conjugare pair of
and Cl,isoxidant.  |CU0K the one having
higher ox. no. is oxidant.

In a conjugate pair, ozddam has higher ox. no.
(i) For AICI; : AI** +3e— AI%:

*. Oxidant is AIC1,

ForK: K — K" +¢

‘. Reductant is K.
(i) ForSO;: S$* +4e— 8%

. SO, is oxidant.

ForH,S: §7 —5 8% + 2

H,S is reductant.

(iii) No change in ox. no. of either of the conjugate pair.
*.  None is oxidant or reductant.
(iv) ForI: 13 — 21" +10eand 1§ +2e— 2"~

I, acts as oxidant and reductant both.
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13.

14.

15.

(a) Mﬂclz < M]KOH)3 <Mn02 <KMnO,
Ox. no, +2 +3 - +7
®) HXO, > HXO, > HXO, > HXO
Ox. no. +7 +5 +3 +
© HI<I, <ICI <HIO,
Ox. no. -1 0 4 +7
Oxidants : Fe’*,NOj, S0,

Fe’* +3¢— Fe
N** 426 — 5 N**
S 42— 5%
Reductants: [~,Na
Na— Na* +e
AT — 1, +2
HNO; : Ox.no. of Nis+5in HNO,

Maximum ox. no. of N is +5
Minimum ox. no. of N is -3

Thus, ox. no. of N in HNO; is maximum and it can decrease

only. That is why HNOj acts as oxidant only.
HNO; : Ox. no. of N is +3in HNO,
Maximum ox. no. of N is +5

Minimum ox. no. of N is =3

Thus, ox. no. of N (in HNO;) can show an increase or
decrease as the case may be. That is why HNO, acts as

oxidant and reductant both.
(a) BaCrO4 + KI+ HCl— BaCl, +

I, +KCl1+CrCl3 +H,0

Stepl. 3e+Cr®* —Cr™
A" — 1, +2e
Step I 6e+2Cr® — 2Cr™*
61~ — 31, +6e

2Cr® +61- — 2Cr** +31,
Step IIl. 2BaCrO, +6KI — 2CrCl; +31;

Step IV. Balancing of other atoms except (Hand

0), i.e., Ba, K and Cl.
2BaCrO,4 +6KI +16HCl —>

2CrCl, +31, +6KCl +2BaCl,

Step V. Balance H-atom
2BaCrO,4 +6KI +16HCl —>

2CrCl, +31, +6KCl+2BaCl, +8H,0

(b) SO, + N82Cr04 +H,804 —

Na,S04 +Cr;(804)3 +H,0

Step L. S — 8% +2¢
6e+2Cr® — (Cr"),

Numerical Chemistry

Step II. 384 — 385" +6e
6e+2CrS — (Cr*),
38% +20r — 385 +(Cr?),
Three S® atoms are distributed in 2Na,SO, and

1Cr;(804);

Step II1.
3802 +2N32Cr04 —_— 2NﬂzSO4 +Cr2 (804)3

Balancing of other atoms, i.e., S in SOy.
Step IV. 350, +2Na,CrO4 +2H,;804 —
2Na;SO4 + Crz (804 )3
Step V. Balance H-atom
380, +2Na,CrO4 +2H,S04 —
2Na;SO4 + Crz (SO4 )3 +2H20

(c) C,Hs;OH+I, +OH™ — CHI; +

HCO; +H,0+I"
Step L (C* ), — 2C** + 8
2e+1) —> 21"
Step II. (CT ), —> 2C* + 8e
8e+41, — 8I”
(C* ), +4I, — 2C** +8I”
Step III.  2C** are distributed one each in CHI, and
HCO3, 81" are distributed three in CHI; and 5in I~
C,;H;OH + 41, — CHI; + HCO; + 5

StepIV. Balancing otheratoms....... no need since
no other (except H and O) atoms are unbalanced.

Step V. Balance O-atom by OH™ and H,0
C,H;OH +4I, + 20H" —
CHI; + HCO3 +5I" +H,0
Step VI. Balance charge by H*
C,Hs;OH+4l, + 20H  —
CHI; +HCO;3 + 51" + H,0+4H"
Do notleave OH™ and H" free in an equation and thus,
C,HsOH+ 41, + 20H™ + 40H" ——
CHI; + HCO; + 51" +H,0+ 4H* + 40H
C,H;OH+ 41, + 60H" ——
CHI; + HCO;3 + 51" + 5H,0

+3 +2 +5
16. 3HNO, — 2NO+HNO; +H,0

" Cl; can undergo only in CI~ state to show loss of

electron. Since loss and gain of 14 electrons occurs
between Cl,and thus 7 mole show oxidation.

Cl, +2¢ — 2C17]x7
Clj— 2C1™ +14e
8Cl;— 2C1™* +14C1°




Oxidation-reduction

1. The positive oxidation no. of Xe in perxenate ion is:
2. The value of n in the reaction :
Cry07 +ne+14H* — 2Cr™ +7H,0
3. Total number of electrons involved in change:
2Al + F6203 —_— A.l203 +2Fe.
4. If four mole of Br, undergo a loss and gain of six mole

electrons to form two new oxidation state of Br. How
much Br, mole acts as reductant?
5. The total number of electrons involved in redox change:
3Fe + 4H20 —_— F6304 + 4H2
6. The stoichiometric coefficient # in the reaction is:
nH,CO, +2KMI’\O4 — nCO; + K,0 +MnO + H,0
7. Intramolecular redox
(NH4)2C[207 — Nz +Cl‘203 + 4H20
shows a loss and gain of how much electron?

8. The stoichiometric coefficient of blue perchromate in its
reaction with H,SOy, is ..........

The tailing of mercury on exposure to air shows a
change in oxidation number by ..........

10. Total number of electrons involved per molecule
oxidation of FeC,0, to Fe** and CO,.

11. No. of peroxide bonds in blue perchromate is ..........

12. In the reaction P, + NaOH — PH; +NaH,PO,,

mole ratio of NaH,PO, and PH3 is ..........

In the reaction : Mn®* +8,03" — SO}~ +MnO;

(acid mid.) the number of mole of S;03" required to

oxidise 2 mole Mn?*.

14. The ratio of oxygen atom having —2 and —1 oxidation
numbers in $,03” S .ucovveees

15. Five mole of Ferric oxalate are oxidised by how much
mole of KMnO, in acid medium?

16. 1 mole of Cu S reduces how many mole of KMnO,? If

the redox reaction is CuS0, +MaSO, +
Cu,S + KMnO,4 + H,SO4 — 4 4
2 LB K,S04 +H,0

Number of electrons lost per molecule of Fe;04 during

its oxidation to Fe,03 is ...... ;
18. Number of H,0, mole needed to convert two mole of

Cr(OH), in alkaline medium into sodium chromate are

9

13

b

17

19. Number of mole of KO, required to absorb one mole of
COare........... _
Six mole of I, undergoes disproportionation involving
10 electrons, what is the oxidation number of oxidised
iodine atom?
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22.
23.

24

25.
26.

27.
28.

29.

30.
31

32.

33.

4.

35.
36.

37.
38

39.
40

41

42

. The ratio of oxidation numbers of carbon in hydrocyanic

acid and isocyanic acid is :
Oxidation number of Xe in Barium perxenate is :
The number of electrons involved in the change :

Cu,§ — Cu** + 80, is :
On heating FeCr,O4 with Na,CO; in presence of
KCIO;, the total number of electrons lost by one Cr
atom are :
The oxidation number of Cr in the product formed on heating
K,Cr,0; with KOH is :
On combustion of CH, to CO, and H,;O, the oxidation
number of carbon changes by :
Oxidation no. of carbon in NaCNS is :
On passing NO to FeSOuqg brown ring formation
takes place, the oxidation number of Fe changes by :
The most common oxidation state of an element is 2.
The number of electrons present in its outer most shell
is:
The difference in oxidation number of two nitrogen
atoms in NH4NO; is ...... .
The difference in oxidation number of Cl atoms in
CaOCl, is ...... :
How much of the following have per oxide bonds ?
Blue per chromate, Barium per xenate, Barium per
oxide, H,SOs, PbO,, H,S,05, Permanganic acid,
Perchloric acid.
The sum of the oxidation numbers of two different
oxidation states of Fe atoms in Fe;0, is ...... ;
Number of electrons involved in the redox change :
2Fe +0, +4H* — 2Fe? +2H,0, are .......
Oxidation number of Na in Na-Hg amalgam is ...... .
In the reaction, VO +Fe;0; — FeO + V05, the
number of electrons used in redox reaction are
Number of O—O bonds in K;CrOy is ...... .

4 mole of Cl, undergoes disproportionation involving

six electrons in change. How much Cl, molecules are
oxidised?

Number of pi bonds in Br;Oy are ..........

Among the following, the number of elements showing

only one non zero oxidation state is .......... (IIT2010)
O,CL F,N, P, Sn, T, Na, Ti

The value of n in the molecular formula Be,, Al 281608

18 (IIT 2010)
The difference in the oxidation number of the two types
of sulphur atoms in Na ;S ,04is .......... (IIT 2011)

Numerical Chemistry
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1. Eight 2. Six 3. Six 4. One 5. Eight 6. Five

13. Five 14. Three 15. Six 16. Two 17. One 18. Three 19. Two
28, Six 26. Eight 27. Four 28. One 29. Six  30. Eight 31. Two

37. Four 38. One 39. Eight 40. Two 41. Three 42. Five

7. Six

8. Four 9. One 10. Three 11. Two  12. Three
20. Five 21. One  22. Eight 23. Eight 24. Zero
32, Four 33. Five 34. Four 35. Zero 36. Six



Oxidation-reduction

10.

. In which of the following highest oxidation state is not

possible:
(a) [XeO6]1* (b) XeF;
(c) 0sO4 (d) RuO,
. Number of per oxide bonds in per xenate ion [XeO4]*
is:
@ 0 ®) 2
()3 @1
. Oxidation number of Pr in PrgQy, is:
2 20
@ % ®) %
© 3 @) 4
. -Oxidation number of S in H,SOj is:
(a) +8 (b) +6
(c) +4 d) +2

. Which one is not correct about the change given below?

K4Fe(CN)s —= Fe** +CO, +NO3
(a) Fe is oxidised Fe?* to Fe>*
(b) Carbon is oxidised from C** to C*
(c) N is oxidised from N~ to N**
(d) Carbon is not oxidised

. Which of the following is not a intramolecular redox?

(a) NH4N02 — N, +2H20

(b) 2Mn,0; — 4MnO, +30,

(c) 2KCl0; — 2KCI +30,

(d) 2H202 — 2H,0 +0,

Which of the following is not disproportionation?

(a) P, +50H™ — H,POj +PH;

() Cl, +OH™ — CIO +CIO~

(C) 2H202 _ 2H20 +0,

(d) PbO, +H,0 — PbO + H,0; .

Which of the following is intermolecular redox reaction ?
CHO CH,0H

(@) 2]
CHO

OHT, |
COOH
H
(b) 2CHCHO —C#51 , ¢ H,COOH
+CgHsCH,0H
(¢) 4CrO 5+ 6H,S04,—> 2Cr3 (S04)3 +6H,0 + 70,
(d) A5283 +HN03 e HgAﬁ)4 +H2504 +NO

. The number of electrons lost in the change are:

Fe + H20 —— FC304 +H,
(a) 2 (b) 4
©) 6 @) 8
The oxidation state of 4, B and C in a compound are
+2, +5 and -2 respectively. The compound is:
(a) 4,(BC), (b) 42(BC)3
(c) 4;(BCy), (d) 42(BC4)3

: OBJECTIVE PROBLEMS (One Answer Correct) :

11.
12.

13.

14.

15.

16.

18.

11
1

In the equation : NO; +H,0 — NO3 +2H" +nen

stands for:

(@ 1 () 2

(c) 3 @) 4

The oxidation number of sulphur in Sg, S>F, and H,S

are:

(a) 0,+1and -2 (b) +2,+1and -2

(c) 0,+1and +2 (d) —-2,+1and -2

In a reaction, 4 mole of electrons are transferred to

1 mole of HNO3, the possible product obtained due

to reduction is :

(a) 0.5 mole of N, (b) 0.5 mole of N,0

(c) 1 mole of NO, (d) 1 mole of NH3

The colour of K,Cr,0; changes from red-orange to

lemon-yellow on treatment with KOH (ag.) because of :

(a) Reduction of Cr (V1) to Cr (1)

(b) Formation of chromium hydroxide

(c) Conversion of dichromate into chromate ion

(d) Oxidation of potassium hydroxide to potassium
peroxide

During developing of an exposed camera film, one step

involves in the following reaction,

HO@OPHZAgBr +20H" —>0=C>=o

(Hydroquinol)
+2Ag +2H,0 +2Br~
which of the following best describes the role of
hydroquinol :
(a) It acts as an acid (b) It act as reducing agent
(c) It acts as oxidant (d) It act as a base
Which of the following is not correct for the reaction,
(CN); +20H™ — CNO™ +CN~ +H,0
(a) Itis a disproportionation reaction
(b) N atom disproportionates and oxidation number of
Nare -3 in (CN),,-2 inCN~ and -5 in CNO~
(c) C atom disproportionate and oxidation number
carbon are +3 in (CN),,+4 inCNO™ and +2 inCN "~
(d) (CN), undergoes auto redox
One mole of N,H, loses 10 mole of electrons to form a
new compound y. Assuming that all the nitrogen
appears in the new compound, what is the oxidation
stft_z;: <))f N in y.(There is no change in the oxidation state
of H.
(a) -1 (®) -3
(c) +3 (d) +5
The oxidation number of carbon in CH,Oiis :
(a) -2 (b) +2
(© 0 (d) +4
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19.

20

-

21.

22,

23.

24,

25.

26.

27.

28.

The brown ring complex is formulated as
[Fe(H;0)s NO)SO,. The oxidation number of Fe is :
(a) +1 ) +2

(c) +3 o

The oxidation number of phosphorus in Ba(H,P0;);
18

(a) +3 (b) +2

(c) +1 d) -1

The oxidation state of the most electronegative element

in the products of the reaction, BaO, with dil H,SO,
are :

(a) Oand -1
(¢) =2and 0
For the redox reaction,
MnOj +C,03™ + H* — Mn?* +CO, + H,0

The correct coefficients of the reactants for the balanced
reaction are :

(b) -land -2
(d) -2and +1

MnOj; C,0% H*
(a)2 5 16
(b) 16 5 2
(c)S 16 2
d)2 16 5

Oxidation number of carbon in C;0, and Mg,C; are
respectively:

2 2 4 4
@ +3.-3 ®) +3,-3
4 4 2,2
© -3:+3 @ -3.+3

In the reaction : NaH + H,O—— NaOH + H,, which
one is not correct :

(a) H-atom undergoes oxidation

(b) H-atom undergoes reduction

(c) It is a redox change

(d) It is disproportionation reaction
Ozone tails mercury due to :

(a) oxidation of Hg

(b) reduction of Hg y

(c) adsorption of O3 on Hg

(d) none of these

The tailing of mercury is removed by :

(a) O; (b) H;0,

(c) SO, (d) O,

Todine has +7 oxidation state in :

(a) HIO, (b) H;I0;

(c) H,lOg (d) all of these

Which of the following compound is not possible for +7
oxidation state of iodine ?
(a) IF;

(c) ICI4

() 1,0,
(d) None of these

30

31

32

33.

34.

35.

36.

Numerical Chemistry
Amongst the following identify the species with an

atom in +6oxidation state: (IIT 2000)
(8) MnO; (b) Cr(CN)g"
(c) NiFg~ (d) CrO,Cl,

In the standardisation of Na,S,03 using K,Cr,0; by
iodometry, the equivalent mass of K,Cr;0; is:

(IIT 2001)
(a) M/2 (b) M/6
(c) M/3 d M
The reaction;

3CIO~ (aq.) — ClOj (aq.) +2Cl" (ag.)
is an example of: (IIT 2001)
(a) oxidation reaction  (b) reduction reaction
(c) disproportion (d) decomposition
Maximum oxidation state is present in: (IIT 2004)
(a) CrO,Cl; and MnOj
(b) MnO;
(¢) [Fe(CN)]* and [Co(CN)¢]’
(d) MnO

The reaction of white phosphorus with aqueous NaOH !

gives phosphine along with another phosphorus
containing compound. The reaction type; the oxidation

states of phosphorus in phosphine and the other product

are respectively : (IIT 2012)
(a) redox reaction; -3 and — §

(b) redox reaction; +3 and + 5

(c) disproportionation reaction; —3 and + 1

(d) disproportionation reaction; —3 and + 3

Which ordering of compounds is according to the ‘

decreasing order of the oxidation state of nitrogen?
(IIT 2012)

(a) HNO;,NO,NH,C, N,

(b) HNO;,NO, N,,NH,Cl

(c) HNO;3;,NH,CI,NO, N,

(d) NO,HNO;,NH,CI, N,

Consider the following reaction :

xMnOj + y C,0 + zH* —

an2*+zycoz+§H,o

The values ofx, yand zin the reaction are, respectively :

[JEE (Main) 2013]
(a) 2,5and 16 (b) 5,2and 8
(c) 5,2and 16 (d) 2,5and 8

Experimentally it was found that a metal oxide has
formula Mg40. Metal M , is present as M 2* and M>*

in its oxide. Fraction of the metal which exists as M>"

would be : [JEE (Main) 2013]
(a) 6.05% (b) 5.08%
(c) 7.01% (d) 4.08%
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10.

1L
12.

13.

14.
18,

16.
17.

18
19.

21.

®)

@
(@)

(®)

@
@

. (d)

@

. (d)

©)

®)
(a)

®)

(©)
®)
®)
()

(©)
(a)
(c)

®)
(a)

No doubt Xe shows + 8 oxidation state XeF; does not

exist because of crowding of & F-atams,

Oxidation no. of Xe in [XeOq )" is +8&

PreOns. 6xa+(11x=2)=0 (No O—Obond),
22

= —_—
=%

o
Il

H,SOsis HO—S—O0—O0—H
Il

o

i.e., one peroxide bond.
Carbon is also oxidised.
Intramolecular redox change involve oxidation of one
atom and reduction of other atom within a molecule.
Disproportionation involves oxidation reduction of
same atom in a molecule.
Intermolecular redox change involves oxidation of one
molecule and reduction of other molecule.

3Fe° +8e — (Fe™¥?),

[(H* )y — (H°); + 2] x4

3Fe + 4“:0—) FC304 + 4“2

Ay(BCy)y, 3Ix2+[5+4x(-2)]x2=0

Balance charge on two sides.

Sg:ax8=0 sLa=0

S;FK :ax2+2x(-1)=0 La=+1
H,S:2x1+a=0 sna==2

2N50 ey (N’ )2 +8e
2 mole HNO, gives one mole of N,O.
KzQ‘zOy +2KOH— 2K2C104 +H,0
Ag* +e— Ag; hydroquinol reduces Ag " to Ag
Rest all are true
(N*"); — (2N**)+10e

2a—(—4)=10

a=+3
a+2x(+1)-2x1=0
NO in iron complex has +1 oxidation state.
2xl+2[2xl+a+2x(—2)]=0
a=+l
Products are BaSO, and H,C;.
2MnO; +5C,0” +16H" — 2Mn?* +10C0;
+8H20

2N (D) G0 Axavr2(=2)=0

4
ﬂ“"“

Ms,(‘,: 2)(2‘0.‘)("'50

as-%

-l 0
Na IL H|,0-——-¢ NaOH+ H,
Hy + 0y — HgO+ 0,
HgO formed is responsible for tailing
““)'Q' H’()} — Hu + ")()‘F 0’
Each has +7 oxidation state of 1.
Highest oxidation state of an element is notioed with
fluorine and oxygen.
Crin CrO;Cly ta+2x(=2)+ 2% (=1)= 0,
Noa=+6
(Cr*); + e — 20"

PN
28

()
()

26.

2.
28

(L)
(d
(c)

29. (d)

®)
EK}OQOy = %

Cl-atom is oxidised (CI* — C1*" + 4¢) as well as

Cl s reduced. (C1' + 2¢ — C1™ )such reactions are

called disproportionation or auto-redox changes.
Cr has + 6and Mn has + 7 oxidation state.
The balanced disproportionation reaction involving
white phosphorus with aq. NaOH is
Oxidation of P® to P*! state

31 (¢)

32. (a)

[ 3 A
11’2 +3NaOH +3H;0 — PH;+3NaH, PO,
Reduction of P° to P~? state
34. (b) Theoxidation state of N are +5, +2, 0 and -3 in HNO;,
NQ, N, and NH,Cl respectively.
35. (a) 2MnOj +5C,02" +16H" — 2Mn?* +10CO,

+8H,0
36. (d) Average oxidation no. of M = +29%’
(lies between 2 and 3)

Let % of M?* be a and of M>* be b

2xa+(100- 3
or% = 204( a+b= 100)

20+ 300~ 3a= 220
98
+a=300-2.04x100
=300-204
=96
Thus M =96%
M* =4%



5.

7.

Which of the following are disproportionation redox
changes?

() (NH,),Cr,0; — N, +Cr,0; +4H,0

(®) 5H,;0, +2ClO, +20H" — 2CI” +50, +6H,0
(¢) 3CI0" — Cl0; +CI”

(d) 2HCUCl, =20, 0y +Cu?* +4C1" +2H"
Which one are correct about the reaction?

HgS + HCl+ HNO3; — H,HgCl, + NO+S + H,0
(a) Hg is reduced (b) Sulphide is oxidised
(c) Nis reduced (d) HNO, is oxidant
Which of the followings are disproportionation
reactions?

(a) 20; —» 30,

(b) 4KClO; — 3KClO4 +KCl

(C) 2H202 — 2H,0+0,

(d) 2KO, +2H,0 — 4KOH +30,

For the reaction,

KOZ . H;O +C02 -_— KHC03 +02;the mechanism
of reaction suggests that:

(a) acid-base reaction

(b) disproportionation reaction

(c) hydrolysis

(d) redox change

Which of the following can be used as oxidant and
reductant both?

(a) HNO, (®) SO,

(c) O, (d) CO

Which molecules represented by the bold atoms show
their highest oxidation state?

(a) HS,0s (®) P,Oyo

(c) F,O (d) Mn;0;

Which molecules represented by the bold atoms show
their lowest oxidation state?

OBJECTIVE PROBLEMS (More Than One Answer Correct)

10.
11.

12.

13.

14.

Numerical Chemistry

[
J
() F,0 (b) Hp§
(c) PH, (d) NoHy

Which one are not correct about CH, = CCl;?

(a) Both carbon are in +2 oxidation state

(b) Both carbon are in -2 oxidation state

(c) One carbon has +2and other has —2 oxidation state
(d) The average oxidation number of carbon is zero
Which is correct about tailing of Hg?

(a) it is due to Hg,0 (b) it is due to HgO

(c) it is removed by H,0; (d) it is removed by O;
Thermal decomposition of (NH4)2Cr207 involves :
(a) Oxidation of N (b) Reduction of Cr

(c) Intramolecular redox (d) Disproportionation
LiAlH, is used as :

(a) an oxidant (b) areductant

(c) a mordant (d) water softner

Which of the following are disproportionation reaction :
(a) F, + HO— HOF +HF

(b) 2HCHO + NaOH—— HCOONa +CH;0H

(C) P«_\.) +3NaOH + 3H20—) PH3 + 3NaH2P02
(d) 2NO, +2KOH—— KNO, + KNO; + H,0

In which of the following oxidation no. of nitrogen atom
is correctly matched :

(a) HCN 3
(b) HNC -3
(c) HOCN 3
(d) (CN), -2

Select the correct statements :

(a) Oxidation number of oxygen in O} is +%

(b) Oxidation number of oxygen in O3 is —%

(c) Oxidation number of Cr in K;CrOyg is +5

(d) Average oxidation number of Br in tribromo-
octaoxide (Br;Og)is + %



1. cd)e+Cl* —CI”
Y — CI1%* +4e Cu* +e— Cu
2. (bod) ST — S0 +2, 3e+N* — N
3. God P — a1 +Cl”
0"— 072+0)
0"” 024+ 0°
4. (abc,d) 4KO, +2H,0 —» 4KOH + 30,
(Hydrolysis and disproportionation)
4KOH + 4CO; —— 4KHCO; (Acid-base reaction)
8. (ab,c,d) The element (in a molecule) having its oxidation
state in the middle (i.e., > minimum)
and < maximum) can be used as reductant and oxidant
both,
6. (ab,d) The highest oxidation state is given by the gp.

ore Than
—sCu? +e

9. (a,c) Hg gets oxidised by O to give sticking nature on glass
ZHg + 03 —_— Hg20+ 02
H820+ HzOz —) ng + H20+ Oz
10. (B, ,C) (NHQ )2 Crzo-, e Nz + Cf203 + 4H20
11. (b) Itis a fact.
0 -2 0-1 -l
12. (b,c,d)F, + H,0— HOF+ HF
0 +2 -2
2HCHO+ NaOH — HCOONa+ CH;OH
0 -3 +1
Py, +3NaOH+3H,0 — PH; +3NaH; PO,

+4 +3 +5
2NO, + 2KOH — KNO, +KNO3 + H,0
13. (a,b,c) Oxidation no. of N in (CN); is -3.

14. (a,b,c) In Br;Og two Br atoms have +6 oxidation number
16

number (except O, F). and one has +4. The average oxidation no. is + 3
7. (b,c) The lowest oxidation state is given by (gp. number —8) o o o
except metals. Il Il 1l
8. (a,b) Average is zero. O=Br*¥—Br*—Br* =
Il Il Il
(o} (o} (o}
224
Numerical Chemistry

COMPREHENSION BASED PROBLEMS

Comprehension 1: In the chemical change:

aN,H, + bBrO; — aN; +bBr~ +6H,0, answer the
following questions:

[1] The element oxidised and reduced in the reaction are
respectively:

(@) N,H,, BrO; (b) N, Br
(c) H,Br (d) BrO3, N,H,
[2] The number of electrons lost or gained during the redox

[8] The reaction shows:
(a) intermolecular redox (b) auto redox
(c) intramolecular redox (d) either of these
Comprehension 2 : A redox reaction involves
oxidation of reductant liberating electrons, which are then
consumed by an oxidant, The sum of two half reactions give
rise to net redox change. In half reaction charge and atoms are
always conserved.
[1] Which of the following half reaction is correct for the

E:)anSge are: redox change :
(®) 10 Fe;0,— Fe,0; +FeO
(© 12 (@) 6 +8/3 a1
[3]1 The equivalent mass of N,H, in the above reaction is: @) Fe s 3¢
() 8 (b) 10.6 - +8/3 5.>2
2 b > te_<£
(c) 16 (d) 6.4 (k) ke e se
[4] The equivalent mass of KBrOj in the above reaction is: (© (Fe*¥);— 3Fe*? +2e
(a) 167 (b) 27.83 (d) 2(Fe**?);— 3(Fe ™), +2¢
’ ’(1?12 55.167 e th(d) 83.5 ) [2] In the reaction :
[5] e values of @ and b in the reaction are respectively: As,S; + HNO; — H;As0, + H,S0, + NO the
(a) 3,2 () 2,3 element oxidised is :
@©) 4,6 (d) 6,4 (a) Asonly (b) S onl
[6] The species acting as oxidant and reductant respectively (c) Nonly (d) As an)::l S both
are: ) o [3] In the equation :
(a) BrO3,N,H, (b) N;Hy, BrO; NO; +H;0 —— NO3 +2H" + ne, n stands for :
(c) N2, BrO3 (d) Be,NaH, @) 1 ®) 2 .
[7] The conjugate pair of oxidant-reductant is: () 3 ) 4
(a) BrO3, Br~ (b) N,Hz, BrO3 [4] In half reaction :
(c) Br',N; (d) Br~, BrO; izog;d—> S40%", The number of electrons that must
e added :

(a) 2, on right side
(c) 3, on right side

(b) 2, on left side
(d) 4, on left side



Oxidation-reduction

[ —Emrm——— ||| |

Comprehension 1
m ® (N*); — N +4e
' Br®* + 6e — Br
2 © (N*"); — N +4¢]x 3
Br** +6e—> Br]x2
Molar mass of N, H, 32

3] (a) E, = -

BI @) Exan =g oF e Tost by Trmieis =5 = 8
Mol

M ) Exaro, =~ s ST KBIO, =167_ 83

51 @ (N*") ; —> NO +4e]x 3

Br** +6e— Br ]x2

3N,H,4 +2BrO; — 3N, + 2Br~

(6l (2
71 (@
8l (@

Balancing H atoms

3N,H, +2BrO; — 3N, + 2Br + 6H,0

BrOj3 acts as an oxidant and N, H, as reductant
BrOj3 is oxidant and its conjugate reductant is Br~ -

Itis intermolecular redox where one species is oxidised
and the other is reduced.

Comprehension 2
[1] (d) Electrons and atoms are conserved in half reaction.

21 @

(As™), — 2As* +4e
(87%); — 38* +24¢

[3] (b) Balance charge on two sides.

4] (@)

2(8");— (5*2), +2¢
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10.

Read the statement (S) and explanation (E) given
below. Choose the correct choices (a), (b), (c) from (d)
the options:

S is correct but E is wrong
S is wrong but E is correct

B;)éh S and E are correct and E is correct explanation
o

?Otg S and E are correct but E is not correct explanation
or

S: Reaction of white phosphorus with NaOH(aq)
gives PH;.

E : The reaction is disproportionation of P in alkaline
medium.

S : Na,SOj; solution is oxidised by air but Na;AsO;
not. However Na;AsO; is oxidised in presence of
Na,S0O; by air.

E : The reaction is called induced oxidation.

S : Copper forms complexes [CuCl,]*~ but not
[Culy ).

E: [Cul,]* is not stable because Cu?* is oxidant and
I” is reductant.

S : The passage of H,S through aqueous solution of
SO, gives yellow turbidity of S in solution.

E: The yellow turbidity of S is in colloidal state due to
oxidation of H,S by SO, ag.

S : Bleaching action of SO, is temporary whereas
bleaching action of Cl; is permanent.

E : Bleaching by SO, and Cl, is due to oxidation.

S: Conversion of black lead painting is made to white
by the action of H;0,.

E : Sulphur is oxidised to S03.

S : CrOs on decompositiorn: undergoes
disproportionation.

E: CrOs undergoes intermolecular redox reaction.

S : NH4NO; on heating gives N,0.

E : NH4NO; on heating shows disproportionation.

S : In azide ion average oxidation number of N is

-1/3.
: In azide ion two N atoms have zero oxidation
number and one has oxidation number ~1.

: K,[CuCl, ]exists but K, [Cul 4] does not exist.
E : I” is strong oxidant.

=

]

13.

14.

15.

16.

17.

18.

19.

20.

21.

S
E
w82
E
S

o]

Numerical Chemlsuy

: Oxidation number of Cu in CuH is —1.
: Cu is placed below H in electrochemical series.

Oxidation state of H is +1 in CuH and —1in CaH,.

: Ca is strong electropositive metal.

: Oxygen atom in both O, and Oy has oxidation
number zero.

: In F,0, oxidation number of O is +2.

: N atom has two different oxidation states in
NH4NO,.

: One N atom has —ve oxidation number as it is

attached with less electronegative H atom and

other has +ve oxidation number as it is attached

with more electronegative atom.

: 2H,0, — 2H,0 + 0, is a auto redox change.

: One oxygen atom is oxidised and one oxygen atom
is reduced.

: Oxidation number of metals in metal carbonyls is

zero.
: The oxidation number of CO has been taken to be
zero.

: SO, can be used as reductant as well as oxidant.

: The oxidation number of S is +4 in SO, which lies
in between its minimum (—2) and maximum (+6)
values.

: KMnO, is strong oxidant whereas Mn 2* is weaker
reductant.

: Stronger is the oxidant weaker is its conjugate
reductant.

: VO3 and VO** both are called vanadyl ions.

: VO3 is dioxovanadium (V) ion and VO?* is
oxovanadium (IV) ion.

: In the reaction,
3As,S; +28HNO; + 4H,0 — 6H;AsO,

+9H,S0, +28NO

electrons transferred are 84.

: A6s is oxidised from +3 to +5 and sulphur from —2to
+6.

: Ifa strong acid is added to a solution of potassium
chromate it changes its colour from yellow to
orange.

: The colour change is due to the oxidation of
potassium chromate.
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ANSWERS (Statement Explantion Problems) -9

1.
2.
3.
4.
5.

10.
11.
12.
13.

©
©
©
©
(@)

. (c)

. (@
. (a)

. (c)

(©)
(c)
(c)
@

4P + 3NaOH + 3H,0 — 3NaH, PO, + PH,
Explanation is correct reason for statement.
Explanation is correct reason for statement.
2H,S+ S0, —> 2H,0+ 38

Cl, + H,O0—— 2HC1 + O;

SO, +2H,0— H,S0, +2H

PbS + 4H,0, — PbSO, + 4H,0

Cr0s —25 Cro; + O, (Disproportionation of 07)
NH4NO; — N, 0+ 2H, O (intermolecular redox)
0

N -1

1] N—H, Explanation is correct reason for
N

0

statement.

Explanation is correct reason for statement.

The explanation is correct reason for statement.

The explanation is correct reason for statement.

The reason is that the sum of oxidation number of
elements in a molecule is equal to zero.

14.

15.

16.
17.
18.
19.

20.

21.

(©)

©

©
©
(©)
()]

©
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Nin NH: is in -3 oxidation state and in NO3 itisin+3
oxidation state.
The explanation is correct reason.

200 — 0 +2e

0 +e—> OF

The explanation is correct reason for statement.
The explanation is correct reason for statement.
The explanation is correct reason for statement.

Both statement and explanation are correct but
explanation is not reason for statement.

(As™); — 2As%* +4e

(S¥); —> 38%* +24¢

[As,S; —> 2As>* +38%* +28¢]x3
[3e+N** — N**]x28

+
2010} 15 cr, 0%
yellow orange

Cr in +6 state.



228

Numerical Chemistry

MATCHING TYPE PROBLEMS

Type |: Only One Match Is Possible
1. Match the following :

List A List B
(2) Intermolecular redox (i) CO, + C— 2CO
change
(b) Intramolecular redox (ii) As;0; +3H,S
change — As,S; +3H,0

(c) Auto-redox change (iii) KCl10, — KClI
+ 202

(d) Precipitation (iv) C;0, — CO, +2C

Typell: More Than One Match Are Possible
2 List A List B
(a) HNO, (i) Oxidant
(b) HCN (ii) Reductant
(c) CO (iii) Complexing agent
(d) NaOCl (iv) Acid
(e) C,0F (v) Base

3. Match the following with their minimum and maximum
oxidation number if any as well as with respective variable
oxidation number if any.

List A List B

(a) N (i) zero

(®) P (i) -3

(c) Mn (iii) +3
(iv) +5

@ C W) +7

(¢) Bi (vi) +4

® Cl (vii) —4

4. Column-I Column-II

(a) 02 » 0, +O§_ (i) Redox reaction

(ii) One of the products
has trigonal planar
structure

(iii) Dimeric bridged
tetra- hedral metal
ion

(b) CrO}” +H* -
(c) MnO; +NO; +H* —

(d) NOj3 +H;804 +Fe?*—>  (iv) Disproportionation

Type lil :  Only One Match From Each List
5. List-A List-B List-C
(3 CH, (i) B.mass=M/8 (A) C** —C*
() CO (i) Emass=M/2 (B) C* —C*

(c) C,0% (i) E.mass=M/12 (C) C* —C*
(d) C,H, D) C?—c*

S - wmEa——

1. a—i; biii; c-iv; d-1i

ai, ii, iv; b—ii, iii, iv; c~i, iii; d -, ii; e-ii, iii, v

3. a-i, ii, iii, iv; b-i, iii, iv; ¢, ii, iv, v, vi;
d—i, vi, vii; e, dii, iv;  f=i, i, iv, v, vi

e

4. a-i, iv; b-iii;
8. a-i-B; b-ii-A;

c—i, ii;  d-i
¢c-ii-C; d-iii-D
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Electrolysis: The phenomenon in which passage of
current through an electrolytic cell containing molten or
aqueous solution brings in chemical changes involving
electronation (reduction) as well as de-electronation
(oxidation) of ions or atoms is known as electrolysis.

The products formed during electrolysis depend upon:

(1) Nature of electrolyte See Examples I to ITI

(2) Conc. of electrolyte ~ See Examples II (A and B)

(3) Charge density flown during electrolysis

See Examples VIII (A and B)
(4) Nature of electrodes used-attacked or non attacked
electrode. See Examples I to VII and IX

Anode is the electrode at which oxidation occurs.
Cathode is the electrode at which reduction occurs.

Examples:

Casel. Electrolysis of molten NaCl using Pt electrodes:
At anode: e, g - %cb +e

Atcathode: Na*+e—— Na

Thus, Cl, and Na are formed at anode and cathode
respectively due to discharge of Cl~ and Na® at opposite
electrodes.

CaseIl. Electrolysis of aq. NaCl using Pt electrodes:

A. Conc.NaCl(ag.) NaCl—> Na® +CI”

2H,0+=—=H;0" +OH"

cr— %Clz te

H,0" +&” —> H20+%H2

It is found experimentally that if a mixture of ions is
electrolysed, certain ion gets discharged at an electrode in
Preference of other on the basis of preferential discharge
th°°'y The more is the discharge potential (D.P.) of ion, lesser
18 1ts tendency to get discharged.

At anode;

At cathode:

= Electrolysis and ™
sctrochemical Cells -

Discharge potential of CI~ < Discharge potential of OH™

Discharge potential of H;O" <:Discharge potential of
Na*

B. Dilute NaCl(aq.) )

In case of very dilute solution of NaCl (ag.) following
charges are noticed.

At anode: 20H" — H20+%02 +2e

At cathode: 2H,0" +2¢ — 2H,0+H,

Case III. Electrolysis of NaCl(ag.) using Hg as
cathode:

At anode : 2CI" —> Cl, +2e

At cathode: 2Na* +2¢—— 2Na

2Na +2Hg — 2Na — Hg (amalgam)
2Na — Hg +2H;0 — 2NaOH + H, +2Hg
The discharge potential of Na* <D.P. of H;0" at Hg
cathode.

CaseIV. Electrolysis of HCl(agq.) using Pt electrodes:
At anode: 2CI" —> Cl, +2e

At cathode: 2H;0" +2¢ — 2H,0 + H,

Case V. Electrolysis of NaNOj3(aq.) or Na,SO, (aq.)
using Pt electrodes:

For NaNO;(aq.)
At anode:
20— H20+—é01 +2e [20H — H,0 + %oz +2e

For Na,SO, (ag.)

At cathode:

2H,0" +2¢ — 2H,0 + H, |2H;0" + 2e — 2H,0 + H,
D.P. of NO3 >D.P.of OH" |D.P.of SO;™ >D.P.of OH"

D.P.of Na* > D.P. of H,0"
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‘ Case V1. Electrolysis of CuSO, (aq.) or AgNO;(aq.)
using Pt electrodes:
For CuSO, (ag.)
At anode: |
20H" — H,0+ 10, + 2¢ 200 — H,0+10, 42

. For AgNO, (aq.)

At cathode: 1

Cu" +2e—— Cu iAg‘«l-e—)Ag

D.P. of Cu** >D.P.of H,0" !D.P.of Ag' >D.P.of H,0"

Case VII: Electrolysis of RCOONa(aq.) using Pt
electrodes:

At anode: 2RCOO™ — R — R +2C0; +2e

Atcathode: 2H,0" +2e— 2H,0+H,

D.P.of RCOO™ <D.P.of OH™
Case VIII:  Electrolysis of H,SO, using Pt electrodes:
Part A. Normal current density:
H,SOy — 2H"™ +S03™ and 2H,O == H,0" +OH"

At anode: 20H" — H,0+ %oz +2e

At cathode: 2H" or 2H;0" +2e—— 2H,0+H,
H* in solution exists as H;0"

Part B. High current density: Electrolysis of 50%
H,SO, using high current density gives:

At anode: 2HSO; — H,S,05 +2e

At cathode: 2H* +2¢e— H;

The distillation of H,S,05 with water yields H,0,

H,S,03 + H,O0 — H,80, + H,SO;¢
HzSOs +H,0—> sto‘ * HzOz

Note : All these examples were of non attacked electrodes.

CaseIX: Attacked electrodes: The electrodes which
themselves take part (dissolution or deposition occurs) in
electronation or de-electronation, e.g., electrolysis of
CuSOy (ag.) using Cu electrodes.

At cathode: Cu® +2e— Cu
At anode: Three reactions are possible
Cu —> Cu®* +2e E°=-034V
SO —> S0, +2e E°=-20V
20H" ——>H20+%Oz +2¢  E°=-12V

It is clear that discharge potential of Cu®* to get oxidized
is lowest and thus Cu anode dissolves in preference to other

rOoCess. .
P Thus in case of attacked electrodes:

(1) Metal dissolves at anode, i.e., oxidation.

(2) Metal ions are rvduced at cathode.

(3) No change in concentration of solution during
electrolysis.

Numerical Chemistry

Note : 1. The ph.aomenon of electrolysis occurs only at the
electrodes. Oxidation occurs at anode: reduction occurs
at cathode.

2. Corrosion of metals is electrochemical phenomenon. It
is defined as the process of slow oxidation of metals,
e.g., rusting of iron, tamishing of silver, green deposits
on copper.

3. Rusting of iron is favoured by H" (i.e.. water vapours in
atmosphere), CO, and O,.

4. Purest form of metal is not corroded. Strained articles
of metals are easily corroded.

5. Rust is Fe,0; - .YH,O.

Faraday’s laws of Electrolysis
Ilaw: The mass, w of an ion oxidized or reduced at
either electrodes during the passage of current (ie.
electrolysis) is directly proportional to the quantity of charge
passed through electrolyte, i.e.,
we O
< it
w=Zit (1)
is total charge passed through electrolyte
is current strength in amperes
is time in seconds for which current flows
is electrochemical equivalent, a characteristic
constant for the given metal defined as the mass of
ion oxidized or reduced by the passage of one
coulomb charge. The unit of Z=kg C™".
Note: 1. One Faraday of charge = charge on one mole electron
= charge which discharges one g equivalent of ion
=1.602x 107" x 6.023x 102
= charge which deposits or discharges £ g where,
E is eq. mass
=965148C
= 96500 C
Thus, 96500 C discharge E g of ion
lCdischargeﬁg ion=2Z
= ByEq.(1) w=Eit 7))
2. Also,

96500
F=Nxe -.(3)
where, F is charge in Faraday, N is Avogadro's
number, e is charge on one electron,

3. Equivalentofan ion discharged, (!)_ it @

N~

E) 96500

I'law: The passage of same charge through different
electrolytes, brings in equal equivalents of ions to be oxidized
or reduced at either electrodes as the case may be

A '2-, =constant
or we E *i5)
or wa_ws _we )
E, Ez E.



Bectrolysis and Blectrochemical Cells
Chemical cells: (1) A class of cell in which chemical
eacrey is converted into electncal energy.
(1) The change in free energy = Electrical work done
—AG=nFE AN
AG =(G svawes — G rencuens ) for a redox change
Nemnst equation for electrode potential
AT— 4" +ne

s
Ege = Eor—R—n;he =

2 reduced state
= _RT
and Egp =Egp +——
e =By + — ®
Also E& =—E" --UD)
ad  Ege =—Epr -~

‘_’hue_Ea..undE”acoxichionpotmﬂalmdmdmﬁon
Epp and E - are standard O.P. and standard R P. defined
s cqual 0 Egr and Ep respectively when, 205 =1
RS.
R s molar gas constant =8314 JK ' mol™ (MKS
system, since E in volt)
T is iemperamre in Kelvin

n s po. of electrons lost or gained during oudauonor
reduction in redox change

F 1s one Faraday, Le.. 96500 C
ag s = active mass of oxidized state in solution
ags =active mass of reduced siate in solution
Since a = fewhere, fis activity coefficient
Fadﬂmsohmom f=1

a = concentration in molarity
Ths,Eq(S)mvbevmnmas[ ]

g, R T (12
. .._303RT‘0° [05] (13
Eor =Eor —— [R5
Numimlva]mofz—————m;RT =0.058at288K
=0.059at298K
=0.060 at 308 K
Le., no significant change with temperature.
By Eq. (13)
£ gt 0L [0S] (14
op =Eop ) 101R.S.]
- 0.059 [0.5.1] .(15)

E” -E‘p +—_—" 10 [R.S

Formation of equation for different electrodes
Case L Mluvl (q.)‘ ie., M#M + ne

[ ]
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0.059 (M)
Eaqp =Egp ————logo “l A'-'.I
S n
or Eop =Eop — 9 log\o [M ']

[+. Minsolid state= unity]

and  Exp=Epp + 222 l0gy (M)
Casell. Py |H' (aq.),

P
ie. Hy==2H"+2e or %H3==-=-‘H'+e

For gascous phase concentration is reported as pressure,
ie., [H_\ ] as P“:

. H')?
Eop =Eop - -,59 logo [ ) (16)
. 0.059 (H']
T Epp =Epp ——— 0810 —— 75 ..(17)
[ op = Lor 1 g10 (PH,)”'

Note : Egs. (16) and (17) are same and thus it is evident that
stoichiometry of change in half cell emf has no effect

on Nemst expression.

Similarly, Egp =Egp + 0. 259 logo [l:, L
Caselll. Ptq,|Cl” (ag.) ie, 2CI” -=‘CI: +2e
Eop =Egp — 0‘259 logyo [FPlC_l—]—z -(18)
Similarly, Egp = Egp + 295 10g o 1 C2 (19
2 -y
Formulation of equation for emf of cell
A model question: Given that
A— 4™ +2e E°=4076 V
B—— B* +2e E°=+044V

Find out

(a) Anode of cell

(b) Cathode of cell

(¢) Reaction at anode

(d) Reaction at cathode

(e) Redox change

(f) No. of electrons used for redox change

(@) Direction of flow of electron

(h) Direction of flow of current

) Ecar

() Ecen

(k) Design of cell.

Solution (1) First decide the nature of £~ values given, i.e.,
whether they are Ep or Egp by noting.
(a) Given directly, i.e., mentioned as Eqp or E ib

or



(®)

()

3

(O

(5)

6)

See the change,

(i) If oxidation reaction is mentioned, then
Eop i.e., EA/AZ' then Eép

(i) If reduction reaction is mentioned, then
ER.P i.e., EAZ’IA then E;p

Write Egp and Egp of both

Eop 414 =+0.76 then E;PAI*/A =-0.76

Eop prgre =+044 E;pnzo,a =-0.44

Write the process for oxidation at the electrode
having more or +ve value of Epp and reduction for
other.
A— A% 42
Anode of cell; cell reaction at anode
B +2e— B
Cathode of cell; cell reaction at cathode
[Ans. toa,b,c,d)

Now add these two after making electrons same on
two sides.

A+B* =4* +B
This is cell reaction of redox change  [Ams. to e]
Also no. of electrons lost or gained during process is

2. [Ans. tof)
Also, In a redox cell: Anode has negative polarity.
Cathode has positive polarity.

Thus, electrons flow from 4 to B [Ans. tog]
and Current flows from Bto 4 [Ans. toh]
Ect =Eop, +Erp, [Ans. toi]

=+0.76 + (~0.44) =+032V

Write Eqp for one which show

Put a +ve sign in
oxidation e
Write Egp for one which show IR
reduction
Similarly, E= EOP,4 =+ Em [Ans. toj]

= Eop, - 292 log o [47* 1+ Ex,
+0.(;59 |Og|o [Bz*]
3 . 0059, [B*]
=EopA +ERP, +——2 logw [A2+]
. 0059, [B*]
Ecen = Eca +=5— 10810 A7)

For design of cell, keep electrode showing oxidation

on left and other showing reduction on right. Put.

two vertical lines in between these two electrodes to

Numerical Chamlafry

shov. salt bridge in order to eliminate liquid
Junction potential.

L.H.S. R.H.S.
AlA 2+ " B 2+ I B
or A|A(NO3), || B(NO;),|8
(Anode) (Cathode)
(= ve polarity) (+ve polarity)

Liquid junction potential is arised due to different
ionic mobility of ions.
Some applications of Nernst equation
(1) In computation of E:,u and E_,: See model
question.
Ec =Eop +Egp, Ecen =Eop +Egp
(2) In computation of equilibrium constant: When
the cell reaction is at equilibrium, the system does no net work
and the cell emf is zero.
ie., -AG=nFE or -AG=0
Consider the following reaction in equilibrium
Zn+Cu? =7Zn? +Cu
_ [Zn 2+ ] 3y
[Cu®]
As discussed in model question,
2+
Ecell = E:ell + % |08¢ {;:2‘,:::
Zn is oxidized and Cu?* is reduced
At equilibrium E .y =0
1

ByEqs. Q0)and 1), -Elyy =KL 1og, -
C

(+ E=0)

Atequilibrium K¢

.(20)

-(21)

] Ey = % log, Kc
or n.F.E. =RT log, K¢
or ~AG°=RT log, K. i
-AG®=2303 RT log,o K,
where, AG® is change in standard free energy.
(3) Heat of reaction for cell reaction: The heat of

reaction for cell reaction (AH ) at a temperature is calculated by
Gibb’s Helmholtz equation.

AG:AH+T(1AG)
T P

.(22)

B 5
-~ -AG=nEF
-nEF = AH + T[sir (-,,Ep)]P
or =-ad, r(g—’;)P (23)
o AH= nF[ %)P 2 E] (24)

where, (%Ef), is called temperature coefficient of emf,
i.e., rate of change of emf with temperature.
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(4) To decide spontaniety of cell reaction: Compute
E. for the given reaction, e.g.,
A+B* — 5 4% 4+
Eco =Eop, +Epp,
If Ecy comes to be +ve, cell reaction is spontaneous and
if E ; comes to be —ve, cell reaction is not spontaneous.

(5) To evaluate solubility product: See Solved
Problems

(6) Toevaluate pH of solution: See Solved Problems
Relation between standard potential of metal-metal

ion electrode and the corresponding metal-insoluble salt
anion electrode : Ag /AgCl,C1™~

Consider and electrode Ag /Ag* with reaction :
Ag* +e— Ag
The electrode potential is :
e 0.059 5
E g1y =E gt/ ag + 10108 [Ag"] .25

Now suppose excess of NaCl is added in this electrolyte
chamber so that all of the Ag* ions are precipitated obeying :

Ko =[Ag71[CI7) (26)
By Egs. (25) and (26), .
. 0059, Ko
E“‘I“ =EAg’/Ag +Tlog [ ..(27)

Now at this stage electrode can be taken as Ag/AgCI(s),
CI”. The half reaction for this electrode is

AgCI(s) + e— Ag(s) +Cl (ag.)

The electrode potential is : 0591 .
° 0.
90598 100 —— ..(28
Eoingirig ™ Bo- tagiiing 3 e (28)

Since, both the electrodes are same, thus Egs. (27) and
(28) are identical, therefore, =
E 0.0591 1 . 0059, Ko

A B e e M Y
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Earinging =Eng*1ng PAKC!
Relation for metal amalgam-metal ion half cell :
Pt electrode : M (Hg) —> M "*(aq.) + ne

° 0.059 n+
= log[M""]...(30)
Eu (HQPUM™ "EM (HRIPt/ M ™ G n og[ ]

Also for a cell PtM (Hg)/ M "* (aq.) /M
Eau =E -FE

+ 0_-01_5_9 log K (29)

;l (HgP/M ™ M™IM
Relation for oxidation-reduction in half cell :
(a) Pt/Fe?*, Fe*

The half cell reaction is Fe** (ag.) + e —> Fe?* (agq.)

3+
. 0.059, [Fe™]
Epopae =Egge par + 1 log [Fe?']

..(31)

(b) Pt/ H*, MnO;, Mn 2
The half cell reaction is ;
Mn™ +5¢e— Mn?*
or MnOj +8H* +5e— Mn?** 4H,0
- +18
4+ 0059 g [MnO3 J[H" ]
s [Mn**)]
Normal hydrogen electrode
reference electrode having

LE =E

MnO3/Mn2* MnO3/Mn2*

Reference electrode :
(NHE) is used as primary
E i+, =0, assigned arbitrarily.

PtH,

P=]am

HCll at25°CE°=0
a=

The other reference electrodes suc
[Hg2Cl2 (s) + KCl(ag.)], A,
secondary

h as calomel electrode

8—AgCI(s) electrode are called
reference electrodes.
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® NUMERICAL PROBLEMS ©

@

10.

11.

\n

12.

13.

- Calculate the quantity of electricity that will be required

to lil?erate 710 g of Cl, gas by electrolysing a conc.
solution of NaCl. What mass of NaOH and what volume

ofH, at27°Cand 1 atm. pressure is obtained during this
process?

. How many kJ of energy is expended during the passage

of 1ampere current for 100 sec under a potential of
115V?

Find the charge in coulomb on 1 gion of N*~.

Find out the volume of gases evolved by passing 0.965 A
current for 1 hr through an aqueous solution of
CH3;COONa at25°Cand 1 atm.

A current of 0.5 A is passed through acidulated water
for 30 minute. Calculate mass of H; and O, evolved.
Also calculate the volume of O, produced at 25°C and
760 mm of Hg if the gas is :

(a) dry (b) saturated with water vapour (aqueous tension
is 23.0 mm at 25°C).

. Calculate the volume of Cl, at NTP produced during

electrolysis of fused MgCl, which produces 6.50 g Mg.
Atomic mass of Mg =24.3.

How long would it take to deposit 100 g of Al from an
clectrolytic cell containing Al,O; using a current of
125 ampere?

. A metal wire carries a current of 1 ampere. How many

electrons pass a point in the wire in one second?

How long will it take for a uniform current of 6.0 ampere
to deposit 78.0 g gold from a solution of AuCl3? What
mass of chlorine gas will be formed simultaneously at
the anode of the electrolytic cell?

An ammeter and copper voltameter are connected in
series in an electric circuit through which a constant
direct current flows. The ammeter shows 0.525 ampere.
If 0.6354 g of Cu is deposited in one hour, what is
percentage error of ammeter? Atomic mass of
Cu=63.54.

Copper sulphate solution (250 mL) was electrolysed
using a platinum anode and a copper cathpde. A
constant current of 2 mA was passed for 16 minute. It

“was found that after electrolysis, the absorbance of the

solution was reduced to 50% of its original value.
Calculate the concentration of copper sulphate in the
solution to begin with. )

Calculate the number of electrons lost or gained during
electrolysis of:

(a) 2gCl™ions.  (b) 1g Zn*" jons.

0.35 mole of electrons were passed through three
electrolyte solutions connected in series. If the solutions

14.

15.

16.

17.

18.

19.

20.

21.

22.

are of Ag*, Cu 2+ and Au’*, calculate the amount of
each metal deposited at cathode of each cell.
Same quantity of electricity being used to liberate
iodine (at anode) and a metal (at cathode) : The ‘mass of
metal liberated at cathode is 0.617 g and the liberated
iodine completely reduced by 46.3 mL of 0.124 M
sodium thiosulphate solution. What is equivalent mass
of metal? )
Cd amalgam is prepared by electr_olysis of a solution of
CdCl, using a mercury cathode. Find how long shoulda
current of 5 ampere is passed in order to prepare 12%
Cd-Hg amalgam on a cathode of 2 g mercury? Atomic
mass of Cd =112.40.
10 g fairly concentrated solution of CuSOy4 is
electrolysed using 0.01 Faraday of electricity.
Calculate:
(a) the mass of resulting solution.
(b) the no. of equivalents of acid or alkali in solution.
Atomic mass of Cu =63.5.
A test for complete removal of Cu?* ions from a
solution of Cu”* (aq.) is to add NH (aq. ). A blue colour
signifies the formation of complex [Cu(NH; )4]2+
having K ; =1.1x 10'* and thus confirms the presence
of Cu® in solution. 250 mL of 01 M CuSO4 (ag.) is
electrolysed by passing a current of 3.512 ampere for
1368 second. After passage of this charge sufficient
quantity of NH; (aq.) is added to electrolysed solution
maintaining [NH3]=0.10M. If [Cu(NH;),]* is
detectable upto its concentration as low as 1x107°,
would a blue colour be shown by the electrolysed
solution on addition of NH;?
A current of 3.7 ampere is passed for 6 hr between Ni
electrodes in 0.5 litre of 2 M solution of Ni(NO;),.
What will be the molarity of solution at the end of
electrolysis?
How much current is necessary to produce hydrogen gas
at the rate of 1 cc per second at NTP conditions?
3 ampere current was passed through an aqueous
solution of an unknown salt of Pd for 1 hour. 2.977 g of
Pd"" was deposited at cathode. Find n. (Atomic mass of
Pd =106.4)
A Zn rod weighing 25 g was kept in 100 mL of
1 M CuSOy, solution. After a certain time the molarity of
Cu® in solution was 0.8. What was molarity of SO ?
What was the mass of Zn rod after cleaning?
(Atomic mass of Zn = 65.4)
Assume that impure copper contains only Fe, Au and
Ag as impurities. After passage of 140 ampere for
482.5 sec. the mass of anode decreased by 22.260 g and
the catliode increased in mass by 22.011 g. Calculate the
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percentage of iron and percentage of copper originally

eSca
23. Chromium metal can be plated out from an acidic
gom containing CrO; according to following

(rO;(ag.) +6H™ +6e—s Cr(s) +3H,0

Calculare:

(a) how many gram of chromium will be plated out by

24000 coulomb?
() how long will it take to plated out 1.5 g of Cr by
using 12.5 ampere current? (T 1993)

24. In an electrolysis experiment. current was passed for
S bour through two cells connected in series. The first
cell contains a solution of gold and the second contains
CuSO, selutien. 9.85 g of gold was deposited in the first
cell. If the oxidation no. of gold is +3. find the amount of
Cu depositad on cathode in second cell. Also calculate
the current strength in ampere. Atomic mass of Au =197
and atomic mass of Cu =63.5.

An electric current is passed through two solutions of
(1) AeNO; and (i1) a solution of 10g CuSO, -5H,0
crystals in 500 mL H,O. platinum electrodes being
used in each case. After 30 minute it is found that
1.307 g Ag has been deposited. What was the conc. of Cu
expressed in g of Cu per litre in solution after
electrolysis?

(Atomic mass of Cu = 63.54, Ag =108)

Electrolysis of a solution of MnSO, in aqueous
sulphuric acid is a method for the preparation of MnO,
as per reaciion,

Mn " (ag.) + 2H.0 —> MnO, (s) +2H" (aq.) + H2(g)
Passing a current of 27 A for 24 hours gives one kg 'of
MnO-. What is the value of current efficiency? Write
the reaction taking place at the cathode and at the anode.

(UT May 1997)

. A constant current was flown for 2 hour through a K1
solution oxidising iodide ion to iodine 2I" =1, +2ezi.
At experiment liberated iodine consume
2l.';i;mcl’_’?)f(:)f.0831 M solution of sodium thiosulphate
following the redox change
I, +25,03" — 21" +S,0¢ . What was the average
rate of current flown in ampere? )

S0 mL of 0.1 MCuSO, solution is electrolysed using Pt
electrodes with a current of 0.965 ampere for a %eriod 0{

i i nol
| minute. Assuming that volume of solugon o::smd

change during electrolysis, calculate [Cu™" J, [H"]

[SOZ" Jafter electrolysis. What will be the concentration
of each species if current is passed using Cu electrodes?

. An electric current is passed through two electrolytic
cells connected in series, one containing AgNO3(a4.)

and cther H,SO, (ag. ). What volume of O, measured at

25°Cand 750 mm in Hg would be liberated from H,S0,
if:

30.

31.

32.

33.

3s.

36.

37.
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(a) 1 mole of Ag® are deposited from AgNO;
solution?

(b) 8x10% ions of Ag* are deposited from AgNO;
solution?

In a fuel cell H, and O, react to produce electricity. In
the process H, gas is oxidized at the angde anq 0, at
cathode. If 67.2 litre of H, at STP reacts m_]S mmute.s,
what is average current produced? If the entire currentis
used for electro deposition of Cu from Cu ", how many

gram of Cu are deposited? .
A 200 W. 110V incandescent lamp is connected in
series with an electrolytic cell of negligible resistance
containing a solution of ZnCl,. What mass of Zn will
be deposited from the solution on passing current for
30 minutes? (Atomic mass of Zn =65.4)

By passing a certain amount of charge through NaCl
solution. 9.2 litre of Cl, were liberated at STP. When the
same charge is passed through a nitrate solution of metal
M, 7.467 g of the metal was deposited. If the specific
heat of metal is 0.216 cal/g, what is formula of metal
nitrate?

An oxide of metal (atomic mass =112) contains 12.5%
O, by mass. The oxide was converted into chloride by
treatment with HCI and electrolysed. Calculate the
amount of metal that would be deposited at cathode if a

current of 0.965 ampere was passed for a period of 5 hr.
What is valency of metal?

. A current of 3 ampere was passed for 2 hour through a

solution of CuSO, - 3g of Cu* ions were discharged at
cathode. Caiculate current efficiency. (atomic mass of
Cu=63.5)
An aqueous solution of NaCl on electrolysis gives
H,(g),Cl,(g) and NaOH according to reaction:
2CI" (ag.) +2H,0 —> 20H ™ (aq.) + Ha(g)+Cl,(g)
A direct current of 25 ampere with a current efficiency
of 62% is passed through 20 litre of NaCl solution (20%
by mass).
(@) Write down the reactions taking place at the
electrodes.
(b) How long will it take to produce 1 kg of Cl,?
(c) What will be the molarity of solution with respect
toOH™?

Assume no loss in volume due to evaporation.

(TIT 1992)
A current of 1.70 A is passed through 300 mL of
0.160 M solution of ZnSO, for 230 sec. with a current
efficiency of 90%. Find the molarity of Zn?* after the
depo;ition of Zn. Assume the volume of the solution
remains constant during electrolysis. (IIT 1991)
19g fused SnCl, was electrolysed using inert electrodes.
0.119 g Sn was deposited at cathode. If nothing was
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38.

39.

40.

41.

42.

43.

given out during electrolysis, calculate the ratio of mass
of SnCl, and SnCl, in fused state after electrolysis
(Atomic mass of Sn =119),
._Aﬁer electrolysis of a sodium chloride solution with
Inert electrodes for a certain period of time, 600 mL of
the !N solution was left which was found to be NaOH.
During the same time 31.80 g Cu was deposited in
copper voltameter in series with the electrolytic cell.
Calculate the % of NaOH obtained. (Atomic mass of
Cu=63.6).
Per disulphuric acid (H;8,05) can be prepared by
electrolytic oxidation of H,S0, as
2H2804 g HzSzOg +2H+ +2e.
Oxygen and hydrogen are byproducts. In such an
electrolysis 9.72 litre of H, and 2.35 litre of O, were
generated at STP. What is the mass of H,S,04 formed?
An acidic solution of Cu?* salt containing 0.4 g of Cu?*
is electrolysed until all the Cu is deposited. The
electrolysis is containued for seven more minutes with
the volume of solution kept at 100 mL and the current at
1.2 ampere. Calculate volume of gases evolved at NTP
during entire electrolysis. (Atomic mass of Cu = 63.6)
Calculate the quantity of electricity that would be
required to reduce 12.3 g of nitrobenzene to aniline, if
current efficiency is 50%. If the potential drops across
the cell is 3.0 volt, how much energy will be consumed?
(IIT 1990)
Calculate the quantity of electricity required to reduce
6.15 g of nitrobenzene to aniline if the current efficiency
is 68 per cent. If potential drops across the cell is
7.0 volt, calculate the energy consumed in the process.
In the manufacture of Al, Al,0; is dissolved in
Na;AlFg at 300K and electrolysed between Al and
carbon electrodes following the net reaction,
2A1,0; (solution) +3C — 4Al(/) +3CO;(g)
write the reaction of each electrode. Calculate the
minimum voltage required between the electrodes if the
Gibbs free energy change for the above reaction is
~1370kJ mol ™.

During the discharge of a lead storage battery, the
density of sulphuric acid fell from 1.294g mL™' to
1.139g mL™". Sulphuric acid of density1.294g mL™' is
39% by mass and that of density1.139 g mL™" is 20% by
mass. The battery holds 3.5 litre of acid and the volume
practically remained constant during the discharge.
Calculate the no. of ampere hour for which the battery
must have been used. The charging and discharging
reactions are:
Pb+S03™ — PbSO, +2e charging

PbO, +4H" +SO§” +2e— PbSO, +2H,0
discharging

45.

46.

47.

48.

49.

50.

51.

Numerical Chemisuy

A lead storage cell is discharged which causes the
H,S0, electrolyte to change fromla concentration of
34.6% by mass (density1.261g mL™" at25°C) to one of
27% by mass. The original volume of electrolyte is one
litre. How many Faraday have left the anode of battery?
Note the water is produced by the cell reaction ag
H,S0, is used up. Overall reaction is:
Pb(s) + PbO, +2H,50,4 (/) — 2PbSO4(s) +2H,0
The electrolytic reduction of 300 mL of 0.01 M
nitroalkane was carried out in acidic buffer medium of
pH 5.0 following the change :

RNO, +4H;0" + 4e—— RNHOH +5H,0

If the total concentration of weak acid and its conjugate -
base was 0.50M, calculate the pH of solution after
completion of reduction. X, for weak acid is1.8 x107°.

Two litre solution of a buffer mixture containing 1.0 M
NaH,PO,4 and 1.0 M Na,HPO, is placed in two
compartments (one litre in each) of an electrolytic cell.
The platinum electrodes are inserted in each
compartment and 1.25 ampere current is passed for 212
minute. Assuming electrolysis of water only at each
compartment. What will be pH in each compartment
after passage— of above charge? (pK, for
H,PO; =2.15).

The density of copper is 8.94g mL™. Find out the

.number of coulomb needed to plate an area of

10x10cm? to a thickness of 102 cm using CuSO,
solution as electrolyte. (Atomic mass of Cu = 63.6)

How many grams of silver could be plated out on a
serving tray by electrolysis of solution containing silver
in +1 oxidation state for a period of 8.0 hour at a current
of 8.46 ampere? What is the area of the tray if the
thickness of the silver plating is 0.00254 cm? (Density
of silveris10.5g / cm?). (IIT July 1997)
A current of 40 microampere is passed through a
solution of AgNO; for 32 minutes using Pt electrodes.
A uniform single atom thick layer of Ag is deposited
covering 43% cathode surface. What is the total surface
area of cathode if each Ag atom covers 5.4 x 106 cm2?

Calculate emf of half cells given below:

(@ Pty,| HCl Eop =0V
2 atm| 8 =0.02 o
(b) Fe|FeSO, Eop =0.44V
a=0.1
() Ptg, | HCI Eop =-1.36V
10atm [2=0.1
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52. Calculate the pH of the following half cells solutions:

53.

55.

57.

~(a) Pty,|HCl E =025V
1 atm
(b) Pty,|H,SO4 E=03V

1 atm|

(c) A solution containing 4.5 mM of Cr,0% and

15 mM of Cr* shows a pH of 2.0. Calculate the
potential of half reaction. (Standard potential of the
reaction Cr,07” — Cr** is 1.33 V)

(Roorkee 2001)
Consider the reaction: 2Ag* +Cd — 2Ag +Cd?*. The
standard reduction potential of Ag' -Ag and
Cd* —Cd couples are +080and —0.40 volt respectively.
(a) What is the standard cell emf, E° ?
(b) Will the total emf of the reaction be more +ve
or —ve, if conc. of Cd** is 0.10M rather than 1M?

. Calculate the values for cell

Zn|Zn™ (ag.)||Cu™ (ag.)|Cu
(i) cell reaction and (ii) emf of cell if Zn 2 andCu?* are
1 M each, (iii) the minimum concentration of Cu®* at
which the cell reaction,
Zn +Cu? (ag.)—> Zn** (ag.)+Cu
will be spontaneous if Zn** is 1 M (iv) does the
displacement of Cu”* (ag.) by Zn goes to completion.

. o 4035V
Given, E RPy 24 1 +0.35

2 =-0.76 V

RPp2* 20
Two students use same stock solution of ZnSO, and a

solution of CuSO4. The emf of one cell is 0.03 V higher
than the other. The conc. of CuSOy in the cell with
higher emf value is 0.5 M. Find out the conc. of CuSO,

in the other cell M = 0.06). (OIT 2003)

2+

[Zn7)
. A graph is plotted between E . and logjo === 1h¢

[Cu™]
curve was linear with intercept on E o aXis equal to
1.10 V. Calculate E,; for

Zn| Zn? | Cu®* [Cu

0.1M[|001M
If NO3 —> NO, (acidic medium); £°=0.790 V and
NOj3; — NH,OH (acidic medium); £°=0.731V. At
what pH the above two half reactions will have same E
values? Assume the concentrations of all the species to
the unity.

58.

59.

61.

62.

63.

65.

66.

67.
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The following electrochemical cell has been set up.
Pt |Fe’*, Fe®* (a=1)||Ce",Ce™ (a=1)| Py,
E n =077V and E.4 . =161V

Fe™i/Fe? “Ce* ICo
If an ammeter is connected between the two platinum
electrode, predict the direction of flow of current. Will
the current increase or decrease with time? (11T 2000)
The standard oxidation potential of Ni/ Ni%* electrode
is 0.236 V. If this is combined with a hydrogen electrode
in acid solution, at what pH of the solution will the
measured emf be zero at 25°C? (Assume [Niz" ]=IM

and Py, =1atm).

. Calculate the equilibrium constant for the reaction:

Fe?* +Ce*" == Fe’* +Ce”'
Given, Eju o =144Vand Eps, o0 =068V
(IIT July 1997)

Calculate the equilibrium constant for the reaction,
2Fe3t +31" —=2Fe®" +13. The standard reduction

potentials in acidic conditions are 0.77 and 0.54V
respectively for Fe** / Fe?* and I3 /1~ couples.
(IIT 1998)
Find the equilibrium constant for the reaction:
In* +Cu?* — In* +Cu* at 298 K
Given, E_ 2+ =015V, E, =-042V,
E 2+ =—040V (IIT 2004)

Construct a cell in which the disproportionation
reaction

°

In** /In*

2CuCl —> CuCl, +Cu
takes place. Also calculate the equilibrium constant for
the reaction ifCu®* / Cu* andCu” / Cuare 0.153 V and
0.518V respectively.
Zinc granules are added in excess to 500 mL of 1M
Ni(NO,), solution at 25°C until the equilibrium is
reached. If E, 2, and EN.ID n~i are =075V and

-0.24 Vrespectively, find out the [Ni>* ]at equilibrium.

(IIT 1991)
The standard reduction potential for Cu®* /Cu is
+0.34 V. Calculate the reduction potential at pH =14 for

the above couple, K s, of Cu(OH), is1.0 X107,
(IIT 1996)
The emf of cell Ag|Agl(s), 0.05M KI|0.05SM

AgNO; | Ag is 0.788 V. Calculate solubility product of
Agl.

If it is desired to construct the following voltaic cell to
have E; =0.0860 V, what [Cl™ Jmust be present in the
cathodic half cell to achieve the desired emf. Given K »

of AgCl and Agl are 1.8x107"° and 8.5x107"
respectively?

Ag(s)| Ag™ [Sat. Agl (aq.)]|
Ag" (Sat. AgCl- xMCl1™)| Ag(s)
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68.

69.

70.

71.

72.

73.

74.

75.

76.

The standard reduction potential of Cu®|Cu and
Ag¥|Ag electrodes are 0337V and 0.799V
respectively. Construct a galvanic cell using these
electrodes so that its £y, is +ve. For what [Ag™ Jwill the
emf of cell at 25°C be zero if[Cu®" Jis 0.01M?

(IIT 1990)
Find the solubility product of a saturated solution of
Ag,CrO, in water at 298K if the emf of the cell
Ag|Ag* (satd. Ag,CrO, sol.)[|Ag™ (0.1M)|Ag is
0.164V at 298K . (IIT 1998)
A silver electrode is immersed in saturated

Ag 2804(aq.). The potential difference between the
silver and the standard hydrogen electrode is found to be

0.?1 V. Determine K (Ag,S0,).  Given,
E g™ 0.799Vv. (Roorkee 2000)
The emf of the cell obtained by combining Zn and Cu

electrodes of a Daniel cell with N calomel electrodes are
1.083V and —0.018V respectively at 25°C. If the
potential of N calomel electrode is —0.28V, find emf of
Daniel cell.

The standard reduction potential at25° C for the reaction
2H,0 +2e —— H, +20H" is —0.8277V. Calculate the
equilibrium constant for the reaction
2H,0+==H;0" +OH™ at25°C. (IIT 1989)
An excess of liquid Hg was added to 10~ M acidified
solution of Fe** ions. It was found that only 5% of the
jons remained as Fe** at equilibrium at 25°C. Calculate

E° for 2Hg|Hg?" at  25°C  for
2Hg +2Fe** == Hg3" +2Fe**and
Epps e =—0.TTV. (IIT 1995)

Calculate the potential of an indicator electrode versus
the standard hydrogen electrode, which originally
contains 0.1 M MnOj3 and 0.8 M H' and which was
treated with Fe " necessary to reduce 90% of MnOj to

2 " =
Mn? By =151V

Calculate the minimum mass of NaOH required to be
added in R.H.S. to consume all the H* present in R.H.S.
of cell of emf+0.701V at25° Cbefore its use. Also report
the emf of cell after addition of NaOH.

Zn |Zn*| HCl (Pty,(g)
0.1Ml 1litre | | aem
E, 5 =+0.760V

A zinc electrode is dipped in a 0.1 solution at 25°C.
Assuming that salt is dissociated to 20% at this dilution,
calculate the electrode potential. Ean, o = -0.76 V.

77.

78.

79.

80.

81.

82.

83.

84.

Numerical Chemistry

A cell is containing two H electrodes. The negative
electrode is in contact with a solution of 107 M H™ jon_
The emf of the cell is 0.118 volt at 25°C. Calculate [~
at positive electrode.

For the galvanic cell
Ag| AgCl(s), KCI || KBr ,AgBr(s)| Ag
02M 0.001M

Calculate the emf generated and assign correct polarity

to each electrode for a spontaneous process after takmg
an account of cell reaction at 25°C. Given,

Kopage =28X107'% K g agne =3.3x107". (T 1992)

Consider the cell Ag | AgBr(s)Br~ || AgCI(s)CI™ | Agat
25°C. The solubility product of AgCl and AgBr are
1x107'° and 5x107"* respectively. For what ratio of
concentration of Br ~ and C1~ ions would the emf of cell
be zero?
Calculate E° of redox change
Ag,S+2e==2Ag +S?  if the reaction occurs at
pH =3 and saturated with0.1 M H,S. X, and X, forH,S
are 1x10® and 1.1x107"  respectively.
Kopaps =2x107 and E, . . =08V.
The pK, of Aglis 16.07. If the E° value for Ag™ / Ag
is 0.7991V, find out the E° for half reaction:
Agl(s)+e— Ag +1™
Determine potential for the cell

Fe2+
Fe 3+
in which [Fe?*] and [Fe ] are 0.5 M and 0.75 M
respectively and [Cr,03°], [Cr®*] and [H'] are
2M,4 M and 1 M respectively.
Given, Fe'' +e— Fe®  E°=0.770V
14H" +6€+Cr,03” — 2Cr** +7H,0
E°=135V
The voltage of the cell given be!ow is —0.46 V

Pt Cr,0%,Cr* H* | Pt

Zn2+

Pty,
03M

Na,S0;
6.44%107 M

Zn(s)

NaHSO,
04M

Also, Zn*" +2e —— Zn(s), E°=-0.763V. Calculate

the value of K, where X, = —[H 180y ]‘
[HSO; ]

What ratio of Pb?* to Sn?* concentration is needed to
reverse the following cell reaction?
Sn(s) + Pb(ag.)** == Sn(aq.)** + Pb(s)

: =-0.136V and E_,, . =-0.126V

Egn2t 5o Pb3* /Pb
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91.

The Edison storage cell is represented as,
Fe(s)| FeO(s) KOH(agq. )| Ni,O: (s)| Ni(s)
The half cell reactions are:
Ni;O3(s) + H;O()) +2¢” —— 2NiO(s) +20H;
E°=+040V
FeO(s) + HoO()) +2¢™ —— Fe(s) +20H";
E°=-087V
() What is the cell reaction?
(i) What is the cell emf ? How does it depend on the
concentration of KOH?
(iif) What is the maximum amount of electrical energy
that can be obtained from one mole of Ni,0;?
(IIT 1994)
For the electrode reaction,
CH;CHO +2H" +2e— CH;CH,OH.
1N M
the half cell potential is —0.197V at pH = 7. Calculate the
half cell potential when pH=6 and ethanol and
acetaldehyde each has concentration 10~ M.

. For the cell Mg(s)|Mg(ag.)* 1| Ag(ag.)"| Ag(s).

calculate the equilibrium constant at 25°C and the
maximum work that can be obtained during operation of
cell. Given.

: =4 © = ;
Eu“,_“&;.. +237V and EA!.J,Ag +0.80V,

R=8314]
The standard reduction potential for the half cell
NOj (ag.) +2H" (ag.) + e— NO>(g) + H,0
is 0.78V.
(i) Calculate the reduction potential in8 M H’.
(ii) What will be the reduction potential of the half c_ell
in a neutral solution? Assume all the other species
to be at unit concentration. c(IIT 1993)
The standard reduction potential of E.s. .. and
E‘;p o e 0226 V and 0.344 V respectively. A
mixture of salts of Bi** and Cu®* at unit concentration
each is electrolysed at 25°C. To what value can [Cu =]
be brought down before bismuth starts to deposit during
electrolysis?

. How much is the oxidizing power of (1M, MnO3/Mn ™",

IM) couple decreased if the H” concentration is

decreased from 1M to 10" M at25°C? ‘

An alloy weighing 1.05 g of Pb — Ag was dissolved in

desired amount of HNO; and the volume was made

350mL. An Ag electrode was dipped in solution and

E of the cell mlH2 ||H; i| Ag” | Ag was 0.503 V at
el

298 K. Calculate the percentage of lead in alloy. Given

E g 1ng =0-80V.

93.

97.

Calculate the emf of given cell reaction and

Pb(s) + Hg,SO, == PbSO;(s) +2Hg(]) . ]
design the cell if both electmlyt&f are present in their
saturated solution state. Given En n- and E He HeS
are 0.126 and —0.789V respectively and K, of PbSO_Z
and Hg,SO, are 243x10™ and 146x10
respectively. )
The standard reduction potentiai of the Ag™ / Ag
electrode at 298K is 0.799V. Given that for_ Agl
K, =8.7x107"7, evaluate the potential of the Ag Ag
electrode in a saturated solution of Agl. Also calculate
the standard reduction potential of the I"/ Agl/ Ag
electrode. (IIT 19%94)

. For the reaction Ag”(ag.)+Cl (ag.)=— AgCl(s)

the AG° values forAg’(aq.).Cl'(aq.)andAgCl(s)are
+77.-129 and -109KJmol™’. Write the cell
representation of above reaction and calculate £° at
298K. Also calculate K, of AgCl a1 298K

If 6.539x10™ g of metallic zinc is added 100 mL
saturated solution of AgCL find the value of

5

log ;o —. How many mole of Ag will be
[Ag'T

precipitated in this reaction? Given. E_ - __ =—0.76V.
(IIT 2005)

. The standard potennal of the following cell is 023 V at

15°Cand 021 V at35°C.

Pty, (2)| HCl(ag.) || AgCl(s) | Ag(s)

(1) Write the cell reaction.

(ii) Calculate AH< and AS® for the cell reaction by
assuming that these quantities remain unchanged in
the range 15°C 10 35°C.

(i) Calculate the solubility of AgCl in water at 25°C.
Given, the standard reduction potential of the
Ag™(aq.)/ Ag(s) couple is 0.80 V a1 25°C.

(IIT 2001)

. Show that the potentials are additive for the process in

which half reactions are added to vield an overall
reaction but they are not additive when added to yield a
third half reaction.

What is the standard electrode potential for the
electrode MnO3/MnO;, in solution? Given:

E\ i =1-51Vand E
The reduction potential diagram for Cu in acid solution
is:

woye™ =133V

+AN v

Cu 20MSwk e i
A

L E° =X wolt |

Calculate .\ Does Cu* disproportionte in solution?
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99.

100.

101.

102.

103.

104.

105.

IfoEf is standard electrode potential for Fe / Fe2* and
E, is for Fe**/ Fe* and E; for Fe/Fe* . Derive a
relation between E, , E, and E;.
The following galvanic cell was

Zn|Zn(NOs); (ag.) CU(NOJ)z(aq-)l
100 mL, 1M 100 mL, 1M
operated as an electrolytic cell using Cu as anode and
Zn as cathode. A current of 0.48 ampere was passed for
10 hour and then the cell was allowed to function as
galvanic cell. What would be the emf of the cell at
25°C? Assume that the only electrode reactions
occurring were those involving Cu/Cu?* and
Zn/Zn*.  Given E’ =+034V  and

< Cu?* /Cu
Ean*/Zn =-0.76 V.

A cell Ag|Ag*||Cu®*|Cu initially contains 1M Ag*
and 1 M Cu®" ions. Calculate the change in the cell
potential after the passage of 9.65 A of current for
1 hour. (IIT 1999)
Estimate the cell potential of a Daniel cell having
1.0 M Zn*" and originally having 1.0 M Cu?* after
sufficient ammonia has been added to the cathode
compartment to make the NH; concentration 2.0 M.
Given E;n/z“;, and E o are 0.76 and —0.34V
respectively. Also equilibrium constant for the
[Cu(NH;)4]** formation is1x10'2.
Two electrochemical cells are assembled in which the
following reactions occur. .
V2t + VO +2H — 2V +H,0 Eg =0.616V
V3 + Ag* + H,0— VO +2H" +Ag(s)

Eoq =0.439V
Calculate E° for half reaction V** +e— V?*. Given,

1{-;Ag+ 1A =0.799 volt.

The emf of cell Zn| ZnSO,4||CuSO4|Cu at25°Cis 0.03V
and the temperature coefficient of emf is
—1.4x10™* V per degree. Calculate heat of reaction for
the change taking place inside the cell.
For the reaction,
H, (g) +2AgCl(s) +2H,0 (/) — 2Ag(s) +

2H;0" (aq.) +2C1" (aq.).
At 25°C, the standard free energy of formation of
AgCl(s), H,0(/) and (H;0" +Cl") (aq.) are -109.7,
—237.2 and —368.4 kJ / mol. Calculate what will be the
cell voltage if this reaction is run at 25°C and one

106.

107.

108.

109.

110.

111.

112.

113.

Numerical Chemistry
aumsphcreinacellinwhichﬂz activity is unity and
H,07 (ag.) and C1 (agq.) activities are each at 0.01 41
E oy for reaction,
4Al(s) +30, (g) + 6H,0 + 4OH — 4{AUOH), "
is 2.73V. If G; for OH™ and H,O are 157k J moi™*
and —237.2k J mol ™, determine G for [AI(OH),]".
Calculate the emf of cell:

Pty, [CH;COOH NH,OH
1 0.1M 0.01 M

K, for CH;COOH=1.8 x107*; K, for
NH,OH=18x10".
Two weak acid solutions H4; and H4, each with the
same concentration and having pK, values 3 and S are
placedincontactwithhydmgmelwundg(l am,25°C)
and are interconnected through a salt bridge. Find emf

of cell.
Dissociation constant for Ag(NH )3 into Ag~ and NH;
is 6 X107 _ Calculate E° for the half reaction,
Ag(NH,); +e—> Ag +2NHj

Given, Ag® +e— Aghas E°=0.799V.
The overall formation constant for the reaction of 6
mole of CN~ with cobalt (II) is 1 x10'°. Calculate the
formation constant for the reaction of 6 mole of CN~
with cobalt (I). Given that,

Co(CN)z” +e— Co(CN)¢"; Epp =—083V

Pty,
1atm

Co** +e— Co™*; Epp =1.82V
The voltage of the cell :
Zn(s) Zn(CN); (ag.), CN~. || Zo* |Zn(s) is
045 M 265x107° M 384x107~¢

+0.099V. Calculate the instability constant for
Zn(CN)}™  if only complexation resulting is
Zn* +4CN~ — Zn(CN)2~.

Calculate the equilibium constant at 25°C for the
disproportionation of 3 mole of aqueous HNO, to yield
NO and NO3 ions. The E° for reduction of HNO, to NO
is 0.99V and E° for reduction of NO3 to HNO, is
0.94V.

The standard electrode potential corresponding to the
reaction,

Au* (aq.) +3e—> Au(s)
is 1.42V. Predict if gold can be dissolved in 1M HC

solution and on passing hydrogen gas through gold salt
solution, metallic gold will be precipitated or not.
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114.

'K

115.

116.

For the cell:

As(s)| AgBr(s)| KBr(ag.) | Hg,Br, (s)| Hg(J),
the variation of emf with emperature is shown by the

graph given below: !
0.071 -
i
0.069 |-
E
0.067 -
T !
0.065 i
293 303

(a) Write the cell reaction.
(b) Calculate AG, AH and AS at 298K.

Determine the degree of hydrolysis and hydrolysis -

constant of aniline hydrochloride if:
Pt.(H;)|H* ||ICeHsNH;Cl| H; Pt; E oy =—0.188Vat
1atm I M E M

latm
32

300K.
Peroxodisulphate salts (e.g, Na,$,03) are strong
oxidising agents used as bleaching agents for fats, oils

117.

118.

241

and fabrics. Can <;xygen gas oxidjse sulphats ion to
peroxide sulphate ion S,0%" in acidic solution with
0O, (g) being reduced to water? Given,

0,(g) +4H" (ag.) + 4¢— 2H,0; E°=1.23V
;0% (aq.) +2e —> 2S0%"; E°=2.01V

E® of some elements are given as: .

I, +2e—2I7; E°=+0.54V

MnO; +8H" +5¢ — Mn?" +4H,0; E°=+1.52V

Fe’* +e—— Fe?*; E°=40.77TV

Sn*" +2e— Sn2*; E°=+0.1V

(a) Select the strongest reductant and oxidant in these.
() Select the weakest reductant and oxidant in these.

(c) Select the spontaneous reaction from the changes
given below:

(i) Sn** +2Fe® —, g2+ +2Fe*
(ii) 2Fe™ +1, — 2Fe3* 41~
(i) Sn " +2" — gn2+ 4,
(V) Sn* +1, — Sp** 471~

Two metals 4 and B have Erp =-0.76V and +0.80V
respectively, which will liberate H, from H,50,°?



Numerical Chemistry

. l I SOLUTIONS (Numerlcal ProblemS) I I .

5.

20" —Cly +2 . Eg, =Molarmass

2
weEit _ EQ
36500 96500
6500w _ 96500% 710
0= E 553 =20F

©=1930000 coulomb
1 F gives 1 g eq. or 40 g NaOH
20 F gives 20 g eq. or 40x 20g NaOH =800 g NaOH
1 Fgiveslgeq.orl gH,
20 F gives 20 g eq. or20 g H,
from PV = % RT

le=270x0.082]x300
Vi, =246.3 litre

A Energy chargexpotennal—lx 100x 115=11.5kJ
. The electronic charge on IN*~ is=3x1.602x 107" C

The electronic charge on 1 g eq. N3~
=3x1.602x107° xNC
=3x1.602x107" x 6.023x 102 C
=2.89 x10° coulomb

Electrolysis

. 2CH3;COONa(aq.) —— C,Hg + 2C02+

Cathode
INaOH + H,
2CH;C00™ —> C;Hq +2C0; +2e
2H* —5 H, +2
. WY_ it _ 0.965X1x60x60 _ o036
Fgaivalont (E) 96500 96500
Thus total equivalent of C;Hg + CO, + H,
=0.036+ 0,036+ 0.036

Total mole of gases
(M= 0036 0036 0(;36 0.072

M ' _M. =M
[ EC2H6=-2—; EH2 =3 Eco, = l]
y = nRT _ 0.072x0.0821x298 _{ 765 j¢re
=i 1
2H" +2e— H, 40H™ —> 2H,0+0; +4e
Molar mass _ 32

".EHz =__7__=§_1-‘-E02 =T=7=8
E-t E-it
WH2 = 9F500 02 = 565001
_ 1x0.5x30x 60 — 8x0.5%x30x60'
96500 96500

WH, -q.se x1073 g wo, =7.46x107 g
(a) Using | PV=%RT |

760, _ 7.46x107
Ty = 140 x0.0821x 298

Vo, =5.7x107 litre

. At cathode:

Po,- P1—Pj, =760~ 23=737mm
l:ﬂxy=M0__x0.0821x298
760 32

Vo, =588 x107* litre
Mg2* +2¢—> Mg
At anode: 2C1- —> Cl; + 2¢
Equivalent of Mg at cathode = Equivalent of Cl, at

anode

_65 _Yap
243/2 355

wel, = 18. 99g

=WRT
AtNTP 144 M

1xy=_—187'?9x0.0821x273
Volume of Cl, =5.99 litre
ALY + 6e— 2Al
E _ Atomic mass _ 27_9

_E-it
~ 96500
_27x125x¢t
3% 96500
t =8577.77 second

Now

3 Total charge passed in one sec. = 1x 1= 1coulomb

(s O=ixt)
1 Faraday or 96500 C current carried by
=6.023x 10 electrons

1 coulomb current carried by
_6.023x10% _ 18
96500 6.24 X10™ electrons
AuCly +3e — Au +4Cl1™

a- -—>-;c12 +e

E-i-t _197x6x¢t -
WA = 96500 - 3% 96500 ~ 150
t =19104 sec.
Also Eq. of Au=Eq.of Cl,
8 _ w
197/3 " 7172
Wc‘2 =42, l6g

10. Currem flown = 0.525 ampere as shown by ammeter

Actual current flown (i) = E_Xl X 96500
—_ 0.6354 x 96500
(63.54/2)x 60x 60

(o 1=60x60sec.)
i =0.536ampere
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error in (/)= 0.536-0.525= 0,011

% error in ammeter = 2:011x 100 _
= 0.536 2.05%

11. Equivalent of Cu®* lost during electrolysis
ixr _2x107 x16x 60 o
96500 S6s00 - 98910

or Mole of Cu®* lost during electrolysis = _1-939; 107

Thus,

This value is 50% of the initial concentration of solution
Thus, initial mole of CuSO,
-2x1.989x10"%
2
Thus, initial concentration of CuSO,
2 1.989%10™* x 1000
250
[CuSO,1=7.95x10" M

. (a). Eq. of CI” used = —2—
12. (). Eq.of CI" used = 75

=1.989%107

for 2C1" — Cl, +2e

1 eq. of an element = | Faraday charge
=6.023% 10** electrons

2 - _ 6.023x10% x2
T 35.5

=3.39 x 10? electrons lost
() Similarly, calculate for Zn®" + 2e — Zn
Electrons gained =1.85 x 102 electrons

13. ' 1 mole of electrons deposits 108 of Ag
. 0.35 mole of electrons deposits 108x 035=37.8 g Ag
Similarly, wow =11.113 g, w,, =2298¢g
14. I; +22— 2I°

ZSZOi_ —_— 840:- + 2e [-‘- ENquzQ\ ='hli]

Eq. of metal = Eq.of I, =Eq.of hypo
0617 _ 463x0.124
E 1000

o E=10747geq”
15, - 88 g Hghas 12 g Cd
23ngequjre=l%§—2g Cd =0.273g Cd

112 40]

Cd?" +2e— Cd [ Eca =—5

N _Eit
i = 96500

_112.4x5x¢t
0.273= = 96500

t =93.75 second
2H,0 — 4H' + 0, +4e

Cu?* +2e—>Cu

16. (a) Atanode:
At cathode: E

. _E-i-t

Mass loss at anode = mass of O, formed = 96500

_ 32x0.01x 96500 _ ¢ 08
4% 96500

17.

18.

19.

20.

243

7,
Mass loss at cathode = mass of Cu formed = 4‘65“;’
= 03,5%0.01x96300 _ 31754
2% 96500

Muss of resulting solution '
= Initinl mass — mass loss of Oy = mass loss of Cu
=10-0,08-03175=9,6025¢ "
taradny will produce | equivalent of ucid or
(b) | Faradny p 1“’,01

0.01 Faradny will produce A

= 0,01 equivalent of acid
Cu® +4NH, === [Cu(NH ), "'
_ [CuNHy )4
[Cu?" J(NH4]*

The blue colour will be noticed upto

[Cu(NHy )4 ]*" =1x 10,
Thus, at this stage, y

m mole of Cu?" present = 250X 0.1= 25 1000
mmole of Cu?* removed = % X -I%O—Q = %(l,—;a)x—z
- 3312X1368X 1000 _ 54 gg
96500% 2
(25-24.89) _ 4

=50 =44x107" M
Since, K ; is very high (1.1x 10" )thus almost whole of the
[Cu?* Jien will be used to form [Cu(NH; ), 12,
or [Cu(NH;);]%" =4.4x 107 M > 1x 1073 M detectable
limit
Thus, solution will show blue colour as it will provide
appreciable Cu?* to form complex.
The electrolysis of Ni(NO; ), in presence of Ni electrode
will bring in following changes:
At anode: Ni— Ni?* +2¢ -
Atcathode: Ni** +2 — Nj

Eq. of Ni** formed = Eq.of Ni2* lost

Thus, there will be ro change in conc. of Ni(NO; ),
solution during electrolysis, i.e., it will remain 2 M.
1 Eq. or 11200 mL H,gas involves = 96500 coulomb

1 mL H, gas involves = 96500
2 & 11200 coulomb

J

[Cu® Jien

=8.616coulomb
Now time to produce 1 mL gas is | second and thus,

8.616 coulomb charge should be passed in one sec. to bring
the change.

Therefore, Q=ixt

8.616=ix+ or ,i=8.616 ampere
Pd™ + ne—> Pd
For Pd, W EXL

E 96500
2977 _ 3x1x60x 60
106.4/n 96500
| n=4
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21, -

22.

23.

Meq.=N xV

Meq. of Cu?* before reaction = 100x 1x2=200

Meq. of Cu®" after reaction = 100x 0.8 2 = 160

: Meq. of Cu®* lost = 200-160= 40
Megq. of Zn lost = 40

w
65.477 <1000=40

- Wz, =1.308¢g
Net mass of Zn rod = 25— 1.308g =23.692 g
Also the reactions are  Zn —— Zn2* + 2¢
Cu® 42— Cu
No change in molarity of SO}'
The incx;iase in mass at the cathode is due to deposition of
Cu (Cu™ +2e— Cu). The loss in mass of anode is due to

loss of Cu and Fe because of their oxidation because only
these two are active metals and will oxidise as

Cu— Cu?* +2
Fe — Fe?* +2¢

and loss of Ag and Au to fall in anode mud.

Thus, gain in mass at cathode is due to deposition of
Cu=22011g

Mole of Cu deposited at cathode = % =0.3466

i-t

Equivalent of Cu and Fe dissolved at anode = 36500

140x 482.5
=———===0.70
96500
0.70

.. Mole of Cu and Fe dissolved at anode = = e 0.35

(both Cu and Fe are bivalent losing two electrons)
Mole of Fe dissolved at anode = 0.3500—0.3466 = 0.0034
Mass of Fe dissolved at anode = 0.0034 x 56=0.190g
Thus, anode mass loss of 22.260 g contains 22.011 g Cu,
0.190 g Fe and (Au + Ag)=(22.260— 22.011- 0.190)
=0.059¢g
[Fe —> Fe?* +2e; Fe®* exist in solution]

% Cu= 2222'02161x 100=98.88%

% Fe = g-zlggx 100=0.85%

Eq. mass of Cr '

_ Atomic mass

" No. of electrons lost or gained by one molecule of Cr

_52

6
(a) - 96500 coulomb deposit = 5—62 gCr
24000 coulomb deposit = 5—62 X gzggg gCr
=2.1554 g of Cr

(b) Also given, wc, =1.5g, i=12.5ampere, t=7?,
ECI’ = 52/ 6

24,

25.

26.

27 =

28.

Numerical Chamisr;y

_E-it |
~ 96500
1.5= 52x12.5x¢t
7~ T6x 96500

t =1336.15 second
Au®t +3e— Au
Cu?* +2¢— Cu

Equivalent of gold formed = Eq.of Cu formed
9.85 _ _Wou
197/3 63.5/2

w

& weu =4.763 g
_E:-it
Also w= 96500
_ 63.5xix5x60x 60
4763 = 96500
i=0.804 ampere
.o 1.307 _ 1
Eq. of Ag deposited = 108 0.012

Eq. of Cu?* lost = 0.0121

iz 10x2
. = =0.0802
Initial Eq. of CuSO, - 5H,0 24954

= Initial Eq.of Cu?*
Eq. of Cu?* left = 0.0802—0.0121= 0.0681
Mass of Cu2* left = 2-068 1; 63.54
=2.164g in 500 mL
Mass of Cu?* left in 1 litre H;0=2.164 x 2

=4.328 g/ litre
WY 01t
96500
87xix24x60x 60
1000= ———<="~ -2 9"
2x 96500
i=25.6ampere
Current efficiency = 2%76 x100=94.8%
Reactions
Anode : Mn?* — Mn** + 2
Cathode: 2H' +2e—— H,
NNays;05 = Mass,0, X 00. of electrons lost or gained
by 1 molecule of Na,S,0; (ie.,1)
: 283 —> 87 +2e
Megq. of I formed = Meq. of Na,S,0; used
=21.75%0.0831x 1=1.807
w w_ 1.807
or —x1000=1.807 LR T4 (1
E =% T 1000 ®
Also, Wil
8E 96500
1.807 _ ix2x60x 60
Thus, 09/ _ IXZX 00X 0D
n 1000~ 96500
i=0.0242 ampere
Meq.of CuSO, =50% 0.1x2=10  (Meq.=N x¥ mL)
or Meq. of Cu?* =10
Anode: 2H,0— 4H" + 0, +4e¢

Cathode: Cu** +2e— Cu
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w__it
News: E " 96500
and Equivalent of Cu®* lost
it
0.965% 1x 60 e
=V X IX = -4
~ocs00 ™ 6x10

., Meq. of Cu® lost'= Meq.of H* formed =0.6
. Meq. of Cu® leftin solutxox; or Megq. of 0:804 left in
solution=10-0.6= 9 4
[Cu 2+ ] Cuz' - 9 4
50%2

[’.‘ N= M+eq]
Volume (mL)

N
HY]=—H" _06_,
[H] 1 50 0.012M
(SO} 1=0.1M
Since SO3™ does not take part in redox change.

Also if Cu electrodes are used, no change will be in the
molarity of electrolyte, ie., 0.1M.
Since, the reactions are Cu?* +2e — Cu
Cu— Cu® +2
Eq. of O, = Eq.of Ag
b B8 &
8 ¢
sz = 8g
750

T= 298](, P—%(—)atm

=0.094M

29. (a)
1 mole Ag=1Eq. Ag)

w
=—RT
Now PV i

8 . 0.0821x 298X 760 _ g 59 itre
=32 750

(b) Eq.of O, =Eq.of Ag=

Vo, =

108
_ 8x10* x108

6.023%102 x 108
(- 6.023x10% atoms or ions) =108g Ag

=8x0.133=1.0648
1. 064x00821x298x 760 _ 0.824 litre
32x 750
30' i =§E=
Mole of H, reacting 224 3
Eq. of H used =3x2=6
w__it .
E 96500’
i =643.33 ampere
Also Eq. of H, = Eq.of Cu formed
& Eq.of Cu deposited = 6
Weu =6x§i—'5=190.53

=0.133-

Voz =

_ix15x60

Now 96500

Mass of Cu deposited =190.5 g

3L Watt =ampere X volt
200 b,

Ampere = —— 110 R
E-it
96500 -
654x200x3 %60 1,109
=00 AR~
Wan = 2% 110x 96500 ’

32, - Sp. heat x atomic mass = 6.4

Now w=

: =54 _296
Atomic mass.of metal 0216 29.63

After electrolysis_ \

of metal = Eq rof Cly
Eq w tnass of Cl;

atomic mass/n = Eq. mass of CI;
7.467xn _ 71X 9.2
29.63 22.4%x35.5

- 22.4 litre of Cl, at STP weigh=71g \6
Atomic mass _ 29 3

Vlency n

Eq. mass of metal =

n=325
n=3 (.'.
. Metal nitrate is M (NO3)3.
33. Eq. of O; =Eq. of metal
125_875
8 E
87.5x8 _
12.5 =36
Atomic mass _ 112 _ 2
Eq. mass 56
E-i-t
96500
— 56X 5% 60x 60x0.965
96500

nisinteger)

Emeul—

Valency of metal =

Now by electrolysis: w=

=10.08¢

34. E it
"o = 56500

3= 63.5%ix2x60x 60
2% 96500
i=1.266ampere
Current efficiency
Current passed actual :
P sotvally x100

= Total current passed experimentally
= 1266 100=422%

35. (a) Anode:
Cathode:

201" — Cl, +2
2e+2H,0 — 20H™ +H,

_ E-i-t
(b) W‘Tsloo  wa, =10% g, Eqy, =355
10° =—35‘150 )(;>2<59)6(56(?0X' +.+ Current efficiency = 62%
1=17537483sec. |.. i= 23X 62
100
t=48.71 hr
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(¢) Eq.of OH™ formed =Eq.of Cl, formed
_10®
355
Mole of OH™ formed = 28.17 (.~ monovalent)
[OH"]=__mole __28.17
Volume in litre 20

=1.408 mol litre™’

=28.17

36. i = 1.70x 90
t 100 ampere

2+ _ it
Eq. of Zn** lost = 36500
- L.70x90x 230
100x 96500
Meq. of Zn?* lost = 3.646
Initial Meq. of Zn?* =300x 0.160x 2
=48x2=96 [+ Mx2=N forZn?*
Meq. =N X¥in m1y]
Meq. of Zn?* left in solution = 96— 3.646 = 92.354

_92 354 _
[ZnSO,4]= %300 0154M

37. Electrolysis of SnCl, ylelds.
Anode: 2CI" — Cl; +2¢
Cathode: Sn?* +2—— Sn

Further Cl, formed at anode reacts with SnCl, to give
SnCl‘

=3.646x107

SnCl,; +Cl, — SnCl,
During electrolysis
Eq. of SnCl, lost = Eq. of Cl, formed
=Eq.of Sn formed

0.119 -3
==—==2x10
Eq. of Cl, formed 119/2 x

Eq. of SnCl, formed = 2x 107
or Egq. of SnCl, lost during electrolysis = 2x 107

Now total loss in Eq. of SnCl, during complete course =
Eq. of SnCl, lost during electrolysis + Eq. of SnCl, lost
during reaction with Cl;

=2x107 +2x10'3 =4x10"°

Initial Eq. of SnCl, = 90/2—2x10‘

~. Eq. of SnCl, left in solution =2x 10"~ 4x107=0.196
Eq. of SnCl, formed = 2x 10~ = 0.002

) 190
Mass of SuCl, left__ *196% 5" 1 62 7134
Mass of SnCl, formed 0002)(% 0.26

318
38. Eq. of Cu deposited = @62 =1

» Eq.of NaOH formed = 1

or Meg. of NaOH formed = 1000

However, 600 mL of 1N NaOH is formed

i.e., Experimental yield of Meq. of NaOH = 600x 1= 600

%yield-%%%xloo 60%

Numerical Chomm,y
39. Anode reaction: X
(l) 2H, SOy — Hz SzO' +2H" + 2
(ii) 2H,0— 4H" + 0, +4e

Cathode reaction: 2H,0+2e— 20H™ +H,
Equivalent of H,S,Og + Equivalent of O,
= Equivalent of H,
22.4 litre H, =1 mole =2Eq.

9.72 litre Hy = 2—’2‘%‘7—2 Eq.=0.868 Eq. H,

22.4 litre O, = I mole = 4 Eq.

2.35 litre O = %2% Eq.=0.42Eq. O,

Eq Oszszog - Eq of Hz = Eq of 02
=0.868-0.420=0.448
WH15,08

=0.448
194/2
0.448x 194 _
WH,S,05 = ——2_ 43.456 g

40. For I part of electrolysis :
Anode: 2H,0 —— 4H" + 0, + 4e
Cathode: Cu?" +2¢—— Cu
Eq. of O, formed = Eq.of Cu

0.4x2 -3
= =12.58x10
63.6 12.58x

For II part of electrolysis : Since Cu® ions are
discharged completely and thus further passage of current
through solution will lead the following changes.

Anode: 2H,0— 4H" + 0, +4e
Cathode: 2H,0+2 — H, + 20H"~

Eq.of Hy= Eq.of O, = ﬁo = %’ =5.22x107

- Total Eq. of O, Eq.of H, =5.22x 107
=522x107 +12.58x10™ |-. 2 Eq, of H, at NTP
=17.8x107 =224 litre

4 Eq. of O, at NTP 5.22x107 Eq.at NTP
=224 litre

17.8x107 Eq. O, at NTP

_224x522x107
_224x17.8x107 -
4

2
=58.46 mL

litre
litre
=99.68 mL
Total volume of O, + H, =99.68 + 58.46 =158.14 mL
Note: IfCu?*isas CuCl,, thenCl, will come out in I step and
H; and O, in II step. Calculate their volumes.
41. CsHsNOz +6H" + 6e —> CsHsNHz + 2H20
N** +6e—> N"
Eq. mass of nitrobenzene = ? = 1—63
Now =Eit
96500

(v current efficiency is 50% .. i=—)
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42.

45,

. Anode:

123= 123Xixt x50
6x100x 96500
R ixt=115800 coulomb
Now energy used = O XV =115800x 3 =347.4 kJ
[Ans. 42573.5 coulomb, 298.014 kJ]
2A13" +12¢ — 4A1°

Cathode: 3C—3C* +12

(no. of electrons involved in change = 12)
—AG° = nFE°
1370%10° = 12x 96500 E°
E°=1.1830V
Adding the charging and discharging reactions
Pb + 1)!702 +4H" +2S0}" — 2PbSO, + 2H,0

Nuyso, =Muyso,  (since 2802 requires 2 electrons)
i.e.,, Normality = Molarity

Before discharge
M = 39x1.294x1000 |,
HaS04 98x 100 H2804 = " 98100
=5.15 =2325
Mole of H,SO, = 5.15x 3.5 |Mole of H,SO, = 2.325x 3.5
=18.025 =8.1375

After discharge
— 20x1.139x 1000

Mole or equivalents of H, SO, used
=18.025-8.1375=9.8875

w_ _it
E 96500

i-t=9.8875x 96500

=954143.75 ampere sec. = 265.04 ampere hr
Before electrolysis:

Volume of solution =11litre =1000 mL

Mass of solution = 1000x1.261=1261g

¢+ w=Vxd)
34.6x 1261
Mass 0szSO4 =T- =436.306g
o Mass of water = 1261—436.306 = 824.694 g
After electrolysis:

Now during reaction mass of H,Oformed =X g

Mole of H,O formed = %

Mole of H,SO4 used = llé

(-~ moleratioof H,S0,4 :H,0::1:))
Mass of H, SO, used = 9%‘- =544X g

Mass of H, SO, left = (436.306— 5.44X)g

Net mass of solution = mass of old solution +
mass of H,Oformed —mass of H,SO, lost
=1261+X 544X
) . 436.306-5.44X _ 27
+ %by mass of new solution = 756155 24X) ~ 100

o X =2259¢
221—:9 mole of H, O are formed

47.

247

Mole of H,O =Eq.of H,0
(- 2H, O consume 2 electrons)
Now 1 mole of H,O formed by the passage of 1 Faraday

% %:9 mole of H,O formed by the passage of

=22.59 Faraday
18

=1.255 Faraday

. Milli equivalent of RNO, = 300x 0.01x4 =12

Milli equivalent of [H" ] consun.ed = 12
or Milli equivalent of [OH™ ] generated =12

Let a mole of weak acid and b mole of its conjugate base are
present, then
a+b=050

Salt
pH=-log K, +log [Salt]

[Acid]

5.0=+4.7442+ log%

Also,

.18

a
a=0.1786
b=03214

OH™ generated will increase the concentration of 4~ ion

OH~ + H4— H,0 + A4~
Meq. before reaction 12 178.6 0 3214
Megq. after reaction 0 (178.6 - 12) (321.4+12)
0 166.6 3334
3334
H=4.7442 + |
K 8 166.6

=4.7442+0.3013 =5.0455

Atcathode: 2H" +2—— H,
At anode: 20H — H,0+ 2+ % 0,

Equal equivalent of H* and OH™ will be discharged at
anode and cathode respectively.

w_ it

E 96500 A
w_1.25x212x60 _ -1

£ 96500 - 1.65x10™° M )

) (
Now for buffer mixture at anode, [H" ] will increase by
1.65x107" M.
2~ + A -
HPOZ™ +H' == H,PO;
1 0.165 1
0.835 — 1.165
[HPO?"]
[H,PO]

0.835
H=2.151 =2
P T
For buffer mixture at cathode, [OH™] will increase by
1.65x107" M.

H,PO; + OH” ==HPO;" +H,0

1 0.165 1
0.835 — 1.165

pH= pKa + log




pH=2.15+log M-z.zgs

48. Volume of Cu?* jon deposned on plate )
P (Area x thickness) =10 x 10 x 107 =1cm?

Ly Massof(mz dcpos:ted—le 9%g

Now : S E.ip, oy
96500 '
_ 63.6x0
"~ 2x96500
E i 0=27129.2 coulomb
= X 8.46x 8x
49. wag -m 96503 60x60 _57218 ¢

Volume of Ag = 21%-518 =2592mL

25.92
0.00254
E-i-r _108x40x10™° x32x 60 g
96500 96500 =85.95%10

Surface area =

=1.02x10* cm?

50. wy, ==L

(1)
Now covered area is 43% of cathode surface. Let total area
of cathode be acm?.

_ 43a
Covered area = 00

5.4x107'% cm? is covered by one atom of Ag
43a 43a

—— cm? is covered b =—————— atoms of Ag
100 Y T00x5.4x107

Mass of Ag atoms covering this area
= 43ax108 (2)

100x 5.4 x 1076 x6.023x 103
By Egs. (1) and (2), on equating, a=601.65 cm?

51. (a) H, — 2H" +2 »
Eop =Eop - 0'25910810 %
=0- %59 log o (0'22)2
Eor"”‘ =+0.109 volt
(b) Fe—> Fe?* +2¢

Eop =, EéP = 0'259 108 lo[Fez‘]

=0.44- 0'259 logy0[0.1]
=+0.4695 volt
Eor, Ferbe?*
(c) 2CIT — Clz +2e

Eop =Ep=2 > 10810

=—l.36—0'%5910g,o

=—1.448S volt
Eorq -_— 1.448

Numerical Chemistry

H, —2H +2¢

52. (a) ,
0059, [H]
Py,

=E,
Eor, H/H™ P 2

2
0.25= 0—9";ig 10810 [Fr—ll

~+log [H" ]1=4.237
(b) Solve fccordingly: pH=5.08 . .
Note: No change in calculation if any strong acid producing
H' is given. .
© Cry0 +14H* +6e — 2Cr”" + TH,0

[Cr,OF JH"]*
[P

g
E=133+ "-‘;59 log !

[l

= 1.33+—°-%59 log 20x10°%

pH=4.237

E=Epp o +3%5210g

- l.33+0'—%5—9-[log 20-28log 10]
= 1.33+¥[1.3010— 28)
=1.33-026=1.07V

53. (@) For 2Ag™ +Cd —> 2Ag +Cd?*
* Ag" shows reduction and Cd shows oxidation:
. Given,
. E. o
cell = EoP carca®* ERP“‘, =+080V
O b =—040V
= +0.40+0.80 Toa s
=1.2 volt Eopmla » =040V

() Also E.y = Egp, +Egp,,

1 0.059
T logo [Cd** ]+

af 0A059 +12
Er ., +2%10g,, [Ag"]

2+

0. 059 095945, 128 _] [A82+ ]

[Cd™"]
Thus, if [Cd** ] is reduced from 1M to 0.1 M, the net
value of E,; will increase or become more +ve.
Most important: For Solving the problems on emf
of cell, one should see £ values for two changes and
should write oxidation at the electrode having more or
+ve Egp and reduction for other.
Also ° °

Epp = EOP + Egp
(one which shows oxidation) (one which shows reduction)

or Eeq = Eop, +Eppy, +
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s4. (i) Egp for Cu/Cu? =-035V
Egp forZn/Zn? = +0.76 V

More is E;;p, more is tendency to show oxidation and
thus Zn will oxidise and Cu?* will reduce.
Anode: Zn — Zn* + 2
Cathode: Cu?* +2e— Cu
Cellreaction  Zn +Cu?* — Zn?* +Cy

@) Also E.p =Eop, o +Ewp s,

0.05'
“EOP 20202t = 29

logo [Zn?*]+
ERPC\:”/C«
2+
ooss>loglo [Cu®]

2 [Z 2+

+ 099105, (cu?)

=Eop

o
+E
Zn/zn?* RPeut oy

=076+ 0.35+&259 1og1o -}
Eull =1.11 volt
2+
(iii) Also [Cu
(Zn 2*1
To make cell reaction spontaneous; E.,; = +ve

2+
or 0059|08|OEC“ ;> -1.11

Eop =111+ == 0. 059 log o

2

(™), 222
1 0.059

or logy [Cu®*]>-37.627
[Cu?*]1>236x107% M
(iv) The displacement will almost go to completion.
§5. Given,

or logyp

CellI:  Zn|ZnSO,||CuSO,|Cu
C Cz
0. oo [Cu?]
Eeen = Ecap +="1o,
cell = Locell 4 [Zn TS ]
Epy = Eoyy + 29 06 log 2+ C’ (1)
Cellll : Zn|ZnSO,||CuSO4| Cu
ci ch
Egy = Ecoy +=5= 03 610g %l (2)
IfE .y > Ely then E oy > ELyy =0.03 Vgnd C,=05M
. ByEgs.(1)and (2) 0.03= M]eg o
C;=005M
56. For the given cell,
Anode: Zn — In* +2
Cathode: Cu?* +2 — Cu )
o 0059 [Cu®")
and Ecy =Ecan +-2—1°8|o ——[an*] (1)

249

y=c+mx ..(2)
Eq. (1) represents a straight line equation like Eq. (2)
Thus,  Ey = intercept =110V
Now from Eq. (1),

Eoq =1.10+ 2952 0‘;59103 901

01
=1.10-0.0295=1.0705 V
57. 2H' +NOj +e—> NO, + H,0;
TH + NOj + 6e — NH,O0H + 2H,0;
Since Egp of both are same
E

E°=0.790V
E°=0.731V

”No;moz =ERPN05/NH20H
. 0.059, _ [H']* [NO3]
or E”mslmz + 1 log———[NOZ]
-E 40059, [H')" [NO; )
= “Rhosimaon | 6 [NH,OH]
or o.790+%59103 H =o.731+&659|og =7

or  0.790+0.118log [H* ]=0.731+0.0688log [H" ]

or ~log [1"{‘{]=_0—'0_5922=1.1992
pH=1.1992
$8. The emfof given cell = Eop g e YER G el
0059, [Fe™]
or Ey = Eopl-‘:”/Fe” -Tl 8 [Fe”]
) 0059, [Ce*"]
RFce+ jcotr 1 [Ce:“]
. . Ce** J(Fe*
=Eop, g0 psr ERPL4s o 30 + 2059 10g | 3*][ e”]
o o /Ce 1 [Ce ][Fe ]

=077+ l.6l+—0'(:59 log 1

) E“” =084V
Thus, Pt)Fe’" / Fe™* acts as anode and Pt gy, Ce** / Ce®*

acts as cathode. The electrons flow from left to right and

thus current will flow from right to left. The current strength
will decrease with time.

59, * Ni— Ni** +2
2H' +2e— H,

Eop =0236V
Epp =0
" Eoq =0.236
?
0059 10616 [H" ]
Ni?*)
0=0.236+ 2059 25910310 H']?

Eop =Eoqy +232

or —logH' =4 . pH=4

60. E.u =%”losm Ke

=E +
Ecan = Eop, 30 o 30 +ERp g0 o 3o

=-0.68+144=0.76 V



logyo K¢ = :62‘;: 12.8814

Kc =7.6x10"
61. For the change 2Fe’ +3I" ==2Fe?* +I;, at
equilibrium, £ =0
E=E°—¥logm Kc

0.059
E°=
2

or

Also

E .y =Ejg +E,
cell RP, Fe3* /Fe2* 0)=l_”5

logyo K¢

=0.77-0.54=0.23V

Thus, 0.23= 0-259101;,0 Kc o Kc=626x10"

62. Given, In** +2e—n*; E\ =-042V ..(1)
h* +e—sm*; E=-040v (2

By subtracting Eq. (2) from Eq. (1) a third half-cell reaction
can be obtained as:

where E3 X1XF = Ey X 2X F - Ej X IXF
or Ej3 =2x(~0.42)- 1x (~0.40)
=-044V
=-044V
E;=0.15
E; =+0.44

In** +e—s 2
For the reactions: Cu?* +e—— Cu*;

¥ I te

In
The net redox change:
Cu? +Im* — cut +In?;
Eoy =Eq+E; =0.15+0.44=0.59V
° 0.059

Also Ecel = lOg Kc
0.59=%59 logKe - Kc =10"
63. Pt|CuCl||CuCl, | Pt
Anode: Cut —> Cu* +e; Epp=-0.153V
Cathode: Cu”* +e— Cu; Egp =0.518V
Redox: 2Cu* — Cu?* +Cu

Ecur =Eop . o +Ene, . =-0.153+0518=0365V
/

AISO Eo = 0(:59 lOg KC

0.365= @ logKe . Ko =1.50x10°

64. The redox change is
Zn + Ni** =Zn% +Ni

mM before equilibrium 500 0
mM at equilibrium a (500-a)
Ecen =Eop, ., 20 +Erp 20,
2+
-E . +0.059 Ni™"]
Eull _EZn/an‘ +ERPN12‘/NI 2 ]0810 [an*]

Numerical Chemisrry

At equilibrium E.; = 0

Eorz”uh +ERPN11+,N == 2 [an*]
__0.059 [Ni**)
or 0.75+(-0.24)= -Tlozuo [TZ*]

MNiz*]_ . (_0.51><2)=5l -1
[Znu]‘“‘“bg 0059, )Xl

=5.15%x107"

500-a
a=500x5.15x107"8

- [Ni2+]__m,fi = &(’%‘L =5.15x107"% p

65. ForCuOH);, K, =[Cu?*][OH ]?
[H']=10" ; thus[OH ]=10" =1

K -19 )
Therefore, [Cu?']=—2—=L10X10"" _) o550~

Now Egp for the couple Cu?* / Cu is
Epp =Epp + 0'259 log o [Cu®")

=034+ 0-259 logyo [1X107'°]=—0.2205 V
66. K, of Agl=[Ag" ][I"]=[Ag*1[0.05] ()]
For given cell Ec,,, = Eop“ +E, RPag

=Eop O it 10810[A8 lLus. +ERP o
+& 059 log o [Ag”" Jrus.

E = 05910g (Ag” ]luls

. [Ag" lLus.
Eo’uw —_E”A. Iag
0788= 2059 00, __005

[Ag " L.
[Ag" JLns =2.203x 10715

ByEq.(1), K, =[2203x107"3][0.05)
Koppg =1.10x107

67. E.y =E, +ES w0 0.059, _[Ag" Jrus.
T gt TR pg T logm—
ar 0.0860= °°59log (Ag" Irus.

[Ag" lLus.
Also, [Ag* 1L us. can be derived as

[Ag" 1=Ky, =V8.5%107". = 9.22x10° M

0.0860= 0. 0]59 log [AS ]R.H S.

9.22x10~°
[Ag" Jrus.
9.22x10™°
(A" Jrus.

or =28.68

=28.68x9.22x10° M
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Also for RH.S.,
[Ag*NCI" 1=K g,y
crj=Kona | 18x1070
[Ag"] 28.68x9.22x10°°
or [MCI"]1=68x10~* M
68. Given, Egp_,, &

=0337V .. EOPOAI(,\IZ* =-0337V
Ry s 0 =0TV Eop,,,\+ =079V

For E_; to be +ve; oxidation of Cu and reduction of Ag*
because

Ez;Pmo_z. >E°Pwu’

X Cu+2Ag" — Cu? +24Ag
The cell is, Cu |CuSOy4 (aq. ) || AgNO; (aq. )|Ag
Now, E.y =Eopwmz, +ERPA‘ -

2 _0.059 2+ 9.
e > logo[Cu ]+ERP“¢M‘

+098 10,4 [Ag "

0059 [Ag* )
lo
B0 ]

o
=F, +E
OF, 1cu2* RP 0,“

0.059 [Ag*]?
=E_y =-0.337+0.799+ T log o -[Cu =
Eey =0 at[Cu?]1=001M
0.059, ' [Ag"]®

log 1 001
[Ag*]=1.477 x10™° mol litre™
69. For the cell

0=0.462+——

Ag*
0IM
E.; =0.164V at 298.1(
+
+E”~*w
A

0059 iogis [Ag" Trus.

[Ag" JLus.

AglAg* (Ag,CrO; sol. saturated)l Ag;

We have Eu” = Egp““m.

0.l
0.059)55
1 (Ag* lus.

[Ag* ILus =1.66x10™ M ,
Now K, for Ag,CrO4 —=2Ag" +CrO,
K, =[Ag**[CrO} ]
Since,  [Ag*JLms. =1.66x10" M
1.66x10™ ,/
2

or 0.164 =0+

[CrO¥ lLus. =

'1.66%10™
Ks =[|.66x10"]2[ 2 ]

-3
K, =2287x107" mol”® litre

251

70. The given cell is PtH, H’ Ag 2S04 (aq. )‘

saturated
The reaction are, Hz —2H +2

248" +2e — 2Ag
Thus,  Ecen =Eon, +Errp

0.711= o.799+%59los (Ag* )

1 _[0.799-0.711)x2 _

(Ag*1? - 0.059
(Ag*)? =107 . [Ag*]=3.2x107
" Now the solubility equilibrium is, .

Ag,S0, ==2Ag" +SO;

K, =(Ag*)? (80})
-2
=(3.2x1072)? (%) =1.6x107°

[Note: Thatif[Ag*]=3.2x 1072, then
[SO3 1= -xszxw2 ]
71. For Zn electrode || calomel electrode
EoPom =—0.28V; Egp,... =+028V
Ecn = Eopb 122 + E RPcatomel
1.083=Egp, ., +0.28
Eop, ,, 2. =1.083-0.28=+0.803 volt

Now for Cu electrode || calomel electrode
Ecn = Eopm y

log

2+ +ERP Calomel
o

-0.018= EOPCuImz" +ER.PC|.Iou=l

E,
OFcuicu?

Now forZn electrode || Cu electrode, i.e., Daniel cell
Ecy = Eop, 75

=-0.018-0.28 = —0.298 volt

» +Eap /o
=+0.803+0.298 =1.101 volt
72. Consnder an electrode of Has
g = " 2H" +2e— H,;

E R.PH = 0
Givenelectrode is  2H,0+ 2 — H, +20H" ;
Epp =—0.8277V

"+ Egp for H,0> E_p for H.
The cell reactions are:

Anode: H, +20H" — 2H,0+2e;
Eop =+0.8277V
Cathode:  2H" +2e— H,; Egp =0

Net reaction is
2H" +20H" = 2H,0



73.

and K= L()]z
H')*[oH"
Thus, for 2H,0+—=[H;0") [OH)
K, =[H;0"][OH"]
1 2
K= [E] (1)
AlSO, Eaell =Eomz° +ERAI
° 2
=Eongy ~ 0'259 log,o O
" [Py, ][OH" )
° + 2
+E +0059, . [H']
RRn T 10810 P,
+42
Eoey =0.8277+ °"§’9nog.., ('Y -Py, -[OH T
Py, -[H,0)?
+42
Ecur = 0827740959 0g I OH'
[H,0)
- 0.
= 0.3277+%9 log 1o El
_ 0.
E.y =0.8277+ ‘;59 logyo [K,, ]2 byEq. (1)
At equilibrium, E =0
—0.8277=0.05910g o X,
0.8277
or I K, =-—
%10 0.059
or K, =935x107"*
For 2Hg + 2Fe* —=Hg2* + 2Fe®
Before reaction Excess 107 0 0
X -3, 5 95 -3 95 -3
After reaction Excess 10 XW 2x|00x10 leo
For cell at equilibrium
Ecer = 0=EOPH,/H.§’ +E”n"/re”
e _ 0.059 29,50
O-EOPH.IH.;" 2 10810[H8; ]+E”Fe”ll’cz‘ +
0059, [Fe' I’
5 10B10 —5r 3
2 [Fe™]
[FCM]Z

° 0.059
=E, +0.77+ lo
0 oPH',H‘;. 2 210 [Fe2+]z [Hgi*]
(% E"’r.l'/sé* =-0.77V .. Eﬂhhmb =+0.77V)

° - _0.059
orEo,.wu‘g‘ =-0.77 = logo
2
5 -3
—x1
[loo" g ]

95x10~ | [95x 107
100 2x100

=-0.792V

Numerical Chemisty,

MnOj; +Fe** —— Mn?* + e+

74.
Initial conc. 0.1M
Final conc. 100 100
Ecen = Eony +E”m..1'muoz = 0+E”m’* IMnOF

The electrode reaction is :
MnOj + 8H" +5¢ — Mn?** + 4H, 0 (cathode)
o 0059, _[MnOz][H")®
ERP =ERPMB1*/M||OZ * 5 IOg[Tb]
0.1x10 ]
0.
0059, _100 ¥
5 0.1x 90
100
=1.51-0.099=1.411 ,V

o
3 ivi 1l E >E
75. For given ce 0P, 7.2+ [2 g

- Redox changes will be: Zn — Zn?* +2¢
2H* 42— H,

+E,
REy+

=1.51+

Ecell = Eopln Jzn?*

=Eop, ae ~252l0g1o [Z0 ™ 1+ Epp ,

[y
[Pﬂz ]

+0.059
2

log g

+12
0.701=0.760+ 2059 15g  [H'1°
2 (Zn"]

. 0.059 H']?
=0.760+ =22
= logyo (0]

[H"]1=0.0316 mol litre™!
Since, H* must be used by NaOH

Meq. of NaOH =Meq. of [H" ]
410)( 1000=10.0316x1000 (- ¥ =1litre)
N w=1.264¢g
At}:r a‘ddmon of NaOH to cathode solution [H* ] becomes
107" since both acid and base are neutralized completely.
Thus, new emf of cell,

0.059 [H*]?
log o ——
2 %810 o

-7 )2

Ecet =Eoy +

07604 0059, (10
2 0810 0.1
E . =03765V

76. Zn — Zn* +2¢ Epp =40.76V
t2n2*1=[‘0_';302°] (- Salt gives 20% of ions)
EOPz,I/ano = Eon,,,z..z~ - 0.259 loslo [Zn 2’]
_ 0.059 0.1x20
=40.76- 2922 e
2 10810[ 100 ]
Eop, ;. =081V (Zn — Za™ +2)

Epph,,/b =-0.81V (Zn? +2¢ — In)
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71. Anode:
(negative polarity)

H, — 2H* + 2

[H"]=10"% M
2HY + 2 — H,
H']— aM

Cathode:
(positive polarity)

+Egp

s Eqy =E
cell =Eop, .

_ _ 0.059 § o
=Eop, .+ =5 IOSloW]Mﬁ’E,,"’m

0.05
* 2 9105]0 [w]ém
20059, [ W
2 e,
011800590 [I'r]cma S [H*]c.m
2 (102 R
[(H" Jeathose =107 M
E =
78. cell EOP“M.' +ERPM./~
LHS.  RHS.
_ 0.059 .
-Eopwn, =3 log o [Ag”" ILus. +ERPA'+/~ +
0'059 log o [Ag* Jrus.
B 0059103 [Ag ]R.H.S (1)
: [Ag" lLus.
Now for LHS. K, o =2.8x107"
[Ag*][CI"]=2.8x107"°
+1_2.8x107"° _2.8x10™° _, 4 109 i
[Ag7] [ ] 0.2
For RHLS. K ppge =33x107°
[Ag*][Br ]1=33x107"
agh]=33x10™ _33X100 3345710y
[Br]
0.059 33x10° _ _5037v

* ByEq.(1) Eeur =—710810° 7"

Thus, to get E, positive, polarity of cells should be
reversed.

ie., cell is Ag | AgBr(s) KBrlAgCl, KCI | Ag and
E=+0.037V

0.2M

and CI™ at

0.001.M "
79. Let a and b are the concentrations of Br
equilibrium when £ oy = 0

Koppgs: _ 5%107™"
. [ + s, =
Ag" ILus Br ] =
4 K 1x107"°
(Ag' Jrus =——- =" —

[crj

0,059,“ [Ag Jens.

Also Eey=E, - +Ep/n* Thg" Jons

Ag/Ag
RH.S, LHS.

0.059, . 1x107" xa
D=0 5%107% xb
a._1
b 200
80. Ag,S+2e— 2Ag + 8%
(Ag™'), +2e— 2Ag
Er =Epp + 232105 (Ag” A1)
2 2-
Also Kl XKZ —[1[1{_[:]__
10?1’ (s*]
[o1]
or [s*]1=1.1x107'
Also K, .=2x10"% =[Ag* P [§*]
=[Ag* ]?[1.1x107'¢]
[Ag*)? =1.818x 107 -A2)
. By Egs. (1) and (2)
Egp = 0.8+ 0'259 log [1.818x107]

=0.8—-0.9658=—0.1658 V

- 11x1072 x1.0x107% =

Prs P

81. Ag— Ag* +e; E°=-0.7991V
Agl(s)+e—> Ag +1; E°=?
Agl(s)—> Ag” +T
+ Eer =Eir,,,, .~ Plog(Ag 1+ Ep_
+009,0, 1
* Eqy=0 forAgl— Ag* +T .
0=-07914Eps +009%10g L
(A"
Exr =o.7991+°Ll59|ogK

=0.7991-0.059x16.07
=+0.7991-0.9481=-0.1490 V

8. = Eop?ez’lFe)" >E<?’ /C'g’
. Redox changes will be
Anode: Fe?* — 5 Fe3*
(LHS.)
Cathode: 14H" +6e+ Cr,02" — 20> + TH,0
(RHS)
E =Eop_,. e TERPRys .
- E 0059 i
B Eopre"/r." log,o Lo "’ERP._“_‘
[Fe®* )¢
#0059, (003 10y

[ p?



83.

84,

8s.

=-0.770- 0010, 075“35\\0059“,g @x"

0.5
=-0.770-0.0104 +1.35+(~0.0089) = + 0.56 volt

0.059 [Zn?*]
5 log o P

OF

E(vll =Eom +ERPZn1'IZa +
~046=0-0.763+ 2059, (03]
2 (H')?

~ [H']=4.0x107¢
(H"][S07"]

[HSO3]

HSO; ==H" +50%"

The dissociation of HSO; is suppressed in presence of

Now KZ =

86.

Numerical Chemistry
: . 0.059 1H,0] |
() Ecat =EoPreireo ~ 2 log1o [OH™ ]2
. 0.059 [H,0]
Ernir0umio T log o —2
RPNi203/Ni0 2 [OH- ]2

= E(;ﬁ’elFeO +Erpyi03mi0 = 0.87+0.40=1.27v

(ii) The E,, is independent of OH™ ion concentration,
(iii) —~AG®=nE°F =2x1.27x 96500
=2451101=245.11kJ

CH,CHOJ[H" J?
AtpH=7: E”_E”+uos9log[ 3 J[H"]

[CH,CH,OH]
~0.197= E”+0(;591 &1)2"1
-0.197= E,up+°°59x( 14)
Egp =0216

. .Again when pH=6

0=E,

SO} due to common ion effect.  Thus
[So§‘ 1=6.44x10™ M and [HSO3 ] = 0.4 M
-6 _3 =
K, =AXI07 X644%107, ):)64‘44)(10 =6.44x107*

E“" =Eo& +Ekhh

=Egp, - 0‘259 log o [Sn?" |+ Epp, +

0.(;59 log 1o [sz+]"-» 87.
- - 0059,  [Pb¥]
=Eon, +Eppy + 2 log o [Sa] F Homve s
2+
=0.136-0.126+ 2810, Lo
[Sn*™"]
0059, [Pb™]
=0.01+ 2 log o (S z+]
b2
Atequilibrium, E.; = La 2+} =0.458
Thus, till [Pb ] > 0.458, cell reaction exists,
[S n?
[Pb**)
and it will be reversed when <0458
(Sn**]

i.t., E“” ==Ve .
Given, E;eOIFe =-0.87V; " ENizO]/NiO =+040V

Ergreo =+0.87V; Exioniz0, =040V
Since, Egp for Fe/FeO > Egp for NiO/Ni,O; and thus,
redox changes are,
Atanode: Fe(s)+20H™ —— FeO(s)+ H,0(/)+ 2¢
(oxidation)
At cathode:
Ni, 05 (s)+ H,0(/) + 2 — 2NiO(s) + 20H"
(reduction)
Redox reaction:
Fe(s) + Ni; 04 () — FeO(s) + 2NiO(s)

by

(107%)? x107°
107
=0216+ 0-‘;59><(-12)= 0.216-0.354 =— 0.138 V

Egp = Egp + 0'259 log

.For the given cell, at equilibrium, the reaction is

Mg +2Ag" = Mg?" +2Ag

Ecau =‘0=J.50"'~lumz+ i,
_ 0.059

2+ °
OF, i > log,o [Mg ]+ERP~¢,“+

R 0.059 a2

5 logo [Ag™]
[Ag*)?
Mg*]

cezzo

+0.059

iAG 2 logyo

Me/Mg 2 +ERPA"

_ 0.059
0=2.37+0.80+ 2 logwé

1
1 —_——
0810 K 107.457

or
and

log 10 Ifc- =107.457
Erq =237+080=3.17V

bNow maximum work that can be obtained by cell is given
y 2

-AG° =
W g = —AG°
=nE°F =2x96500x3.17=6.118x10° joule
=6.118 x 10% kJ
(i) In 8M H‘ solution, conc. of all other species is unity.

p = Exp + 298210, (1" ?

= 0.78+0.05910g o (8)* = 0.78+0.1062
» =0.8862 V
(u) In case of neutral solution; concentration of
[H']=10"7 M and conc. of all other species are unity, then
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0‘(:59 logyo [H' 2

0.0: o
= 0'78+_159 logye (1077)2 = 0.78+ (- 0.826)

=-0.046 V
89. Initially Ea.h .

Epp =Epp +

=F° 0.059
=Lfar i +Tsl°8[0lz‘]

= 0.344+()"L259]os []]= 0.344 v
EBi"’ B = 0_226+ng log [Bi** ]
= 0.226+0L359l.,g 1=0266V

Thus, passage of current would initially deposits Cu2* till
E o, becomes 0.266 V because then only, Bi** will be
deposited.
g 0.
Thus, Eqo oy =Equae i, + 259 log [Cu®")
0.266= 0.344 +&259 log [Cu?*)
[Cu*1=10"* M
90. The half cell reaction is,
MnOj +8H" + Se— Mn?* +4H,0

* Eruoiimat = E;anoz/mb + 0'0559 log o _[Ml:::n]z[}{]' ¥
or Egp = Epp +0.011810g,, #

a Epp =Egp

If H'=10"

Then  Egpp =Epp +00]l$log,ol—x-(l—(lr‘—)s

Epp =Epp —038V
ie., the couple MnOj; / Mn?* shows a decrease in its Ep
by 0.38 volt or an increase in its Egp by 0.38 V and thus less
oxidizing power.
91. The cell reactions are:
Anode:

Cathode:

Hz——)ZH“"k
2Ag" +2e— 2Ag

+92
P
. < 0059, [Ag"] -Pu,
Thus, E.y =Eon,, +Erpy +Tl°310 H

or  0.503=0+0.80+ o.gs9 log 1o [Ag " 1?
or  [Ag*]=9.25x10° M .

35
* Mole of Ag* in 350 mL = 9.25x 107 7700

350
. Mass of Ag* in 350 mL = 9.25x 107 x 7755 108
=3497x107% g
3.497x10™ | 100=0.033%

1.05

. %of Agin 1.05 g alloy =
% of lead in alloy = 99.967%

92, Eqp is more for Pb and thus,

93.

Anode: Pb— Pb?" +2¢
Cathode: Hg}' +2¢ — Hg;
Cellis Pb| PbSO, || Hg,804 [Hg
saturated || saturated
0089, 1187 )

Also,  Eoy = Eopy, +Epny, +=5 108 (P )

Eopy, =0.126V and  Epp, =+0.789V
andfor  PbSO, === Pb*" + S0}

K,, =[Pb* (SO | =[Pb*'

or [Pb”]-m-\/z.ﬂxlo"‘

For Hg,S0, == Hg}" + S0}
[Hg?* 1= /K, =v1.46x10™
o s 0.059,. . ¥1.46x10% _ 0001y
« Econ=0.126+0.789+ === log ~=————==0.
2 v2.43x10°*
) e 0.059 +
Epgting =Engting * =T 10810[Ag” ] A1)
Also, Koppy =[Ag71(I"]
[Ag*]=[I"] (for a saturated solution)
(A8 )= Ky =V8.7x1077 =9.32x107 ..(2)
= BYEQ.(1), Eyyo =079+ 9910, (9.32x10%)
=0.799-0.474 =032 V
Also, Ag — Ag* +e; Eop =—0.799V
Agl(s)+e— Ag +1-
Agl—=Ag" +I~
. 0.059 e
. E.y =E <3057
cet =Eop, . 1 log [Ag ]+ERPI_/MM‘ +
mlog¢ -(3)
1 "l
' Egey = 0at equilibrium, thus, from Eq.(3)
. . _ 0.059
Eop,, 0t *Erp i = T log [Ag* ")
_0.059
e logK,pM
0Ny = —0-‘:59 log 8.7x 107"
or ERegiay =—0948+0.799=—0.149 v
AB()+ 50l (8)— AgCI(s);  AG; =109y (1)

Ag(s)— Ag*(ag.)+ ¢ AG: =+77KJ w(2)
_;m,(g)»f e——Cl (ag.): 4G =-129k1 . (3)



By Egs. (1) - (2) - (3),
Ag* (aq.)+ Cl™ (ag.) — AgCl (s);
AGy =~109-77+129==57kJ
-AG®=nE°F

57%10% = 1x E°x96500 .. Eoy =059V
Thecellls Ag | AgCI(9)(|C1™ (aq.) || Ag* (aq.) |Ag
(Anode) (Cathode)
Iso, =E, - !
Also ECIII EOPA./A‘?I/CI' 0059log [C]_]
° +
E‘"’u*w +0.0591og [Ag*]

At equilibrium £, = 0, thus,

E pgiagciicr +ERFM¢,M =-0.05910g [Ag*][CI"]

Eco =-0.05910g Ky astr
0.59=~0.05910g K 4, pgcy
or K aget =1x10710 M2
Let solubility of AgCl be S, then
s=JK, =10 =10 M
Mole of AgCl in its 100 mL saturated solution
=107 x 100 _ 46

1000
co_ 6.539x1072 _ 3
= =

Mole of Zn added in i 65.39 10

For Ag —> Ag* +e; AG°=T7KJ
-AG°=nE°F

3
or E.  ,=Z1TX100 _ 4y

As/As" 1% 96500
For the redox change on addition of Zn to AgCl saturated
solution

Zn —> Zn?* + 2 Eop =+0.76 V
2Ag* +2¢— 2Ag Egp =+0.80V

Zn+2Ag" — Zn* +2Ag  E.; =156V

. 0059, [Ag']
= 202 0g 28 1
Also, Ecell Eczll + 2 g [Zn 2+]
At equilibrium, E_,; =0
2+
o 0059, [Zo7]
cell = 2 +12
[Ag"]
(Z0™"] _1.56x2_ 4, gg
log [Ag' ) 0059
2+
and =22 ) g 61x10%
[Ag”]

Since, K is appreciably high, thus, nearly whole of Ag * is
converted to Ag. Thus, mole of Ag formed = mole of Ag*
in 100 mL solution = 1075, Note that Zn is in excess.

Numerical Chem/s;,y
95.  Pty,(g)|HCl(aq.)||AgCI(s)|Ag(s)

) JH, —H' +e (Anode)

AgCl+e—> Ag +CI” (Cathode

Sy

(ii) —AG°=nE°F =1x0.23x96500= 2219517 (at 15°C)
~AG°=nE° F =1x0.21x 96500 = 20265 J (at 35° Q)
Also, AG° =AH® —TAS"®
; -22195= AH°-288x AS°

-20265= AH°-308x AS°
+ -+
AS°=-96.50]

—22195= AH° — 288 x (—96.5)=-49987]

& AH° =-49.987kJ

(iif) Consider the following reaction at AgCI(s)CI™ / Ag
electrodes

E .y = 0at equilibrium

Also,

Also, Eé,q_lmw +Egp, =0.22at25°C

E},ﬂ_lmw =0.22at25°C
Also, B\ cng = Enge/ag +0-059108 K,
or 0.22= 0.80+0.05910g K ,, pect

-10
Kspm =1.47x10

Solubility of AgCl = /K, =v1.47x107°
=1.21x1075 mol litre™
96. When two half reactions are added to give an overall
reaction, the no. of mole of electrons involved in each half
reaction and overall reaction are necessarily the same, e.g.,
M, — MM 4 pye; ~AG, =mE,F
M7 +ne— M,; -AG; =nyE,F
M +MP — MM + M, ; ~AG; = nyE;F
AGy = AG, +AG,
n3E3F = nE\F +n,E5F
El= mE| +myE,
n3
m =n; =n;
. E3 = El + Ez
Also, when two half reactions are added to give a third
 reaction then ny # n, # ny,e.g.,
Ml -_ Ml"l+ + ne

M — M +(ny—n) e

or

Since,

-AG, =mEF
-AG; = (ny —ny )EsF
-AGy = myEsF

My — M +ne
AG; = AG, +AG,
n2EsF = E\F +(ny — n, )E3F
E _n,E; +mE, -mE,
L]
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97. MnO7 +8H" +Se— Mn™ +4H,0; E} =1.51v..(1)

AG) =-5X1.51xF =755 F

MnO; +4H" +2e— Mn™ +2H,0; £} =123 V..(2)
AGy =-2x1.23XF =246 F

Subtracting Egs. (2) from (1),

MnOjZ +4H" + 3¢ — 2H,0+ MnO,; Ey=?

or AGy = -nyE3F
AGj = AG, - AG;

=3E3F = ~7.55F +2.46F

E5 = =20221.70 vout

98. Given,Cu® +e— Cu*; Ef =015 V; AG, .(1)
Cu* +e—Cu ; E;=05V: AG, ..(2)
Cu* +2e—>Cu ; Ey=" AG;  ..(3)
ForEq.(1), +AG) =-nE\F =-1x0.15x F = — 0.15F
ForEq.(2), +AG; =-nE;F =-1x0.5xF = —0.5F
- Adding AG| +AG; = AG;
—0.15F +(-0.5F )= AG;
AG; =-0.65F
—nE;3F = —0.65F
- B “i-_;;,” = 0.325 volt
X =+0.325 volt
Now for disproportionation, .
Cut — Cu +e; Egp
Cut+e— Cu ;  Ere
2Cu* — Cu?* +Cu .(4)

E«II =E0PCu’/Cu1’ +E”

cut/cu
=-0.15+0.5=+0.35V

Since, E° of Eq. (4) is +ve and thus the reaction is feasi'.)le.

In other words disproportionation of Cu™ takes place, i.e.,

Cu* acts as reductant and oxidant both.

9. Fe— Fe?* +2¢; —AG, =2E,F (1)
Fe** — Fe’* +¢ -AG, =E;F .(2)
Fe— Fe’* +3¢;  —AG; =3E;F ..(3)

Subtracting Eqgs. (1) from (3), . .
Fe— Fe** +3e; -AG; =3E;F
Fe— Fe?* +2; —-AG, =2EF
= N & L
Fe* — 5 Fe’ +¢ -AG; +AG, =3E;F -2EF
(4

Comparing Egs. (2) and (4), . . .
~AG; =-AG; +AG) =3E;F - 2E\F

+E3F = 3EyF - 2E, F
5;——25;;51 or 35 =2E; +E3

257

1 i some
100. During electrolysis some Zn2* will discharge and

101.

Cu?* will pass in solution
Thus, %= 048x10x60x60_ g

or Moleof Cu2* formed = Mole of Zn?" deposited= 009
or m mole of Cu?* formed = m mole of Zn>~ deposited
=90
; m mole of Zn?* left =100x1-90=10

m mole of Cu?* left=100x 1+90=190
Both are present in 100 mL solution of each

Now [cul’]
[Z0*7]

° ° 0.059
Ecet =Eop,,, 2. *Ere 20,0, =3 log o

0.059 190
=0.76+0.34+ 2 logso 10

E.y =1137V )
N:;te that given cell will not work as clmw :“ll
since Eé,b. > E;,M . The equation for electrochemical
will be:
Cu—> Cu?* +2
2Ag" +2e— 2Ag
Thus, emf of cell CulCu?"||Ag* | Ag will be

-2
o o 0.059 [Ag™ T
= =22 og g o
Ecet = Eopo, +Egpyg + 5 10210 [Ca® ]
v [Ag*]=IM and [Cu*]=1M

Ecen = E:dl + 0'259 log,o %

Ecn =ECy (WhereE., = Eope, +Ezp,,)
After the passage 0f 9.65 ampere for 1 hr, ie.,9.65x% 60x 60
coulomb charge, during which the cell reaction is reversed

thus, Cu®* are discharged from solution and Ag metal

passes to ionic state. The reaction during passage of current
are:

Cu? +2e— 5 Cu
2Ag — 2Ag* + 2

Ag" ions formed = 951’;3&;‘ 80 e =0.36eq =036 mol

Cu® ions discharged = 265X 60x 60
96500
=0.36eq =0.18 mol
Thus, [Ag" )ia =1+ 036=136 M

[Cu™ )iq =1-0.18=082 1

Thus, new cell is Cu| Cu® || Ag* | Ap
0.82M1 [y 3g arl

_p° L 0059 (1.36)

Thus, E“” = E«" +T lof 10 (—Oﬁ)‘

=E . +0.010 volt
Thus, E o increases by 0.010 V
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102.

103.

104.

108.

Cu®" +4NH; ==[Cu(NH, ),]**
K =1x10" = [Cu(NH; ),]** __10
[Cu® ]NH;)*  x(2.0)*
x=625x10"" M

Note that due to high value of X ; almost all of the Cu?*
ions are converted to Cu(NH; )2* ion

Now
=E: » 0.059 Cu?
Ecen =Eop, . . +Erp o0, +=5logo Zo®

=0.76+ 0‘34+0L259 log 1o [6.25 xllo-u]

Er:ell =071V
For I cell, half reactions are;
VH* S v* e
e+VH 5 3
VeV oy
E

' : (A)

cell =Eyre yas +Eue e A1)

For II cell, half reactions are;
V5 V" te

Ag* +e— Ag(s)
V¥ +Agt — V** 1 Ag(s)

Eea =E:/”lva$ *E gt agar

0.439=E s 50 +0.799

VJ+
or Evquv3$ =-0.360V or Ev"/vb =+0.360V
On substituting this value in Eq. (1),

Eoy =E vap +0:360

..(B)
-2)

V2+
E.; =0.616V

0.616=E,2. 30 +0.360

or Evz*/v&; =0.256 V or Ev’*,'vi; =-0.256

According to Gibbs-Helmholtz equation, heat of reaction
AH, given as,

- [r(5E) -5
AH_"F[T(ST A ]
T=273+25=298K,n=2,F =96500C,E =+0.03 V

SEY __ 4
and (5_T)r_ 14x107" V/K

o AH =2 96500[298 x (1.4 x 10™*) - 0.03]
=-13842 joule =—13.842 kJ mol !
For H, (g) + 2AgCl(s) + 2H,O(/) — 2Ag(s) +
. . . 2H,;0" (ag. )+ 2C1™ (aq.)
AGReaction = Gproducts ~ GResctans
= ZG;G (S)+2(;:np’ +a") 'G:iz _ZG;ﬁI (8)- 20;1;0

106.

Numerical Chamlsny

=0+2x(-368.4)—- 0—-2x (~109.7) - 2% (-237.2)
=-43.0k) . .
(. G°of pure element = 0,i.e., Gog =0and Gy, = ()

Now AG°=-nE°F
—43x10° = -2x E°x96500
E°=0.2228 volt 5
0.059 [AgCI())" Py,
= E°+ loj
Further £ B 210 [Ag(s)]z [H,0' ]2 [CI P
-+ [Solid] =1 R
0.059 Hy
=E°+ loj
SR R T T
0.059 1
=0.2228+ log
2 0.01)2(0.01)
=(.458 volt
For given cell reaction,
AG°=—-nE°F

AG® =—12%2.73x 96500 ]
=-3.1613x10° kJ

n=12 = 4AI° —> 4AI*" + 123]
[ 30; + 12— 60>
Now for given reaction,
AG® =4 xG7[Al(OH),]” - 6xG[H,0]-
4xG;[OH)
(Also note that G ; for elements is zero)

-3.1613x10° = 4x G ; [AI(OH), ]~ —6x(=237.2)—4x(-157)

107,

" Gy [AI(OH),]” =1303 kJ mol
AtLHS.:
From

CH,COOH+— CH,C00™ +H"*

[H']=Cxa=C ,(K—c“) =JX,C)
= J(1.8x10% x0.1) = 1.342x 10~ o litre™"

AtRHS.. From NH,OH+— NH} + OH"
[OH ]=Cxa=C (%)

= (K, -C)=4(1.8x10™° x0.01)
=0.424 X 10" mol litre™!

[H*) - OB 2.359x 107" mol litre™
0.424x10™
Note : See chapter 13 of ionic equilibria for dissociation of
weak acids and weak bases.

Now for cell -;Hz — H" +e Atanode, ie,LHS.

HY +e—s —; H, Atcathode, ie, RH.S.
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Ecen =Eop, ., +Epp,,,

e 0.059 [H lLus,
-E_ wet 1 T logwo [Py, ]2 + RPH+,H+
0(;59108 [H* [H Irns.
[Py, 11/2
0059 [H']
222 og o ——RHS. (. Py, =1atmon both sides)
H I us.
_0.059 059 2.359x 107"
——log g === __ =_0.457
1.342x107* 3 volt

108. The cell is demonstrated as,
Pt Hy (latm) |HA, ||HA, | (H, )(1atm) Pt
ALLHS.: E 0959 g, [H° 1,

H/H*Y = Eopm",
-log H" =pH
Birn =E£,,Hm’ +0.059 (pH),

MRHS: Eyyp =Epp +°-‘:59 logyo [H'];

Byim =15;’,,.m/H -0.059 (pH),

For Acid H4, , HA, =—=H" + 4]
[H*]—c a=K,-C
(pH), -_PKa| —%losmC
Similarly, (pH), =-pKaz —5|°8|0C (- Caresame)
" E.u=Eop +Egp

H/HY for Il H*/H for 1

= 0.059[% PK2, ~ 16K, ]
=$g5—9[s—3]=+o.os9v

109. Use Ag— Ag* +e; Eop ==0.799V
Ag(NH; ); +e—> Ag +2NHs; Egp =17

» Ag(NH;); = Ag" +2NH;
0059, [ABNH1)i]

=E. lo
and  Eo =Eean ¥ OB b, T
Also,  E.a =0 v
and Eca =Eop, 0o +ER iy ine
E;[l = 0.(:59|ogw KC
= '0'(:59‘ log 10 6% 107 =-0780V
E =—0.780+0.799=+0.019 V
Ag(NH3)3 /Ag = 4083V
110, Use CO(CN)6 —_ CO(CN)6 +6 Eop =+0.
Egp =182V

Co*t +e— Co™*

Co(CN)§™ + CO" —= Co?* +Co(CN);”

111.

112,

113.

259

X 4-
0089, [
[Co™ ] [Co(CN)g "]

3+ “1[CN"1°

or Ece = Ecen +== 10810 [Co? ][Co(CN)™ J[CN"1°

Also, 6CN™ + Co?* == Co(CN);~

and E.y = cell =

[Co(CN);"]
and K, =
A~ lco? ) [eN" 1
and 6CN™ +Co>* == Co(CN)~
[Co(CN); ]
d Kp=———
an Hi= [COJ* ][CN ]6
K
059 i
Ecet = Ecan + 90 1 log,o '1?/—;

19 Sy 2
0=0.83+1.82+ 0-259 log o 'K—O)—(At equilibrium £ ey = 0)
2

=823x10“ . K, =823x10°

Zn —> Zn?" +2e

Zn* +2e—Zn

0'259 log (Zn** I ps. +

. Ecot =Eopy, —
Egpy, +mlog [Z0* Jans.

0.099= 2959 .og;-u_xlﬂ
[Za* )L ns.
Also, [Zn? ]LH,S_=1.69><10-7
[Zn**][CN" )¢
[Zn(CN)4 1>
==1Zn* +4ON"
_L69x1077 x (2.65 x 103)*

0.45
K =1.85x107"

N — N 4 2¢;

King. =

for [Zn(CN), 1>

. =—094V
2N 4 2¢ — 2N, E°=0.99V
or 3N — 2N+ NS
Eq = EOP"NO —_— *EpAmoyno

Eoy =-0.94+099=0.05
Also, E.y = %59 log K,
0.05= ‘L‘;?? log K,

& K. =49.53
Given,  Au’*(aq.)+ 3¢ — Au(y);
Epp =142V and Egp =-142V

H* +¢—>—;H,;
Egp =00V and Epp =0
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More is Egp more is the tendency for oxidation, thus in case
of above two half reactions.

3 —3AHY §5
&

Au* +3e— Au

-23-H2 +Au* — Au 430"

E°=Eop, +Epp,, =142V
Thus H, will reduce Au™* to Au (E_,;, = + ve)but HCl will
not dissolve Au (E :,,, = —ve for reverse reaction).
114. Cathode : Hg,Br(s)+2e— 2Hg(/)+ 2Br (aq.)

Anode : 2Ag(s)+2Br- —— 2AgBr(s) + 2e
Cell reaction:  Hg,Br, (s) + 2Ag(s)—> 2Hg (/) + 2AgBr(s)
Kl (B_E) = 0.070-0.066 _ .
T ), _“10 0.0004
AG =—nFE =-2x96500x% 0.068
=-13124J =-13.124 kJ
AH=-nF|E- T(a—E)
oT )p
=-2x96500[0.068—298x (.0004)]
=9881.6J =9.882 kJ
Also, AS =nF (gﬁ) =2x96500x0.0004=77.2J
115. '—;Hz—>H*+e
H +e— —; H,
B _0.059,. B &
Ecen _EOPH IH* ] [H 1 RP, HY/Hy
0.(:59 log [H+]
~0.188=0+0+ 29 10g [11"]
[H']=6.51x10* M
Now C6H4NH; + H2 ‘—C6H5NH2 + H30+
[H']=c-h or 651x10™=Lxh
h=2.08x1072
Also, Ky = ch?
Ky = 3l2x (2.08x10?)? =1.352x 107%
116. The net reaction for glven change will be
402" + 0, +4H" — 2H,0+ 8,0}
" Ecqy=Egp So2-/s20% +ERP0;/H;0

Eoy = -2.01+ 1.23=-078V
Since, E.,; is negative and thus oxygen will not oxidise
SO% 105,07 ™.
117. (a) More or +ve is the Epp more is the tendency for
oxidation. Therefore, since, maximum Ep stands for :

118.

Numerical Chemistry

Sn?* — Sn** +2¢;  Egp =-0.1y
Strongest reductant: Sn o
and Weakest oxidant: sn**

(b) More or +ve is Egp, more is the tendency for
reduction. Therefore, since maximum Egp stands for:
MnOj + 8H' + 5S¢ —> Mn?* +4H,0;

Erp =+1.52V
Strongest oxidant: MnOj

and Weakest reductant: MnZ*
Note : Stronger is oxidant, weaker is its conjugate reductant
and vice-versa.

(c) For (i)

=E,
Ecell OP, Fe2t /Fedt

B £ -+ Fe?* oxidises and
+ :
Fsa2150%* | 5n** reduces in change.

=-0.77+0.1

Eoqy =—0.67V
E .y is negative.
(i) Is non-spontaneous change.
For (i) Ece = EOPFJ‘/& +ERP1;/|“
=-0.77+0.54=-0.23 V
(ii) Is non-spontaneous change.
For (iii) E“” = EOPI_/ +E,u, g2+
=-0.54+0.1=-0.44 V
(iii) Is non-spontaneous change.

For(iv) E., =Eqp . +ES
(iv) E.y OB 14 g 4+ Elu’lz”-

=-0.1+0.54=+044 V
(iv) Is spontaneous change.

Given,

Ford A™ +ne—s 4 Epp ==0.76 V
ForB B™ 4ne—s B Egp =+0.80V
We have,

ForH l-l"’+e—)%l-iz Egp =0

Now coupling 4 with H,80,:

24+ nH;S0, — 4, (S0, ), + nH,

Ecat = Egp, +Epp, =+0.76+0.0=+0.76 V
Since, E° is +ve;

Reaction 24 +nH,80, — 4,(S0,), + nH,
is spontaneous, i.e., A will liberate H; from H,S0,.
Now coupling B with H,S0,:

2B+nH,SO, — B, (SO, ), +nH,
Ecer = Egp, +Epp, =-0.80+0=-0.80
Since, E° is —ve;

Reaction 2B +nH,S0, —s B,(S04), +nH;

will not occur, i.e., B will not liberate H; from H,S0,.
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_® SINGLE INTEGER ANSWER PROBLEMS @

\—-—————_—__

1.

10.

11.

12.

13.

14,

15.

16.

17.

. The quantity of charge

The quantity of charge (in Faraday) required to
electrolyse 54 g H,0 is

. The quantity of charge (in Faraday) required to reduce

96 g Mg from molten solution of MgCl,.

' (in Faraday) required to liberate
33.6 litre Cl, from molten NaCl.

. On electrolysing the solution of CH3COONa(agq.)

the volume ratio of

. gases formed at anode and
cathode is

. On electrolysing the solution of sodium butyrate the

mole ratio of gases formed at anode and cathode is

- In rusting of iron, iron is oxidised and O 2 is reduced.

The no. of electrons used during reduction of O, are

. E° (in volt) of cell A+B* — 5 4™ 4B if

E m,, =—2.5VandEB,,./B =+0.5V.

. 9650 charge is passed through an aqueous solution of

metal nitrate M (NO;), to obtain 2 g metal (atomic
mass 80). The valence of metal is

. If ~AG® is zero for a cell, the equilibrium constant for

cell reaction is

IfE|,E; and E 3 are standard oxidation potentials for
Fe|Fe?*, Fe?" |Fe*

and Fe|Fe*,  then
E; = EZ+—2E'.Tbe valueof nis ......
n
The ro. of cells which may be constructed with different

EQ,, values for the reaction : Fe +2Fe>* — 3Fe?*.
The concentration (in molarity) of Ni (NO;), left after
passing 965 ampere current for one second through
2 M Ni(NO3), solution using Ni electrode.

The equivalent of metal discharged when 4?32.5 ampere
is passed through its aqueous salt solution for 800
seconds. . .

E®° for a cell having 2 electrons involved in redox
change is 0.2655 V. The equilibrium constant for the
redox change is 10°. The value of a is ...... .
The standard oxidation potential o_f .Nl / Nl.
(Ni%* =1M) electrode is 0.236 V. If this is combl'ned
with a hydrogen electrode (Py, =1 atm)in acid solutflot:x,
at what pH of the solution will the measured e.m.f. be
zero at25°C? ‘ .

How much of the following element ‘wﬂl not discharge
at cathode during electrolysis of their salts in aqueous
medium Al, Na, Ba, Cu, Ag, Ni, Cr? .
Number of Faraday required to show the conversion of
one mole of Fe, (SO4)3 to FeSO4.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.
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The potential for the reaction : ()Izuf';:' Yt 4H e
1

2H,01is 1.23 Vin 0,1 N strong ucid solution. Il'pownlhll'
measured in an aqueous solution is 0.994 V, the pil of
solution is.... ' ' i
Ky, of Cu(OH), is 1x10", If reduction pul.cnll:l of
Cu®'/Cu couple is 0.1335 V in a solution and £ for
Cu?'/Cuis 0.34V, the pH of solution is.... ’

A solution of metal salt MA, was clectrolysed w!l!\ @
current of 9.65 ampere for 100 minutes, The dcp(?mlmn
of metal was 18g at cathode. If the atomic mass of metal
is 120, the value of n is.....

Current is passed through a cathode where the reaction
is

S5e+MnOj +8 K" — Mn?' +4H,0

All the permanganate ions present in 100 mL has been
reduced after a current of 15 A is passed for 96.5 sec. The
original millimoles of KMnOy in 100 mL solution were....
A current of 4.825 amperes is passed through Hg,Cl, solution
(Atomic mass of Hg,Cl, = 471) for 1000 second to reduce
itcompletely into Hg. The total mass of Hg deposited in
gis....

An impure silver anode of 20 g and 50.8% purity made
anode in refining of silver by clectrolytic method. If a
current of 193 ampere is passed for 10 sce, the mass of
pure Ag (atomic mass 108) left at anode is....

The mole ratio of gases evolved at cathode and anode
during electrolysis of H,SO, using Pt electrodes is....

3 ampere current was passed through an aqueous solution
of an unknown salt AX, for an hour. 2.977 g of A was

deposited at cathode. If the atomic mass of 4is 106.4, what
is the value of n ?

A cell was prepared by using of aM ZnSO, and bM
CuSO,. Another cell was prepared with apf ZnSO,4 and
0.5 M CuSO, and this time emf of this cel] was lower
than 0.03V than the previous one. The valye ofbis....
The standard oxidation potential of Ni/Ni?*
acid solution, at wha
measured emf be zero
PH2 =1 atm

How many faraday of charge is

it required to comp]
oxidise one mole of Fey(C,04)5? pletely



262

30.

31.

32.

33.

35.

Egp for M ™" + ne—— M** are 0.115 V and 0.101 V
respectively, when percentage of reduced form is 25 and
50 respectively. What is the value of n ?

Total charge (in coulomb) required for the oxidation of

% mole of Mn 0, into MnO?~,

A molten salt of InCl, on electrolysis using 3.20 A

current for a period of 40 minute leads to the formation
0f3.05 g In. If atomic mass of In is 1 14.8, the value of x
iS ... .

A cell having two H-electrodes. The negative electrode
present in"acid solutions is in contact with H* ion
having pH = 6. What should be the PH of other electrode
so that cell may deliver an emf of 0.118 V at 25°C.

A source of light of 100 V will produce 6 kJ energy if
10 ampere current is passed for  sec. The value of ¢ is

4 M solution of AgNO; is electrolysed using Ag

electrode. A current of 3 ampere is passed for9.65 x 103
sec. The molarity of solution after electrolysis is

36.

37.

38.

39.

41.

Numerical Chemistry

4 MNiSO, solution is electrolysed by passing 3 ampere
current for 965x10° sec using Pt electrodes. The
equivalent of gas formed at anode are e

An electrolysis of oxytungsten complex ion using1.10 A
for 40 minute produces 0.838 g tungsten. If atomic mass
of tungsten is 184, the charge on tungsten in complex is

The charge required to deposites all Al from the
electrolysis of 1 mol molten Al;O3.
The oxidation potential of a hydrogen e!ectrodc is
0.531V.If Py, =1atm, the pH of solution will be ...... .
The emf of cell

Pt|Q,H, |0, H" || M HCl| Hg,Cl; (s)| Hg(/) Pt
is —0.065 V. If E3» of Quinhydrone electrode and
standard calomel electrode are 0.699 and 0.280 V
respectively, the pH of left hand compartment is ...... .
A current of 2 A is passed for 5 hour through a molten

metal salt, deposits 22.2 g of metal having atomic mass
177. The oxidation state of metal in salt is ...... :

o wmEm—

1. Six 2. Eight 3. Three 4. Three 5. Two 6. Four
13. Four 14. Nine 15. Four 16. Three 17. Two 18. Five
25. Four 26. Five 27. Four 28. Two 29. Six 30. Two
37. Six 38. Six 39. Nine 40. Six  41. Three

7. Three
19. Eight
31. Five

8. Four 9. 0ne 10. Three
20. Four 21. Three 22. Five
32. Three 33. Four , 34, Six

11. Three 12. Two
23. Eight 24. Two
38. Four 36, Three
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I il 1
P ik i
T 1 OBJECTIVE PROBLEMS (One Answer Correct) y g 4
° 3+
»\D E°for ™ +3e— Crand O™ +e— Cr™ are 8. The E.y fora given cell is 1.2346 and 1.2340 V at 300
) —0,;4V and —.0.40V respectively. E° for and 310 K respectively. Calculate the change in entropy
G +2e—Cris: _aY during the cell reaction if the redox change involves
(a) 091V (®) +091V , o-b three electrons:
) -L14V d) +0.34V A (a) -17.37JK™" (®) +17.37 K™
2. Acell is to be constructed to show a redox change : (c) 173.7JK™ (d) 579 K™

. Efficiency of a fuel cell is 80%

Cr +2Cr* ==3Cr™. The number of cells with
dﬁfuentl:‘fand‘n‘butsamevalueofAG°mnbemade:
(Given, Eo"u" =040V, EQ_\.‘Q =—0.74V and
E o, =—091V)

(o
@1 ®) 2
© 3 @ 4

The solubility product of Pb;(AsO,), is 4.1x107%.
The E*° for the reaction :
Pb3(AsO,)a (s +6e3Pbs, +2As0;" if

Eppe gy =013V

(a) +H0478V () -0.13V

(c) 0478V d) +0.13V

Calculate the E° for the reaction

Zo¥* +2e=—Zng, +¥*, where Y* is the
completely deprotonated anion of EDTA. The
formation constant for ZnY 2~ is : 3.2 x10'® and E° for
Zn —> Zn** +2eis0.76 V
@) -125V (b) 048V
(c) +0.68V @ 027V
If Fe3* +Y* —=FeV ; K,=13x10
Fe2* +¥+ == Fe¥ K, =2.1x10"
and Fe** + e—> Fe?*; E°=+0.77V
The E° for Fe¥ ~ +&~ — Fe¥
(@) 0.13V (b) 0636V

() +0.636 V @ 141V o
Aeonstmtmnmtwaspassddmugbasolugono
AuCl; ion between gold electrodes. After a period of

10.0 minute the increase in mass of cathode was l.3l4_g.
The total charged passed through solution is : (atomic
mass of AuCl; =339)
(a) 1.16x107* F

() 2x107*F

() 3.5x107 F

(d) 4x10°F

and the standard heat of

reaction is —300 kJ. The reaction involves two electrons

in redox change. The E° for the cellis:
(a) 1.24V (b) 248V
© oV @) 0.62V

10.

11.

12.

13.

14.

15.

A current of 3 ampere was passed for 1 hour through an
electrolyte solution of 4, B, in water. If2.977 gof A
(atomic mass 106.4) was deposited at cathode and B was
a monovalent ion, the formula of electrolyte was :

(a) 4B, (b) 4B

(c) AB; (d) 4B,

The E° forCu?* /Cu*;Cu* /Cu,Cu®* /Cuare0.15V,
0.50 V and 0.325 V respectively. The redox cell
showing redox reaction2Cu* — Cu 2* +Cuis made.
The E° of this cell reaction and AG® may be :

(a) E°=0.175Vor E°=0.350V

(b) n=2 or | respectively

(c) AG°=-33.775K]

(d) all of the above

Total charge required to convert three mole of Mn 30,
to MnOj in presence of alkaline medium :

(@) 10F (b) 20F

(c) 30F (d) 40F

A current of 965 ampere is passed for 1 sec through
1 litre solution of 0.02 N NiSO, using Ni electrodes.
What is the new concentration of NiSO,4?

(a) 001N (b) 0.01 M

(©) 0.002 M (d) 0.02 M

Fo.r the given cell P‘D;/D‘ [IH* |Pty, if
Ept =0.003 V, what will be ratio of D* and H* at
25°C when the reaction : D, +2H* — 2D* +H,
attains equilibrium :

(@) 134 (b) 1.24

(c) 1.124 (d) 1.45

What is Ep for the reaction : Cu* +2e—— Cuin the
half cell Ptz g, if EGanc, 18 034 V and K, of
Cus=10"7

(a) 0.34V (b) —0.6925 v

(c) +0.6925V (d) -0.66 V

The combustion of butane in O, at | bar and 298 K
shows a decrease in free cnergy equal to
2.75%10” kJ mol™" in a fuel cell. K and £° of fuel cell
are :

(a) 9.55x10*21.096 V (b) 9.55,1.096 V

(c) 1.023x10°%,2.85V (d) 5.5x10* 0.55 v
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16.

17.

18.

19.

20.

21.

22.

23.

A half cell reaction : Ag,S ) +2e—s 2Ag 5 +8% s
carried out in a half cell Pt o,5/ag 15, at [H*]=1072,

Q1M
The emf of a half cell is :
Gf Egr/pg =080V, Kougs=10?' and K, of
Ag,S=10"]
(a) —0.1735 Vv (b) -0.19V
(c) +0.1735 (d) +0.19V
Which one is not correct if electrolysis  of

CH;COONa (aq.) is made using Pt electrodes ?
(a) pH of solution increases
(b) Molar ratio of gases at anode and cathode is 3 1
(c) [CH3COO™ ]in solution decreases
(d) The molar ratio of gases at anode and cathode is2 :1
The calomel electrode and Quinhydrone ¢lectrodes are
reversible with respect to which ions respectively :
(@ CI",H” (b) H*,CI”
() Hg3",OH (d) Hg3",OH"
EMF of Ni-Cad battery is dependent of :
(a) Cd (OH), (b) Ni(OH),
(c) OH™ = (d) none of these
The electrode with reaction :
Cr,07(ag) +14H{,,) +6e—> 2Cr (., + TH,0;
can be represented as :
(@) Pt|H{gg), Cr;07 )
(®) Pt|Hag), Cri07(ag, Criag)
(©) Pty, | H{g,),Cr,05
(d) Pty | Hiag), Cr207(ag), Criag)
For a given reaction : M ¥ 4 ne—— M** Egp is
known along with M **" and M ** ion concentrations,
then:
(a) n can be evaluated
(b) X can be evaluated
(¢) (X + n)can be evaluated
(d) n, X, (X + n) can be evaluated
A dilute aqueous solution of Na,SO, is electrolyzed
using platinum electrodes. The products at the anode
and cathode are :
@) 0, H, (b) $,03", Na
(c) Oz, Na (d) $:05", H,
A standard hydrogen electrode has zero electrode
potential because :
(a) hydrogen is easiest to oxidise
(b) this electrode potential is assumed to be zero
(c) hydrogen atom has only one electron
(d) hydrogen . the lightest element

24,

25.

26.

27.

28.

29.

30.

31

32.

Numerical Chemistry

The standad reduction potentials of Cu®*/Cu and
Cu?*/Cu* are 0.339 V and 0.153 V respectively. The
standard electrode potential of Cu*/ Cu half cell is :

(a) 0.525V (b) 0.827V

(c) 0.184V (d) 0490V

The standard reduction potential values of three metalic

cations of X, Y and Z are 0.52, -303 and -118V

respectively. The order of reducing power of the

corresponding metals is:

@ Y>Z>Xx b)) X>Y>Z

() Z>Y>X d)Z>X>Y

A gas X at 1 atm is bubbled through a solution

containing a mixture of1 MY ~ and1 MZ~ at25°C.If the

reduction potential of Z>Y > X, then :

(a) Y will oxidise X and not Z

(b) Y will oxidise Z and not X

(c) Y will oxidise both X and Z

(d) Y will reduce both X and Z

Select the incorrect statement :

(a) The electrolysis of molten CaH, liberates H, at
cathode.

(b) During discharge of lead storage battery, sulphuric
acid is consumed.

(c) Sulphur acts as polymerising agent in vulcanisation
of rubber.

(d) Galvanisation of iron denotes coating with Zn.

Select the correct statement :

(a) Faraday represents 96500 coulomb per sec.

(b) Coulomb represents one ampere for 1/2 sec.

(c) Coulomb represents 1/2 ampere for 1 sec.

(d) Coulomb represents charge of one mole electron.

ERp forthe reaction,

TeO3 1m (ag) +3H,0 (/) + 4e — Te (5) +60H ™ (aq)
is—0.57 V. Calculate the potential of pH = 12.

@ -017V (b) ~021V

(c) -039V (d) -0.747V

Calculate Ecq for Cr |Cr>* ||Cr* |Cr
004M ' 1M

(a) 0.028 V (b) 0.083 V

© 0V () 0.125 v

: —10-35
Given that K, of CuS =10~ and E(:./c\." =-034V.

The standard oxidation potential of Cu |CuS|S? half
cell is ...... .

(a) 1.0V (b) 0.693 V

(c) -0.690V d -10V

The temperature coefficient of a given cell, (g—?) is
P

1.5x107 VK™ at 300 K. The change in entropy of cell
dus; the cource of reaction,
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33.

3s.

36.

37.

38.

Pb(s) + HgCl, (ag) — PbCl, (ag) + Hg())
®

(a) 28.95J/K ) 14.47 J/K
(c) SZ.9 J/K (d) 21.70 J/K
oy 0 »
If Ecto;l(:loz =-036V and EClo;/CIoi 033V at

300 K. The equilibrium concentration of perchlorate ion
(ClO3) which was initially 1.0 M in ClO3 when the
reaction starts to attain the equilibrium,
2C103 ==ClO; +ClO;

(b) 0.0190 M

(d) 0.40 M

(a) 0.0236 M
(c) 0.123 M

. The reduction of NO3 occurs as

NOj +4H* +3¢” — NO+2H,0; E°=096V
The electrons are provided by Cd till that the solution
originally having 0.1 M NOj3 and 0.4 M H* shows that
80% of NOj ions are converted to NO showing 1 bar
pressure. The reduction potential of remaining solution.
(a) 0.84 V () 136V
(c) 1.08V (d) 1.56 V
108 g solution of AgNO; is electrolysed using Pt
electrodes by passing a charge of 0.1 F. The mass of
resultant solution left is :

(a) 98¢g (b) 107.2¢g

(c) 116g (d) 9%6.4¢g

On the basis of reaction, 4Al+30, — 2Al,03;
AG =-827kJ mol™! of O, the minimum emf required
to carry out an electrolysis of Al,O; :

(a) 85V (b) 2.14V

(c) 283V (d) 142V

A Quinhydrone electrode in contact of H' ijon is
coupled with standard calomel electrode. The E° of
both electrodes are given as :

Pt|Q, OH, | H' || IMKCI| HgCly(s) | Hg(D) | Pt

0 OH
+2H* +2e——+© :
OH

(0)

Eo =+0699 \'%
OIOHH*|Pt

%ngaz(s) +e— Hg(l)+Cl™;
EL =+0280V

CI7|HgCllHg )
If emf of cell so obtained is — 0.124, then pH is :
@ 5 ®) g
)7 @
The standard reduction potentials at 298 K for the
following half reactions are given against each

Zn? (aq) +2e 7= 1In(5) -0762

Cr#}(“q) +2‘_,=Cg(s)-0.740

39.

40.

41.

42.

43.

45.

2H* (aq) +2¢ == H, () 0000
Fe* (ag) +2e == Fe** (aq) 0.770

which is the strongst reducing agent?
(a) Zn(s) (b) Cr(s)
() Ha(g) (d) Fe™ (aq)
Faraday’s laws of electrolysis arc related to the :
(a) atomic number of the reactants
(b) atomic number of the anion
(c) equivalent mass of the electrolyte
of the cation
52) si':zfi?m containing one mole per litre of each
Cu(NO3),, AgNO;, Hg2(NO3), is being clectrolysed
by using inert electrode. The values pf standard
electrode potential in volts reduction potential are :
Ag|Agt =+0.80, 2Hg |Hg3" =-0.79
Cu|Cu** =+0.34, Mg|Mg*t =-2.37
With increasing voltage, the sequence of deposition of
metals on the cathode will be :
(a) Ag, Hg, Cu,Mg (b) Mg, Cu, Hg, Ag
(c) Ag, Hg,Cu (d) Cu, Hg, Ag
The electric charge for electrode deposition of one gram
equivalent of a substance is :
(a) one ampere per second
(b) 96.500 coloumbs per second
(c) one ampere for one hour
(d) charge on one mole of electrons
The reaction,

3Ha(g) + AgCI () — H" (ag) +CI" (ag) + Ag (5)
occurs in the galvanic cell :
(a) Ag|AgCI(s)| KCl(soln.) | AgNO; (soln.) | Ag
(b) Pt|H;(g)| HCl(soln.)| AgNO; (soln.) | Ag
(c) Pt|H;(g)| HCl(soln.)| AgCl(s) | Ag
(d) Pt|H,(g)| KCl(soln.)| AgCl(s) | Ag
A solution of sodium sulphate in water is electrolysed

using inert electrodes. The products at the cathode and
anode are respectively :

() Hy,0,

(b) 05, H,
(c) 02, Na

(d) 0,,50,

. When a lead storage battery is discharged :

(a) SO; is evolved (b) Lead is formed

(c) PbSO, is consumed  (d) H,SO, is consumed
The -standard oxidation potientials, E°, for the half
reactions are as follows :

Zn— Zn® +2¢7; E°=+40.76 V
Fe — Fe™ +2¢7; E°=+041V
The EMF for the cell reaction,
Fe®* +Zn — Zn?* 4 Fe

(b) +035V
d-117V

(a) -035V
() +117V



46. If EQn o, =034V and B3 o =0ISV than the

47.

49.

51.

value for disproportionation forCu * is :

(@ -0.19V (b) 038V

(c) 094V (d) 038V

For the electrochemical cell, M|M* || X~ |X

E(p+ 10, =044V and E[,, . =033V, From this

data one can deduce that : (11T 2000)

(@ M+X— M*+X~ is the spontaneous
reaction

G M*+X " —S M+X is the spontaneous
reaction

(€) Eq =077V (d) Eqy =-0.77V

The correct relauonshlp between Gibb’s energy change
in a reaction and the corresponding equilibrium
constant K _ is :

(a) AG°=RT InK, (b) -AG°=RT In K,

(c) AG=RTIn K, (b) ~AG=RT In K,
Saturated solution of KNOj is used to make salt bridge
because : (11T 2001)
(a) velocity of K* is greater than that of NO3

(b) velocity of NOj is greater than that of K*

(c) velocity of both K* and NO3 are nearly the same
(d) KNO; is highly soluble in water

The correct order of equivalent conductance at infinite
dilution of LiCl, NaCl and KCl is : (IIT 2001)
(a) LiCI>NaCl>KCl (b) KCI>NaCl>LiCl

(c) NaCl>KCI>LiCl  (d) LiCl>KCl> NaCl
Standard electrode potential data are useful for
understanding the suitability of an oxidant in a redox
titration. Some half cell reactions and their standard

potentials are given below :
MnOj (40 + 8H"(5g) +5¢e—

Mn?* (ag) +4H;0(y;
E°=151V
CrzO7 (aq.) +14H+(¢q,) +6e—>

2Cr " (ag) + TH20();
E°=138V

Fe**(aq) +€ — Fe**(a); E°=0TTV
Clyg) +2¢” — 2Cl7(ag); E°=140V

Identify the only incorrect statement regarding the
quantitative estimation of aqueous Fe(NO3 ), : (IT 2002)
(a) MnOj can be used in aqueous HCI
(b) Cr,0% can be used in aqueous HCI

82,

Numerical Chemistry

(¢) MnOj can be used in aqueous H,80,
(d) Cr,03 oan bo used in aqueous H,80,
In the electrolytic cell, flow of eleotrons is from ;
(11T 2003)
(a) cathode to anode in solution
(b) anode to cathode through external supply
(¢) cathode to anode through intornal supply
(d) anode to cathode thmugh mwnml \upply

83. The emfof'the cell Zn | /m it || F (000! ” | Foat 208 K is
0.2905, then the value of equilibrium constant tor the
cell reaction is : (11T 2004)
(“) e()..‘2l0.020.‘ (b) 100.3210.0203
(c) 100300298 (d) 1003700891
54. The rusting of iron takes place as follows :
2H' +2¢+1/20; — H,0(;); E°=+1.23V

§S.

&

57.

Fe** +2e— Fe(,): E°=-044V

The AG® for the net process is : (11T 2005)
(8) =322 kJ mol™ (b) —161kJ mol™'
(¢) =152 kJ) mol™ (d) =76 kJ mol™'

Electrolysis of dilute NaCl solution was carried out by
passing 10 mA current. The time required to liberate
0.01 mol.of H, gas at the cathode is : (IIT 2008)

(a) 9.65x10° sec () 19.3x10* sec

(c) 28.95x10* sec (d) 38.6 x10% sec

Consider the following cell reaction :

2Fe(s) +0,(g) +4H" — 2Fe™* (aq) + 2H,0())
E°=167V

At[Fe**]1=10>"M, P(0,) =0.1atm and pH = 3, the cell

potential at 25°C is : (IIT 2011)
(a) 147V (®) 1.77V

(c) 1.87V ) 1.57v

Given

Eo;’*/o =-0.74 V, EMTO.Ian =151V

010#’0" =133V, Ecucr =136V
Based on the data given above, the strongest oxidising

agent will be : [JEE (Main) 2013]
(a) Mn?* (b) MnO;
(c) CI” @) cr*

Four successive members of the first row transition
elements are listed below with atomic numbers Which

one of them is expected to have the highest £° TS
value ? [JEE (Main) 2013]
(a) Fe(Z=26) (®) Co(Z=27)

(c) Cr(Z=24) (d) Mn(Z=25)



Electrolysis and Electrochemical Cells

- I I SOLUTIONS (One Answer (':orrect) I | -

1. @ Cr** +3e—0r;
ot +e— Cr?t

—AG, =3x0.74xF
-AG, =1x0.40x F
+

O +26——Cr;  -AG; = 2XE°XF
=(3%0.74-1x0.40)F = 1.82 F
E°=091V
2. (9 Cr|ce* ||Cr’,cr® Py Cr|Cr? ||or (Cr;
I

Cr|Cr?* ||, Cr? |pt
11

O C—Cr* +3¢ E°=+0.74V
30" +3e— 3CrY;  E°=-04V
Cr+2Cr** — 3¢t (n=3)

() 3Cr—— 3Cr** +6¢ E°=091V
2Cr* +6e— 2Cr; E°=-074V
Cr+2Cr** — 3Cr* (n=6)

(Ill) Cr— Cr?* +2¢ E°=091V
20" +26—— 2Cr?*;  E°=-040V
Cr+20r* — 3¢ (n=2)

E°=074-04=034V
-AG°=3x034xF
=1.02F
E°=091-0.74=0.17V
-AG°=0.17X6xF
=1.02F
E°=0.91-0.40=0.51V
-AG°=2x0.51xF
=1.02F

3. © E vy a0 =
=—o.13+ﬂ’65—91°g 4.1%107*

. 0.059
et g

log K,

=-0.13-0.348=—0478V
0059105 x

4@  Ep e =Byt
[Za¥?] | 1
K = — . K=_
= Ky

o =076+00000g L

.. E,
2 3.2x10'

Zn2* 1 Zay?”
=-125V
. (8) ForFeY™ +e—» FeY 2 the change is
Fe** +e— Fe?*
Ep e ipeyr-iper- = vt it *
0.059

(FeY ¥ J[Fe**]
1 T [Fer~)[Fe**]

6.

10.

11.

12.

13.

©

(a)

(a)

@

@

(©

(b)

©

- o.77+9ﬁ-9-|og 2.1x10" _ 0 77-0.64 =+0.13V
1 1.3x10%
Au’t +3e— Au
w _ Charge
197/3 96500
% Chargc:l'_:”i‘;(_’;_’.(jgo.OZF
; _AG° __nE°F _go
Efﬁclency-—AHo TR
P 80X (=300)x10° _ .,y
2% 96500x 100
ByAS___AHTAG;

oT
AS = "F(g?)p - 3x96500x(—

AH=—nF[E 1(35)] and AG=-nEF

0.0006)

10

=-1737JK™!
it

W
E 965

Y‘
A" +Ye—> A

2.977 _ 3x1x60x 60
106.4 96500
Y

Y=4 . electrolyteis AB,.
2Cut — cu?* +Cu
Celll:

Cut — Cu +e
Cu* +e— Cu-

Cell Il :
Cu— Cu?* +2¢

2Cu* + 2 — 2Cu

200" — ¥ +Cu | 200t — Cu?* + Ca
E°=-0.15+0.50 E°=-0.325+0.50
=+035V =+0.175V
n=1 n=2

Mn*¥3);— 5 IMn® +10e
10 Faraday charge is requlred for conversi

mole 0fMl'l304 to Mﬂo z e

w_965x1 _

E 96500 ~ 0!

Equivalent of NiSO, present initially =

If Ni electrodes are used no ch
ie,0.02Nor0.01 M. -

If Pt electrodes are used then
Ecan = Eopy, =

=1x0.02=0.02
conc. of NiSQ, ,

¢q. of NiSO, left = 0,0}
ERM

_ 0. 059

EOPDz ot ~—5—log [D*)? +5" *
Hy
0.05910g [H* P

0=0.003-0059, [D*}? "
2 —— log —=

") ( LR, )=0



+
. A R
[H7]
M ®) Egogo, =Eq i, + 222 10g K, CuS

- 0.34+&259 log'"™ = —0.6925v

15. (8) -AG=-AG°=2.75x10° J mol~'

16. (a)

17.

18.
19.

20.
21.

22

23.

@

(a)
@

(d)
(a)

(a)

(b)
(a)

(asP = lbarand T = 298 K)
-AG°=nE° F
. po= 2.75x10°
26 96500
(oY ‘—23‘02 —4C0, + 5H,0
(C2), — 4C* +26e
E°=1.096V, Also, E°=0059),, ¢
n 14

1.096:0'%‘%«,; K, K=955x10'

H,S+==2H" +§*"

Kk, <[ PIS™) _ (107)2 x[s*)
“ [H,S] 0.1
-1-1072" x0.1 ~16

[s* 1= - yge,

! 107

Since, - [Ag*)[$*]=K,,

N ’K x
[Ag 1= ﬁ: :g:: =m

2Ag?* +e— 2Ag
E, .
Ag” /Ag
o ® 0.059 +92
S*/Ag S/ Ag 'EA;‘/Ag w 2 log [Ag"]

= o.so+%9 log 107 =-0.1735V

Es"m.zsmg =
E,

Anode : 2CH;CO0™ — C,Hg +2CO0, +2¢
Cathode: 2H' +2e— H,
Follow text.
The net redox change :
NiOy() +Cd +2H;0 —— Ni (OH),(,) +Cd (OH),,
Follow text.
M)
(M*]
2OH s H20+—;OZ +2

Epp =E;p +g‘g—sglog

Anode :

Cathode :
It is a fact,
Cu* 42— Cuy; -AG,

Cu¥ +e—Cu*; -AG;
- = = +

% Cu’ +e— Cu;-AG; =-AG, +AG,
or  nXEyF=mE F-nEF

2H" +2e— H,

E;-

|

Numerical Chomlatry i,

« _MEF=-mEF _0339%2-1x0.153
nk 1

n0.528y

25. (a) More is E,’,,-. more is the tendency to get reduced or

26.

27,
28.

29.

30.

31.

32.

33,

(a)

(a)
(d)

©

(a)

()

(a)

@

more is the oxidizing power or lesser is reducing
power. Thus, oxidizing power= X*>2*>y*
reducing power=Y > Z> X

o o
ERPZIZ' 4 ERPY/Y' > ERI'XIX' !

Thus, order of oxidizing power willbe Z>Y > X

2H™ — Hj + 2¢ H is —ve in ionic hydrides,
F=Nxe, 96500=6.023x10% xe

. e=1.602x107"

(TeO}")

_ oo 0059
Epp = Epp +=,=10g TR

[Te* +4e— Te; AlsopH=12 . [OH ]=107] |

=-0.393V

. ERP=—057+0—(:5—9l0g !

(1072)%

[Cr** Jrus.
(Cr** Jous.

3
0.059 1 _
3 log [0.04] - 0.028 V

Cu?* (ag)+2e —> Cu (s)
Cu (5)+S% (ag) —> CuS(s)+2e
Cu® (aq)+S% (ag) —> CuS

EC\:D:Slsz‘

£=0059

_ 0059
= Eo‘ruz., —T IOg Ksp
=-034- —°°259 log 107
=-034+1.0325=0.693 V
(B_E) =AS
oT P nF
AS =1.5%10™ x 2% 96500 = 28.95
Ecn =Egp + Egp
—E° ~00s59, = [ClO; ]
cl03|clog ~ 5 108 ——
A% 2 P laes)
° 0059, [CIO3]
+ Ec:o; 1103 +T log ——
C* — 1™ +2
2e+CI* — 3+
Ecen = Oat equilibrium. Also
2CI0; ¥=CI0; +CI0;
1 0 0

(I-29 x x
= k2 °
Eon = Eqios 107 + E 03 10103
-12
L0059, [CIO}]

2 [C107 ][CI03]

|
|

[Cl07] |



Electrolysis and Electrochemical Cells

34. ()

35. (d)

36. (b)

37. (@

0=-036+ °33+QOT” log w

0=-003+005910g 1=2
X
or log —= 1-x_003
x 0059
=0509
1
2.509
NO3+ 4H" +3e—s N0+2H20
(ll0|-x) (0334() -

_ 80
100 —x01=008

After reduction, )
[NO3 1= 01-008= 002
[H*]=04-032=008
[NO3 J(H*]*
[Pnol

0.02x (0.08)*
1

1-2x
x

x=

=040 M

Epp = E;p +0'(;59 log

=0.96+ 0.(;5 9 log
=096-012=084V
Agt+e— Ag
20H" — H,0+
~ Eq. of Ag* lost
escaped
-. Total mass loss = 0.1x 108+

1
= 2e
202+

=0l= Eq. of O, formed and
013216

. Mass of solution=108-11.6= 96.47
%AHO, —-)%Ale;; AG=-827K) (Given per
mole of 0;)
2A1° —> (AI** ), +6e

1 Al gives 3e

4
2A1=4

3 €

AG = -nEF

—827x10% = -4 x E x 96500
E=214V

Ewll =Eofb“ +ERPM

= Eopyy ~ 252 10g [H' 1 + Egr,

Now

(- Egp = Egp for calomel)
=-0699+ 0059 pH+ 0.280
E o =—0419+0059 pH
- 0124 =-0419+0059pH
pH=5
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38. (a) Egp for Zn= +0762 V (maximum in given val).
More positive is Egp, more is the tendency to get st
oxidised or strong reducing agent.

w it
¥=__"_ (Ist Law

3. ) £=56500"" )

40. (c) Egp for Ag, Hg and Cu are - 0.80, — 0.79, — 0.34.
Mg?* is not discharged in aqueous solution.

41. (d) 1Faraday=N xe

42. (d) None of the other cell contains salt bridge involving
this reaction.

43. (a) Cathode: 2H'+2e— H
Anode : 20H" — H20+%02 +2

44. (d) PbO, +Pb+2H,S0, —> 2PbSO, +2H,0
(Discharging reaction)

45. (b) Eoy =Eop,, +Erp, =076—041=035 A%

4. (d) 26+ Cu* > Cu; AG;, =-2x034xF

Cut — Cu? +e;  AG; =-Ix(-015)xF
+ + # *
e+Cut — Cu; AG; =—1xE3 XF
AG; =AGY +AG; =—0.68F +0.15xF
E3 =+0.53V
Now, for 2Cu* —— Cu+Cu?*
E =E°P01’|(\|z" +ERPC\:*|C\:
=-015+053=+0Q38V

47. (0) Ecn =Epy 0+ +Eppy, - =—044+033=-0.11V
for M+X —> M*"+X~. Thus reaction is
non-spontaneous. The spontaneous reaction in
M*+X —S M+X;E°=0.11V

48. (b) AG=AG°+RTInQ,ateq. AG = OandQ=K_

-AG°=RThK,

49. (c) 111e salt bridge possesses the electrolyte havmg nearly
same ionic mobilities of its cation and anion.

50. (b) Ionic mobilities depends upon size of ion. The i ionic
slz:: in case of hydrated cation is

o . .
K(m < Naw) < Ll(q_). Smaller is ion more is
hydration and larger in size of hydrated ion.

51. (a)

MnOj will oxidise C1~ ion according to equation.
Mn™ + 5¢e — Mn?*
2CI" — Cl; + 2

. s
Eeen =Eppy- 1, "‘Enm.." /Ma?*

=-1.40+1.51=0.11V
or reaction is feasible.
MnO; will oxidise Fe2* to Fe’*

Mn7'+5e an,

Thus,



52. ()

53. ()

54. (a)

55. (b)

Fe** — 5 Fe* +¢

Eca =Epp s pe+ *E oo a2
=-0.77+1.51=0.74 V

or reaction is feasible.
Thus, MnO; will not oxidise only Fe?* to Fe3* in
aqueous HCI but it will also oxidise CI™ to Cl,.
Suitable oxidant should not oxidise Cl1~ to Cl, and
should oxidise only Fe?* to Fe** in redox titration.
Current flows from anode to cathode in external circuit
of electrolytic cell and thus electrons flow from anode
to cathode through external wires.

Zn +Fe** —5 Fe+Zn?*
[Fe*")
[Za*]
s . 0.059, 0.001
12905 = 28037 15g 0.001
0.2905=E, + > log 0.01
Eq =0.2905+0.0295= 032V

0.059
2

_0.059
0.32= 2

Kc - 100.32/0.0295
Ecer =Eopre +Eppyy0 =0.44+123=1.67V
AG°=—-nE° F =-2x1.67x96500]
=-322.31kJ mol™’
it
96500

_10x1073 x ¢
0.01x2="20 =t

Een =Eg +—0'259 log

Now Eoy =

logyo K,

logyo K,

t=19.3x10* sec

Numerical Chemistry

(d) Inthe givenreaction Fe is oxidised and O, is reduced.

2Fe —> 2Fe?* +4e

42"'02 + 4H+ - 2H20
fEoy = Ec.)PFe _ 0.459 log[Fez’ ]2

57. (b) Ep,

+Egpo, +@log}’o2 x[H"]*
Po, X[H']*
[Fe2+ ]2
0059, 0.1x(107)*
4 (107%)?
= 1.67+%5—9 log10~’
0.059x (-7)

= Ei + 28105

=1.67+

=1.67+

=1.67-0.103=1.57V
of MnO; /Mn?* is highest and thus MnOj is

easily reduced and is the strongest oxidising agent.

or

Mn"" +5e— Mn?*
MnO; +5e+8H' — Mn?* +4H,0

58. () Eys e =157V

E,
E

E,

e /Fe2t =077V

ot e =197V

e ==041V



Electrolysis and Electrochemical Cells

: OBJECTIVE PROBLEMS (More Than One Answer Correct) :

1.

In the atmosphere of industrial smog, copper corrodes to
form:

(a) basic copper carbonate

(b) copper sulphide

(c) basic copper sulphate

(d) copper oxide

. The tarnishing of silver ornaments in atmosphere is due

to:
(a) Ag20 (b) Ag,S
(c) Ag,CO, (d) Ag,S0,

. If,: A+B+—C +D;K; =K, and E°=q V

24+2B+—2C +2D;K; =K, and E°=bV
then,

(@ a=b
(c) a=2b

®) K, =K}
(d) b=a?

. Rusting of iron is catalysed by :

(a) H*
(©) 0,

(b) dissolved CO, in water
(d) impurities present in Fe

. Select the wrong relations :

@) AS =(%§)P xnF  (b) -AS =(g§-)p x nF

o(8),-(5) ()2

. Select the correct statements about NHE :

(a) E° of NHE has arbitrarily assumed to be zero
(b) E° of NHE is equal to zero

(c) NHE refers as Pty,, | H;, at25°C
1 bar a=l

(d) NHE is very susceptible to dissolved O, H,S and
all other reducing agents

. In which of the following salt bridge is not needed ?

(a) PbI PbSO4 () I H2SO; I PbOZ(,) I Pb
(b) Cd|CdO,) | KOH,, |NiO (s INi
(©) Fe(, | FeO(,) | KOHoy, NizOs s | Ni
(d) Zn| ZnSO, | CuSO4 | Cu

. Select the correct statements if 9.65 ampere current is

2 :
passed for 1 hour through the cell Ag | f‘%: ||cluM+ |Cu:

10.

11.

12.

13.
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(a) Ag will oxidise to Ag* and new [Ag*]=136 M
(b) Ag* will reduce to Ag and new [Ag*]=0.64 M
(c) Cu?* will reduce to Cu and new [Cu *1=082M
(d) Cu will oxidise to Cu 2+ and new [Cu =082 M

. Which of the following metals can not be obtained by

the electrolysis of an aqueous solution of their salt :

(a) Ag (®) Mg

(c) Cu (@ Cr

(e) Al

The standard reduction potential values of three

metallic cations, X, Y and Z are 0.52, —3.03 and-1.18

V respectively. The order of reducing power of the

corresponding metals is :

(@ Y>Z>X ) X>Y>Z

) Z>Y>X dZ>X>Y

The function of salt bridge is :

(a) to maintain electrical neutrality of two half cell
solution

(b) to eliminate liquid junction potential

(c) to complete the circuit

(d) to produce current

In a cell Zn|Zn?* || H* | H,Pt, the addition of H,SO,4

to cathode compartment :

(a) decreases EMF

(b) increases EMF

(c) shift equilibrium to right

(d) shifts equilibrium to left

For the reduction of NO3 ion in aqueous solution, E° is

+096 V.Values of E° for some metals are given below :

V¥ (ag.) +2e—> V; E°=-119V
Fe”(aq.)+3e—-> Fe, E°=-0.04V
Au™ (aq.)+3e—> Au; E°=+1.40V
Hg* (ag.) +2¢— Hg; E°=+086V

The pairs of metal that is (are) oxidised by NOj in

aqueous solution is (are) : (IIT 2009)
(a) Vand Hg (b) Hg and Fe
(c) Feand Cu (d) Feand V
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1. (a,¢c) 8Cu-+6H,0+ 280, +50, —>
2[CuSO, - 3Cu(OH), ]
2Cu + Hy0+ CO, + 0, — [CuCO; - Cu(OH), ]
2. (a,b) 2Ag +%o2 — Ag,0

2Ag +H,S—> Ag,S+H,
_lcin) [C)* (D)
3. (a,b) K, = PR f e o B
&8 R=panm " %a=Tmm

Also, E* is independent of stoichiometry.
4. (ab,c,d) Follow text.

5. (ad) AG=AH-TAS and AG=AH+ T(_aAGJ
A

oT
AGY _AG-AH __TAS __
(aar)p' I
= 9F
As_+nF(aT)p

Also, —nEF = AH +T X (-nF)(g—?)

(B_E) _ AH +nEF
aT), T

6. (a,c,d) Follow text.

7. (ab,c) Salt bridge is used to eliminate liquid junction
potential arised due to different speed of ions present
in cathodic and anodic compartments.

w__ it _9.65x3600 _
8. (ac¢) 06500 96500 0.36¢q.
of Ag* =0.36 eq.0f Cu?*

P

9

10

11.
12.

13.

HNumerlcal Chermistry

=036 moleof Ag” =0.18moleof Cu?’
Now, Ag will oxidise to Ag " and Cu 2 will redce to

Cu.
. (b,e) Strong electropositive metals cannot be reduced in
presence of H,0.

. (a) Loweris Egp, moreis Egp, more is the tendency o get
itself oxidised and thus more is reducing power Eg,
orderinY>2Z> X.

(a,b,c)

(bc) E=Egy +

00590 [H')
2 [Zn?*]
Zn —> Zn* +2¢
2H* +2¢—— H,
Zn+2H'— Zn?" +H,
On addition of H,SO, to cathode compartment, [H" ]
increases and reaction will shift towards right.
(a,b,d) Theoxidation of Auis not possible as E_ is—ve.

(@) E°=Epp, +£;,,m =+1.19+0.96=2.15V

Anode :
Cathode:

(b) E°=Eop, +1s,‘;,;.mj =+0.04+096=1.0V
(c) E°=Egp,, +15,‘;,,ms =-1.40+0.96=—044V
d) E°=E, P = =

( ) ORy, +ERPNO§ —0.86+0.96=+0.10V
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COMPREHENSION BASED PROBLEMS

Co_myrohen.llnn 12 A curront of |5 ampore in used to
plate Ni I‘mm NiSO, bath, Both Hy and Ni ure formed nt
cathode. The current efficiency of Ni formatiog,is 60%,

(EN A

(atomic mass of Ni = 58,71) R
(1] Mass of Ni is plated per hr? '
(a) 9.85 g (b) 0.5596g
(©) 1642 @ 1282 7"

[2) The !hicknosu’of plating if the cathode consists of n
sheet of 4cm*™ which is conted on both sides : (The
density of Ni is8.9g mL™")

(a) 0.276 cm (b) 0.272 cm
(c) 0316 cm (d) 0.138 cm
[31 The volume of H; is formed per hr at STP:
(a) 6.62 litre (b) 6.26 litre
(c) 2.51 litre (d) 5.02 litre
[4] The volume of O, is formed per hr at STP:
(a) 6.26 litre (b) 3.13 litre
(c) 9.39 litre (d) 2.51 litre
Comprehension 2: £° values for Fe — Fe?" +2¢
and Fe — Fe* +3eare 0.440 V and 0.036 V respectively.

[1] The number of cells showing the overall cell reaction

Fe +2Fe’t — 3Fe?":

(a) 1 (b) 2
(c) 3 ) 4
[2] AG® for each cell for given overall reaction in (J) is:
(a) +2.424F (b) —2.424F
(c) +1.616F (d) -1.616F
[3] E°forFe™ +e—> Fe?* is:
(a) +0.672V (b) +0.772V
(c) —-0.040 (d) +0.040V
[4] The E° for Fe|Fe® || Fe’*, Fe?' | Ptis:
(a) 1212V (b) 0.404 V
(c) 0.808 V (d) -0.404 V

[5] Select the correct statements: ‘
(a) The overall reaction and AG® for each cell is same

(b) The E e and ‘n’ values are different for each cell
(c) The AG® depends upon the cell reaction where as
E .. depends upon the make-up of cell
(d) All of the above
Comprehension 3 : Numerical reactions involve
interaction of atoms and molecules. A large number of
atoms/molecules (approximately 6023 X 10%) are present in a
few grams of any chemical compound varying with their
atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept
has implications in diverse arcas such as analytical chemistry,
biochemistry, electrochemistry and rudiochcmis}ry. Thc
following example illustrates a typical case, involving

chomienl/eloctrochemicnl renction, which requires o clear
anderstinding of the mole concept. A 4.0 molar aqucous
wolution of NaCl ix prepared and 500 mL of this golution 18

™ slectrolysed, This leads to the evolution of ¢chlorine gas at one

of the eleetroden (ntomic maws : Na =23, Hg = 200; 1 Faraday =
96500 coulombs) (117 2007)
[1] ‘The totul number of mole of chlorine gas evolved is:
(n) 0.5 (b) 1.0
(c) 2.0 (d) 3.0
[2] If the cathode is a Hg electrode, the maximum mass (g)
of amalgam formed from this solution is :
(1) 200 (b) 225
(c) 400 (d) 446
[3] The total charge (coulomb) required for complete
clectrolysis is :
(n) 24125 (b) 48250
(c) 96500 (d) 193000
Comprehension 4 Redox reactions play a pivotal role
in chemistry and biology. The values of standard redox
potential (£°) of two half-cell reactions decide which way the
reaction is expected to proceed. A simple example is a Daniel
cell in which zinc gocs into solution and copper gets deposited.
Given below are a set of half-cell reactions (acidic medium)
along with their £° (V' with respect to normal hydrogen
electrode) values. Using this data obtain the correct
explanations to questions given

1, +2¢” =21~ E°=0.54
Cly, +2¢” = 2CI° E°=1.36
Mn* +¢” - Mn? E°=1.50
Fe* +¢ - Fe?* E°=0.77

0, +4H" +4¢” - 2H,0 E°=123 [1IT2007]

[1] Among the following, identify the correct statement

(a) Chloride ion is oxidised by O,

(b) Fe*" is oxidised by iodine

(c) lodide ion is oxidised by chlorine

(d) Mn?* is oxidised by chlorine
(2] While Fe ** is stable, Mn** is not stable in acid solution

because :

(a) O, oxidises Mn?* to Mn>*

(b) O, oxidises both Mn?* to Mn** and Fe2* to Fe3*

(¢) Fe™ oxidises H,0t0 0,

(d) Mn** oxidises H,0 to O,
[3] Sodium fusion extract, obtained fi ili

with ion (I1) sulphate and Slzf\seg‘fri(:‘;,:;::l:- :F ati:eZi‘\r/‘lesn;

I?russialn blue precipitate. The blue colour is due to the °
formation of : -

(a) Fey[Fe(CN)4 ]y

(b) Fe;[Fe(CN
(c) Feq[Fe(CN)41, e

(d) Fe;3[Fe(CN)g ],
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Comprehension 5: The concentration of potassium
ions inside a biological cell is atleast twenty times higher than
the out side. The resulting potential difference across the cell is
important in several processess such as transmission of nerve
impulses and maintaining the ion balance. A simple model for
such a concentration cell involving a metal M is:

M(s)| M (ag), 0.05 M || M * (ag),1M | M(s)
For the above electrolytic cell, the magnitude of cell
potential |[E oy |= 70 mV (IT 2010)
[1] For the above cell :
(@) Eep <0;AG>0 (b) Ecey >0;AG <0
(©) Ecen <0;AG°>0  (d) E.y >0;AG°<0
[2] Ifthe 0.05 M solution of M™ is replaced by a 0.0025 M
solution M *, then the magnitude of cell potential will

be:
(a) 35mV (b) 70 mV
(c) 140 mV (d) 700 mV

Numerical Chemistry

Comprehension 6: The electrochemical cell shown
below is a concentration cell.

o (saturated solution of a

2+
M
sparingly soluble salt) MY M |

MM (0.001 mol dm ™)

The emf of the cell depends on the difference in
concentrations of M 2* ions at the two electrodes. The emf of
the cell at 298 K is 0.059 V. (IIT 2012)

[1] Thevalue of AG (kJ mol ") for the given cell is (take 1F
=96500C mol ') :
(a) -5.7 (b) 5.7
(c) 11.4 d -11.4

[2] The solubility product (K, ; mol® dm™) of MX 2 at
298 K based on the information available for the given
concentration cell is (take 2.303 X R X 298/F =0.059 V):
(a) 1x107%° (b) 4x107"
(c) 1x107*2 (d) 4x10712
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Comprehension 1

At cathode two reductions occur, i.e., of Ni%* and H*.

Since, current efficiency of Ni2* is 60%.
Current efficiency for H* is 40%.

Anode : 20H" — H,0+1/20,
Cathode: Ni®" +2¢ — Ni
2H* +2e— Hz
1] (a Atcathode( ):L_w-
(1 @ E) 96500 96500 50
or
At anode
At cathode Ni and H, both are formed and thus
_ 0.5596x 60, 58.71 _
Ni o > 9.856¢g
0.5596x40 2 _
wy, = o xi =0.2238¢g
"+ Vay atNTP = O2B8X224 3 51 jire

[2] (d) Volume on which Ni coated = 4 x 2 thickness =

d
w__ 9.856
=W __9856 433
T =i 5958 o
Thickness (d)=0.138 cm
Bl © wy, =0.2238g
Vi = 22285224 =3 51 kit

[4] (b) wo, =0.5596x 8=4.4768g

4.4768X22.4 _ 2 121
Vo, = HHEE22 =313 litre

Comprehension 2
1] © IZI (b) l3l (),

Fe —— Fe?* +2¢ Egp =

[4] (@ 5] (d)
=+0.440V;

—AG, =2x0.440x F
Fe** +3e— Fe; Egp =—0.036V;
~AG, =3x(-0.036)x F

- Fe’* +e— Fe?*;~IXE°F
=2x0.440x F-3x0.036x F
=+0.772F
: E°=+0.772V
Cell No. l The cell is Fe|Fe?* ||Fe* |Fe
3Fe — 3Fe?* +6e;
Eop =+ 0.440V
2Fe>* + 6e — 2F¢; =-0.036 V
Fe + 2Fe’* — 3Fe™"; Ey =0.404 V
+AG°=-nE°F =-6x0.404 F = - 2424 F

Cell No. 2 : The cell is Fe|Fe2* ||Fe®*, Fe®* |Pt

Fe — Fe?* +2e; Eop =+0.440V
2Fe>* +2¢ —» 2Fe** Egp =+0.772V
Fe+2Fe** — 3Fe™ Eo =1212V

AG®=-2x1212xF =-2424 F

. 242
Cell No. 3 : The cell is Fe|Fe®* ||[Fe**, Fe*" [Pt

Fe Fe* +3e; E°=+0.036 V
3Fe* +3¢ — 3Fe” E°=0.772V
Fe+2Fe’* — 3Fe?; =0.808V

AG°=-3x0.808x F =—-2.424 F
Comprehension 3
[1] (b) Meq. of CI” =4x500=2000
Eq. of CI” =2=Eq. of Cl,
Mole of Cl, =1

4x500 _
[2] (d) Eq.ofNa= 1000

mass of 2 [NaHg] =2 [23 +200] =446 g

Bl @ F E 96500

Q=2x96500= 193000
Comprehension 4
1] () 2I" +Cl, — I, +2CI~

[+ 2C1" — Cl, +2¢]

Ercdox =El:i'c|2 * E(;Plz
=136-054=0.82V
[2] (d) 4Mn** +2H,0 — 4Mn?2* +0, +40H"
E regon =E|‘:_p}v1’| + Egpkzo
=1.50-1.23=027V

Reaction is possible
whereas for Fe** and H,0

E tesox = Expy, + Eopyy0
=0.77-1.23=-046 V
Thus Fe** is not reduced by H,0.
31 (@
Comprehension 5

The given cell is not electrolytic cell as reported. It is
ceoncentratmn cell (a type of electrochemical cell). Also
E® or E may be >0 or < 0 but AG is either +ve or —ve
and not >0or < 0,
As given |E , |= 70 mV means + ve or —
Now Ecar = Egp + Egp

RIS, LHS.

ve value
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s 0.059 ¥ °
=Eor,,,» == 1 108[M" JLus. +ERP;¢

M

+&159 log [M* Jpus.

5
= 0,059 log 1 Jrns.
L.H.S.

=0.059log 31)—5 =0.059%1.30= 0.076 V= 76 mV= 70mV
[1] (b) E.y =+veand AG=-ve

Ee = 1 1
.0591 =0.
[2] (¢) Ecan =0.05910g 0.0025 059 log 005y

=0.059%2x0.76 = 0.146 V=140 mV
Comprehension 6
[1] (d) Atanode:M(s)—> M** (ag.)+2e”
At cathode : M ?* (ag.)+2e~ —> M(s)

Numerical Chemistry

n-factor of the cell reaction is 2.
AG = —nFE . =—2 % 96500 % 0.059 =~ 113873 kJ/mole
=_11.387 kJ/mole = — 11.4 kJ/mol
[2] (b) M |M?* (saturated solution of salt MX ) ||

M* (0001M ) emf of concentration cell,
M* Jrus.
[M* ] us.
0059= 2059 1, (0001
2 M* Jus.
S IM*ys, =10°M
Let solubility of salt be S mol/litre

thus MX, —s M** +2X "
) S 28

.y =059,

Koy =45 =4x(107°)? =4x10715
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(2)
(b)
(c)
(d)

1.

In each sub question given below a statement (S) and
explanation (E); Choose the correct answers from the
codes (a), (b), (c) and (d) given for cach question:

S is correct but E is wrong

S is wrong but E is correct
Both S and E are corect and E is correct explanation of S

Both S and E are correct but E is not correct explanation
of S

S: Anode is the electrode at which oxidation occurs

and cathode is the electrode at which reduction
occurs.

E : Anode and cathode in electrochemical cells and

electrolyte cells have opposite polarity.
S : An irreversible cell is Zn|H,S0, | Ag showing

redox change :

Zn — Zn** +2e
2H' +2e— H,
Zn + H2504 — ZnSO, +H,

E: The cell on connecting through another cell having

its potential slightly greater than test cell, the redox
reaction becomes:

2Ag —> 2Ag" +2e
2H* +2e— H,
2Ag +H,S04 — Ag,S0,4 +H,
S: E_ is an intensive property.
E: ASO
H,S reacts with oxygen under standard conditions
in acid medium to give H,O and sulphur.
E: E;’/o;/m 2 E:I‘/H}S/S
S : The standard reduction potential of M "M
electrode increases with increase in activity of
M"* ion.
E: The standard reduction potential is given by :

Exp =Erp + 22 l0g [M""]

is also an intensive property.

S : The concentration cell PtH,[HCI |H,Pt would
Py P,

show spontaneous flow of current only when

P, >P, whereas the concentration cell

PtH,|[HCIHCI H,Pt show spontaneous flow of
(O] 1®)
current only when C; >C;.

0.059
E: Casel: E.y=—"F—

#)
2 log )

10.

11.

12.

13.

14,

15.

16.

17.

18.

@» m »m

¢ For primary reference electrode E°

059, . Ci
Casell: Eqy =0—“:-108C_2

: The reference electrode of silver-silver chloride is

used as secondary reference electrode.

: The electrode is reversible with respect toCl™ ions.

Passage of charge through CuSOy (a9) solution in
presence of Pt electrode increases its pH.

: Concentration 0. [OH" ]in solution decreases.

If two half reaction with electrode potential E; and
E, gives a third half reaction, ?en
AG; =AG; +AG,

: E; =E|° +Ez°

1 Faraday is the charge that liberates 1 eg. of metal
at cathode.

: Passage of 1 Faraday charge through ag. MgCl,

liberates 12 g Mg at cathode.

: Electrolysis involves electronation or

de-electronation as a result of passage of current.

: The species undergoes electronation at anode and

other show de-electronation at cathode.

: Very pure form of iron does not show rusting.
: Rusting is catalysed by impurities present in iron

and H* ions.

: The cathode of electrolytic cell during electrolysis

of NaCl (ag) on addition of little litmus shows a
blue colour.

: At cathode : 2H* +2¢—— H,. The reaction at

cathode give rise to an increase in pH ranging in
alkaline mediurh and litmus shows blue colour.

: Inconcentration cell neither electronation occurs at

cathode nor de-electronation at anode.

: The electrical energy is produced due to decrease

in free energy during the transfer of concentration
for high to low region.

: In case of H' and Na present in a solution

discharge of H" is preferred at cathode.

: The higher is discharge potential of ion, lesser s its

tendency to get discharged.

: Milliequivalent of a metal discharged at cathode

during electrolysis = -~
g ysis = o

: This is faradays I law of electrolysis.

Pt H,/HCl at 25°C E}; =0.

wne =0.

3E\ . :
a7 ), is called temperature coefficient of e.m.f.
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19.

20.

21.

22,

23.

=

3 (g—?) may be +ve, —ve and depends upon heat of
P

reaction.

: Liquid junction potential can be eliminated by

putting a salt bridge of KCI,

¢ The function of salt bridge is to remove liquid
junction potential because the salt used has same
speed of cations and anions.

: The electrolytic cells involve conversion of

electrical energy into chemical energy.

¢ An increase in free energy is responsible for the
flow of current.

: During electrolysis of CH;COONa the molar ratio

of gases formed at anode and cathode is 2 : 1.
: Anode : 2CH;CO0™ —— C,H¢ +2CO, +2¢
Cathode: 2H" +2¢e——H,

: Electrolysis of CuCl, (ag) gives 1 mole of Cu and

1 mole of Cl, by the passage of suitable charge.
: Equal equivalents of Cu and Cl, are formed during
the passage of same charge.

: A copper rod turns colourless solution of ZnSO, to

light blue.

: Zn reduces Cu®* to Cu.

24.

25.

26.

27.

28.

29.

30.

: Anode

: E°N‘l ek is lesser than E°

= =e

H )

Numerical Chemistry

possesses ~ negative  polarity in

electrochemical cell.

: Anode is the electrode which show liberation of

electrons and thus electrode acquires negative
charge because electrons are left on electrode.

: Zinc protects the iron better than tin even after it

cracks.

H E(u)pz" < ESPFo but Eapsn > E(o)ng
¢ Adry cell becomes dead after a long time, even if it

has not been used.

: Reaction of NH4Cl and Zn is spontaneous one.
: The anode of Daniell cell possesses negative

polarity.

: The zinc electrode shows oxidation and thus

becomes —vely charged with respect to surrounding
solution.

: Rusting of iron is favoured by moist air, CO, and

02.

¢ Purest form of metal is not corroded.

Discharge potential of Na* is more than H*.

H/HY

Discharge potential of Cl~ is lesser than OH".

- <E®

o
Cl/cl HO/OH™"
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ANSWERS (Statement Explanation Problems)

1. (d) Both are facts.
2. (¢) In reversible cell, redox change is reversed if it is

3.

4.

5.

6.

N

10.
11.

©

(©)

(c)
()

@
©

(a)
(a)
(a)

connected with another cell of slightly higher e.m.f. but
in test cell it is not so in this cell.

-AG°=nE°F E°= _Ago . Since, AG s
n

intensive property and then E° is also intensive

property.

The half cell reactions gives a redox change with +ve

value of £,

2H*+%01+2e-—»ﬂzo -y
HyS— 2H™ +S+2 Egp =B
H,s»«%o2 — 5 H,0+S
Ecan =50P“5/H+,s +ERP0um
E . =+ve (GnvenERpH,(ozm >E”H*/H§/s)
Explanation is correct reason for statement.
H, [HCl H, H, |HCl|HCl|H,
P, P, G |C

H, (P, )— 2H' +2e

H, — 2H' (C) )+ 2¢
2HY, +2e—> H,

Hy (P )— Hy(P2)

0.059
2
lfPl > Pz Eeell =+ve

Both are facts.
Anode : 2H,0— 4H" + 0, +4e

or 20H" ——>H20+—;02+2e

+
H+Cz HC 1

0.059,
2

P C
Een = log P_; Ee = 0g C_:

lfCZ > Cl Eccll' =+ve

Cathode : Cu?* +2e— Cu.
In such case E° are not additive.
MgCl, (aq) shows discharge of H" and not of Mg At

Electronation (reduction) occurs at cathode and
de-electronation (oxidation) occurs at anode.
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12. (d) Both are facts and true.

13.
14.

15.
16.
17.

18.

19.

- 20.

21.
22.

23.

25

26.
27.

28.
29.

30.

©)
(b)

©
©)
(b)

()
©
()
(b)
(©)
()

©
(2)
(©)
(c)

d
@

(b)

Explanation is correct reason for statement,

In concentration cells no doubt oxidation occurs at

anode and reduction at cathode but net redox change is

zero.

Explanation is correct reason for statement.

Explanation is correct reason for sta 4 )

Primary reference electrode is l,’tHz |HCl at 25°C its
=m

M
Ef =0,
N 9E) _rl i@) i
AH = nF[T(-a—T)F E]. where (8T " is temperature
coefficient.

Explanation is correct reason for statement.

In electrolytic cell, electrical energy is given to

produce chemical changes.

The molar ratio of gases at anode and cathodeis 3 : 1.

Anode : 2CI"— Cl; + 2¢

Cathode : Cu?* +2e— Cu

Zn+Cu* — Zn?* +Cu.CuSO, solution turns
Colourless

light blue on addition of Zn.

Explanation is correct reason for statement.

Eopz,> Eopye; Eops, < Eopg,

Explanation is correct reason for statement.

Zn —> Zn?" +2;
Electrode Solution

The electrons remaining on Zn electrode develops
negative polarity.

Both are correct.

Higher is discharge potential, lesser is tendency
discharged. In case of cation discharge potential :fgte;
for Egp.

o
Eor Na/Na* < Eor H/H*

o

In case of anion discharge potential refers for E, ;,. and

therefore E° >E°
opcIm/cl ~ FOPOH™/HO"
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== MATCHING TYPE PROBLEMS s
L] ]

Type|l: Only One Match Is Possible Type lil: One Match From Each List

1. F i ction;
or a given l::t;l;):e i . i St Tt B List C
¥ . }) M)Coulometry  a. Electro (i) Analysis of a gas
() A = Ere/ré e EFe“ ke () n=2 deposition sample
\)@ E; = FdFez + EF:’ g2 (i) n=3 2) Eudiometry b. ﬁo:;t;;it:‘on (ii) Copper voltameter

) ©E; = FdF‘;» +EF‘,‘,FJ‘ (ili) n=6

Type I:

)

’) (®) Ag-AgCI(s)

More Than One Match Are Possible
/193, (A) Corrosion (i) Brown deposits on Fe
/ (B) Rusting (ii) Green deposits on Cu
(C) Electrolysis, /Qm) Blackening of Ag coins
” }D) Faraday (iv) Electronation
(v) De electronation
(vi) Charge on one mole electron
(vii) 96500 C
(viii) Electroplating
3. (@) Calomel electrode 1. Reversible with respect to
ClI~
2. Reversible with respect to H*

r

electrode
N.H. Electrode 3. E°=0
( PtH-. H* 4. E° varies with KC| molarity

5. Secondary reference electrodes
6. Primary reference electrode

4 @A) Zn|Zn* ||Cu® |Cu 1. Reversible cell

(B) Ag|Ag  ||H" |H; 2. Irreversible cell
>\ (C) Lead storage Battery 3: E:,” =+ve
\(D) Cd|CdO(s) KOH (ag) || 4. Ecan =-ve
i NiO, (s) | Ni 5. Redox cells
6. n=2
7. No liquid junction
potential

Electrolysis and Electrochemical Cells

IIIEMIII

1.
2
3.
4,

3) Potentiometry c. Titration (iii) Optical rotation

‘T.‘Conductometry d. Micellisation (iv) Migration of ions
) study
e. Optical

activity

(v) Glass electrode
/5. Polarimetry

6. The standard reduction potential data at 25°C is given
below : [JEE (Advanced) I12013]

E° (Fe**, Fe*")=+0.77V;

E° (Fe, Fe)=-0.44V

E° (Cu®*, Cu)=+0.34V;

E° (Cu*, Cu)=+0.52 V

E° (0,(g) +4H" +4¢~ = 2H,0]=+1.23 V;
E° (0,(g)+2H,0 +4e” — 40H™ ] = +0.40.V
E° (Cr*, Cr)=-0.74V;

E° (Cr*, Cr)=-091V;

Match E° of the redox pair in List I with the values
given in List II and select the correct answer using the

code given below the lists : /
ist IT

ListI

(P) E° (Fe*, Fe) (1)-0.18V
(Q) E° (4H,0 += 4H' +40H") (2)-04V
(R) E° (Cu®* +Cu—2Cu™) (3)-0.04V
(S) E° (Cr*,Cr?) (4)-083V
Codes:
i P Q R S
@ 4 1 2 3
(b) 2 3 4 1
(c) 1 2 3 4
— @) 3 4 1 2

A—iii; B—i;
« A—i, ii, iii,iv,v; B—i, iv, vy C—iv,v,viii; D—vi, vii
A—I1,4,5; B—l,5; C—2,3,6; D—2
. A—1,3,5,6; B—2,4,5,6; C—1,3,5,6,7;
D—1,3,5,6,7
1-a-ii; 2-b-i; 3-c-v; 4-d-iv; 5-e-iii
@)
3e+Fe3* — Fe;
Given
e+Fe’* — Fe?'; 0AG,; =-1xQ77xF
2e+Fe** — Fe; AG; = -2x(-044)x F
On adding last two
Fe** +3e— Fe; AG, = AG; +AG;

AG, =-0.77F +0.88F = +0.11F

C—ii

AG, =-3XE, XF

—351 XF =+011F
=-004
Thus Pis(3)
Ccr¥ +e— Cr?;
Given
Cr3* +3e— Cr;
Cr?* +2e— Cr;
On substracting (ii) from (i)
cr¥t +e— Or?;
AG; = +2.22F - 1.82F
& =IXE,F =—04F
=04V
Thus Sis (2)

AG, =-1xE, XF

AG, =-3x(-0.74)xF ...(i)
AG; =-2x(—-091)X F . .. (ii)

AG, = AG; - AG;
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1. The most important fact for solving the problems of
redox changes is to evaluate equivalent mass of redox correctly
using the formula:

Eq. mass of reductant or oxidant

= Molar mass of reductant or oxidant
No. of electrons lost or gained by one molecule
of reductant or oxidant respectively
Molar mass
Equivalent mass

or No. of electrons lost or gained by one molecule of
reductant or oxidant.

3. Calculate the Meq. of desired substance and then
calculate its mass by:

Meq.=N XVipm
= M X Valence factor XV, mp
_Mass_ 1000
Eq. mass

This equation gives mass of substance whose Eq. mass is
substituted.

4. Be careful in deciding equivalent mass. First write
redox change for each and then derive no. of electron lost or
gained by one molecule of reductant or oxidant.

5. In case balanced equation is given, it is always advised
to proceed with mole concept to avoid complications in
equivalent mass determination.

6. Method to calculate equivalent mass of an oxidant/
reductant in :

(a) Intermolecular redox :

HNO;— N,0
8e+2N%" —— (N¥),

Muno
EHNOJ = —_4_—J

2. Valence factor =

Meq. =

MNp
8

and ENp =

Redox Titrations

(b) Intramolecular redox :
(NH4),Cr;07— N, + Cr,0; +4H,0
(N*),— (N?), +6e
6e+(Cr®),— (Cr’"),
(NH4 )2Cr207——) NZ +Cf203 +4H20
1 mole (NH4),Cr,0, = 1 mole N,
=1x6eq. NZ(EN2 =%)

=1x6 €q. (NH4)2CT207
‘n’ factor for (NH4),Cr,05 =6
M

Ennaenor =7¢
or 1 mole (NH4),Cr,0; = 1 mole Cr,0,4
=1x6 eq.Cr203 (EC'IOJ =

=6 €q. (NH4)2C1'207
‘n’ factor for (NH,4),Cr,0, =6

M
E (N 4),0r07 =%

Ne?’.

M
6

(c) Disproprionation reaction :
H3;PO,—— PH; +H;PO,
de+Pt— p*

[P*"— P3* +2¢]x2
3P — P> +2p*

or 3H;PO;— PH; +2H; PO,

3 mole H3PO; =1 mole PH,

1 mole H,PO, s% mole PH,

WiH W=

X4Cq.PH3 (EPH) ='&44')

eq. H;PO,

‘n’ factor for H;PO, =§



Redox Titrations

M 3m

Eugpo, == =3M
HP%2 473774
or 3 mole H;PO, =2 mole H;P0O;,

or 1 mole H;PO, E—g-mole H;PO,

_2
= 3 X2 eq.H;PO, (EH3P03 =%)

® NUMERICAL PROBLEMS ©

. Calculate the equivalent mass of each oxidant and
reductant in:

(a) FeSO, +KClO; — KCl + Fe,(S04);
(b) Na,S0; +Na,CrO, — Na,S0, +Cr(OH),
(c) Fe304 +KMI'IO4 4 Fe203 +Mn02

(d KI+K,Cr0; — Cr¥* +31,

(e) Mn4+ fe ey Mn2+

® NO3; — N,

® N; — NH;

(h) N328203 +12 e NaZS406 +2Nal
() FeC,0, — Fe** +CO,

. Calculate the equivalent mass of potassium per-
manganate (KMnO, ) in (i) neutral medium (ii) acidic
medium (iii) alkaline medium, by oxidation number
method. (MLNR 1997)

. What is the mass of sodium bromate and molarity of
solution to prepare 85.5 mL of 0.672N solution when
half cell reactions are?

(i) BrO3 +6H" +6e” — Br~ +3H,0.
(ii) 2BrO3 +12H" +10e” — Br, +6H,0
(11T 1987)

. How many mL of 0.05M KMnO, (acidic) are required
to oxidize 2.0 g of FeSO, in dilute solution?

. Dichromate ion in acid solution oxidizes stannous ion as

3Sn?* +14H* +Cr,03 — 38n** +2Cr* +7H,0

(a) IfSnCl, is the source of Sn**, how many gram of
SnCl, would be contained in 2 litre of 0.IN
solution?

(b) If K,Cr;0; is the source of Cr,037, what is the
normality of solution containing 4.9 g K,Cr,07 in
0.1 litre of solution? (IIT 1987)

. 20 mL of 0.2M MnSO, are completely oxidized by
16 mL of KMnO, of unknown normality, each forming
Mn* oxidation state. Find out the normality and
molarity of KMnO, solution.

. Metallic tin in the presence of HCl is oxidized by
K,Cr,0, to stannic chloride. What volume of
decinormal dichromate solution would be reduced by 1 g
oftin? (MLNR 199%4)

10.

11.

12.

13.

14.

15.

16.
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Egeq.Hﬂ’Oz
‘n’ factor for H; PO, =§-
M
Enpo, =334
55¢ of a mixture of FeSO,4-7H,O and

Fe,(S04)3 -9H,0 required 5.4 mL of 0.1V KMnO,
solution for complete oxidation. Calculate mole of
hydrated ferric sulphate in mixture. (IIT 1989)
0.5 g sample containing MnO, is treated with HCI,
liberating Cl,. The Cl, is passed into a solution of KI
and 30.0cm’ of 0.1M Na,S,05 are required to titrate
the liberated iodine. Calculate the percentage of MnO,
in sample. (Atomic mass of Mn =55) (Roorkee 1994)
The equivalent mass of an element is 13.16. It forms an
acidic oxide which with KOH forms a salt, isomorphous
with K,SO,. Deduce Atomic mass of element.

In an ore, the only oxidizable maierial is Sn2*. This ore
is titrated with a dichromate solution containing 2.5 gof
K,Cr;0 in 0.5 litre. A 0.40g sample of the ore required
10.0cm? of titrant to reach equivalence point. Calculate
the percentage of tin in ore. (Roorkee 1993)
Ig of H,0, solution containing X % H 20, by mass
requires X mL of KMnO, for complete oxidation in acid
medium. Calculate normality of KMnOj solution.

An element 4 in a compound 4BD has an oxidation No.
A" It is oxidized by Cr,03" in acid medium. In an

experiment 168 x10™> mole of K,Cr,0, was required

for 3.26 X107 mole of the compound 4BD. Calculate
new oxidation state of 4.

20 mL of a solution containing 0.2 g of impure sample
of H,0, reacts with 0.316 g of KMnO, (acidic).
Calculate:

(a) Purity of H,0,

(b) Volume of dry O, evolved at27°Cand 750 mm P,

' (IIT 1985)
Find out the % of oxalate ion in given sample of oxalate
salt of which 0.3 g dissolved in 100 mL of water
required 90mL of N/20 KMnO, for complete
oxidation.

50 mL of an aqueous solution of H,0, was treated with
an excess of KI solution in dil. H,80y, the liberated
iodine required 20 mL of 0.1 N Na 25,05 solution for

complete reaction. Calculate concentration of H,0, in
g/litre.
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17. 1.2 g of a commercial sample of oxalic acid was

18

19.

20.

21.

22,

23.

24,

25.

dissolved in 200 mL of water. 10 mL of this sample
required 8.5 mL of N/10KMnO,. Calculate % of purity
of sample.

(a) 25 mL of H,0, solution were added to excess of
acidified solution of KI. The iodine so liberated
required 20 mL of 0.IN Na,S,0 for titration.
Calculate the strength of H,0, in terms of
normality, percentage and volume. (MLNR 1996)
To a 25 mL H,0, solution, excess of acidified
solution of KI was added. The iodine liberated
required 20 mL of 0.3 N sodium thiosulphate
solution. Calculate the volume strength of H,0,
solution. (IIT July 1997)
Hydrogen peroxide solution (20 mL) reacts
quantitatively with a solution of KMnO, (20 mL)
acidified with dilute H,S04. The same volume of the
KMnO, solution is just decolourized by 10 mL of
MnSO, in neutral medium simultaneously forming a
dark brown precipitate of hydrated MnO,. The brown
precipitate is dissolved in 10 mL of 0.2 M sodium
oxalate under boiling condition in the presence of dilute
H,SO0,. Write the balanced equations involved in the
reactions and calculate the molarity of H,O,.(IIT 2001)
0.56 g of limestone was treated with oxalic acid to give
CaC,0y. The precipitate decolorized 45 mL of 0.2N
KMnO, in acid medium. Calculate % of CaO in
limestone. (ILT 1988)
25 g of a sample of FeSO, was dissolved in water
containing dil. H,SO,4 and the volume made upto 1 litre.
25 mL of this solution required 20 mL of N/10 KMnO4
for complete oxidation. Calculate % of FeSO, - 7TH,Oin
given sample.

KMnO, oxidizes X "* ion to XO3, itself changing to
Mn?* in acid solution. 2.68x107> mole of X"*
requires 1.61 x 10~ mole of MnOj . What is the value of
n? Also calculate the atomic mass of X, if the mass of
1g-equivalent of XCl, is 56.

5.7 g of bleaching powder was suspended in 500 mL of
water. 25 mL of this suspension on treatment with KI
and HCI liberated iodine which reacted with 24.35 mL
of N /10Na,S,0;. Calculate % of available Cl; in
bleaching powder. (Roorkee 1990)
A solution of 0.1M KMnO, is used for the reaction:
$,0% +2Mn0j +H,0 —> MnO, +S03™ +OH"
What volume of solution in mL will be required to react
with 0.158 g of Na,S,03? (MLNR 1991)
A sample of Fe,(SO4); and FeC,0, was dissolved in
dil. H,S0,. The complete oxidation of reaction mixfure
required 40 mL of N/16 KMnO,. After the oxidation,
the reaction mixture was reduced by Zn and dil. H,SO4.

(®)
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H,S04. On again oxidation by same KMnOy, 60 mL
were required. Calculate the ratio of Meq. of
Fe;(S04)5 and FeC;y04 in mixture.

A solution of 0.2 g of a compound containing Cu  and
C,02" ions on titration with 0.02M KMnO, in presence
of H,S0,4 consumes 22.6 mL oxidant. The resulting
solution is neutralized by Na,COs, acidificd with dilute
CH3COOH and titrated with excess of KI. The liberated
I, required 11.3 mL of 005M Na 28,05 for complete
reduction. Find out mole ratio of Cu®* and C,0% in

compound. (11T 1991)
1 g sample of AgNOj is dissolved in 50 mL of water, It
is titrated with 50 mL of KI solution. The Agl
precipitated is filtered off. Excess of KI in filtrate ig
titrated with M /10 KIO5 in presence of 6M HCI till all
[~ converted into ICL. It requires 50 mL of M /10 KIO,
solution. 20 mL of the same stock solution of KI
requires 30 mL of M /10 KIO; under similar
conditions. Calculate % of AgNO; in sample. The
reaction is:
KIO; +2KI +6HCl — 3ICl +3KCl +3H,0

(ITT 1992)
1.6 g of pyrolusite ore was treated with 50cm® of 1.0 N
oxalic acid and some sulphuric acid. The oxalic acid left
undecomposed was raised to 250 cm* in a flask. 25 cm’
of this solution when titrated with 0.1 ¥ KMnO,
required 32 cm? of the solution. Find out the percentage
of pure MnO, in the sample and also the percentage of
available oxygen. (Roorkee 1996)
An aqueous solution containing 0.10 g KIO; (formula
mass =214.0) was treated with an excess of K1 solution.
The solution was acidified with HCI. The liberated I,
consumed 45 mL of thiosulphate solution to
decolourize the blue starch-iodine complex. Calculate
the molarity of the sodium thiosulphate solution.

(11T 1998)
2.6 g sample of pyrolusite was boiled with 65 mL of N
oxalic acid and excess of dil. H,8O,. The liquid was
then filtered and the residue washed. The filtrate and the
washing were mixed and made upto 500 mL. 100 mL of
this solution required 50 mL of N /10 KMnOs.
Calculate % of MnO, in sample.
25 mL of a solution containing Fe?* and Fe** sulphate
acidified with H,SOy is reduced by 3 g of metallic zinc.
The solution required 34.25 mL of N /10 solution of
K,Cr,0; for oxidation. Before reduction with zinc,
25mL of the same solution required 22.45 mL of same
K;Cr,05 solution. Calculate the strength of FeSOy4 and
Fe,(S0,); in solution. )
A sample of MnSO, - 4H,0 is strongly heated in air-
The residue (Mn40,) left was dissolved in 100 mL of
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36.
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0.1N FeSO, containing dil. H,SO,. This solution was
completely reacted with 50 mL of KMnO, solution.
25 mL of this KMnOy, solution was completely reduced
by 30 mL of 0.1 N FeSO, solution. Calculate the
amount of MnSOy, - 4H,Oinsample. (Roorkee 2001)
A solution contains mixture of H,SO,4 and H,C,0,.

25 mL of this solution requires 35.5 mL of N /10 NaOH
for neutralization and 23.45 mL of N /10 KMnO, for
oxidation. Calculate:

(a) Normality of H,C,0,4 and H,SO,.

(b) Strength of H,C,0,4 and H,S0,.

Assume molar mass of H,C,04 =126

. Calculate the mass of MnO, and the volume of HCI of

specific gravity 1.2g mL™ and 4% nature by mass,
needed to produce 1.78 litre of Cl, at STP by the
reaction:
MnO, +4HCl — MnCl, +2H,0 +Cl,
A sample of hydrazine sulphate (N,H¢SO,) was
dissolved in 100 mL water. 10 mL of this solution was
reacted with excess of FeCl; solution and warmed to
complete the reaction. Ferrous ions formed were
estimated and it required 20 mL of M /50 KMnO,
solution. Estimate the mass of hydrazine sulphate in one
litre of solution:
Given, 4Fe®* +N,H, — N, +4Fe*" +4H"
MnOj +5Fe?" +8H" — Mn?" +5Fe®* +4H,0
(IIT 1988; MLNR 1993, 96)
A 1 g sample of Fe,O3 solid of 55.2% purity is
dissolved in acid and reduced by heating the solution
with zinc dust. The resultant solution is cooled and
made upto 100 mL. An aliquot of 25 mL of this solution
requires 17 mL of 0.0167M solution of an oxidar!t for
titration. Calculate no. of electrons taken up by oxidant
in the above titration. (IIT 1991)
0.5 g sample of iron containing mineral mainly in the
form of CuFeS, was reduced suitably to convert all the
ferric ions into ferrous ions (Fe®” — Fe?*) and was
obtained as solution. In the absence of any interferring
radical, the solution required 42 mL of0.01 MK,Cr,04
for titration. Calculate % of CuFeS, in sample.
A mixture of H,C,04 and NaHC;04 weighing 2.02 g
was dissolved in water and the solution made upto one
litte. 10mL of this solution required 3.0 mL of
01N NaOH solution for complete neutralization. In
another experiment 10 mL of same solution in hot dilute
H,S0, medium required 4 mL of 0.IN KMnO, for
complete neutralization. Calculate the mass of H,C204
and NaHC,0, in mixture. (IIT 1990)
An equal volume of reducing agent is litratgd separe}tely
with 1M KMnOy in acid, neutral and alkaline medium.
The volumes of KMnO, required are 20 mL, 33.3 mL

40.
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42.

43.
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45.

46.
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and 100mL in acid, neutral and alkaline medium
respectively. Find out oxidation state o_f Mn In each
reaction product. Give balance equation. Find the
volume of I M K,Cr,0; consumed if same volume of
reductant is titrated in acid medium. T 1?89)
0.2828 g of iron wire was dissolved in excess dilute
H,S04 and the solution was made upto 100 mL. 20 mL
of this solution required 30 mL of N /30 K,Cr;05
solution for exact oxidation. Calculate % purity of Fe in
wire.
The reaction Cl,(g)+S,03” — S0 +CI™ is to be
carried out in basic medium. Starting with 0.15 mole of
Cl,, 0.010 mole S;0%™ and 0.30 mole of OH™, how
many mole of OH™ will be left in solutiqn after the
reaction is complete? Assume no other reaction occurs.
Mg can reduce NOj3 to NHj in basic solution:
NOj +Mg(s) + H,0 — Mg(OH)(s) +
OH" (ag.) + NH3(g)

A 25.0 mL sample of NO3 solution was treated with
Mg. The NH (g) was passed into 50 mL of 0.15 N HCL
The excess HCI required 32.10 mL of 0.10 M NaOH for
its neutralization. What was the molarity of NO3 ions in
the original sample?
A new developed method for water treatment uses
chlorine dioxide, ClO, rather than Cl, itself. Cl1O, can
be obtained by passing Cl,(g) into concentrated
solution of sodium chlorite NaClO, - NaCl(ag.) is the
other product. If this reaction has a 97% yield, how
many mole of ClO, are produced per gallon of 2.0 M
NaClO, (aq.)? (1gallon = 3.78 litre)
A sample of ferrous sulphate and ferrous oxalate was
dissolved in dil. H,SO,. The complete oxidation of
reaction mixture required 40 mL of N /15 KMnO,.
After the oxidation, the reaction mixture was reduced by
Zn and H,804. On again oxidation by same KMnO,,
25 mL were required. Calculate the ratio of Fe in ferrous
sulphate and oxalate.
Calculate the % of Cr in a sample of dichromate ore if
0.5 g of the sample after fusion in regular way is treated
with 50 mL of 0.12 N ferrous ammonium sulphate and
the excess of Fe2* requires 15.05 mL of K,Cr,0,.(1mL
of K,Cr,0, =0.006 ¢ Fe). Also find % of CryO; in
sample.
Hydroxylamine reduces iron III according to the
equation
4Fe’" +2NH,0H — N,0+H,0 +4Fe* +4H" . Iron
II thus produced is estimated by titration with standard
KMnO, solution. The reaction is

MnOj +5Fe®* +8H* — Mn?* +5Fe’ + 4H,0.
A 10 mL of hydrqulamine solution was diluted to one
litre. SO mL of this diluted solution was boiled with an
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excess of Fe** solution. The resulting solution required
12 mL of 0.02M KMnO, solution for complete
oxidation of Fe?*, Calculate the mass of NH »OH in one
litre of original solution.

Chile salt peter, a source of NaNO; also contains
NalOj3. The NalO; can be used as a source of iodine,
produced in the following reactions.
IO; +3HSO§ — I +3H+ +3804_ (1)
517 +103 +6H" — 31, (s) + 3H,0 (2)
One litrg of chile salt peter solution containing 5.80g
NalO; is treated with stoichiometric quantity of
NaHSO;.Now an additional amount of same solution is
addex.i to reaction mixture to bring about the second
reaction. How many grams of NaHSOy are required in
step I and what additional volume of chile salt peter
must be added in step II to bring in complete conversion
of " toI, ?
30 mL of a solution containing 9.15 g/litre of an oxalate
K. H, (C,04), - nH,0 are required for titrating 27 mL
of 0.12N NaOH and 36 mL of 0.12 N KMnO,
separately. Calculate X, ¥, Z and n. Assume all H-atoms
are replaceable and X, Y, Z are in the simple ratio of
g-atoms.
A polyvalent metal weighing 0.1 g and having atomic
mass 51.0 reacted with dil. H,SO, to give 43.9 mL of
H, at STP. The solution containing the metal in the
lower oxidation state was found to require 58.8 mL of
0.IN KMnO, for complete oxidation. What are
valencies of metal?
25 mL of a solution of ferric alum
Fe,(SO4); - (NH4),SO04 - 24H,0 containing 1.25 g of
the salt was boiled with iron when the reaction
Fe +Fe,(SO,4)3; — 3FeSO, occurred. The unreacted
iron was filtered off and solution treated with 0.107N
KMnO, in acid medium. What is titre value? If Cu had
been used in place of Fe, what would have been titre
value?
A 3.0 g sample containing Fe;04, Fe;03 and an inert
impure substance is treated with excess of KI solution in
presence of dilute H,SO,4. The entire iron is converted
to Fe?* along with the liberation of iodine. The
resulting solution is diluted to 100 mL. A 20 mL of
dilute solution requires 11.0 mL of 0.5 M Na,S,0;
solution to reduce the iodine present. A 50 mL of the
diluted solution, after complete extraction of iodine
requires 12.80 mL 0f0.25 M KMnO, solution in dilute
H,SO, medium for the oxidation of Fe>*. Calculate the
percentage of Fe ,0; and Fe ;0 in the original sample.
(1T 1996)
The calcium contained in a solution of 1.048 g of a
substance being analysed was precipitated with 25 mL
H,C,0,. The excess of C,0%" in one fourth of filtrate
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was back titrated with 5 mL of 0.1025 N KMnO,. T,
determine the conc. of H,C,0, solution, it was diluteq
four folds and titration of 25 mL of diiute solution useq
up 24.1 mL of same KMnO, solution. Calculate % of Ca
in substance.
0.804 g sample of iron ore was dissolved in acid. Irop
was oxidized to +2 state and it required 47.2 mL of
0.112 NKMnO, solution for titration. Calculate % of Fe
and Fe ;04 inore. (Roorkee 1988)
A solution is containing 2.52 g litre ™! of a reductant. 25
mL of this solution required 20 mL of 0.01A/ KMnO, in
acid medium for oxidation. Find the molar mass of
reductant. Given that each of the two atoms which
undergo oxidation per molecule of reductant, suffer an
increase in oxidation state by one unit.
On ignition, Rochelle salt NaKC4H,O¢ - 4H,0 (molar
mass 282) is converted into NaKCO; (molar mass 122).
0.9546 g sample of the Rochelle salt on ignition gives
NaKCOj; which is titrated with 41.72 mL H,SO,4.From
the following data, find the percentage purity of the
Rochelle salt. The solution after neutralization requires
1.91 mL of 0.1297 N NaOH. The H,SO, used for the
neutralization requires its 10.27 mL against 10.35 mL of
0.1297 N NaOH.
A mixture of KMnO, and K,Cr,0 weighing 0.24 g on
being treated with KI in acid solution liberates Jjust
sufficient I, to react with 60 mL of 0.1N hypo. Find out
% of Cr and Mn in mixture.
0.5 g mixture of K,Cr,0-, and KMnO was treated with
excess of KI in acidic medium. Iodine liberated required
100cm? of 0.15N sodium thiosulphate solution for
titration. Find the mass per cent of each in the mixture.
(Roorkee 1995)
A 5.0cm” solution of H,0, liberates 0.508 g of iodine
from an acidified K1 solution. Calculate the strength of
H,0, solution in terms of volume strength at STP.
(IIT 1995)
A sample weighing 2.198 g containing a mixture of A0
and 4,05 takes 0.015 mole of K,Cr,04 to oxidize the
sample completely to form 40; and Cr3*. If 0.0187
mole of 407 is formed, what is atomic mass of 42

(Roorkee 2001)
Calculate the mass of SeO3~ in solution on the basis of
following data. 20 mL of M / 60 solution of KBrO; was
added to a definite volume of SeO}” solution. The
bromine evolved was removed by boiling and excess of
KBrO; was back titrated with 5.1 mL of M / 25 solution
of NaAsO,. The reactions are given below:
(a) SeO3” +BrO; + H' — Se0?™ + Br, +H,0

(b) BrO3 +AsO; +H,0— Br™ +AsO} +H"
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A mixture containing As,O; and As,Os required

20.10 mL of 0.05 N iodine for titration. The resulting

solution is then acidified and excess of KI was added.

The liberated iodine required 1.1113 g hypo

(Na28203--5H20) for complete reaction. Calculate

mass of mixture. The reactions are:

As,0; +21; +2H,0 — As,05 +4H"* +41~

As 05 +4H" +4I" — As,0; +21, +2H,0

1.5 g of bra.ss containing Cu and Zn reacts with 3M

HNO; solution, the following reactions take place.

Cu + HNO; — Cu?* +NO,(g) + H,0
Zn+H" +NOj; —— NH} +Zn*" +H,0

The liberated NO; (g) was found to be 1.04 litre at25°C

and one atm.

(a) Calculate the percentage composition of brass.

(b) How many mL of 3M HNO; will be required for

completely reacting 1 g of brass?

In a quality control analysis for sulphur impurity 5.6 g

steel sample was burnt in a stream of oxygen and

sulphur was converted into SO, gas. The SO, was then

oxidized to sulphate by using H,0, solution to which

had been added 30 mL of 0.04M NaOH. The equation

for reaction is:

SO, (g) + H;0,(ag.) +20H™ (ag.) —> SO% ™ (ag.) +
2H,0()

22.48 mL of 0.024M HCI was required to neutralize the

base remaining after oxidation reaction. Calculate % of

sulphur in given sample.

. 0.108 g of finely divided copper was treated with an

excess of ferric sulphate solution until copper was
completely dissolved. The solution after the addition of
excess dilute sulphuric acid required 33.7 mL of 0.IN

KMnO, for complete oxidation. Find the equation
which represents the reaction between metallic copper
and ferric sulphate solution. Atomic mass of Cu=63.6;

Fe =56.

For estimating ozone in the air, a certain volume of air is
passed through an acidified or neutral KI solution when
oxygen is evolved and iodide is oxidized to give iodine.
When such a solution is acidified, free jodine is evolved
which can be titrated with standard Na,S ,04 solution.
In an experiment 10 litre of air at 1 atm and 27°C were
passed through an alkaline K1 solution, at the end, the
iodine entrapped in a solution on titration as above
required 1.5 mL of C.01N Na ,S,03 solution. Calculate
volume % of O3 in sample.

One litre of a mixture of O, and O3 at NTP was allowed
to react with an excess of acidified solution of KI. The
iodine liberated required 40 mL of M /10 sodium
thiosulphate solution for titration. What is the mass per
cent of ozone in the mixture?
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Ultraviolet radiation of wavelength 300 nm can
decompose ozone. Assuming that one photon can
decompose one ozone molecule, how many photons
would have been required for t}?e complete
decomposition of ozone in the original mixture?
(IIT May 1997)
A 10 g mixture of Cu,S and CuS was treated with 200
mL of 0.75M MnOj in acid solution producing
S0O,,Cu 2+ and Mn2*. The SO, was boiled off and the
excess of MnOj was titrated with 175 mL of 1M Fe**

solution. Calculate % of Cu$ in original mixture.

One g sample of NaCN was dissolved in 50 mL of
0.33M alkaline KMnO, and heated strongly to convert
all the CN ™ to OCN ™. No other species in NaCN sample
undergoes oxidation. Now acidifying the resulting
mixture with H,SOy, the resulting solution requires
0.5litre of 0.06 M FeSO4. Calculate the % purity of
NaCN in sample.

1.249 g of a sample of pure BaCO; and impure CaCO;
containing some CaO was treated with dil. HCI and it
evolved 168 mL of CO, at NTP. From this solution
BaCrO, was precipitated, filtered and washed. The dry
precipitate was dissolved in dilute H,8O,4 and diluted to
100 mL. 10 mL of this solution when treated with KI
solution liberated iodine which required exactly 20 mL
0f 0.05 N Na,S,05. Calculate percentage of CaO in the
sample.

Determine which reagent is in excess and by how much
if 100.0 g P4Og is treated with 100 g KMnO,4 in HCI
solution to form H3PO,4 and MnCl,?

12 g of an impure sample of arsenious oxide was
dissolved in water containing 7.5 g of sodium
bicarbonate and the resulting solution was diluted to
250 mL. 25 mL of this solution was completely oxidized
by 22.4 mL of a solution of iodine. 25 mL of this iodine
solution reacted with same volume of a solution
containing  24.8g of sodium thiosulphate
(Na,S ZQ 3 -5H;0) in one litre. Calculate the percentage
of arsenious oxide in the sample. (Atomic mass of
As=175) (Roorkee 1999)
H,0, is reduced rapidly by Sn 2*, the products being
Sn** and water. H,0, decomposes slowly at room

temperature to yield O, and water. Calculate the volume
of O, produced at20°Cand 1.0 atm when 200 g of 10%
by mass H,O, in water is treated with 100 millilitre of
2.0 M Sn?* and then the mixture is allowed to stand
until no further reaction occurs.

A 1.7225 g of metal (bivalent) salt A (CO;),(OH),

was dissolved to prepare 100 mL solution. S0 mL of this
solution required 10 mL 1.0 N H,SOy, solution to reach
the equivalence point using phenolphthalein as
indicator. Another 50 mL solution using methyl orange
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as indicator required 15 mL of same acid. Deduce the
formula of salt.

A 3.0 g sample of Cu,0 is dissolved in dil. H,S0,
where it undergoes disproportionation quantitatively.
The solution is filtered off and 8.3 g pure K1 crystals are
added to clear filtrate in order to precipitate Cul with
evolution ofT,. The solution is again filtered and boiled
till all the I, is expelled. Now excess of an oxidizing
agent is added to filtrate which liberates I, again. The
liberated I, this time requires 10 mL of 1.0 N Na,S,0;
solution. Calculate % by mass of Cu 20 in sample.

10 mL of 1.0 M aqueous solution of Br, is added to
excess of NaOH in order to disproportionate
quantitatively to Br~ and BrO3. The resulting solution

is made free from Br™~ ion by extraction and excess of
OH™ neutralized by acidifying the solution. This
solution requires 1.5 g of an impure CaC,0,4 sample for
complete redox change. Calculate % purity of CaC,0,
sample.

2 g sample of NaOCl and CaOCl, are dissolved in water
to prepare 100 mL solution. 10 mL of this sample
requires 10 mL of 0.15 M acidified Na,C,0, for end
point. The clear solution is now treated with excess of
AgNO; solution which precipitates 0.287 g AgCL
Calculate mass percentage of NaOCl and CaOCl; in
mixture.

6.32 g of KMnOy, are allowed to react with a mixture of
4 g of KCI and mg of KBr in presence of concentrated

78.
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H,S0,. If the oxidizing agent is just sufficient to react
with both halides completely to liberate halogen, what
is the vlaue of m? (Atomic mass: K =39, Br =80)
1 g of moist sample of KCl and KCIO; was dissolved in
water to make 250 mL solution, 25 mL of this solution
was treated with SO, to reduce chlorate to chloride and
excess of SO, was removed by boiling. The total
chloride was precipitated as silver chloride. The mass of
precipitate was 0.1435 g. In another experiment, 25 mL
of original solution was heated with 30 mL of 0.2 ¥
ferrous sulphate solution and unreacted ferrous sulphate
required 37.5 mL of 0.08 N solution of an oxidant for
complete oxidation. Calculate the molar ratio of
chlorate to chloride in the given mixture. Fe?* reacts
with ClO3 according to equation.

ClO3 +6Fe? +6H" — CI™ +6Fe®" +3H,0
An acid solution of KReO4 sample containing 26.83 mg
of combined rhenium was reduced by passage through a
column of granulated zinc. The effluent solution
including the washings from the column, was then
titrated with 0.05 N KMnOy,. 11.45 mL of the standard
KMnOg4 was required for the reoxidation of all the
rhenium to the perrhenate ion ReOj. Assuming that
rhenium was the only element reduced, what is the

oxidation state to which rhenium was reduced by the
zinc column?
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- " | oy SOLUTIONS (Numerical Problems) =Ry I I .

1. We have,
Eq. mass of oxidant or reductant

(8

(®) =

(C) .e

(d) o

(e) .e

®

(8 =

® -

_ Molar mass of oxidant or reductant
No. of “ ¢’ lost or gained by one
molecule of oxidant or reductant
2Fe? — (Fe™*), +2¢
- Bep of FeSO, Molar mas,sl of FeSO, 152

T

=152
6e+CI* — CI™

Eq. mass of KCIO, = Molar rmss6 of KCIO,

~jas,
3 20.42

S* —— 5% 42

Eq. mass of Na, S0, —7——=63
3e+Cré* — crt

Eq. mass of Na,CrO, _M_lﬁ_

2(Fe®3*); —» 3Fe’* +2e

Eq. mass of Fe;04 _T=__
3e+Mn™ — Mn“

Eq. mass of KMnO, = =158 -52.67

21 —:;I'N-k

Eq.mass of K,Cr,07 =—==—==

— Mn?
Atomic mass of Mn _ 55
2 T2
=275

2e+Mn**
Eq. mass of Mn** =

10e+2N* — N}

Eq. mass of NO; = Lonic Molar mass _ M‘;“” mass - 2 -12.4
6e+N) — 2N*"
£N
By s of N, m 00 0RB 0T Ty Mo - Boggr

257 SE/D* +2¢
Eq. mass of Na,S,0; —M— 158 =158
2e+1) — 21'

Eq. mass of I, =%=-2?"|27

2

5.

Q - FeC,0, — Fe’" +CO;
Fe** — Fe’* +e
C;' —2C*" +2e

FeC,0, —> Fe*" +2C*" +3e

44 _
_Eq. mass of FeC,04 —%-—]3—"48

(i) Mn”* +3¢e—> Mn*"; Eq.mass=M/3
(i) Mn™ +5¢—> Mn?*; Eq.mass=M/5
(iii)) Mn"* +1e—> Mn®; Eq.mass=AM/1

. Meq. of sodium bromate = 85.5x 0.672= 57456

(i) - Meq. of NaBrO; =57.456
. %x 1000= 57456

x1000= 57.456 ( Enapro; = %)

W
151/6
w=1.446 g

Normality  _ 0.672 =0.112M
Valency factor 6

Also, Molarity =

(ii) Similarly use valency factor 5 in place of 6 in this
problem and get
w=1735¢g
and M =0.1344M
The term valency factor = No. of electrons lost or
gained by one molecule
of reductant or oxidant

. The reactions for redox change are

Se+Mn™ — Mn?*
Fe?* —5 Fe +1e
Now Megq. of KMnO, =Meq. of FeSO,

005x 5xv=—=— 52“)(1000 * Meq.=N XV in mL
v=52.63mL |and Meq.= M3 050
Eq.mass
For Sn, Sn? — Sn% + 2
ForCr20§' 6e+Cr;* —2Cr*
(@  Meq. of SnCl, =2000x% 0.1
w o
EX1000—200
- .. M
T89773 1000=200 [ Esn, =—52
Wsnc1, =1897 g
(b) NormahtyofK2Cr20-,
~49 1 _ a9 _ Eq.
76”01 29a76x01 W ’ S
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6.

7.

9.

For redox change:
Mn? — Mn** + 2
3e+Mn”" — Mn**
Megq. of KMnO, =Meq.of MnSO,

[+ N =M x valency factor]
Nx16=20x0.2x2
N =05
M= 0_35 =0.167
[+ valency factor for KMnO, = 3]
The redox changes are:
Sn — Sn** +4e
6e+Crf* — 20r™
Meq. of Sn =Meq. of K,Cr,0;

1 1
x1000= L x
Fu 10~

or —L_x1000=-Lxy

1187 10
4

or

( Eq. mass of Sn = Al mass)

or V =336.98 mL
Reactions for redox change are:
- Se+Mn’" — Mn?*
Fe?* — Fe’* +1e
It is to be noted here that only FeSO, - 7TH, O will react with
KMn04 to bring in redox change.
.+ Meq.of FeSO, - 7H,0 =Meq: of KMnO,

— =0.54
2_78)(1000 0.5

1

¥ %1000=54x0.1 ..
E

w=0.150g
Mass of Fe, (804 )3 -9H,0=5.5-0.150g = 5.350g

Mole of Fe; (SO4 ) -9H20=5—5:;%Q =9.5x107* mol

(-~ Molar mass of Fe, (SO4 )3 - 9H,0 =562)

MnO, % c1, K 1, 5, Nal + Na,$,04

2e+lg —2I7
2(8% ), — (8% )y +2¢
2¢+Mn* — Mn?

The reactions suggest that,
Megq. of MnO, =Megq. of Cl, formed
=Meq. of I, liberated
= Meq of N828203 used
7472 x1000=0.1x1x 30
[ Nways0; = Mnays0, since valency factor = 1,
see redox changes for Na,S,0;]

_ 0.Ix1x30xM _ 0.1x1x30x87 ..
orw 2000 2000 (v Mwno, =87)

M0, = 0.1305

Redox changes are:

10.

11.

12.

13.

Numerical Chemistry

Purity of MnO, -"—-(‘)%ﬁxloo-zs.l-/.

The element forming acidic oxide is non-metal say A. It
forms isomorphous of K80, with KOH, Le., K, 40,.
A — A% +6e
. Atomic mass of A
= Eq. mass of A X No.of ‘¢
Sn?* — Sn**
6e+(Cr®" ), — 2Cr*
Since, Sn2* is oxidized by K,Cr,07
Meq. of Sn** =Meq. of K,Cr,0 used for tin
=N xV; in mL

=25 %10=1.0197
%"Zxo.so

’ lost =13.16% 6 =78.96
+2

——- R
2942
05
3 X

Y52 1000=1.0197
118/2 o

an 2+ = 006g

%Sn=%‘—046x100=15%

Redox changes are:
Mn’* + 5¢ —> Mn?*
0y — 09 +2¢
Eq.mass of H,0, —7

Meq.of KMnO, =Meq.of H,0,

N(X)=—X
)= {50 3472 <1000

N =0.588
A" — A +(a+n)e
6e+(Cr®), — 2013
Meg. of 4™ = Meq. of Cr, 0%~
or 326%107 x (a+n)=1.68x107> x6
d a+n=3 or a=3-n

Now,

14. Redox changes are:

Se+Mn"™" — Mn2*

(07); — 0 +2¢
(@) .. Meq.ofH,0, —Meq of KMnO,

3472 M/5

wx2x1000 _ 0.316x 5x 1000
34 158
Wsz =0. |7g

0.2 g impure sample of H,0, has 0.17 g pure
H,0,

% of H,0,

_0.17X100 _ oo
O
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(b) Now, Eq.of O, =Eq.of KMnO,
w__0316x5
32/2 158
% wo, =0.16g
_0.16
%-oxv_ixo.oszlxwo
Vo, =124.79 mL

15. Redox changes are: Se+Mn’* —— Mn2*

(C*) —2C* + 2
Megq. of oxalate ion

=Meq.of Y. = l
eq. o KMnO4Ex1000 90><20

Ionic mass
e

wcp:, =0.198¢g
0.3 g C,0}" sample has oxalate ion = 0.198g
% ofCIOf‘ in sample =M233<i0 =66%
16. Redox changes are: 2+ (0™ ), — 20%"
20— +2
2(s2+ )2 SN (SSIZv )‘ +2
and 2e+15 — 21"

H,0, X5 1, + H,0 2%, 4 Na, 8,0, + 210

~.Meq. of H,0, =Meq. of Kl used =Meq.of I, liberated
=Meq.of Na,S,0; used
Meq. of H,0, =Meq.of Na,S,0; used
Nx50=20x0.1 . Ny,o, =0.04
. Strength of H,0, =N x E = 0.04 3—24=0.68 g litre™!
17. Redox changes are:
For H,C,0, (C*), —2C* +2¢
ForKMnO, Se+Mn”* — Mn?*
Meq. of oxalic acid in 10 mL solution = Meq. of KMnO,
used for it = 8.5x%

~. Meq. of oxalic acid in 200 mL solution = 8.5x L x 200

10 10
%xlooo=|7
Formula of oxalic acid is Y 1000=17
H,C,0,-2H,0 126/2
.. Molar mass =126 S WHCO, = l.07lg

] %pminyofouncaciu’—-li’;xloo-w.zs%
18. (a) The redox changes are
2+(0" ); —» 20*"
A —ply +2
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2s* ), — (8¥7" )a +2¢
I, +2¢— 21"
Meq. of H,0, =Meq.of I, =Meq.of Na 25,03
N x25=0.1%20 NHp‘i=0.08
Mass of H,0, in one litre = 0.08 22— =1.36g
P % by mass = 0.136%
Also concentration of H, O, in terms of volume
=0.448 volume
(b) Follow problem 18 (a)
[Ans. 1.344]
19. The given reactions are:
MnO, + Na,C,04 +2H,SO4 — MnSO, +
(prt) 2CO, + Na, S04 +2H,0
Meq. of MnO, =Meq.of Na,C,04 =10x 0.2x2=4
Mn* +2e — Mn?*

K,SO,4 +2H,0
Since, Eq. mass of MnO, is derived from KMnO, and
MnSOy, both, thus it is better to proceed by mole concept.

mM of KMnO, =mM of MnO, x%=%

Also, 5H;0, +2KMnO, + 3H,S0, —> 2MnSO, +
K,80, +8H,0+ 50,
mM of H,0, =mM of KMnO, "§=%"§=2
Mx20=2
MH;O; =0.1

20. Limesione ~2lead, CaCy 04 04, decolorizes

Redox changes are:
For CaC,0, (c* )2 — 2C* + 2 2
ForKMnO, Se+Mn™ —, Mn2*

Meq. of CaCO, = Meq. of CaC,0, =M KMaO
eq.of
Meq. of CaCO; =Meq.of Ca0 ¢

(since CaO is present in CaCoO
Meq. of CaO = Meq. of KMnO, 0

Tw/z x1000=45x 02
Mass of Ca0 = 0.252¢
% of CaO in limestone == 9:252
0.56
21. The redox changes are;
For FeSO, Fe?' — Fe™ 4 1
For KMnO, Se+Mn”' — pp 2
Meq. of FeSO, “TH;0iin 25 mL solution
=Meq.of KMnO, =20x ﬁ)

X 100=45%



22.

23.

Meq. of FeSO, - 7H,Oin 1 litre solution

_ 11,1000 _
—20><10x—25 80

- ¥ %1000= 80
EX

(Molar mass of FeSO, - 7H,0=278) ... —2% %1000 = 80

1
w=2224g

25 g sample has FeSO, - TH,0=2224 g
% of FeSO, - TH, O in sample = 22.24 x %’ =88.96%

Redox changes are:

ForKMnO,  Se+Mn” — Mn?*

For X ™ X™ — X% +(5-n)e
Now,

Meq.of X™ =Meq.cf KMnO, | *+ Meq.=mole x
2.68x 107 x (5-n)x 1000 |valency factor x 1000
=1.61x107 x 5% 1000

n=199

n=2
X — X% 43¢

If a is atomic mass of X,

Eq. mass of XCl, =56
Molar mass of XCl, = 56x valency factor =56x 3

Now,

or a+71=56x3
: a=97
Bleaching powder —<— <, 1, N2%03 , 1~ 4 Na,S,04

The redox changes are: 2e+1, — 217
28 ), — (87 )y +2e
Megq. of bleaching powder = Meq. of available Cl,
=Megq.of I, liberated
=Meq.of Na,S,0; used
Meq. of available Cl, in 25 mL bleaching powder
solution

=Megq. of Na,S;0; used =24.35x 1_10
Megq. of available Cl; in 500 mL bleaching powder
solution

1500
=2435x — x 22 - 48.7
2435x10x 25

SR A =48.7 ..
. 71/2><1000 48.7

% of available Cl, in bleaching powder
- 1—-57‘—%‘:& 100=30.33%
Redox changes are:
(8*), —> 25%" +8e
3¢+Mn”™ — Mn*
Meq. of KMnO, =Meq.of $,03

wel, = l729g

25.

26.

Numerical Chemistry

_0.158 .y
0.1x3xV = |58/8x

(.~ Molar mass of Na;8,0; =158
V =26.67 mL
Let Meq. of Fe,(SO4); and FeC,04 are a and )
respectively. KMnO,4 will oxidize only FeC,0, as:
2Fe?* ——> Fe)’ +2¢
(C*), — 2C*" +2e
Note that valence factor for Fe,(SO4); is 2 and for
FCC204 is 3.
Meq. of FeC, 0, of valence factor 3
=Meq.of Fe?* (v.f.=1)
+ Megq. of Cazof' (v.f.=2)

_b
b—3+

b= Meq.of KMnO,
1 _40
- 243 (1

b=40x+ T (1)
Fel* from Fe,(SO4 ); and Fe3" obtained by oxidation of
FeC, 0, will be converted to Fe?* as,

2e+(Fe** ), — 2Fe?*
The CO, formed during oxidation of FeC, 0, with KMnO,
escapes out.
Now, Meq. of Fe** so obtained are again oxidized by

4
Meq. of Fe** of Fe, (SO, ); reduction +

Meq. of Fe?* of FeC,0,

w|§

=Meq. of KMnO,
b 1 _60
+== _——=—
a3 =00 =16 ~2)
ByEgs. (1) and (2), a=140 ,_40
48 16

Meg. of Fe, (SO, ); of valence factor 2 _140_16_7
Meq. of FeC, 0y of valence factor 3 48 40 6
Ratio of Megq. of Fe, (SO, ), :Meq.of FeC,0, =7:6
Let @ mole of Cu?* and b mole of C,02" be present in
solution.

CaseI: The solution is oxidized by KMnO, which reacts
with only C,0%",

Se+Mn™* — Mn2*

(C*) —2C* 4+ 2¢
Meq. of C,0%" =Meq. of KMnO,
bx2x1000=0.02x 5% 22.6

b=1.13x10" (1)
of C,02", the resulting solution

is neutralized by Na ,CO; , acidified with dilute CH,COOH

and then treated with excess of K1. The liberated I, required
Na,S,0; forits neutralization, i.e., 2™

2+ _K Na;S;
Cu — 1, .Z‘ﬁ:‘_)NazS‘o‘s +I

Casell: After oxidation
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. Meq. of Cu?* =Meq.of I, liberated
=Meq.of Na,S,0; used
. Meq. of Cu®* = Meq. of | Redox changes are:
Na,$,0; used | 2Cu®* +2¢ — (Cu*),

ax1x1000=11L3x005x | A — L +2e

a=5.65x10" and 2e+Il, — 2"

. Molar ratio of
Cu?t 5.65%10™

b 1L13x107

a AS™ Yy —> (87 )s + 2
coi" b

=1
2

27. For KI + KIO; reaction:
It +d4e— 1"
T — 1" +2
valence factor of KI = 2and valence factor of KIO; = 4
Now,  Meq. of KIin20 mL=30x-llT)x4=12

Megq. of KI in 50 mL = le%‘):SO

Now, Meq. of KI left after treatment with AgNO,

= _l =
=50x I c'x 4=20
Meq. of KI (v.f. = 2) used by AgNO; =30-20=10
But in its reaction with AgNO; valence factor of KI =1
AgNO; + KI— Agl+ KNO3
Meq. of KI used by AgNO; (v.£.=1)=121=5

2
Meq. of AgNO; =5

. =5
l_mxlOOO

w=085g
% purity of AgNO, in sample = %5;‘—‘0" =85%
Alternative method: )
milli mole of KIO; used by 20 mL of KI stock solution
1
= —=3
30x T |
milli mole of KIO; used by 50 mL of K stock solution
50
=3x=—=175
3x 30 ‘
milli mole of KIO; used by KI left in 50 mL solution after
reaction with
AgNO; = 1’5 x 50=5
- Mole ratio of KIO; and KI is 1: 2in reaction
. milli mole of KI in 50 mL stock solution = 7.5% 2 =‘IS
milli mole of KI left in 50 mL solution after reaction
with AgNO; = 5x2=10
. milli mole of KI used for AgNO; =15-10=35

m mole of AgNO; =5
(- mole ratio of KI and AgNO; reactionis1: 1)
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Now for AgNO;: -A‘;—x1000= 5
MY _%1000=5
170
W“No’ =085

% of AgNO, = 0.85x @ =85%

28. Meq. of MnO, = Meq. of oxalic acid added —
Megq. of oxalic acid left

= 1x50-0.1x32x 10 (in 250 mL)
- 8x86.9

. ¥x1000= = 18x86.9_ ¢ 782

: -ExlOOO—IS or WMo, =% 10 g

(+ 5-552)

% of MO, = 0—‘;’-%2—lx 100=48.88%

Also Meq. of MnO; = Meq.of O, =18
: %x 1000=18

wo, =0.144 g

*. % of available O; = O.Ih:‘ x100=9

29. KIO; + SKI—> 3K,0+ 31,
ie. 2% +10e—> 1)
AT — 1) +2e
Now the liberated I, reacts with Na,S,0; to give
I +2e— 217
28,0 — 8,0} +2¢
millimole ratio is 1, : $;04 ::1: 2,
Thus, m. mole of I, liberated = m. mole of Na,S,0; used
1 _ 1
X 3 =45x M x 5
(M is molarity of thiosulphate)
Also  m.moleof KIO; =21 » 1000

214
Now, m. mole ratio is KIO; : 15 ::1:3
D1 51000
Ths, 241
45M 3
2
M = 0:1x1000x 3% 2
214 %45
M =0.,062

30. 1. Pyrolusite contains MnO,,

2. Meq. of oxalic acid added to pyrolusite = 65x | = 65
3. MnO; reacts with oxalic acid as,

2e+Mn 44+ —3 Mn 2+
(C*); — 20" +2¢
4. Excoss of oxalic acid is oxidized by KMnO,
Meq. of oxalic acid loft in 100 mL = S0x T'6 =§



Megq. of oxalic acid left in 500 mL = 5x%:g =25

Megq. of oxalic acid used for MnO, = 65— 25=40
& , Meq. of MnO, = 40
* Molar mass of MnO, =87, Eq. mass =37

<

W - 0 -
mxl(m—w e “M,o!—l.74g
1.74

% of Mﬂo; n pymlusne = ﬁ x100=66.92%

- Zadus - H5SO
31. Casel: Fe?” 25~ 204, po2+ (i.e.,no change)

2e+ (Fe¥t ), 224 THaS0s ypo2s
Zn dust is used as reducing agent and thus,
Zn —>Zn* +2
Leta Meq. of Fe** and b Meq. of Fe>* be present in 25 mL
solution. In case I, after reduction with Zn,
Meq. of Fe?™ + Meq. of Fe** fromFe* =a+ b
Now these are oxidized by K ,Cr,0,
Total Meq. of Fe** =Meq. of K,Cr,0;
1
+b=3425x—
a X T
a+b=3425 A1)
Case II: If reduction is not made, the soluticn contains
Fe>* and Fe** of which only Fe’* are oxidized by
KszzO7.
- Meq. of Fe>* = Megq. of K,Cr,0;
- i
a=2245x% 10

a=2245 ..(2)
By Eq. (1), b=3.425-2245=1.18

|
-+ Meg. of FeSOy (in 25 mL) | Meq. of Fe;(SO, );

=a=2245 ;(inZSmL)=b=l.18
.4 = s —2_x1000=1.18
..WXIOOO-224S Mlzx
-+ Molar mass of -+ Molar mass of
FeSO,; =152 Fe, (S04 ); =400
- Mass of FeSO, in 25 mL ... Mass of Fe;(SO4 )in
. =0341g 25mL =0.236g
.. Strength of FeSO, .. Strength of Fe, (S04 )3
=13.64 g/ litre =9.45 g/ litre
32. MDSO4 4H20—) Mﬂ3o‘

3Mn2" — Mn®?" ), +2e
The residue Mn 30, is dissolved in FeSO4 which is reduced
from Mn®>" to Mn 2" -(Mn¥>* ); + 26— 3Mn*". The
excess of FeSOy is titrated by KMnO,4. The normality of
KMnO, is determined by another FeSO,.
For normality of KMnO,4: Meq. of KMnO,4
= Meq.of FeSO,4

25xN =30x01

Numerical Chemistry

Now Meg. of €SOy added to Mn 304 =100x 0.1=10
Mey. of FeSO; left after reaction with Mn ;04
=Megq. of KMnO, used

3
= —==6
50x 5
Meq. of FeSO, used for Mn 304 =10— 6=4

Meq oan304 =4
Meq. of MoSO, -4H,0=4

¥ __x1000=4
3M/2 -
£=%forMnSO4 asvnler:cefactoris%
wX2 . 1000=4 w=1338g
3x223

33. For acid-base reaction in 25 mL solution:
Megq. of H,SO, + Meq. of H,C,04 =Meq. of NaOH

a+b=35.5x1—10=3.55 1)
Forredox change: Megq. of oxalic acid = Meq. of KMnO,
b=23.45x 116 =2.345

and Meq. of oxalic acid
(in25 mL) = b= 2.345

.. Meq. of H;SO4 =a
(in 25 mL)

2345
NH1C204 = === =0.0938

=3.55-2.345=1.205 25

- Nytgso, =125 = 0.0482 [Strength = N x E

25
and Strength =0.0938x 63 ;
=N xE = 0.0482x 49 =5.909 g litre

=2362 g litre™!

___4
36.5%100
1.2x1000
(4% by mass solution means that 100 g
solution has 4 g solute)
Now Meq. of MnO, =Meq. of HCI

=Meq.of Cl, formed =%x1000= 158.93

34, Nua = =1315

(~Eq. mass of Cl, =M /2;2C1~ — Cl, +2¢)
Megq. of HCI = 158.93

N xV =15893
158.93
V=== =120.
1315 120.85 mL

- HClisalso used to give MnCl, and thus, volume used is

double than required for reduction of MnO,;
=2x120.85=241.7 mL

Also Meq. of MnO, =158.93

w -—
-8772)([000- 158.93

Mass of MnO; =6.9134 g
35. The redox changes are:
For FeCl, e+Fe®' — Fe?*
ForN;H¢SO, (N7 ); — Nj +4e
For KMnO; Se¢+Mn’”* — Mn?*
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Meq. of NyH¢SO, in 10 mL solution
=Meq.of FCC|3 reucnng with N,H¢SO,
=Meq. of Fe?* formed =Meq. of KMnO,

. Meq. of N;H¢SO, in 10 mL solution = 20x5—|ox5= 2

MMxlOOO—-
(" Molar mass of N;HgSO,4 =13
w=2X130_ g 0cs oS00 =10

4000 )

Mass of NyHgSO, in 10 mL =0.065g
*. Mass of NyHgSO, in 1000 mL =6.5 g litre™"

36. The redox changes are:

37.

38.

For reduction of Fe, 0, by zinc dust
2e+(Fe’* ), — 2Fe?*
Fe?* — Fe**
Oxidant + ne — Reductant
Megq. of Fe, 05 in 25 mL
=Meq.of Fe** in Fe,0; =Meq. of Fe?* formed
=Meq. of oxidant used to oxidize Fe**
. Megq. of Fe;0; in 25 mL =Meq. of oxidant
=17x0.0167xn
where n is no. of electrons gained by 1 molecule of' oxidant.

- Meq. of Fe,0; in 100 mL = 17x00167xnx@

again

1x55.2x1000 _ 175 0.0167x nx4
100x M /2

Molar mass of Fe, 03 =160
1x 55.2% 2% 1000
00x160xl7x00167x4
. No. of electrons gained by one molecule of oxidant =6
Redox changes are:
For CuFeS,

For Kz()’zo‘l

n=

e+Fe?t — Fe?*
6e+(Cr ), — 2Cr™*
FeX* — Fe** +e
Meg. of CuFeS; = Meq.of Fe?* =Meq.of K,Cr04
=42x0.01x6=2.52
% 1000=2.52

(-~ Molar mass of CuFeS, =183.5)
Mass of CuFeS; = 0.4624g
% of CuFeS; = L“E“L‘O—O =92.48%

Let mass of H,C;04 -agmlhtre
mass of NaHC,0, =b g in 1litre
For acid-base reaction:
Now (Meq. of H,C,0, +Meg.of NaHC,0,) in 10 mL
=3x0.1
Meg. of H,C,0,4 + Meq. of NaHC, 0y in one litre
=3x%0.1x100= 30

—
183.5/1

295
M
5 510004+ —2— Bof H;C;04 =
rg 271" 90 _ 45
1000= 30 =5 =
. 1000a , 10006 _ 39 (1) EofNchzoﬁM—
To4s 112 (as acid salt)
U2
1

For redox change : C) — 2C* +2e

Se+Mn™ — Mn®
Meg: of H;C204 +Meq, of NaHC,0, in 10 mL = 4x0.1
s Meq. of H,C;04 + Meq. of NaHC, Oy in 1 litre

=4x0.1x100=40
41000+ —2— Eq.massosz('404=M‘
r 272 2
1000 = 40
; '01’;’" 2??‘2"’ 40..(2) |and Eq. mass of NaHC,04

(as reductant) = >

Solving Egs. (1) and (2), we get
a=090¢g
b=1.12¢g
Note : Also given a+b = 2.02and thus Eq. (1) or (2) can be
used to find a and b by using a+ b = 2.02.
39. Let ¥ mL of reducing agent be used for KMnO4 in different
medium which act as oxidant.

Acidmedium  me+Mn’" — Mn®* m=T-a
Neutral medium nmye+Mn™ —— Mn® = n;=7-b
Alkaline medium nye+Mn”* — Mn* - my=T-c¢

. Meq. of reducing agent = Meq.of KMnOy in acid
=Meq. of KMnOj in neutral
=Meq.of KMnO, in alkali

=1xn x20 =1xny;x333  =1xnyx100
ny =1.665 ny =5n,
" my,nq,ny are integers and my 3 7, Lony =1

¢ n=5mn=3 and ny=1
Therefore. different oxidation states of Mn are:
Acidmedium  Se+Mn”* — Mn**

a=+2
Neutral medium 3e+Mn’t — Mn®* b=+4
Alkaline medium le+Mn™ — Mn* c=+6

Now same volume of reducing agent is treated with
K,Cr,0, and therefore,

Megq. of reducing agent =Meq. of K,Cr, 0,
20x5=1x6xV o 6e+ Crft — 200

= '°° =16.67 mL & N = M x Valence factor

Note: The conditions are valid only when Mn in each medium
exist as monomeric atom, i.¢., not as Mn, .



40. Redox changes are:

Fe — Fe?* + 2 (in H,S0,)

Fe** — Fe* (withK,Cr,0,)

6e+Cryt —s 2Cr™
Meq. of Fe?* in 20 mL =Meq. of K,Cr,0,
1
=30X— =
30
Meq. of Fe?* of valence factor one in 100 mL
= 1x100 _
20
Meq. of Fe?* of valence factor two in 100 mL
=5%x2=10
Meq. of Fe = Megq. of Fe?*

mxlOOO— 10

S6x|000—10
2
- 56x10
= 2x1000

% of Fe in wire =

=0.28g

0.28
0.2828
41. When medium is reported and conc. of medium is desired,
then first balance the equation using ion electron method.
4Cl, + 8,03 +100H™ — 2502 +8CI™ + 5H,0
Mole 0.15 0.01 030 0 0 0
before reaction

%x100=99.0%

Mole (0.15-4x0.01) 0  (0.3-0.01x10) 0.02 0.08 0.05
after reaction=0.11 0 0.2 0.02 0.08 0.05
Since, mole ratio for combination is
Cl; : 820§_ :OH™ ::4:1:10

[OH" ] left after reaction is 0.2 mole.
42. Meq. of NH; formed =Meq. of HCl used for NH;
=50%0.15-32.10x0.10=4.29
Note : These Meq. of NH; are derived using valence factor of
NH; = 1. (an acid-base reaction)
In redox change valence factor of NH; is 8;
8e+N* — N*~
Thus, Meq. of NH; for valence factor 8= 8x4.29
Also, Meg. of NO3 =Meq.of NH; = 8x4.29=34.32

N =3432_137  (NxVinmL=Meq)

NO) 25
1.37 _ =
Also, Mno; = 3 =0. 1716‘ (N = M xV factor)
43. 2NaClO, + Cl, — 2NaCl +2CIO,
Thus, mole ratio of NeCY05. =2

Clo, 2
Alsomole of NaClO, = 2x 3.78
Mole of ClI0; =2 x 3.78
Further % yield of the reaction = 97%

(Mole=M xV; )

44,

45.

Numerical Chemistry
Mole ot ClO; actually formed = 2—’%—2—:}’(—”
= 7.33 mol
For FeSO, Fe?' —Qatlon , g3+ Hedwion, o2
2+ _Oxid | pedt _Redwtion | o 24
For FeC,0,4 Fe > Fe » Fe

CZO:' Oxldntion CO;T

Let mM or Meq. of FeSO, and FeC,04 be a and b
respectively.

2 Mcq of
e?* + Meq.of Fe?* + Meq. of czo" = Meq.of
in FeSO. in FeC,04 in FeC,04 KMnO, used
1.8
axl + bxl + bx2 -40xl5 3
8
== sl
a+3b 3 (1

After reduction of mixture only Fe?* ions are formed from

Fe* since CO, escapes out in air.
Meq. of Fe?* of FeSO, + Meq. of Fe?' of FeC,0,
=Meq. of KMnO, used
5
axl + b><l-25><ﬁ-3
a+b=5/3 - (2)
By Egs. (1) and (2), a=7/6, b=1/2

Ratio of Fe in FeSO4 and FeC,0, = -%

Redox changes are:
6e+(Cré"), —s 200
Fe* — 5 Fe* +¢
Meq. of K,Cr,0; in 1 mL = Meq. of Fe

- 0.006
56 x1000—5—6

Meq. of K,Cr,0, in 15.05 mL

6
—56x1505-l6l2

Megq. of Fe?* left unused = Megq. of K,Cr,0, used
=1.612
Now Meq. of ferrous ammonium sulphate added

=50x0.12=6
Meq. of ferrous ammonium sulphate left unused = 1.612

Meq. of ferrous ammonium sulphate used for sample

=6-1.612=4.388

Meq. of Cr=4.388 or %x1000=4.388
_4.388x 52

o = 000x3. = 00761 (v Eq =52/3)

°/Cr-°°756‘xloo =15.20%

Also Meq. of Cr,0; =4.388 or ¥ x1000=4.388

_4.388x152 _ 152)

ey = g = 011128 (v B, =15
%Cr,0, = 0"‘2x|oo =22.23%
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46. Redox changes are:
e+Fe** — Fe?*
2NT —> (N¥), +4e
Se+Mn”™ — Mn?*
Megq. of Fe** formed by NH,OH in 50 mL dilute solution

=Meq. of KMnO, used =12x0.02x5=1.2
Meq. of NH,OH in 50 mL dilute solution = 1.2
Meq. of NH, OH in 1000 mL dilute solution

1000
=12x——=
X 50 24

Meq. of NH,OH in 10 mL of original solution
=Meq. of NH,OH in 1000 mL dilute solution = 24
(' Megq. of solute does not change on dilution)
w -
1/2 %x1000=24
WNH,OH = 0.396g
. Mass of NH,OH in 10 mL original solution = 0.396g
. Mass of NH,OHin 1 litre original solution
= 0.396x1000 =39.6 g/ litre

10
47. - Meq. of NaHSO; = Meq.of NalO;
5.8
= =—=2_x1000
NV =1o876"

[Eq. mass of NalO; = M/ 6;because I°* +6e—> 7]
Meg. of NaHSO; =175.76
¥ _ %1000=175.76

M/2
175.76x104 _
WNaHSO; — —’——zmo =914 g

Also Meq. of I” formed in I step using valence factor 6
=175.76

In I step valence factor of I” is 1 and valence factor of 103

is 5.
Thus, Megq. of I” formed using valence factor 1 = 1_71’67—6
Also Meq. of NalO; used in step 11 = l756.76
NxV= l7.‘g 76
58 . y_17576 . p.o =200mL
* 0875 = 6 Nal03
48. Meq. of oxalate salt as acid in 30 mL =Meq. of NaOHused
=27x0.12

. 0.12x1000
Meq. of oxalate salt as acid in one litre = ”fXT—-

or Molarmofsalt/}’xwoo 30

(- Yisreplaceable H-atom.. Eqi = M/Y)
Also Meq. of oxalate salt as reductant in 30 mL
=Megq. of KMnO, used =36x%0.12
. Megq. of oxalate salt as reductant in 1 litre
_ 36x0.12x1000
- 30
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9.15 <1000 36X0.12x1000 _3)
Molar mass of salt 30
2z
[(C), —> @C*), +2Ze - B =M/ 2Z)
y _21
By Egs. (1) and (2), 37" 36
4Y =6Z ..(3)
Also, Total cationic charge = total anionic charge
¥ X+Y=2Z ..(4)

By Eqgs. (3)and(4),X:Y:Z::l:3:2
These are in simplest ratio.

Molecular formula is KH; (C204 )2 -nH,0.

Now Molar mass of salt = 39+ 3+ 176+18n=218+18n
...(5)
By Eq. (1) and putting, Y=3
M =254.16 ...(6)

By Egs. (5) and (6), n=2
Oxalate salt is KH3 (C,04)2 - 2H;0

49. Metalis M
M— M™ +ne

2e+2H" — H,
- Megq. of metal or Meq. of M"* =Meq.of H,

- 43.9 %1000
11200
(-~ 11200 mL H; =1equivalent)
0.1 ,1000=3.92
S51/n
n=2

Now MY —5 M™ +(a-2)e
Se+Mn”™ — Mn?*
Megq.of M?* = Meq.of KMnO,
0.1 ~ P -
am (a_z)XIOOO- 588%0.1 . a=5
Different oxidation states of metal are 2 and 5.
50. For the reaction: Fe + Fe,(SO,4); — 3FeSO,
964 g Fe, (S04 )3 - (NHy ), SO4 - 24H, O gives 3
x152g FeSO,
1.25 g Fe2(SO4 )3 - (NH,4 ), SO, - 24H, O gives
_ 3x152x1.25
%4 °©
=0.5913g FeSO,
FeSO, formed is now oxidized by KMnO,
. Meq. of FeSO,4 =Meq. of KMnO,

0.5913 - & -
152“><1000-0.107XV . ¥'=3636 mL

Similarly, if Cu is used
Cu + Fe, (S04 )3 — 2FeSO, + CuSO,
964 g salt gives = 2x152g FeSO,

2x152x1.25  _
o = 0.3942g FeSO,
Meq. of FeSO4 =Meq. of KMnO,

1.25 g salt gives =
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51,

52.

0.3942
152/1

For, Fe304 — 3Fe0; 2e+Fed’* — 3R (i)
Thus, valence factor for Fe; 0, is 2 and for FeO is 2/3
For, Fe;03 — 2Fe0; 2e+Fel'— 2Fe* (i)
Thus, valence factor for Fe, 0, is 2 and for FeO is 1.
Let Meq. of Fe;0,4 and Fe,0; be a, b respectively.
Meq. of Fe;04 + Meq. of Fc,0,
=Meq.of I, liberated =Megq. of hypo used
a+b= “xoé%’ =275 ..(iii)

Now, the Fe?* ions are again oxidized to Fe** by KMnO, .

Note that in the change Fe?* — Fe>* + ¢; valence factor of

Fe**is 1.

Thus, Meq. of Fe?* (from Fe,0,) +
Meq. of Fe?* (from Fe, 0;)

=Meq.of KMnO, used
If valence factor for Fe?* is 2/3 from Eq. (1),
then Meq. of Fe?* (from Fe;04)=a
If valence factor for Fe?*is 1 then Meq. of Fe?*
(from Fe304)=3a/2
Similarly, from Eq. (ii), Meq. of Fe?* from Fe,0; = b

3—2"+b= 0.25x 5x12.8x%= 32

x1000=0.107xV

V' =24.24 mL

or 3a+2b=64 ..(iv)
From Egs. (iii) and (iv),
d Meq. of
Mool HeyQ w3 ;:,o,eg b=18.5
. 9x232 _ _18.5x160 _
..Wy;ep4= 2X1000—|044g Wre0, ————-leooo 14Sg
% of Fe;04 =M=s4.s

and % of Fe,03 =M =49.33

Ca+ Hz 0204 —_— C3C204
The Meq. of H,C,04 solution added to precipitate Ca as
CaC,0, is derived as:
25 mL of H,C, 0y is diluted 4 folds, i.e., to 100 mL
Now Meq. of dil. H;C,04 in 25 mL
=Meq.of KMnOj, used
=24.1x0.1025=2.47025

. C,0, in 100 mL dilute solution
MG il 247025100 _ g o

25
Meq. of H,C, 0, in 25 mL conc. solution = 9.881
Meq. of H,C, 04 left after precipitation of Ca,C, 04 in one
fourth filtrate
=Megq.of KMnOj, used =5x 0.1025
Total Meq. of H,C, 04 left = 5% 0.1025% 4 = 2.05
Megq. of H,C, 04 used for Ca =9.881—2.05=7.831
Megq. of Ca = 7.831

Numerical Chemistry

—¥_x1000=7.831 wea =0.1566g
40/2 onde
% of Ca in substance = 1048 x100=14.94%,

53. Meq. of Fe?* =Megq. of KMnO,

Meq. of Fe?* =47.2x0.112=5.2864
Fe?* — Fe™* +e
Megq.of Fe?* =5.2864

Fe ore on dissolution in H,SO,4 show valence factor 2
Fe+ HzSO4 —_ FCSO4 + Hz

Meq. of Fe?* of valence factor 2 = 5.2864 x 2

Meg. of Fe = 5.2864 x 2

(valence factor= )

gwg x1000= 5.2864 X 2 wee = 0.296g
2 .
% purity of Fe = $:226X100 _ 36 g0,

. 0.804
Now Fe;04 — 3Fe
3x56g Fe is obtained from 232 g Fe; 04

: : 232x0.296
: ===== =72 =0.409g Fe;0
~.0.296 g Fe is obtained 56x3 g Fe;04

% of Fe; 0,4 =% x100=50.87%

54. Meq. of reductant in 25 mL = Meq. of KMnO,

=20x0.01x5
Meq. of reductant in 1 litre = 20x 0.01% 5x 40 = 40
Reductant shows the change 477 —— 24*% +2¢

Eq. mass of reductant = Molar mass

Meq. of reductant = 40

w L 2.52x2x1000 _
M/2x1000_40 S T_m

M =126
55. Meq. of H,SO4 =Meq. of NaOH
Nx10.27=10.35%0.1297 .-, Nu,s0, =0.1307
Vi,s0, used for KNaCO; =41.72—1.91mL
Meq. of H,80, used for NaKCO; =Meq. of H,S0, added
— Meq.of H,SO, used by NaOH
=(0.1307x41.72)-1.91x 0.1297 = 5.2050
Also for the change
NaKC,H,0 - 4H,0 — NaKCO; + CO, T +H,0T
Now Meq. of NaKCO; using valency factor 2 during its
neutralization with H,SO, =5.2050
~5.2050x122
Mass of NaKCO, oo ™ 0.3175¢g
For 1: 1 mole ratio of conversion, mass of Rochelle salt
_ 282

=1 %x0.3175=0.7339g

% purity of Rochelle salt = g;*giz x100="76.87%

56. The reactions are:

Se+Mn” — Mn?* and 2 — 1,42
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59.

&_’_ (CTG# )2 iy 2Cr3+
Let mass of KMnO, and K,Cr,0, be a and b g
respectively.
Meq. of KMnO, + Meq. of K,Cr,0; = Meq.of I,
=Meq.of hypo =60x 0.1

a b y
158/5><1000+W5x10()0=6 ..(1)
Also given a+b=024 (i)
g a=0.098¢g i.e., mass of KMnO,
b=0.142g i.e., mass ofK,Cr,0,
Also, mass of Mn in 0.098 g KMnO, = 35x0.098
158
=0.034g
Mass of Cr in 0.142 g K,Cr, 0, = 32X2X0.142 _ 4 o500
294 '
% of Mn in sample = 0-032)4—2"7_1"0 =14.17%
% of Cr in sample = ‘”’%"—2’;”)0 =20.83%

. The redox changes are :

Se+Mn™t — Mn?*
6e+(Cr ), — 2Cr*
AT — 10 +2
25,03 —> 8,05 +2
Let K,Cr,0, and KMnO, be a and b g respectively
a+b=05 (1)
Further  Meq. of KMnO,4 + Meq. of K,Cr,0,
=Meq. of KI=Meq.of I, liberated = Meq.of Na,S,0;
a b
—_ —2__x1000=100x0.15...(2
29476 100" 15875 @)
By Egs. (1) and (2) a=0.073, b=0.427
% Ofxchzo'y =14.6% and % of KMnO4 =85.4%
Meq. of H,0, =Megq.of I
(w/17)x1000=[0.508/ (254/2)]x 1000
H,0, — H20+ 1/ 2)02
34 g H,0, gives 11.2 litre 0,,
0.068 g gives (11.2x0.068)/34 = 22.4mL O,
Volume strength of H,0, =22.4/5=4.48%

s w=0.068g

Let Molar mass of A0 and 4,05 be m and n respectively.
5 m=a+16 (1)
and n=20a+48 -(2)

where a is Atomic mass of 4. ‘
Now suppose X and Y g of 40 and 4,0, are present in
mixture
Then X+Y=2198 -(3)
Also Megq. of AO+Megq.of 4,03 = Megq. of K,Cr; 07
~X__ ¥ x1000=0.015x6x1000
@175 0 G awys
..(4)
AP — AT +5e
A =2 R

61.

62.

299

6e+Crz°" —s20r*

S5X . 8 _009 A5
ByEq-(), 21 16" 2a+48
Also, mole 403 by 4O + mole of AO; by 4,03 = 0.0187

X
a+16 2a+48

Mole ratio of AO: A0 ::1:1, 4,03 :AO;l 624 b1
Solving Egs. (3), (5) and (6) a =100
In (a): Se* — Se®* +2¢
10e+2Br** — Br)

=0.0187 .(6)

Eq. mass KBrO; =M /5;
(valency factor=5)

.Eq. mass KBrO; =M/ 6;
(valency factor= 6)

In(b): 6e+Br*™* — Br'”
As™ — As™t +2e
Let Meq. of BrOj of valency factor 6 = Meq. of AsO;
1
=5.1x—x2=0.408
5 ><25

Meq. of BrOj of valency factor 5 added

1 5
= L x5=2=1.
20x 60x5 3 67

Left Meg. of BrOj3 of valency factor 5 = &‘?)‘—5 =034
.. Meq. of BrOj used for Se02” =1.67-0.34=1.33
Meq. of Se02” =133 or —2>—x1000=1.33

127/2

WS cOg‘ =0.084 g
Meq. of I, used = 20.10x 0.05=1.005
Let Meq. of As, 05 and Meq. of As , O5 in mixture be a and
b respectively. On addition of I, to mixture, As}" is
converted to As ;" 4

Meq. of As;0; =Meq.of 1, used =1.005
=Meq.of As®>" formed

or . a=1.005 (1)
At?er reaction with I, ,mixture contains all the arsenic in +5
oxidation state which is then titrated using K1+ hypo. Thus,
Meq.of As,0; as As®* + Meq. of As,0; as As>*

=Meq. of liberated 1, =Meq. of hypo used

# a+b=11131000 or a+b=a4s1 ()

248
By Eqgs. (1) and (2), b=4.481-1.005=3.476
. Mass of As,0,= 13- X Eq. mass _ 1,005x 198
1000 4x1000
=0.0497¢

and Mass of As;Os =-3'Z—Z(6]%=0.l999g

& Mass of mixture = 0.0497+ 0.1999 = 0.2496 g
(a) Cu’ — Cu +2
N** +e— N*




Eq. of Cu =Eq.of NO,

w___ 1x1.04
63.6/2  0.0821x 298
( mole of NO, =Eq.of NO, = ﬂ)
RT

Wou =1.35§
Wz, =1.50-135=0.15 g

% of Cu =‘-—35 x 100 =90%

%onn—°—‘éxloo =10%

(b) Thus, 1 g brass contains 09gCuand0.1 gZn

. Meq. of HNO,

and Meq. of HNO,
=Meq.of Zn

=Meq.of Cu
or

3x8xV, = or 3xV, = —— 0.9

YT ke

65/2><1000

=0.128 mL
(= N** +8e— N*)

"\ ¥,=943mL

Total volume of HNO; used = 0.128+ 9.43 =9.558 mL

63. Meq. of alkali added = 30x0.04 =1.2

Meq. of alkali left = 22.48x 0.024 = 0.54
Meq. of alkali used for SO, and H,0,
=1.2-0.54=0.66
. 0.66x 40
= =0.0264
Mass of alkali used 1000 g

80 g NaOH reacts with 64 g SO,.
0.0264 g NaOH reacts = ﬂ%’ﬂ =0.021g SO,

Now " 64 g SO, required =32g S

0.021 g SO, mquired=~32—x6-%'oﬂ =0.0105g
% of S = le%x 100=0.1875%

. Since, Cu will react with ferric sulphate to reduce Fe**
Fe2*. The reduced state of iron is further oxidized by
KMnO,. '
Thus, Meq. of KMnO, used

=Meq. of iron sulphate oxidized

=Megq. of ferric sulphate used by Cu

=Meq.of Cu

Meq. of Cu = Meq. of KMnO, used

0.108 . 1000=33.7x0.1
63.6/n

n = 2 (integer)
lt is dtus. clear that during reduction of Fe**, Cu is oxidized
to Cu?* . Thus reaction is:
Cu +Fe;(804); — CIISO4 + 2FGSO4

65. The reactions are

H,0+ 2KI+ 03 — 2KOH +1, + 0,
Also 241, — 20

and 28 )y — (8¥%*), + 2

67.

Numerical Chemistry

=Meq.of Na;$,0; =1.5x 0.01=1.5x 1072
1.5x107
2

o Meq Oflz

of mMof I, = =7.5x107

mMof O; =mMof I, =7.5x 10
(-~ Moleratioof O : 1, ::1:1)
nRT _ 7.5%107° x0.0821x 300

& P03= vV 10

=184.725x107 atm
- Vol. % of 0; =184.725x 107" x 100=1.847 x 10%,
0, + 2KI+ H,0— 2KOH+1; + 0,
I, + 2Na,S,0; —> Na,S404 + 2Nal
Millimole of O3 = Millimole of I,
=—; x mM of Na,S,0;

(@M =M XV )
=%x40x1i0=2mM=0.0021mle

Total millimole of O, and O in mixture are calculated from
PV =nRT
Ix1=nx0.0821x273 .. n=0.044 mole
Mole of O, = 0.044-0.002= 0.042

mass of O, =0.042x 32g =1.344¢g

mass of O; = 0.002x48g =0.096¢g

% of O, 0‘26“00 6.7%

Now

No. of photon or molecules of ozone

23
- 0.096x 6;‘0823x 10 =12 x 10

Megq. of MnOj added = 200x 0.75x 5= 750
Mn™ +5¢ — Mn2*

N=Mx5
Meg. of MnO} left unused = Meq. of Fe2* used
=175x1x1=175
Fe' —5 Fe™ + e N=MxIl
Now Meq. of MnOj used = 750~175= 575
MnOj is used for Cu ;S and CusS to give.
ForCuS:  Cuj —2Cu® +2¢
ST —5 8% 4 6e
CuS— 2Cu?* +8* + 8¢
For CuS: S¥ — 8" 4 6e
Let Cu;Sand CuSbeaand b g respectively
& a+b=10 (D
Meq. of MnOj used = Meq. of Cu ;S + Meq.of CuS
$75= 159278 X 00+ 57 os:/ P ff
Solving Eqs. (1) and (2), a=4.206g
b=5794g

% of CuS in mixmre-s—‘:ol‘-x 100 = 57.94%
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68. NaCNws.KMnO,: C* —5C* 42
3e+Mn™ — Mn**
Meq. of KMnO, added = 50x0.33x 3=49.5
(v.f.of KMnO, =3)
Meq. of KMnO, (v.f. = 5) left after reaction with NaCN
=Meq.of FeSO, used =500 x 0.06 x 1=30
Fe?* — 5 Fe’* +e
Mn™ +Se— Mn?*

Meq. of KMnO, (v.f. = 3)Ieﬁ=¥= 18

Meq. of NaCN in sample = 49.5-18=31.5
49/2x10(l) 315
5 w=0.7718g
% of NaCN =77.18
69. Suppose mass of BaCO,,CaCO; and CaO are a, b, ¢ be
respectively.

a+b+c=1249 ()
For the reactions BaCO; — BaCrO,
and Je+Cr® — o™

A0 — 1 +2
Meq. of BaCO; =Meq. of BaCrO, = Meq of I,

20x 0.05x —
or 19_,/3><|000 X x1

Y a=0657g (2)
'nneEq mass of BaCrO, is M’3 and thus for BaCO; it
should be M / 3

Also for acid-base reaction
MeqofBaCO.*'McqofCaCO, =Meq.of CO,

168x 44
—2__ %1000+ ———x1000= —2"_x 1000
19772 o0 32400x 22

200a + 394b = 295.5 e
ByEqs(Z)undO) b=0416g
By Eq. (1) 0.657+0.416+c=1249
c=0.176

o %of 0= 21780~ 1409%

70. Se+Mn” — Mn™*
P )y — 4P +8e
—= 100x 5le= 3164.56
Thus, Meq. of KMnO, = — 18
_ 100x8x1000 _ 3438 02
Mq. OfP‘O. = _———2|9.9
Meg. of P,Oy in excess = 473.46

wx 8x 1000 " . =13.01
=4 P €xcess g

7. As;0, nnvle =12.0g It reacts with NaHCO; to give
Na ;As0, . Its reaction with I, shows the changes:
(As*); — (As®" ), +4e;
lz*?l—. pilg
Meg. of As ;0 in 25 mL = Meq.of I, =224 x N (D

301

Also N of I, can be evaluated as:
Megq. of I, =Meg.of hypo =N xV¥
The reaction are: I, +2e —> 21"
25,017 —> 8,05 +2¢
248 75
248x1

Nx25=

N
N|z='l—0

g _ o
S Meq.ofAszo,mZSmL—Zle—d 224
250 _
or Meg. of As;0; in 250mL = 2"4x25 224
X x1000=22.4
or Ex

1000=224

22 4xl98_ 1.1088
x 1000

% of As, 03 =——l'||288x 100=9.24%

¥ x
198
4
Was;03 =

Sn?* —> Sn*" +2
2e+(0" ), —» 20%
Meg. of H,0- used =Meg.of Sn?* =100x 2x 2 =400

10x 2x 1000
- Meg. of H,0, ukm—% 1176.47

Meg.of H,0, left =1176.47-400= 776.47
m mole of H,0, left =162-'4—7

Now HzOz — H:o*'%O:
or m mole of O, formed:%‘;-’=l94.12

-3
- V= .u;r _194.12x10 :<0.0821x 293 o 67 e

For4,(CO;),(OH). : x=2y+z (1)
The reactior of salt with H, SO, uses carbonate ions as well
as hydroxide ions.

In case of phemolphthalein : Half of the salt is
neutralized as carbonate is converted to bicarbonate and
OH" ions are completely neutralized.

Megq. of H,SO, =%Meq. of salt for carbonate +

Meq. of salt for OH™
10x1x100 _ 1, 1.7225x 1000 , 1.7225x 1000
50 2 M M
2y z
_ 17225y 172255;
T -2

In case of methyloramge :  Salt is completely neutralized.
15x1x100 _ l.7225>xl0(l"+ 1.7225% 1000
50 M

"z

2y



74.

75.

3445y 172252
or 30 i +T ..(3)
By subtracting Eq. (2) from Eq. (3).
jo= 17225y 4
= =
By Eqs.(2) and (4), 10= % (5)
By Egs. (4)and (5), y=z ...(6)
Also from Egs. (1) and (6), x=1.5y

Thus for simplest ratio x: y:z::1.5:1:1or 3:2:2
Therefore formula of salt is 43 (CO;), (OH),

(Qu*); — ¥ +Cu
The solution after dissolution of Cu,O in dil. H,S0,
contains Cu** and Cu ions. Cu2* ions react with KI to give
Cul; which is converted to Cul and I,.

Co™ + My Gl —s Cul+—;lz
Miﬂimoleofi(hakcn:l%xlooo=so

Now, K1 left unused reacts with oxidizing agent to liberate
I, again.
IOy, DRI .8, O # 2N
Millimole of KI left = Millimole of Na,S,0; used
(mole ratio of I” to Na,S,0; is1:])
=10x1.0=10
Therefore, millimole of KI used for Cu?* = 50— 10=40
Millimole of Cu,0=20
Cuj — 2cu?
. Mole ratio Cu3 :Cu?* ::1:2]
w =
or ﬁxIOOO— 20

wx1000_ o .
142
2810 - 9467

W(_\.p =284

% of Cu,0=
3Br, + 60H" — SBr™ +BrO; +3H,0
(mole ratio Br, : BrOj ::3:1)
BrO; and C, 07" reacts to give redox change as:
6e+Br** — Br™-  (valence factor of BrO; = 6)
), —2C*" +2
Millimole of Br, taken =10x1.0=10

Millimole of BrO; formed = %’

Also,  Meq.of CaC,0, =Meg.of BrO; =%)x6= 20

WXIM):zo

=128
128/2 Wesc, 5

76.

77.

78.

79.

Numerical Chemistry

% of CaC, 0,4 =ll'—258x100=85.33

2e+ClI* — CI” (OCI™ changes to Cl™)
(C*), —2C* +2¢  (C,0 change to CO,)
Let a and b millimole of NaOCl and CaOCl be present in
mixture.
Megq. of NaOCl + Meq. of CaOCl, =Meq.of Na,C,0,
2a+25=10x0.15x2x 10 =30

K 2a+2b=130 (1)
Also millimole of C1~ from NaOCI +
millimole of C1~ from CaOCl,
= millimole of AgCl

0.287 100
==22-x1000x — =20
or a+2 143.5xl 10

a+2b=20
By Egs. (1) and (2), a=10,b=5
% of NaOCl = 10x 74.5% 10 x % =37.25

% of CaOCl, = 5x 127x 107 x %0 =31.75

-(2)

(=)}
w
(S}

Equivalent of KMnO, = 1 3
Equivalent of KCI =[%] =0.0537
Equivalent of KBr = [——';'—9]

=0.2

w

0.2=0.0537+-1
119

LetmM of CI” and ClO3 be a and b respectively

+b=mM of AgCl = 21435 -
¢ d A =T < 1000=1

m=1741g

Also, Meq. of KCIO; =6a ** 6e+Cl** — CI”
and Meq. of FeSO, used for KCIO,
=30%0.2-37.5x0.08= 6-3=3
6a=3
=% and b=%
ie., 5x10™° mole each, (1:1)

Meq. of KMnO, =Meg. of ReO};” =Meq.of Re
~ 1145x0Q05=Megq. of ReO}” =Meq.of Re

Meq. of Re from Re™ to ReOj =0.5725
26.83x107
186.2/ (7-n)
0.5725%186.2 _
26.83x10™ x1000
Oxidation state is Re>* .

or x1000=0.5725

T-n= 4 .n=3
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10.

11.

12.

. ‘n’ factor of FeC,0, during its oxidation by acidified

KMnOy, is .......

. Anelement 4 in a compound has oxidation state 4"~ If

1.68 107> mole of K,Cr,0; are required for complete
oxidation of 3.26 x10™* mole of ABD for oxidation to
A" to elemental state. The value of n is .......

1.6 g pyrolusite ore was titrated with 50cm? of 1.0 N
oxalic ?xcid and some sulphuric acid. The oxalic acid left
was raised to 2§0 mL in a flask 25 mL of this solution
whet! treated with 0.1 N KMnO, required 32 mL of the
solution. The percentage of available oxygen in
pyrolusite is :

. 1 g sample of Fe,035 solid of 55.2% purity is dissolved

in acid and reduced by heating the solution with Zn dust.
The resultant solution is cooled and made upto 100 mL.
An aliquot of 25 mL of this solution requires 17 mL of
0.0167M solution of an oxidant for titration. The
number of electrons taken up by oxidant in the above
titration is .......

. 0.31 g of an alloy of Fe + Cu was dissolved in excess

dilute H,SO, and the solution was made upto 100 mL.
20 mL of this solution required 3 mL of % K,Cr,0;

solution for exact oxidation. The % purity (in closest
value) of Fe in wire is :

 The reaction Cl,(g) +S,05” — SO3” +CI” to be

carried out in basic medium. 1.5 mole of Cl, are allowed
to react can with 0.1 mole of S ,0% in presence of
3.0 mole of OH™. Mole of OH™ left after the reaction is

Equivalent mass of O3 in the reaction :20; — 30, is

‘n’ factor for Cu,S in the reaction

Cu,S +KMnO, — Cu’®" +80; + Mn?" is:
A 5.6 g sample of limestone is dissolved in acid and
calcium is precipitated as calcium oxalate. The
precipitate is filtered, washed with water and dissolved
in dil. H,SO4. The solution required 40 mL of 0.25 N
KMnO, solution for titration. The % of CaO in
limestone is .......
80 mL of M/24 K,Cr,0, solution oxidises 22.4 mL
H,0, solution. The volume strength of H,02 solution
i8 v
10 mL 0f 0.2 M solution of K, H(C204) y requires 8 mL

of 0.2 M acidified KMnO4 solution. The value of x is

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

‘n’ factor for SO, in FeS, +0; — Fe,03 +S0; is
30 mL of 0.3 M MnSO is completely oxidised by 3 mL
of KMnO, of unknown normality, each forming Mn*
oxidation state. The normality of KMnOj4 18/ ccovens

2 M solution of HNO; is reduced to NO by suitable
reductant. The normality of HNO3, if HNO3 is used like

this is .......
‘n’ factor for S in SO, is 4 and in SO is 6. The ‘n’ factor

of S in SO, Jr%o2 T —

‘w’ factor of C;HsOH in the reactions iS....

C,H;OH — CH;CHO
4 mole each of Hg?" and I” will form how much mole of
[Hels ™
2.5 mole of Fey(C,0s); requires how much mole of
KMnO, for its complete oxidation in acidic medium?
C;H; is completely oxidised to CO, and H,O0, the ratio
of equivalent mass of CO, formed and C;Hjg takenis.....
The number of mole of KHC,04-H,C,042H,0 oxidised
by 4 mole of acidified KMnOy is.....
CrOs reacts with H,SO4 to give Cry(S04)3, H,0 and O,.
The mole of O; released during the reaction of 4 mole of
CrOs with excess of HSO4.
2 mole of FeC,0, are oxidised by ‘X mole of KMnO,4
whereas 2 mole of FeSOy are oxidised by ‘¥* mole of
KMnO. The ratio of X : Yis.....
Number of H,0, mole needed to convert two mole of
Cr(OH); in alkaline medium to sodium chromate is.....
6 %10~ mole KCr,0; reacts completely with 9 X107
mole X "* to give XO3 and Cr**. The value of nis ......
Mole of KMnO required to oxidise a mixture of 2 mole
each of FeSOy, F€C204 and Fe, (C104)3 in acid
medium.
Mole of K,Cr,0; required to oxidise one mole of
Fez (C204 )3 in acid medium.
Equivalent mass of nitrogen in the reaction :

(NH,),Cr,0; — N, +Cr;,0; +4H,0 is % The

value of X is .........
A 1.10 g sample of copper ore is dissolved and Cu?*
formed are titrated with excess of KI. The liberated
jodine requires 12.12 mL of 0.10 N Na,S,0; solution
for titration. The % of copper by mass in sample is .........
9.824 g of FeSO,4.(NH,),S04. X H,0 were dissolved
in 250 mL of solution. 20 mL of this solution required
20 mL of KMnO, containing 3.52 g of 90% by mass
KMnO, dissolved per litre. The value of ‘X ’is
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31. A 0.56 g sample of limestone is dissolved in acid and The liberated NO, (g) ws ‘°“?§f.°<?§i§§ ’cﬁ,f:sz :/l:rl:;:;
calcium is precipitated as calcium oxalate. The 1 atm and 300 K. The mass o
precipitate is filtered, washed and dried and then in alloy is ....... ) .
dissolved in H,SO,. The solution required 4mL of 34. n-factor of Mn ;05 in the Chmge '
0.25 N KMnO, for oxidation of oxalate. The % of CaO 2Mn,0; —> 4MnO, +302' 13lssoness T _—
in limestone is ......... 35. n-factor for Fe;0 in its reaction during its oxidation to
32. Hydrogen peroxide in aqueous solution decomposes on Fe05 iS covvvenene

warming to give oxygen according to the equation.
2H,0,(ag) — 2H,0(1) +0,(g)

under conditions where 1 mole of gas occupies 50dm >,

100cm >, of XM solution of H,0, produces 5dm of 0,.

36. Number of mole of As,S 3 required to reduce 56 mole of

HNO; according to equation :
As,S, +HNO; — H3AsO4 +stO4 +NO .
37. Reaction of Br, with Na,CO; in aqueous solution gives

Thus X is ........... sodium bromide and sodium bromate with evolution of

33. 15g sample of an alloy containing Cu (at mass 63.6) and CO, gas. The number of sodium bromide fnolecules
Zn reacts completely with 3M HNO, as : involved in the balanced chemical equation is :

Cu + HNO; — Cu® +NO,(g) + H,0 (IIT 2011

Zn + HNO3; — Zn?* + NH} +H,0

_Jll o WEER— [

i i ine 6 Two 7. Eight 8 Six 9 Eight 10. Five 11 Five 12. Three
. Three 2. Three 3. Nine 4. Six 5. Nine i
l; Five 14. Two 15.Six 16. Two 17. Two 18. One 19. Three 20. Three 21. Five 22. Seven 23. Three 24. Thme
25. (;nc 26. Four 27. One 28. Six  29. Seven 30. Six  31. Five 32. Two 33. Nine 34. Six 35. One  36. Six

37. Five
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: :: : OBJECTIVE PROBLEMS (One Answer Correct) : :: :

1.

5.

7.

9.

Four mole of Cl, undergoes disproportionation
involving in all six moles electrons. The No. of mole of
Cl, losing electron and gaining electrons are
respectively :
(@ 1,3

3,1
() 2,2 o

(d) none of these

. Number of mole of K ,Cr,0; in acidic medium required

to oxidise one mole of Cu,P t0 CuSO, and H;PO, is :
(a) 11/6 (b) 6/11
(c) 3/5 d) 513

. Equivalent mass of As,S; in As,Ss + HNO; —

sto‘ +N02 +* H;Aﬁ),‘ + Hzo is:
(a) M/20 (b) M/40
(c) M/10 (d) M/5

.4 mole of FeC,0, are oxidised separately by acidified

KMn04 and chl'207. The mole ratio of KMI‘)4 and
KzCl’zO', is:
(a) 6/5 (®) 5/6
(c) 24/5 (d) 5/2n
Which of the following is not disproportionation
reaction?
CHO _ CH,O0H COO0~
@ | — | +|
COOH COOH CO00~
(b) K02 +H20 +C02 S 4 KHCO; +0,
(c) KCl0; —> KClO,4 +KClI
(d) PbO, + H,0 — PbO +H,0,

. Which of the following is intermolecular redox change?

(a) NH‘NOZ — N, +2H,0
(b) (NH4)2Cf207 _— N2 +Cl'203 +4H10
(c) 2KC10; — 2KC1+30;
PbO +H20-——) PbO + H;,0,
O B2 tion: 4Cr0 +6H;50, —» 2Cr2(S04)3
+6H,0 + 70,, which statement is wrong :
(a) It is disproportionation reaction
(b) It is intramolecular redox
(¢) CrOys acts as oxidant and reductant both
) CractsasoxidmtwhermOactsasredpcmt
In which of the reaction oxygen is not an oxidant :

(a N, +'12'01 — N;0(b) C+0; — €O,
© B+10,—F0 @ C+j0,—CO

The equilibrium : Cr,05" + H,0+==2Cr0%” +2H'
exist at pH=4. The concentration of [CrO%"] at

equilibrium is :
) 2K, -[Cr0F ]

(@) 4xK, x[Cry07"]

(© 10* xJK, x[Cr,01] (@10 xK, x[Cr;,07)

11.

12.

13.

14.

15.

16.

17.

1 mole each of FeC,0, and FeSOy is oxidised
separately by | M KMnO in acid medium. The volume
ratio of KMnO, used for FeC,0, and FeSOy is :
(a1 () 2
(c)3 d) 4
What is wrong about 6.07% strength H,0,?
(a) Its normality is 3.57 N
(b) Its molarity is 1.785 M
(c) Its volume strength is 20 volume
(d) Volume strength = 5.6 x molarity
A 100 mL sample of blackish water was made
ammoniacal and the sulphide ion in solution were
titrated with 16.50 mL of 0.02000 M AgNO;. The
concentration of H,S in the water in ppm is :
(a) 5.60 (b) 560
(c) 56 (d) 0.560
Titration of I, produced from 0.1045 g of primary
standard KIO; required 30.72 mL of sodium
thiosulphate as shown below:

105 +51” +6H" — 31, +3H,0

I, 28,08 — 21" +S,07

The molarity of sodium thiosulphate ion is :
(a) 0.095 (b) 0.079
(c) 0.084 (d) 0.064
The mass of 1 g-equivalent of V,05 used in the reaction
Zn +V,05 — ZnO + V is : (atomic mass of V = 4)

A A+80

@3 (b) S
24+80 24 +80

(c) 5 (d 10

An element 4 forms an acidic oxide which with KOH

forms a salt isomorphous to K,SO,. If eq. mass of 4 is
13, the atomic mass of 4 is :

(a) 78 (b) 80

(c) 26 (d) 52

Equivalent mass of Fe;04 and Fe,0; in the change
Fe304 — Fe,0; is respectively. M, and M, are
molar mass of Fe;0, and Fe,0, respectively :

M, M, M,

@) 7’1,_‘2’ (b) EX TN
1 M, M,

(c 2 »_3 (d) MI.T

A definite amount of reducing agent is oxidised by
20mL of I M KMnOj in acid medium, then the same
amount of reducing agent is oxidised 1 , same state by
how many mL of | M KMnO, in neutral medium it self
changing to Mn** state :
(a) 3mL

(c) 12mL

(b) 33.3 mL
(d) 24 mL



18.

19.

20.

21.

5 4 mixture FCSO4 7H20 and Feg(SO‘), 9H:0 is
completely oxidised by 5.5 mL of 0.1 M KMnO, in
acid medium. The % of FeSO, - 7H,0 in mixture s :
(a) 15.29 (b) 3.058

(c) 2024 (d) 25.29

The number of mole of KMnO, that will be needed to
react with one mole of sulphite ions in acidic solution is:

(@) 25 () 3/5

() 45 @ 1

Mole of H,O, required for decolorising 1 mole of
acidified KMnO, are :

(a) 122 (®) 32

(c) 52 () 72

2 mole, equimolar mixture of Na,C,0, and H,C,0,
required ¥, L of 0.1 M KMnO, in acidic medium for
complete oxidation. The same amount of the mixture
required ¥>L of 0.1 M NaOH. The ratio of V) to Vs is:
(@ 2:1 (®) 4:5

(c) 5:4 @ 2:5

If a g of NaHC,0, is completely reduced by 100 mL of
0.02 M KMnO, in acid medium and b g of NaHC,0,
required to neutralise completely 100 mL of 0.2 M
NaOH, then :
(@ a=b

(c) a=2b

®) 2a=b
(d) b=4a

- Ratio of mole of FeSO, oxidised by equal volume of

equimolar K,Cr,0; and KMnO, solution in acidic
medium is :
(@ 6:5
() 5:3

() 5:6
@3:5

. When BrOj3 ion reacts with Br~ ion in acid medium,

Br; is liberated. The equivalent mass of Br, in the
reaction is :

o M 3IM
@) N (®) =

aM SM
@5 W5

InFe™ vs MnOj titration, HNO; is not used because it :
(a) oxidises Mn?* (b) reduces MnO;

(c) oxidises Fe?* (d) reduces Fe** formed

1 mole of equimolar mixture of Fe,(C,0,); and

FeC,0, requires X mole of KMnO, in acid medium for
complete oxidation. The value of X is :

(a) 0.9 (b) 0.6
(c) 12 (d) 08

Number of MnOj ions present in 1 litre of 5 N KMnO,
is:
(@) Nu (b) 5;1;;\

2N, A
© 7 (d) 1o

28,

29,

30.

31

32.

33.

34.

3s.

36.

37.

Numerical Chemistry

1 litre solution of KIO; of unknown molarity is given to
titrate with K1 in strong acid medium, 50 qu solution of
KIO; requires 10 mL of ().! M Kl lu'r complete
reduction to I 1. The molarity of KIO solution is :
(@) 4x107 M (b) 410" M
(©) 4x107°M (d) 4x1072% M
10g of Fe 0,4 is oxidised completely by 59 mL of 0.1 M
KMnO, solution. The mass in g»ol'Fc 203 inFeq 0y is:
(a) 1.8 (b) 8.2
() 4.1 (d) 5.9 .
How many mole of KMnO, are needed to oxidise a
mixture of 1 mole ecach of FeSO,4, FeC,04 and
Fe, (C,0,); completely in acid medium :
(@) 5 () 2
(c) 4 (@6
The anion nitrate is converted into NH; ion. The
equivalent mass of NOj is :
(a) 6.20 (b) 7.75
(c) 105 (d) 21.0
If Cl, is passed into hot NaOH solution, oxidation
number of chlorine changes from :
(a) Oto+5 (b) 0to-2
(c) Oto+l1 (d) 0to+7
M is the molar mass of KMnO,. The equivalent mass of
KMnO, when it is converted into K,MnOy is :
(a M (b) M/3
(c) Mis (d) M7
The equivalent mass of MnSO, is half its molar mass
when itis converted to :
(2) Mn,0;4 (b) MnO,
(€) MnO; {d) MnOZ-
The number of mole of KMnO, that will be needed to
react completely with one mole of ferrous oxalate in
acidic medium s :

3 2
@) 5 (®) 5

4
© 3 @1

9x107 mole of X ™ are oxidised to X035 by 6x107°
mole of K,Cr,0,. If atomic mass of X is A, then
equivalent mass of X "* will be -

@ 4 ®) 4
4 4
(c) 3 (d) =

If molar mass of AsCl, is 228.5. It is oxidised to AsCls.
The equivalent mass of AsC] 3is:

(a) 2285 (b) 114.25
(c) 76.16 (d) 57.12
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38. In the disproportionation : H;PO,— PH; + H3PO;;
the n factor of H3PO, is :

3
® 3 ® 3
@2 @3
39. Number of mole of KMnO, required for 1 mole of Hg,S
in the reaction :
Hg,S + MnO; + H*— Hg? +507 +Mn? +H,0
are same as required for the change 5 mole of :
(a) N, to NO, (b) C,H;OH to CH;CHO

(c) NO to HNO, (d) NH, to NO
40. Photosynthesis is a redox reaction i. e,

hv .
XCO, + XH,0 T]) (CH,0), + XO,; which one

is not correct about it :
(a) carbon is reduced and oxygen is oxidised

(b) it may be classified as intermolecular redox
reaction

41.

42,

43.

307

(c) O released comes fromH,0 )
(d) equivalent mass of CO, is 11 and of HOis 4.5
In standardisation of Na,S,0; using K,CryO; by

iodometry, the equivalent mass of K,Cr,07 is :

(T 2001)
(a) M2 (b) M/6
(c) M6 @M
In alkaline medium, MnOj oxidisesI to: (T 2004)
(a) 103 )1,
(c) 107 d 10”

Consider a titration of potassium dichromate solution
with acidified Mohr’s salt. The number of mole of
Mohr’s salt required per mole of dichromate is :

(IIT 2007)
(@) 3 ®) 4
)5 @ 6

. The oxidation number of Mn in the product of alkaline

oxidative fusion of MnO, is : (IIT 2009)
@ 2 ®) 4

) 6 @8
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"1 o e

L. @ 2+, —2C1" x3

(The lowest oxidation state of Cl is —1)
Cl, — 2C1°" +6e

4, — 61 + 201
2 (@ 6Cu;P+I24H™ +110n0F — 18Cu™ +
6H;PO, +22Cr*" + 53H,0

No redox

Eys, =M/40

Mn™ +5¢—— Mn?*
(Cr* ), + 66— 200°°
+2CY +3e
- 4 mole FeC,O4EL52m1e KMnO,

3. ® (AsT), —2as%,
(S¥7)s —> 58% + 40e,

4 (@ Fe© —SFe* +e
(C ) —2CT +2
FeC,0; —> Fe’~

= 2mole K,Cr,0,
(d) Itis mtermolecular redox change.
(dy —do—
@) e+ — o™
0 —0f +2e
8. (¢) F isoxidant and O, is reductant (0 to +2)
_lcor P )
[Cr057]
[CrO}1=4/10° x[Cr,07 ]xK,
Fe’” +C,07 — Fe™* +2C0;" +3e
Mn”" +5¢ —> Mn?*
Fe* +SO — Fe®* +S0 +e
Meq. of FeC,04 =Meq.of KMnO,,
1x3x1000=1x5x¥;
Megq. of FeSO, =Meq. of KMnO,
1x1x1000=1x5x¥;

Np

10. (o)

11. (d) 6.07% strength of H,0, means 6.07 g H,0, in 100 mL
solution.
20 volume H,0, means of 1 mL H,0, solution gives
20 mL O,

Also, % sm'.ngth- xvol strength;
volume strength = 5.6xN= 11.2xM
12. (c) Meqg. of H,S=Meq.of S*~ = Meq.of AgNO,
=16.50x0.02 = 0.33
T'; x1000= 0.33 wy,s = 5.6x107
5.6x107 x10° _

ppm of H,S = 102

13. (a) 105 +5I" +6H" — 31, +3H,0
31, + 68,037 — 61 +35,07

10; +65,0% +6H" — I +38,05
Mole of KIO; =6 mole of S,03”

Mole of KIO, =& 2'10:5 =4.88x107

. Mole of 07" used = 4.88x 107 x6

Mole of S0} =2.93x107
Mx3072_ 5 93107
1000

M =0.095
14. (d) 10e+ (V¥ ), —> 2V°
M _24+80
10 10
15. (a) A —— oxideof 4 kol Isomorph of K804, i.e.,

K2A04
A°— A% +6e
atomic mass =eq.mass X v.f.=13x 6=78

16. (a) 2(Fe¥3*); — 3(Fe®"), + 2

EFep‘ =¥ and Epe_p] =%
17. ®) Mn™ +Se—> Mn?* (Acid med.)
Mn™ +3e— Mn** (Neutral med. )
Meq. of KMnO, in acid medium
= Meq. of KMnOj, in neutral medium.
Ix5%x20=1x3xV
: V=333mL
18. (a) Meq of KMnO,4 =Meq. of FeSO, - 7H,0

5.5x0.lx5=2—78x1000 Mn™ +5¢— Mn?")

w=0.7645 (Fe** — Fe’* +le)
’ %ofreso.-7ﬂzo=“7—56“x|oo=15.29

19. (a) S —5s8™ 420 x5
Mn™ + 5¢e — Mn?* x2
20. ¢c) Mn™ +5e—> Mn?* X2

0"y —0)+2 x5
21. (d) Let mole of Na,C,0, and H,C,0, be a.b
respectively, then a+ b = 2and a = b (equimolar)
Bq. 0fNBzC204 +H2C204 -Vl x0.1x$
(Mn"* +Se — Mn**)
(va=b) ()
V, =8L
Bq DszCzO‘ =V x0.1x1
22 =0.1¥,

242 =05V,
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Vy=20L
V_|=£=g
V, 20 5

22. (d) Meq. of NaHC,0, = Meq.of KMnO,
asz" 1000 = 100x 002x 5= 10
Also Meq. of NaHC, 0,4 = Meq. of NaOH
5x1X1000 _ 199 02= 20
M
10
0
or =4q
23. (a) Ge+(Cr®), — 20
Se+Mn** — Mn?*
Fe?* — 5 Fe’* +e
One mole of K ,Cr, 0, will oxidise 6 mole Fe2*
One mole of KMnO, will oxidise 5 mole Fe?*
24. (b) 10e+2Br** — (Br?),
2Br~ — (Br’), +2a
2Br®* +10Br-— 6Br,
6 mole of Br, = 2 mole Br**

- TI¥
[~

=10eq. Br*
=10eq. Br,
1 mole Br, =%Oeq. Br, =§eq. Br,
=-§
"=3
M _3M
Een =537

25. (c) HNOj will also oxidise Fe**
26. (a) KMnO, will oxidise Fe’* to Fe’* and C,02™ t0CO;
(C3*); — 6C* +6e

(C)—2C* +2
and Fe?* — Fe** +e
Meg. of C;02" in Fe;(C;04 )3 +Meg. of FeC; 04
= Megq. of KMnO4
=X-5 (Total mole of FeC,04 = 0.5

and mole of Fe; (C;04 )3 = 0.5)
0.5x6+0.5%x3=X"5
X=09
27. (a) Eq. of KMnO, = 5x1=5
', moleof KMnO, =1
28. (a) 10e+21" — (1°),
A" — (1%), +2e
Meq. of KIO; = Meq.of I”
50x M x5=10x01x1
Molarity=§;—0=4><10" M

(molex V.f.=Eq.)
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29. (b) Megq.of Fe?* in Fe;0, =50x01x5=25= Megq. of

FeO

mm of Fe?* in Fe;04 = 25=mm of FeO
25%x 72 _

o WEeO =—m0—'—|85

Weegoy = 10-1.8=8.2g
30. (b) Mn”* +5e—> Mn?*
Fe?* — Fe** +e
(C*), — 2C* +2¢
[(C**);]; — 6C** +6e

.of KMnO, = Eq. of FeSO4 +Eq. of FeC,04 +
. ) Eq. of Fe;(C>04 )3

=1x1+1x3+1x6
Mx5=10
M=2
31. (b) 8e+N* — N~
_62_
e ENOS —?—775

32. (a) Cl,+OH — ClO3 +CI~
33. () Mn™ +e—> Mn®

34, (b) Mn** —> Mn* +2

Fe** —> Fe** +e

(C*); — 2C* +2¢

FeC,0, — Fe** +2C* +34]x5
Mn™ +5¢e— Mn?*|x3
or 5 mole FeC,04 = 3 mole KMnO,
36. (d) 6e+(Cr),— 2Cr™
X™— X3 +(5-n)e
. Meq of K,Cr,07 =Meq of X *"

6x6x107 =9x107> x (5—n)

35. (a)

sn=1
WX X +4e
s Eofxm =4
4
37. (b) As*— As** +2
‘- Bq. mass = MOALIAS _ 2285 _ )4 5

38. (b) de+P*'—p7
PH— PP 42
3Pt — P~ +2P7
3H;PO, — PH; +2H,PO,
3 mole H;PO, = | mole PH,
=4eq. PH; =4 eq. H,PO,




< 1 mole H;PO, = %eq. H,PO,

or n factor = %

39. (b) (Hg*'),— 2Hg** +2e

S2— S5 4 8e
Hg,S — 2Hg > + 8% +10e
for ) (C?);— (2C™') +2¢
", 5C;HsOH — 10CH;CHO
5e+Mn’* —— Mn2*

40. (d) 4e+C*—°

2(072) —> 0f +4e
(of H0)
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42

43.

44,

Numerical Chemistry
. Equ salent mass of CO; = %4; =11

and Equivalent mass of H,O= %‘ =9

. (b) 6e+(Cr®), — 2cr*

E=M/6
(@ 2MnOj +1~ +H,0— 103 +2MnO, +20H"
(d) Fe?* —> Fe** +e]x6

6e+(Cré*), — 2Cr**
(©) 2MnO, +4KOH+0, — K,MnO, +2H,0

31

1. 100 mL of 0] M NaHC,0, is neutralised by ¥, mL of
0.1 MNaOH and ¥, mL of a M KMnO, separately, then
for complete neutralisation :

(a) volume of NaOH required = 200 mL

(b) if M of KMnOy, is 0.1 Mthenl—;'—=5;|
2
(c) if M of KMnO, is 0.1 M then V, =20 mL
(d) if M of KMnOy, is 0.2 M then ¥, =2 mL
2. A mixture of Na,C,0, and H,C,0, requires 100 mL of
01 M KMnO, for complete neutralisation. The same
mixture on neutralisation by a base requires 50 mL of
0.2 M NaOH solution. Which one are correct?
(a) Mole ratio of Na,C,0,4 and H,C,0, = 4:1
(b) Equivalent ratio of Na,C,04 and H,C,04 = 4:1
(¢) Mole of C,03" in mixture =25 x 10~
(d) Mole ratio of Na,C,04 and H,C,04 =1:4
3. Quantitative estimation of Fe?* can be made by
KMnO, in acidified medium. In which medium it can be
estimated by KMnO,4?
(a) In H,S0, (b) In HNO;
(c) InHCI (d) all of these
4. Which are correct about the reaction?
FeS; +0; — Fe,03 +S0,
(a) Eq. mass of FeS; is M/11

(b) Eq. mass of SO, =M /5
(c) 1 mole of FeS, requires 7/4 mole of O,
(d) S has — 2 oxidation state in FeS,

. Which of the following are primary standards?

(a) As,03
(c) NaOH

(b) H2C,04
(d) Na,CO,

. Which of the followings are not valid reactions for

iodometric titrations?
(a) 05 +2I" +2H —— 0, +1, +H,0
(b) 8HNO; +6I"— 6NOj3 +2NO +2I, +4H,0

(C) CUSO,‘ +2KI— CU2]2 +[2 + KzSO4
(d) N328203 +I— Na,S404 +2Nal

. In which of the following reactions O, is oxidant?

@) F +%02—> F,0 (b) 30,— 20,

© co+%oz-—+co2 (d) N, +0,— 2NO

. Reduction of the metal centre in aqueous permanganate

ioninvolves : (IIT 2011)
(a) 3 electrons in neutral medium
(b) 5 electrons in neutral medium Q

(c) 3 electrons in alkaline medium
(d) 5 electrons in acidic medium
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. I | [ SOLUTIONS (Wore Than One Answer Correot) —eo || |

1. (b,c) Meq. of NaHC,04 =100% 0.1=10
Meq. of NaOH required = 10= " x0.1x1
(v.f.of NaOH=1)
¥, =100mL
Meq. of KMnO, required = 10=V, xax 5
(v.f.of KMnO,4 =5)
v, =10 . Vi _100x5a
" 5a v, 10
lfMKMnod =0.1M,then 10=¥, x0.1x 5
¥V, =20mL
2. (a,b,c) Meq. of KMnO4 =100 0.1x 5= 50
= Meq.of Na,C,0, + Meq.of H,C,0,

a + b
a+b=50
-Meq of NaOH = 50x 0.2 =10= Megq. of H,C,0,
& b=10
a=40
milli mole of Na,C,0, =%

millimoleofC;0, =2+ L w8t 40+10 55

a
2
milli mo'= of HyC;04 =§
HNO; also oxidises Fe?* whereas KMnO, oxidises
HCL

3. (a

4.

w
b

L

(abc) 2Fe? — (Fe’"), +2¢
) MM
Eq. mass of FeS; = 3273 11
2(87"), —> 4(S*)+20e

; MM

Eq. mass of SO, = 30/4-5

d4e+0) —>2(07)
4 FeSz + 702 _— 2F6203
S has —1oxidation state.

(a,b) Primary standard solutions are those whose solution
of exact normality can be prepared by weighing
desired amount of its pure sample.

(b) In strong acidic medium either I produced in reaction
tend to be oxidised to I” or starch used to detect end
point is decomposed and hydrolysed.

(c,d) In the reaction of F, and O,, F, is oxidant.

(a,c,d)

In acidic medium : Mn 7" + 5¢ — Mn **

In neutral medium : Mn 7+ +3¢ — Mn**

In alkaline solution : Mn ™* + e — Mn &*

Note that in alkaline medium, Mn®*
reduced to Mn **

Mn® +2e — Mn ™
Thus over all reaction may give
Mn" +3e — Ma **

is further
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COMPREHENSION BASED PROBLEMS

Comprehension 1: Estimation of CuSO, is made by
iodometric titrations. In a given titration CuSO, reacts with K|
in acidic medium to liberate 1 ,.

201504 +4K] — 0]:13 +2K:SO4 +l:

Mercuric per iodate Hg s (105 ), reacts with a mixture of
KI and HCl following the equation:

Hg s (I0¢); +34KI + 24HCl —>

SK,Hgl, +81, +24KCl +12H,0

The liberated iodine is titrated against Na,S,0; solution.
One mL of which is equivalent to 0.0499 g of CuSO, - SH-O.
Molar mass of Hgs(IOg), =1448.5 and molar mass of
CuSO, - 5H,0 =249 5.

[1] Equivalent mass of CuSO, -5H,O'is :

M M
® 3 ® 4
©% @ M
[2] The reaction of Na,S;0, and I, gives oxidation
product as:
(a) I (b) S,05”
(© S40% (d) SO

[3] Volume in mL of Na,S,0; solution will be required to
react with I, liberated from 0.76245 g of Hg5(10¢)> :
(a) 40 mL (b) 10 mL
(c) 20 mL (d) 30mL

Comprehension 2: 2.5 g sample of copper is dissolved
in excess of H,SOy to prepare 100 mL 0f0.02 M CuSO, (aq.).
10 mL of 0.02 M solution of CuSOj (aq. ) is mixed with excess
of KI to show the following changes.

CuSOy4 +2KI — Kzs()‘ +Cul,
2Cul, — Cu oIy +1;

The liberated iodine is titrated with hypo (Na,S,0;) and
requires ¥ mL of 0.1 M hypo solution for its complete
reduction.

[1] The volume (¥) of hypo required is :

(a) 2mL (b) 20 mL
(¢) 1mL (d) 10mL
[2) Percentage of purity of sample is :
(a) 10.16 (b) 5.08
(c) 2.54 @ 1.27

[3] The mass of I, liberated in the reaction of 10 mL of
002 M solution with Kl g is :

(a) 0.051 g (b) 0.0254 g
(c) 0.102¢g (d) 0.204 g

[4] The colour of solution developed during addition of KI
CuSOy, is :

(a) violet due to dissolution of liberated I,

(b) brownish yellow due to dissolution of liberated I,
(c) red due to the formation of Cul

(d) brown due to the formation of Cu I,

I5] Select tho correct statement ©
The reaction belongs to iodometric titration

1.
2. The reaction belongs to iodimetric titrution
3. Cusl, formed during the reaction is white
4. Starch is used as indicator in this titration
(@ 134 (b) 2.3,4
© L3 d 2.3
Comprehension 31 KyCryO5 acts as a good oxidizing
agent in acidic medium,
Cr,05" +14H' +6¢” — 2Cr*" +7H,0
O:angc Green
In alkaline solution, orange colour of Cr,O % changes to
yellow colour due to formation of CrO3™ and again yellow
colour changes to orange colour on changing the solution to
acidic medium.
Cr,03 +20H™ — 2CrO§” +H,0

Orange Yellow
2Cr03™ +2H* — 2Cr,03” + H,0
Yellow Orange

CrO3™ and Cr,0%" exist in equilibrium at pH = 4 and are
interconvertible by altering the pH of the solution. When
heated with H,SO, and metal chloride, K,Cr,0; gives
vapours of chromyl chloride (CrO,Cl,). Chromyl chloride
(CrO,Cl,) when passed into aqueous NaOH solution, yellow
colour solution of CrO3™ is obtained. This on reaction with lead
acetate gives yellow ppt. of PbCrO,.

When H,0, is added to an acidified solution of
dichromate ion, a complicated reaction occurs. The products
obtained depend on the pH and concentration of Cr.

Cr,03” +2H" +4H,0, — 2Cr0(0,), +5H,0

A deep blue-violet coloured peroxo
GrO(03);, called chromic peroxide i o Tio
decomposes rapidly in aqueous solution into Cr** and oxygen.

(1] What happens when a solution of potassium chromate is
treated with an excess of dilute nitric acid?
(a) Cr* and Cr,02 are formed

(b) Cr,0% and H,0 are formed
(c) CrO}" is reduced to +3 state of Cr
(d) CrOF™ is reduced to 0 state of Cr

[2] Which of the following statement is wrong when
mixture of NaCl an i ith
oyl d K,Cr,0; is gently warmed with
(@) A deep red vapour is evolved
(b) T'he vapour when passed through NaOH solution

gives a yellow solution of Na,CrO,
(c) Chlorine gas is formed
(d) Chromy! chloride is formed
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[3] The CrO; on reaction with HCl and NaOH(ag.) gives

1]

151

(6]

17

191

[10]

respectively:

(a) CrO,Cl,, CrO§~ (b) Cr(OH),, CrO3”

(c) Cl,,Cr,0%" (d) Cl,, Cr(OH),

Number of mole of K,Cr,0; reduced by one mole of
Sn?* ions in acidic medium is :

(a) % (b) 3

© ¢ @ 6

The equivalent mass of barium in BaCrO, used as an

oxidizing agent in acidic medium is (atomic mass of
Ba =137.34and Cr = 52)

(a) 137.34 (b) 85.78

(c) 114.45 (d) 68.67

The equivalent mass of KIO; in the reaction

2Cr(OH); +OH™ +KIOy — 2CrO% +KI +5H,0

(a) Molar mass (b) A;—

M M
© 6 (d) 5

When H,0, is added to an acidified solution of

K,Cr,04, then :

(a) solution turns green due to formation of Cr,05 and
reduction of Cr takes place

(b) solution turns blue due to formation of CrO(0, ),
and no redox change

(c) a deep blue-violet coloured compound CrO(0, ),
due to reduction of Cr

(d) solution gives green ppt. CrO(O;), due to

oxidation of Cr
The colour of Cu,Cr,Q, solution in water is :
(a) green (b) blue
(c) orange (d) black

Which statement about CrO5 is wrong?

(a) Oxidation number of Cr in CrOs is +6

(b) CrOs has butterfly structure

(c) It has one oxygen atom attached with double bond
with Cr and four oxygen atoms attached with single
bond with chromium

(d) It has four peroxide bond

The [CrO2™ Jions at equilibrium for the reaction

Cr,0% + Hy0 ==2Cr0} +2H" atpH= 4is:
(a) 107 [Cr,0% - K¢
() 107 [Cr;07")- K¢

Numerical Chemistry

(©) 10™[(Cr,07 ) Kc 1"
(d) 107*[Cr,0771"* - K¢
Comprehension 4 :  Redox changes are of three types,
These includes, intermolecular redox reaction, intramolecular
redox reactions and disproportionation.
The equivalent mass ‘E’ of reductant or oxidant is given

by the expression : '
_ Molar mass of reductant or oxidant

Ereron= Number of electron lost or gained by
1 molecule of reductant or oxidant
[1] The equivalent mass of cyanogen (CN); in the redox

change is :
(CN), + H,0 — HCN + HOCN
@) % () M
M M
(c) T (d) 24

[2] The equivalent mass of KCIOj; in the redox reaction is :
2KCIO; — 2KCI +30,

M M
(a) ra (b) >
M M
() T (d) <

[3] The equivalent mass of Fe, (C,0, )5 in the redox reaction is

5Fe;(C,04 )3 +6KMnO, +24H,S0, ——
5Fe; (S04 )3 + 6MnSO, + 30CO, +24H,0

@4 ) &

M M
© X @

Comprehension 5 : Bleaching powder and bleach
solution are produced on a large scale and used in several
household products. The effectiveness of bleach solution is
often measured by iodometry. (11T 2012)

01] Blgaching powder contains a salt of an oxoacid as one
of its components. The anhydride of that oxoacid is :
(a) CI,0 () C1,0,
(c) Clo, (d) C1,04

[2] 25 mL of household bleach solution was mixed with
3_0 mL 0f0.50 M K1 and 10 mL of 4 N acetic acid. In the
titration of the liberated iodine, 48 mL of 0.25N
Na,$,0; was used to reach the end point. The molarity
of the household bleach solution is :
(a) 0.48 M (b) 0.96 M
(c) 0.24 M (d) 0.024 M
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i @ 20»" + 2:——» (Cu™),
2] (c) 28;0} — S,07 +2
oxsdation
product
1 mole Hg 5 (104 ), or 1448.5 g gives =8 mole I,
0.7245 g Hg 5 (104 ), will give
_ 8x0.7245
1448.5

=4.0%x 107" mole 1,
This 1, is titrated with Na,S,0; as
2+ lz —2I°
283 — S 42
Meq. of Na3$;0y =Meq.of I; =4x 107 x 10’ x2=8
Meq. of Na,S$,0, in one mL = Meq.of CuSO,

- 0.0499
=34971 x1000=0.20

V =40 mL

Bl @ -

mole |,

oo 0.20xV =8 ..
Comprehension 2
[1] (a) The reactions are :
Z(C\n")+2¢—+(c\.'),,5=ﬂl
21" )— 1y + 26, Ey- =Ml

25 ); — (¥ )+ 2e

M
Enassoy =7

Meq. of CuSO, =Meq. 0fNIstO\
= Meq. of 1, liberated

10%x0.02x 1=V x0.1x1
V=2mL
2] () Meq. of CuSO, in 100 mL = 100x0.02=2
- 2x249.6=0_4993
1000

0.499% 63.6
- 0499x636_¢ 127
2496 g

%of Cu = %xl(ﬂ: 5.08

131 () Eq.of I, =Eq.of CuSO,
_10x0.02 _ 5, 10~
1000

=2x107

254/2
wy, =0.0254g
4 ®) wndnmdmolmmwlunonof(.‘u;l,
and KI develops brown colour.
S] (a) If]; is used as intermediate, the process is iodometric.

Compnhmalona
1] (b) 2Cr0; +2H' — 0 +H0

12] (c) 4NaCl+K,Cry0 +6H,80, —
2010, Cl, + 4NaHSO, + 2KHSO, + 3H,0

Bl GO+ + 2HCl — CrOLCly + Hy0
CrO, + 2NaOH —— Na,CrO, + H;O

4 (@ [Sn? — Sn" +2¢]x3
6o+ (Cr); — 20"

1 mole of K :Cr, 0, will oxidise 3 mole of Sn 2
M .313‘&1 = 8578

1S] ®) 3e+Ce* —Cr'; E= .

6] (©) Ge+I®* — 17 l:‘z-’:{-

(7] () Cr03" +2H' +4H,0, — 2CrOg + SH,0

(Not a redox change)

2 . . 2= 3 §
I8) (a) Cu’' ionsareblue and Cr,O;" ions are orange to give

green colour
o> ~“0
191 (d) |.~Cr>X| hastwo per oxide (O—O)bonds
o Il o
0
Cro’ *H')?
(10] (¢) puint L L
[Cr,0%7)
(o =[(r207.]x Ke _Ke [Cr:O§_|
(H) 107y
=10*(K¢ -Cr,0371"2
Comprehension 4

(1] () 2e+(C*), — 2C**
(C*), —2C* +2¢
(C*)—2c* s 20
2(CN), +2H,0 — 2HCN + 2HOCN
2 mole (CN); = 2 mole HCN
=2xleq. HCN
=2eq.(CN),

1 mole of(CN)z = lq.(CN)w
or V.{. for (CN), = 1 ’
~E=M

6e+C1* — Q1!

207%), — Y0%)+12¢

2KC10; — 2KCl+ 30,
2 mole KCIO; = 2 mole KCl
m2x6eq. KCl
= 12¢q. KCIO,

(V.f.forHCN=1)

21 @
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.1 mole KCIO; =6 eq. KCIO,
= v.f. for KCIO; =6

Excio; = %

18] (b) (C3'); —> 6C* +6e

Mn™* +5¢ — Mn2*

. 5Fe3(C;04 )3 + 6KMnO, +24H,S0O, —>

SFe; (804 )3 +6MnSO, + 3K, S0, +24H,0
v.f. OfFez (C204 )3 =6

Comprehension 5

13. (a)

Ca(OCI)Cl1
(Bleaching powder)
Thus bleaching powder contains OCI™ i.e., part of
oxoacid HOCI and CI~ i.e., part of HCI.

— Ca?* +0OCl+CI™

. (¢)

Numerical Chemistry

Oxidation no. of Cl in oxoacid = +1.

Thus, oxide of Cl with same ox. no. is CI,O

. Anhydride of oxoacid (HOCI) is Cl,O.

CaOCl, (aq. )+ 2KI—> I, + Ca(OH), +KClI

I, +2Na 28203 e NaZS4O6 +2Nal

Thus Meq. of Na, S, 05 used = Meq. of I, formed
=Meq. of bleacking powder

or 48 x 0.25 =Meq. of bleaching powder=~Nx 25

NBIenching powder = 0.48
Cl" +2e— CI”

Thus, n-factor for bleaching powder = 2

MBlcnching powder = % =0.24
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Read the statements (S) and explanations (E) given
below. Choose the correct choices a, b, ¢ and d from the
options

(a) Sis correct but E is wrong
(b) Sis wrong but E is correct
(c) Both S and E are correct and E is correct explanation of

S

(d) Both S and E are correct but E is not correct explanation

1

2.

3.

4.

of S

S: The equivalent mass of NaCN in its conversion to
NaOCN by KMnO, is M/2

E: The reactionis: C* — C* +2¢

S: Thelj reacts with H;AsO; as:
H;AsO; +Kl; + H,0 — H;3AsO, +KI +2HI

E: Equivalent mass of KI; =210.

S: BrOj shows two reactions as:
Se0}™ +BrO; +H' —— Se0?™ +Br, +H,0
AsO} +BrO; +H' — Br™ +AsO; +H,0

E : The ratio of equivalent mass of BrOj in two

reactions is 5/6.
S : One equivalent of MnO, reacts with 2 equivalent
of HCl in the reaction:
MnO, +4HCl — MnCl, +2H,0+Cl,
E : One equivalent of MnO, reacts with one
equivalent of HCI.

S. S : The reaction :

6.

7.

CHO CH,OH COO~
| +OH™ — | +| 5
COOH COOH CO0~
is Cannizzaro’s reaction.
E: This is an example of disproportionation reaction.
§: In acidic medium, equivalent mass of K,Cr,0; is
49.
E: (Cr*), +6e—2Cr™"; Thus,

= ? ¥
S : lodimetric titration are redox titrations.

10.

11.

12. S

13.

14.

15.

“E: The iodine solution acts as an oxidant to reduce the
reductant.

Iz +2e—2I°

S: The redox titrations in which liberated I, is used as
oxidant are called as iodometric titration.

E: Addition of KI of CuSO, liberates I, which is
estimated against hypo solution.

S: KMnO, acts as oxidant as well as self indicator in
its titration with ferrous ammonium sulphate
solution in acidic medium.

E: KMnO, reduces itself to Mn>* ions and oxidises
Fe* to Fe* as well as after redox reaction is
complete, the KMnO, at the equivalence point
imparts pink colour.

S: The equivalence point refers the condition where
equivalents of one species react with same number
of equivalent of other species.

E: The end point of titration is exactly equal to
equivalence point.

S: The equivalent mass of KMnO, when it is
converted to K;MnOy is equal to its molar mass.

E: Mn" +e—s Mn® E=M

1

: The number of equivalent per mole of H,S used in

its oxidation to SO, is six.

E: $* —5* +6 .. Equivalent = Mole x 6,

S: §tatch is generally used as absorption indicator in
iodometric or iodimetric titrations,

E : Starch imparts blue colour with iodine.

S: The colour of KMnO, discharges slowly in the
beginning by the oxalic acid but after
sometime. s lin

E: The Mn?' jon act as auto catalyst for the reaction.

S: KMnO, has different equivalent mass in acid,
neutral or alkaline medium,

E: In different medium change in oxidation number
shown by manganese is altogether different.
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1. (©
2. (o)

5. (c)
6. (c)

E=1\r[/ 2

E=M/2because 2e+ (1% ); — 5 31,
. _M

i) 53,03 = ?
- M

(ii) Epos ='¢

1 mole MnO, = 4 mole HC]
2eq. MnO, =4eq. HCI
Both are facts.
One mole of K,Cr,0; shows a change of six N
electrons.

The electrons liberated during oxidation of species are
used by I, to get itself reduced.

8.

11.

12.
13.
14.

15.

©

- (©)
. (a)

(©)
(c)
(c)
(c)

(©)

Numerical Chemistry

2KI+ CuSO, — Cul, +K;S04
2CuIz—> CUzlz + lz

I, +2Na,S,0; —> Na,S,0¢ +2Nal
The explanation is correct reason of the statement.
The equivalent point is nearly same but not exactly
same to end point. However for all practical purposes
the two are taken same.
One mole of KMnO,4 shows a change of N electrons.
Equivalent = Mole x valence factor.
The explanation is correct reason of the statement.
KMnO, is reduced to MnO, by oxalic acid. The redox
change is catalysed by Mn " jons i.e., autocatalysis.
Se+Mn”" — Mn?* (Acidic)
3e+Mn"" — Mn** (Alkaline or neutral)
le+Mn"* — Mn ®* (Neutral or alkaline)
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MATCHING TYPE PROBLEMS s

T
]
Typel: Only one match is possible
1. Half Reactions n-factor of
reactant

A. Bi,S; - Bi** +8S @ 6
B. FeS, — Fe’* +280, b 10
C. (NH4);Cr;0; 5 N; +Cr,0;  (¢) 11
D. Al,(Cr,07); » AP*+Cr** (@) 18

2. Reaction n-factor of reactant
A. Fe;04 — Fe,0, (a) 413
B. Fe,0; — Fe;0, (b) 273
C. PH, — PH; +P,H, (c) 1
D. H;PO, - PH3 +H3;PO; (d) 573
E -1, -1 +10; (e) 6/5

Typell: More than one match are possible

3. Titration
Iodimetric
Iodometric
Redox
Acid-Base

Mmoo ow >

Precipitation

(@
(b
(©)
(d)
(®

Reagents

AgNO; vs.KCI
N,H, vs.1p

CuSOy4 vs.KI
H,C,04 vs. KMnO,
H,C,04 vs.NaOH

4. Reaction

B. MnO, — MnSO,
C.MnO, - Mn

D. KMnO4 = Mn,0,
E. KMnO, — MnO,

Equivalent mass

of reactant
A. Fe(SCN); > @ %
Fe** +802” +CO3™ +NOj3
B. As,S; — As** +S0% ®) %
6 5+ C M
C. Crly - Cry" +1 © >
D. Crly - Crf* +1™ @ X
E. Crl; - Cr® +1™
Type lll : Only one match from each list
5. List A List B List C
A.CH, ()E=M/8 @Cc* ->c*
B.CO ()E=M/2 b)Cr - c*
C.C,0F (i)E=M/12 () C* >c*
D.CH, @Ccr ->c*
6. Redox change Equivalent Number of
mass electrons
involved
in change
AMDOZ%MDZO; lEMlozzM/z (3)4

ii. Evpo, =M /4 (b)2
iii. Epa0, =M /1 ©3
iv.Emo, =M /4 (d)8
V. Eppo, =M /3

Illmﬁnlll

4. A-b; B-a,d; C—,d;D—<; E—<
5. A-i-b; B-ii-a; C-ii—; D-iii-d
6. A-iii-b; B-i-b; C-ii-a; D-iv-d; E-v—c

1. A-b; B—; C-a;
2. A—; B-b; C-¢ D—a,

E-d

3. A-b; B-—; C-bcd; D-e; E-a



