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Chapter at a Glance

1. Boyles’ law:

2. Chawric’s law:

P’V = constant (at constant T an%
)

Gaseous @%ﬁ

N
S
X

J. Gay Lussac-Charles’s law:

V/T = constant (at constan@

P/T — constant (at consta d n)
4. Avogadro’s hypothesis: S
V = No. of molecules (at cons pressure and temperature)

5. Gas equalion:

Ol

6. Graham's law of diffusion:

PV =nRT

PV=(w/mRT or

7. Dalton’s law of partj

Molecular weight = Vapour density X 2 (For gases only)

10. Diffe

r A M]

mass : wm =)
—--——- expressed usually in g litre
volume

0

(where d is density of gas)

lll'l':
if A+P/B+P'C+ ......

= P x mole fraction of A

eed terms for molecular motion:
<

BR"
V=N where 1y 1s average speed

\/ IRT

My = M .
A ’2RT

ump = M '

HMP S HAV g

where upy, 1S root mean square speed

where upp is most probable speed

1:1.128:1.224
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11. Kinetic equation:

PV= (1/3)m.n.u$ms (m is mass of one molecule and n is number of molecule)

12. Kinetic energy:
2
K.E./mol = -E-RT @

Average K.E. or K.E/molecule = % % = %kT (k is Boltzman@ant) 5
13. Van der Waals’ Equation: Q
[P ¥ %' [V-b]=RT (for 1
V .
N 9
P+ —2 [V—nb]=nRT S mole)
4 _ \Q
a is van der Waals’ constant for attraction ; b is van detx\Waals’ constant for volume.

Also b=4-Nv \

14. Boyle’s temperature (T,): o
)
I
15. Critical constants : @
a

V.=3b

Te= 27 Rb @ 27h"

T, P and V are critical temperature pressure and critical volume respectively.
16 Inversion temperature (T

V,—1]1=8T;
%\u ssure, reduced volume and reduced temperature respectively.
: ; (o is molecular diameter)
=D
v2 TO°N
19. Cdl @qucncy (c.f. )
% urms
ecific heat and molar heat capacities:
R
Cp=Cv=yy
Cp-Cy=R
@ . %_,
ey Gy

cp and ¢y are specific heat at constant pressure and constant volume respectively,
Cp and C, are molar heat capacities at constant P and V respectively.
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The Basic Problems with Solutions

» Problem 1.

» P’roblem 2.
» Problem 3.

» P’roblem 4.
» P’roblem 5.

» PProblem 6.

» Problem 7.

» P’'roblem 8.

» P’roblem 9.

» P’roblem 10.
» Problem 11.

» Problem 12.

» Problem 13.

» Problem 54.

A vessel of 120 mL capacity contains a certain amount of ﬁ@(‘
and 1.2 bar pressure. The gas is transferred to another vess ume
180 mL at 35°C. What would be its pressure?

What will be the minimum pressure required to co ess 9 0dm’ of

air at 1 bar to 200 dm? at 30°C?

A gas occupies 300 mL at 127°C and 730 mm @ What would
be its volume at STP?

Calculate the volume occupied by 7g CO a 750 mm Hg.
Calculate the temperature of 4.0 moles o ccupying 5 dm" at
3.32 bar. (R =0.083 bar dm® K™ mel’'

Calculate the weight of CH, ina 9d der at 16 bar and 27°C..

(R =0.083 bar dm® K1)

A desiccator of internal volume ftre containing N, at 1 atm is
partially evacuated to final pre 78 mm of Hg, while T remains
constant. What is the volum at this stage?

In a certain region of spac are only 5 molecules per cm’ of an
average. The temperatur, . What is the average pressure of this
gas.

Using the equation O@V= nRT, show that at a given temperature
density of a gas is ional to gas pressure P,

Calculate the de CO, at 100°C and 800 mm Hg pressure.

At 0°C, the densityof a gaseous oxide at 2 bar is same as that of

nitrogen at 5@? hat is the molecular mass of the oxide?

The dens' elium is 0.1784 kg/m3 at STP. If a given mass of
4t z‘ P-is allowed to expand to 1.400 times of its initial volume

; and T, compute its resultant density.

De u? gas is found to be 5.46 g/dm3 at 27°C at 2 bar pressure.

;-\y | be its density at STP?
é\ ate the volume occupied by 8.8 g of CO, at 31.1°C and 1 bar
essure. R = 0.083 bar litre K™' mol™.

» Problem @ gofagas at 95°C occupied the same volume as 0.184 g of hydrogen

1 » Prolde

Sat 17°C, at same pressure. What is the molar mass of the gas?
. Assuming the same pressure in each case, calculate the mass of

hydrogen required to inflate a balloon to a certain volume ¥ at 100°C
if 3.5 g helium is required to inflate the balloon to half the volume ¥
at 25°C.

. The densities of an unknown gas and O, were find 0.2579 kg/m? and

0.2749 kg,/m3 at the same P and T Calculate the mol. weight of unkown
gas.
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>» Problem 18.

>» Problem 19.

» Problem 20.

>» Problem 21.

>» Problem 22.

>» Problem 23.
>» Problem 24.

» Problem 25.
>» Problem 26.

» Problem
I

N,

>» Probl %&

> P 129,

roblem 30.

NUMERICAL I’HYSICAL CHEMISTRY

A manometer is connected to a gas containing bulb. The open arm
reads 43.7 cm where as the arm connected to the bulb reads 15.6 cm.
If the barometric pressure is 743 mm mercury. What is the pressure of
gas in bar?

0.75 mole solid 44 and 2 mole O, are heated in a sealed b act
completely and producing are compound. If product for Iso in
gaseous state, predict the ratio of final pressure at 60.K<¥o initial
pressure at 300 K. S

What will be the pressure of the gas mixture wh re of H, at
0.8 bar and 2,0 litre of oxygen at 0.7 bar are i d inal litre

vessel at 27°C?
What will be the pressure exerted by a mj @f 22 g of methane
and 4.4 g of carbon dioxide contained in % flask at 27°C?

A closed container of volume 0.02 m 0@15 mixture of neon and
argon gases at a temperature 27° gssure 1 x 10° Nm™. The
total mass of mixture is 28 g. If th molecular weight of neon
and argon are 20 and 40 respe ind the masses of individual
gases in the container, assumj %gto be ideal.

A jar contains a gas and a %s of water at T K. The pressure in
the jar is 830 mm of Hg. perature of the jar is reduced by 1%.
The vapour pressure of waterat two temperature are 30 and 25 mm of

g. Calculate the new(pressure in the jar.

Pressure of 1 g of gas A4 at 27°C is found to be 2 bar when

2 g of another id€ B is introduced in the same flask at same

temperature ﬂm re becomes 3 bar. Find a relationship between
ses.

their mde%
The drain% , Drainex contains small bits of aluminium which
react wj c¢ soda to produce hydrogen. What volume of hydrogen
at 209 %ne bar will be released when 0.15 g of aluminium reacts?
4 4(g) burns in oxygen at 27°C and 1 atm to produce CO,(g)
(g). Calculate the volume of CO, formed at (a) 27°C and
, (b) 127°C and 1| atm, (c) 27°C and 2 atm,
w many gram of CaCO; be decomposed to produce 20 litre of
, at 750 torr and 27°C.
34.05 mL of phosphorus vapour weighs 0.0625 g at 546°C and
1 bar pressure. What is the molar mass of phosphorus?
The total pressure of a sample of methane collected over water is 735
torr at 29°C. The aqueous tension at 29°C is 30 torr. What is the
pressure exerted by dry methane?
A mixture of gases at 760 mm pressure contains 65% nitrogen, 15%

oxygen and 20% carbon dioxide by volume. What is partial pressure
of each in mm?
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» Problem 31.

» I'roblem 32.

» Problem 33.

» Problem 34.

» Problem 35.

» Problem 36.

» I'roblem 37.

» Problem 38.
» Problem 39.

» Problem 40.

» Problem 41

» Problem 42.

<

A mixture of hydrogen and oxygen at one bar pressure containg 20%
by weight of hydrogen. Calculate the partial pressure of hydrogen.
Calculate the total pressure in a mixture of 8 g of oxygen 4 g of
hydrogen confined in a vessel of 1 dm? at 27°C. &

R =0.083 bar dm® K™! mol™".

A student forgot to add the reaction mixture to the @ottomcd
open flask at 27°C and put it on the flame. After a | f time, he
realized his mistake, using a pyrometer he foun&&{\tﬁ?ﬂperaturc of
the flask was 477°C. What fraction of air woul € been expelled
out?

Pay load is defined as the difference betwee
air and the mass of the balloon. Calculate the
of radius 10 m, mass 100 kg is filled with

(Density of air= 1.2 kg m™ and R dm® K~! mol™).
Calculate the total number of e resent in 1.4 g of nitrogen
gas.

For 10 minutes each, at 27°C, fwo identical holes nitrogen and

an unknown gas are leaked i
The resulting pressure is
of nitrogen. What is the i

mmon vessel of 3 litre capacity.

at’and the mixture contains 0.4 molc

¥hass of the unknown gas?

a)glass tube of length 200 cm hydrogen
are allowed to enter. At what distance

ativesrates of diffusion for 235UFﬁ and 2 aUF,S.
@) gases 4 and B diffuse through a porous pot in
20and 10 ’3-% espectively. If the molar mass of 4 be 80, find the
@
Calcula% al and average kinetic energy of 32 g methane molecule:.
at 27° 314 JK™" mol™.
Ca e root mean square speed, total and average translationul
ergy in joule of the molecules in 8 g methane at 27°C.
ing a nitrogen molecule spherical in shape and occupying the
s 200 pm, calculate :

\ ) the volume of single molecule of gas,
‘bﬁ b) the percentage of empty space in one mole of N, gas at NTP.

» Pro 43.

blem 44,

Calculate the average volume available to a molecule in a sample of’

N, at NTP. Also report the average distance between two neighbouring,

molecules if a nitrogen molecule is assumed to be spherical. Comment

on the result if the radius of one N, molecule =2 x 1078 cm?.

Calculate the compressibility factor for SO,, if 1 mole of it occupies
0.35 litre at 300 K and 50 atm pressure. Comment on the result.
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» Problem 45.

» Problem 46.

» Problem 47.

&

>

Q

&
@@@
N
S
Q
%
&
P

NUMERICAIL ’1YSICAL CHEMISTRY

Calculate root mean square speed, most probable speed and average
speed of :

(a) SO, at STP.

(b) Ethane at 27°C and 760 mm of Hg. @
(c) O, ifits density is 0.0081 g mL™" at 1 atm. @

(d) 0,if6.431 gof it occupies 5 litre at 750 mm. -

(e) 05 at 92 cm and 20°C. N
The average speed of an ideal gas molecule at 27°C s sec™.
Calculate average speed at 927°C.

6.0 g He and 12.0 g Ne molecules both havi age velocity

4 x 10%> ms™! are mixed. Calculate kinetic e ole of the
mixture. %

&
o

<
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13,
18.
17.
19,
21,
PAN
28.
20.
27,
29,
30.
R1N
.
3s.
37.
39.
41,
42,

44.
45.

SURALy =

@§

&e

o

Answers
0.8 bar; 2. 2.5 bar;
196.9 mL; 4. 6.23 litre;
S0K; 6. 925g;
1 litre 8. 204 x10% atm
Sce Solution; 10. 15124 ¢ litre™!;
70 g/mol; 12.  0.1274 g/litre;
3 g/dm3; 14. 5.05 litre; Q
40 g mol'l; 16. 2.8g¢g;
30.02; 18. 134 at@
[; 20. 1. b\
8.31 x 10 Pa; 22, my, s Ma
817 mm 24. 1@@Q
202.9 mL; %
(a) 8 litre, (b) 10.67 litre, (c) 16 litre; @
80 g @ 124.77;
705 torr;
Ny = 494 mm, O, = 114 mm, C%ISZ mm;
0.8 bar; % 32.  56.025 bar;
3/5; @ 34. 3811 kg;
4.216 x 10% electron; y\ﬁ 36. 448 g mol™;
81.1 cm from HCl e @ 38. 1.0043;
20 g mol™; 40. 7482.6J; 6.21 x 1072 J;
6.84 x 10* cm s 71.425,62.14 x 10722}
(a) 3.35 % 107 per molecule; 43.

N

cm sec

(b) 99.9%;
0.711;0 %

47.

3.72 x 10720 cm?, 41.4 x 1078 cm;

5% 10* em sec"', 1.58 x 10* cm sec"l, 1.78 x 10* cm sec™

808.16 J/mol

b

12,66 x 10* cm sec™!, 3.00 x 10* cm sec™!;
9>10* em sec‘l, 4.07 x 10* cm sec‘l, 4.60 x 10* cm sec"l;
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Solution

Solution 1. Given, ¥V, =120mL; P, =1.2bar;
V,=180mL; P,=?

PV, - PV, (at constan
1.2 x 120 =P, x 180
P,=0.8 bar %&;
Solution 2. Given, V; =500 dm’ ; P, =1bar; T! :=@273 =303 K

V,=200dm’; P,=?; T,=T,

Ll 12 ®)
L, 5
1 x 500 =P, x 200 @fz.smr

Solution 3. Given:at T, =400K, T, = 273}%’)

¥, =300 mL = (30 litre, V5, =7
P, =(730/760) a 1 atm.
Ay, K

K 2

. T730x300 @2 1 ‘
i 760 x 1000 x 400273
v, = 0.19697itr8= 196.9 mL
Solution 4. Given : wceZ @50/76@ atm; meg=28; T=300K
e % PV= (w/m) RT
L

— x V== x0.0821 x 300
28

%&70

V= 6.23 litre

Solution 5. %*\“ n=4, V=5 dm3, P =3.32 bar,
R =0.083 dm’ bar K~! mol™
PV = nRT

o §
\ 332x5=4x0083 xT
=50 K

Given: P=16bar; V=9 dm3; T=300K; mcy, = 16;
R=0.083 bar dm’ K
PV= (w/m) RT
16 x 9= (w/16) x 0.083 x 300
w=925g
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Solution 7. The volume of vessel remains constant and some moles are given oul.
SRR
Thus volume of gas = 1 litre.

5
Solution 8. Givenn=—""——"—-3; V=1 cm’ =107 litre, T=3 K
6.023x 10

_ 5x0.0821x3

Px 1073 =———— @
6.023 x 108
P—2.04 %107 atm %%

Solution 9. PV = nRT @ (1

w Q (.., _¥)
PV = —RT . [ n=

m N m)
&n m

m
v

o o\®= - (2)
i
By eq. (2) at constant temperature ngasdoc P

Solution 10. Given: P =(800/760)atm; T +273=373K; mco, =44

PV =(w/m) RT%

w/V = density

w/V =d=( (R =0.0821 litre atm K™ mol ')
(CBOR4

_ 4 _ o
= @9{(‘821 <373 1.5124 g litre
Solution 11 : i
~Holution . RI'

N PES;%% 8 1 Poxide X Myide

%? 5x28 2 x mol. mass of oxide
RT RT

=
e

QU

Molecu of gaseous oxide = 70 g/mol
iolution 12, - =0.1784 kg/m3 = 0.1784 g/litre at STP

14
l 1 litre of gas at STP occupies 0.1784 g weight
’o@: changing P the ¥ becomes 1.4 x 1 litre, where weight remains
me.

Thus, d= 4 === =0.1274 kg/m® = 0.1274 g/litre

ion 13. d, =546 g/dm’, T=300K, P=2bar
iy = T-273K, P=1bar
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d Pm  RT

d, ~ RT, Pym, (m; = m, for same gas)
546  2x273

d 1x300

d=3g/dm’ @
Solution 14. Given: P=1bar, w=8.8g, m=44, %@
T=304.1K, R=0.083 barlitre K™ mol’, @
PV=— RT
88><0083><3041
T ax t"’

Solution 15. Forgas: w=29g
ForH,: w=0.184g¢g

Since, VHz = Vg, PH2 = Pg %Q
ng Ty = nu,

Solution 16. (V is volume of balloon)

Solution 17.

< 0.2579

rgas: P==""RT (. 02579 kg/m’ = 0.2579 g/litre)
S 02749
< For0,: P= TRT
m = 30.02

on 18. The height developed due to pressure of gas = 43.7 — 15.6 = 28.1 cm
hdg =28.1x13.6 x 980 =374516.8 dyne/cm

3745168

= —— atm = 0.37 atm
T6x136%980 i
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Pgas ™ Lam V d g

gas
743 743
P = ke 037=1347 atm (P, = = Natm)
1.347 (36 @
———=1.36 bar
. 0987 @
Solution 19. A4(S) + Oz(g) r—— A l'()l.(lr'.l %@
0.75 2 0 @
0 0 |
g-atoms of A =0.75x4=3
g-atoms of O =2 x2 =4 %
Thus compound formed is 430,
Initially only O, was there
Finally only 450, is there
G, _
or p = 1
Solution 20. For H, : n=
INS Y 4
v ForO,: n =< 5 ]
g P04 1418
. Total moles in 1@ RT T RT - RT
Using, @= nRT for 1 litre container
1.8
Now, @x I =% * RT= 18 bar
Solution 21. %7 PV =nRT
@ b, =22 +2% _03; ¥=9dm® -9 it
5 H, -’7(‘0}—]6""44 Wy ¥ E20MT = inre,
P x9=0.3 x 0.082 x 300
o, P=0.82atm =0.82 x 1.013 x 10° Pa

AN =831 x 10" Pa

Solution 22. Given ¥'=0.02 m’, T=300K, P=1x10°Nm2, R=8.314]

Let a and b g be mass of Ne and Ar respectively.
Thus a+b=28 (1)

.

a
Also total mole of Ne and Ar = 0 + 10

Thus from PV — nRT
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<
@@

3 a b
1 x10° x0.02=|7=+-—~|x8.314 x 300

20 40
2a+5=320
Byeq.(i)and (ii) a=21g
b=24g
Solution 23. At TK, Fgas = Pary gas * Prnoisture
Piry gas = 830 — 30 = 800 mm
Now at new temperature T, = i -0.99 T
Since Vy =V - 7 = constt.
~ 800x 0.997,
g dry gas
Pdry gas fiire
=792 + mm of Hg
Solution 24. Given forgas4:w=1g, K P=2bar

A

For A : P% ", RT,
: Wa. I

D%
& 2 1 my
B X
© .
_1
= 4 mB=4mA
Solution 25. @ Al + 2NaOH + 2H,0 —— NaAlO, +3H,
—_
1almoles — ' —
S L )]
Final moles - — 2
Moles of Hy = =223 _ g 33 x 1073
oles O 2= 2 %27 = 9.

By PV =nRT P=1bar=0.987 atm ;
T=20+273=293 K
0.987 x V=833 x 1073 x 0.082 x 293
V= 0.2029 litre = 202.9 ml.

For gas B : w=2g, =300K; P=3-2=1 bar
(gas B + gas A) mlxture S a pressure = 3 bar

Wo
For B: PpV= - RT

-
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(n) Under same conditions of P and 7, volume of gases react in lhcir

nole ratio and produce the products in the same molar ratio. T
27°C and | atm.

1 vol. or | mole of C,H, gives =2 volume CO,

» 4 vol. of C,H, gives = 2 x 4 volume CO, =8
(b) Now, at 127°C and 1 atm M= 4
O ' ;I @ 400
= 10 67 litre
(¢) Similarly at27°C and 2 atm : Q
=16 litr e
Solution 27, CaCO, — CaO + CO,
It is thus evident that 1 mole of CO, is o@y decomposition of |
mole of CaCO;.
4 //7/1 20'x 20 B
Also moles of CO, = RT 7760000821300 =0.80
Thus, mole of CaCO; requi 0.80
Also amount of CaCO; 17 =0.8x100=80g
yHolution 28. Given: F=34.05mL, w = :T=546+273=819K, P=1 bar.

PV %’1‘ (R = 0.083 bar dm® K™} mol™)

34. @@'@
1 x x 0.083 x 819
124 77

Solution 29. &! total — Pdry methane T Pwater

135= Pdry methane +30

methane =705 torr
Solution 30 Sinc = Py X Mole fraction
@ Py =760 x > = 494
Ny 100 mim
Py =760 x > =114
o, =60 X — =152
t = X T =
co, 100 e
So 31. Weight of H, =20 g in 100 g mixture ; Weight of O, = 80 g
20

Moles of H;= — =10
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=]
3212

|
"'” - Total moles = 10+ 2 = =

:- i otal moles 2 5

| W
i

P'y,= Pt x mole fraction of H, = 1 @*2
= 0.8 bar R

i : i
Il Solution 32. Moles of O, = L Moles of l@ 512
| T -
1
2 Total moles of both gas (n) = % 2 =
: 4
V=1 dm3, T=300K, R= 0.08 mol™!

PV = nRT

! 9% 0.083,x3

, P= = 56.025 bar
!

i Solution 33. Initial mole of air in flask Temperature = 27 + 273 =300 K
=n Temperature =477 + 273 =750 K

80
Moles of Oy = —_ =

%

J)

Final mole of air in flask

| The volume and press ins constant, thus, T} = n,T,
Il
. SO s 2, 2
% AT TR |
Thus, air exp on heating =n; —n, =n; - (2/5)n; = 3/5 n,

‘ or iorrof air expelled = 3/5
|

i Solution 34. Wei alloon =100kg=100x10°g=10’g

‘ 45 4 22 a3
‘ Volume of balloon = 3V ;XT x (10 % 100)” cm
! %s = 4190 x 10° cm® = 4190 x 10’ litre

" PVm 1, 3

(i o ht of the gas filled in balloon = 2, o LO6 4190 x5
. \ RT 0.083 x 300
! @@; S = L1Tx10%g

|

‘ o Total weight of (gas + balloon) = 11.17 x 10° + 10°=12.17 x 10> g
i Weight of air displaced (Volume x density) by balloon
|

s

12 x4190x 10° .

, =———— =5.028x10"g
i 10

Il Pay load =50.25 x 10° - 12,17 x 10° =38.11 x 10° g

= 3811 kg




GASEOUS STATE 17

14
Solution 35. N,=14g= 28 mole

e 2

| mole N, has 14 N, electron (N, =6.022 x |02

14 14x14x N,
. o mole Ny has ————" electron = 0.7 N, electr@
28 20
= 4.216 x 10? ron
%@
Solution 36. @
—_— Gas N, Q
R e
V =3 litre i
I'or the diffusion of both gases for 10 m%u\ deridentical conditions
ry My, @
g J M

g S

1

8

n, 10 2
o =5 ,]—%- r = nit) (1)

(2)

04
2 : ]
My= T010%010 =448 g mol”

g
S
Solution 31?\ L2154 b it <

—g—»«(200- a)—>

SLet a cm from HCI end white fumes of NH,Cl are noticed.
From Graham’s law :

L =/M~H~ a ¢ _[171

L | or F
™H, Y Myci

¢ (00-a) V365
(time of diffusion in tube for both is same)
: a=81.1 em from HCI end.
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Solution 38. According to Graham's law of diffusion

unh A/&
no M
Since  M.wt.of 2°UFg=349  M.wt. of 8UF, = 3@

T3 UF{, J 349 X %Q
r M
Solution 39. . o P g % %

———— rB

volume diffused )
time

g =

3 32
Solution 40. Total kinetic energy =3% 76 X 8.314 x 300

= 16
@ =7482.6 J

L @ 3 RT3 8314x300

Average kmetic @= S S R e

®§@ =6.21x 1072 J
Solution 41. % T=27+273=300K

@ R=8314x 10" erg
3RT" 3x8314x107 x 300
R - [

|
% = 6.84 x 10% cm sec™!
1
o @v KE/mol of CH, =7 M
!
%9 =7 % 16 x (6.84 x 1042

=374.28 x 108 erg mol™!

37428 x 108 37428 x 108
2 erg = 5% 107 joule

= 1871.42 Joule

1
. KE forE mole CH, =
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K.E/mol _ 374.28 10%
Av.No. 6023x 103

=62.14 x 10713 erg
= 62.14 x 10722 joule @

4
# Solution 42. (a) Volume of 1 molecule = 3 ar (spherical shape)

Average kinetic energy

4 2 ’
(v 200 pm=2x 108 cm)= — x = x [2 x 107}’ X
P 37 7

=3.35x 103 cm® cule
(b) Now volume of N molecules of N, = 3.35 x 6.02 x 102
=2 20 cm® per mol

At N'TP, volume of 1 mole = 22400 cm’

Thus, empty space = 22400 —2 9.8 cm’

Emp!
Availa ume
2 Q
100

12 %
Solution 43. Volume occupied by N @ules of N, = 22400 cm’

Thus, % empty space =

|
X
=]
(=]

‘. Volume OCCUPied olecule of Nz T 6.02 x 1023
% =3.72 x 102 ¢m’®

: 4
Also @)f 1 molecule of N, = —n

3
4 2
@ —x=xpP =372x 107

3 7
r=20.7x10% cm
Thus distance in between two N, molecules =2 x r

=41.4 x 10°% em
iver tadius of N, = 2 x 1078 cm; obtained radius is 20.7 x 10~%. Thus,
s that average distance between two molecules is gaseous state

\ ost 10 times of the diameter of each molecule. This confirms the

(@yv pty space in gaseous state and also a reasonable justification for their

¢ompression.
<

. Solu, . Given: P=50atm, T=300K, V.=0.35 litre, m = 64.
P 50x 035

nRT  1x00821x300
The Z values are lesser than 1 and thus, nRT > PV. This means to attain

Z= 1, volume must have been more at same P and T or we can say that
SO, is more compressible than ideal gas.

<

Z= =0.711
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Solution 45. (a) Given : r'=273K

3RT _J3x8.314x 107 x 273

Uems OF SOy = |~ = = =
=3.26 x 10* cm sec™!
Now Uptp = Upms % 0.816 = 2.66 x 10* cm se
Upy = Upms X 0.9213 = 3.00 x 10* em(§ec?

[ % S
[3RT 314107
) Urms Of CyHg — _ 13x8314x10'@3007

VM Ty T
=4.99 x 10° cm sec"%

(-- Given T=273+27=300K) <\
N
Note: If T is given, always use upy, = J(&@ 2

Calculate uyp and u,y as above @
upmp for C;Hg = 4.07 x 1 sec”!

uy for C;Hg = 4.6 ®Sem sec™!

(c) Given density (d) of O, =O g mL™, P=1atm
\/35@ /1 x 76 x 136 x 981
Hrms 0.0081

1.94 x 10* cm sec™
Calculate #)y4p and ove
%Mp = 1.58 x 10* em sec”

%O\\LQV@ usy = 1.78 x 10% cm sec™
(d) Given f%. '=6.431 g, V=3 litre, P = 750 mm.
PV=(w/m) RT

Using &
750 6431
Eg@’ 260 <5= T35 X0.0821xT

T'=299.05K

_ [3x8314x107 x 299.05
Q\ ul‘l‘l'is 5 32
%; = 4.83 x 10° cm sec™!

S upp = 3.94 10% cm sec™!
Uy = 4.45 x 10* cm sec™!

(e) Given for O;: T=293 K, P =(92/76) atm

v I3RT _ [3x8314x10" x293
“l’nl!i al ===

Y M 48
=3.9 x 10* cm sec”
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Upp .18 x 10* cm sec
tupy -~ 3.59 x 10% cm sec™!

Nolution 46. Average speed Upy =y[(8RT)/ (nM)] at temperature T, @

i 8RT,
d, Uny, =\, @ temperature Ty

Solullon 47.

For He : 4 x 10°= (M in kg)
04 xmx4x1073
RT
&
@ 8RT
For Ne : %@\ﬁ = |, ey (M in kg)

=80~=

nx20x107°

@ 16x 104 xmx20x 1073

RT= =400 n

‘& )
=
KE—2 nRT
3.6
Q\® Total KE of He =X = x 80 7 = 565.71 J/mol

3 12
%.9 Total KEofNe=;‘X%><400n=1131.42J/mol
Q all e

Total KE of mixture = 565.71 + 1131.42 J = 1697.14 J/mol

6 12
Total mole in mixture =I+% =1.5+0.6=2.1

1697.14

2

KE/mole of mixture = = 808.16 J/mol
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Selected Problems with Solutions

» Problem 1. An evacuated bulb of unknown volume is filled with a sample o@
g

at a temperature 7. The pressure of the gas in the bulb is 75
A portion of the H; gas is transferred to a different flask dto

occupy a volume of 40.0 mL at 1.00 atm and the sa e ture 7.
The pressure of the Hy gas remaining in the original @s to 625
al

mm Hg at the same temperature 7. Assuming Hj is gas, what

is the volume of the bulb? Q
> Problem 2. Two flasks of equal volume connected by a na Co,v,m bg, (of negligible
volume) are at'27°C and contain 0.70 mole o .5 atm. One of the
flask is then immersed into a bath kept at | the other remains

at 27°C. Calculate the final pressure an mber of mole of H in

<

each flask. @
» Problem 3. An open flask contains air at 27°C alcQ te the temperature at which
it should be heated so that,

(a) ird of air measured at 270@@1pes out.

(Ib) %rd of air measured at fi

>» Problem 4. A bulb of three litre cap. d with air is heated from 27°C to #'C.
The air thus, expelle red 1.45 litre at 17°C. Considering the
pressure to be | atta thrpughout the experiment and ignoring the

perature escapes out.

expansion of bulb, et

» Problem 5. The density of h 0.1784 kg/mt at STP. If a given mass of helium
at STP is allo pand 1.40 times of its initial volume by changing
the temper. and pressure, compute its resultant density.

» Problem 6. A spheri

b n of 21 cm diameter is to be filled up with H; at NTP
inder containing the gas at 20 atm 27°C. The cylinder can hold

ater at NTP. Calculate the number of balloons that can be

» Problem 7.

sure inside drops to one atm. What fraction of the total number of
oles, inside, escaped on opening the valve? Assume no change in the
%volume of the container.

>» Pro 8: In a basal metabolism measurements timed at 6.0 minute, a patient

exhaled 52.5 litre of air, measured over water at 20°C. The vapour = “

pressure of water at 20°C is 17.5 torr. The barometric pressure was 750
torr. The exhaled air analysed 16.75 volume per cent of oxygen and the
inhaled air 20.32 volume per cent of oxygen, both on a dry basis.
Neglecting any solubility of the gases in water and any diffcrence in the
total volume of inhaled and exhaled air, calculate rate of oxygen
consumption by the patient in ml. (STP) per minute
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> Problem 9. 5.0 litre water is placed in a closed room of volume 2.5 x 10" litre having
temperature 300 K. It vapour pressure of water is 27.0 mm and density

15 (.990 g/cm3 at this temperature, how much water is left in liguj

v

- P'roblem 10, Flow much water vapour is contained in a cubic room of 4 m an
NThe
idity
vapour

vapour pressure of water at 27°C is 26.7 torr. (The rela
expresses the partial pressure of water as a per cent_af
pressure). S

» I"'roblem

A closed container of volume 0.02 m” contains a n‘@ of neon and
argon gases at a temperature of 27°C and pressur‘) 10° N/m". The
total mass of the mixture is 28 g. If molar mass &en and argon are
0 and 40 g mol ™! respectively, find the e%s’ individual gases n
the container, assuming. than to be ideal. ( b J/mol-K)

SN

> IYvoblemn 12, 44 g dry ice is placed in a bottle of 1 IitRecapacity and tightly corked.

Calculate the total pressure in boltl plete evaporation of dry

ice at 300 K.
3. A tightly sealed 25.0 litre aceto
acctone (1) at 780 mm Hg press
tation the drum was dented an

Qwas found to have 15.4 litre

8°C. Suddenly during transpor-

rnal volume was found to decrease

by 1.6 litre. It vapour presgute gt/acetone at 18°C is 400 mm of Hg,

calculate the pressure insi %rum after denting.

4. 100 g of an ideal gas ( (i@ 40) is present in a cylinder at 27°C and
2 aim pressure. Durfg tyensportation. cylinder fell and a dent was
developed in cylin € valve attached to cylinder cannot keep the

pressure greater t@ m and therefore 10 g of gas leaked out through
cylinder. CHIC%

(i) the volufpgpieylinder before and after dent.
(i) the pre _%veloped after dent if valve can withstand any pressure

inside ylinder.
» I'roblem 15, The essure of water at 80°C is 355 torr. A 100 mL vesscl
contu ater saturated oxygen at 80°C, the total gas pressure being
7()%" e contents of the vessel were pumped into a 50.0 mL vesscl
d e temperature. What were the partial pressures of oxygen and
ey vapour, what was the total pressure in the first equilibrated state?
lect volume of any water which might condense.

L4

* 'roblem @Q certain container has 5 x 10™ molecules of a gas A at a pressurc ol

& 900 torr. Ry a photo-chemical combination allowing light to fall on the
molecules, the pressure drops to 500 torr due to dimerization. If the
temperature and volume remain the same, how many monomer, dimnei
and total molecules are present after exposure to light?

v

Prohilem

» Molilen

%

em 17, A container holds 3 litre of Na(g) and H>O(1) at 29°C. The pressure is
found to be | atm. The water in container is instantancously clectrolysed
o give H> and Os following the reaction, H>O(l) s Ho(g) + 'Os(g).

At the end of clectrolysis the pressure was found to be 1.86 atm
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Calculate the amount of water present in the contamer if the aqueous
tension of water at 29°C is 0.04 atm.

» Problem 18. Three hollow metallic boxes A, B and C are connected to one @rather
through narrow tube of negligible volume and are filled w1th

If the internal volume of these boxes are in the ratio 1 : 2 ¢ L; out

(a) The molar ratio of Argon in these boxes.

(b) The mole ratio of Argon if boxes A, B and C ar@nﬁnersed in

different temperatures bath having 27°C, °CQand 327°C

respectively.

>» Problem 19. A 10 cm column of air is trapped by a colum
capillary tube horizontally fixed as shown
Calculate the length of air column ‘when
temperature,

, 8 cm long is
1 atm pressure.
s fixed at same

10cm
(a) Vertically with open end up, @
(b) Vertically with open end dow R
(c) At 45° from horizontal wi %end up.

» Problem 20. A vertical hollow cylinder .C t 1.52 m is fitted with a movable

ickness. The lower half of the cylinder

pper half is filled with mercury. The

hen the temperature is raised half of the

¢ylinder. Find the temperature assuming the
thermal expansiop ’é\ arcury to be negligible.

» Problem 21. A mixture of 0.5

.I
and allowse out through a pmhole into another vessel Wthh

has vacuu otal of A mole has effused out in time ¢, show that
%4 = 36, where M| and M, are mean molar masses of the
at™has effused out and the mixture still remaining in vessel

>» Problem 22. cule of haemoglobin will combine with four O, molecuies. 11

f haemoglobin combines with 1.53 mL of oxygen at body
erature (37°C) and a pressure of 743 torr, what is the molar mass
& haemoglobin?
» Proble closed bulb contains 0.01 mole of inert helium gas and a sample of
solid white NH,CI. The pressure of the He is measured at 27°C and is
found to be 114 mm Hg. The bulb is then heated to 327°C. All the
NH4Cl decomposes according to the equation:
NH,4Cl(s) = NH;(g) + HCI(g)

The final total pressure in the bulb after complete decomposition of solid
is 908 mm Hg. Assume all the gases are ideal.

(a) What is the partial pressure of HCI(g) in the bulb at 327°C when

reaction is complete?
(b) How many grams of NH4CI(s) were in the bulb at 27707
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» 'roblem 24,

» 1N

L

L L

oblem 25.

oblem 26.

oblem 27

ublemn 28.

oblem 29.

oblem 3.

oblem 3.

A man weighs 7208 kg and want to (ly in the sky swath the ard o
Dalloons atselt weighing 20 kg and cach contammg. SO moles of T pas
at 0.05 atm and 27°C. 11 the density of air at the given conditionsas 1.5

p/litre, how many such types of balloons he is needed to fly ¢ hy.
I'he rate of diffusion of a sample of ozonised oxygen is 0.9 § ore

than that of pure oxygen. Find the percentage (by volune
the vzonised sample. Also report percentage by weight.
Caleulate the temperatures at which the m()lccul%% e {irsl two
members of the homologous series C,Ha), ¢ 2 will@ ¢ same RMS
spead as COL gas has 770 K.

The ratio rate of diffusion of gases A and B isy/F ;
masses present in the iitial mixture is 2 ¢ %ur

mole fraction.

" the ratio of then
the ratio of then

Al 20°C, two balloons of equal v r@ rosity are filled 10 a
prossure of 2 atin, one with 14 k andother with | kg of 11, The
N balloon Icaks to a pressure ol'mn I hr. How long will it take
for Ha balloon to reach a pressu 92 atm?

The pressure in bulb dropped f 0 to 1500 mm of Hg in 47 minutes
when the contained O, leakgd>thiodgh a small hole. The bulb was then
completely evacuated. A favx of Oy and another gas of mol. wt. 79
in the molar ratio | :

introduced. Find the
a period of 74 miny

otal pressure of 4000 mm of Hg was
io of two gases remaining in the bulb alte

Calculate the rm!

dm’ at ST, @

It has been onxidered that during the formation of earth, Ha gas wis
uj)pl

of hydrogen molecule which occupies 221

available iy)planet. Due (o excessively high temperature during (h
formatio earth, Hy gas escaped out of the planet. If average cscaping:

-'2 is 1.1 x 10° cm/sec. what was the temperature at the o
i : rmation.

> Problem 32, 'I@@lical temperature and pressure of CO; gas are 304.2 K and 72.9

<

‘oblem 35.

abmrespectively. Calculate the radius of CO» molecule assuming it (o

in a 1000 litre vessel. The temperature and pressure of the gas are 100
K and 90 atm respectively. Calculate the pressure of the gas at 700 K

\c ave van der Waals’ gas.
> I'ruhlm%? 00 moles of van der Waals’ gas having b = 0.02 L. mol™" are containcd
Q<

Calculate the % of the free volume available in | mole gascous walcey
at 1.00 atm and 100°C. Density of liquid water at 100°C is (.958
g/cm3.

I the rate of change of rms speed of a gas is twice the rate of chunge
of absolute temperature, calculate the rms speed of Ne.

(At. Wi of Ne = 20).
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>» Problem 36.

» Problem 37.

NoMEicar Pevsicar Criemes iy

The density of vapours at 1.0 atm and SO0 K 15 0.35 kg/im e Vilpours
cffuse through a small hole at a rate of 1.33 times laster than oxyyen

under similar conditions. Calculate :

(a) molecular weight

(b) molar volume

(c) compressibility factor and which forces predominates@

(d) if vapours behaves ideally at 1000 K, the average tramslational
kinetic energy.

One litre of a gas at 300 atm and 473 K is compr Q‘1 pressure of

600 atm and 273 K. The compressibility factors o be 1.072 and
1.375 respectively at the initial and finally cond' alculate the final
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Answers

o230l 2. 05714 atm

Lo L7700, by 127°C 4. 327°C

801270 k! 6. 10 @S

1. 01!, 8. 280 mL/minute ;

LI B F I TV 10. 8244 g ; @

I1. Neon = 4 g, Argon =24 g ; 12. 25.63 atm %Q

LY. 11296 mm . 14. 30.79 litre, 27.7 2.22 atm

2 ’5

I8, 910 (o 155 tor. 1265 torr : 16. %x 102, =2 “ x 107"

B8 L ERE

-
11 e 18. (u)l:2:%
19 205 cm () I8 em, (€)93cem

M W K 21. See. s :

21 68 ot 23. % tn, (b) 0.797 g :

24 4,

J5. K25% by volume of Oi, 11.88% by weigl{%f@(} g

26. 2RO K. 525K 2 ‘ H
H Lo mmute ] ‘ 1.236
W, | R4 x 107 misec ; 11425 K

W2162x 108 em : @}9 9993 atm ;
W 99 OYR6Y% @35. 311,775 ms~’
Vo. () 18,1, (b) 51.71 mrc,®6, ) 2.07x 107

\7. O3/ Liue



CIALIOUE S IATI 43

|
. )

\

1
.

L[]

[
-

Problems for self Assessment

A 1.5 dire sample of a gas having density 1.25 kg/m' al 1O alm and 0°C_was
compressed to 575 atm resulting a gas volume of 3.92 cm'in violation of ByR
law. What s the final density of this gas?

An open vessel al 27°C is heated until 3/5th of the air in il has beel @ch
Assuming that the volume of the vessel remains constant, find out @

() The wemperature at which vessel was heated. e
() The air escaped out if vessel is heated to 900 K. @

(1) Uhe temperature-at which half of the air escapes out.
A bulby was heated from 27°C to 227°C at constant pressure. %&: the vohumne
ol bulbaf,

tay 00 ml. ol an measured at 227°C was expelled duri
(ot of air measured at 27°C was expelled dupmgprocpss.

A 100 m' 1ank is constructed to store LNG (g hu natural gas, CH,) at

[6:4°C and | atm pressure, under which its dﬁ@ {15 kg/m3. Calculate the
alume ol storage tank capable of holding the sz € Jymss of LNG as a gas at 20°C’
a0 atin pressure. %
[ e 1o geonomize on the oxygen suppl ce ships, it has been suggested
thin e oxypen in exhaled CO, be converter by a reduction with hydrogen

[he €O, output per astronaut has beef(estimated as 1.00 kg per 24 hr day. An
Jspenmental catalytic converter reduges (G0 at a rate of 600 mL (STP) per minute

Wl action of the time would
v wath the €O output of one

nverter have to operate in order 1o heep

[T nrpmianion ol a suspen yeast cells was measured by observing the

e cell suspension. The apparatus was arrang!

cothat (e pas was cnnl'ila constant volume, 16.0 cm™, and the entire pressure
L cansed by uptake of<ekygen by the cells. The pressure was measured in a

bt pressure of ga§

ich has a density of 1.034 g/cm’l. The entire apparatus
stat at 37°C. In a 30 minute observation period the fluid
manometer dropped 37 mm. Neglecting the solubility ol
H)suspension, compare the rate of oxygen consumption by the

(STP) per hour.

msnneler, the flui
vichimmersed in ;
i he open sidg
i e the

AN i lmﬁ% arts rising from the bottom of a lake. Its diameter is 3.6 mm al the
totion Griddim at the surface. The depth of the lake is 250 cm and temperature
1 thQun e is 40°C. What is the temperature at the bottom of the lake? Given

¢ pressure = 76 cm of Hg and g =980 cm sec L Neglect surface tension

ol €O, gas was injected into a bulb of internal volume 8 litre at pressure

I twemperature T K. When the bulb was then placed in a thermostat maintained
W 1S K), 0.6 g of the gas was lel off to keep the original pressure. Find the
vilue of > and T,
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9. ‘Two glass buths of equal volumes are connected by a maow tube and are filled
with a gas at 0°C and a pressure of 76 cm of Hg. One of the bulb s then placed
in melting ice and the other is placed in a water bath al 62°C. Whal is the
value of pressure inside the bulbs. The volume of connecting tube is neglig

10.  ‘The compressibility factor for Nz'ul 223 K and 81.06 MPa is 1.95 and
and 20.265 MPa is 1.10. I a certain mass of N, occupies ! litre at 223
MPa, what would be its volume at 373 K and 20.265 MPa. @

1. A mixture of H,0,, CO, and N, was trapped in a glass apparatys"wi volume
of 0.731 mL. The pressure of total mixture was }.74 mm of Hg a The sample
was transferred to a bulb in contact with dry ice (=75°C) s0 4 50, are frozen
out. When the sample returned to normal value of temper: sure was .32
mm of Hg. The sample was then transferred to a bulb ct with liquid N,

s 0.53 mm of Hg
at original temperature. How many moles of each ¢ nt are in mixture?
12.  Assume that dry air contains 79% N, and 21% O3
of dry air and moist air at 25°C and | atmospl
is 60%. The vapour pressure of water at 252

tme. Calculate the density

ic pressure when relative humidity

_ 100 x partial\pygssiire of water
"~ vapour pressure
13. Three vessels X, Yand Z are of 1.5

d 4.0 litre capacity respectively. Vessel ..
ssure. Vessel Y contains | g argon gas at
480 mm pressurc and vessel
in vessel Z if gases of X an
systems recmains consta
14. One litre flask conlain er vapour and a small amount of liquid water at a
oAt

-neon at 160 mm. What will be the pressure
ansferred to Z. The temperature during whole

what will be the fifak pressure of the gas mixture at equilibrium? Assume the

temperature t
15. The stop cock ring the two bulbs of volume 5 litre and 10 litre containing
an ideal gas &7 9Natm and 6 atm respectively, is opened. What is the final pressure
the temperature remains same?

in two bu

16. A vegse s 7.1 g chlorine gas at pressure P and temperature T K. On heating
th )° higher temperature, 246 mL of chlorine at | atm and 27°C is taken

riginal temperature.
[ The gas is not allowed to escape out. the pressure increases by 0.11 aim.a ¢
“alculate the volume of vessel and initial pressure.

hin tube of uniform cross-section is sealed at both ends. It lics horizontally. The
hiddle 5 ¢m containing Hg and the two equal ends containing air at the same
pressure . 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 4.5 ¢m respectively.
Calculate the pressure Py in em of Hg. (Temperature of the system is kept at 30°C)
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IR A i contams i gas and few drops of water at 1 K. The pressure in the jar is 830
nun ol Hy The wemperature of the jar is reduced 10 Y9%. The vapour pressure of
wilar a) two temperatures are 30 and-25 mm of Hg respectively. Calculate

Jrestine injar.

19, A sample ol SELOI(g) was contained in a glass vessel of one litre at 25"C|| ;
% :
awv

respect

c—|

e ol RO mim. A quantity of N,F,(g) was added to bring in the pr

[b) o, The reaction’ using SF5OF(g)' and N,F4(g) completely prod
ol ‘oducts such as” NF3, NO, SiF, (by reaction with glass) an
Lot GELONE, and NO,. The mixture contained SFSONF, 40%

to eactant SE.OF(g), Calealate the mass of SFsONF,. Assum weight of
[T
A Pl e 201 cguidistant rows of spectators sitting in a halb ician releases

v sl taineousty?

M The ote of diffusion of a sample of ozonised oxy%?.% times more than that
nl e oxygen. Find the percentage (by volum e in the ozonised sample.
sooepont pereentage by weight. e%
L A e of I, and O, in the 2 2 1 volu %is allowed. to diffuse through a
proon ciphragm. Calculate the composi the gases coming out initially.
PV N i He gases are contained in a ca %

v fonmd o be 1.35 107 at 2.1 atmo eind 320K temperature. If both the gases
wiv cllasng through the constant ares orifice of the container at the 320K, then

Col onit the composition of the ‘. 'e effusing out initially.

Lavplung: was NGO from the front and the tear gas (m ‘om the rear of
e Ll spontancously. Which row spectators will hg ndency to smile and

, the density of the gaseous mixture

S Dl e temperature at whi le of SO, obcying van der Waals® equation
occupies a volume 10 lire at a pressure of 15 atm.
. =2 5 =
(i 671 at i mol ™2 0564 lit mol™").

( a gas is 4.2 x 107~ litre mol~!. How close the nuclei
together?

v der Waals® cons
ul the two molecules

olecule of a gas is 2x 10 “ cm. Calculate:
ecule,

260 1hus ol o spheriés
tn) Co-volume
1h) Co-vob

() Criticay %l% 5
27, Reduced luturc for benzene is 0.7277 and its reduced volume is 0.40.
Caleul; wreduced pressure of benzene.
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Answers

I, 478.3 kg/m? : 2. (a) 477°C, (b) %n. (c) 327°C

. (2) 300 mL, (b) 500 mL : . 6240 10° m’ ;

3 4 @
5. 58.8% : 6. 1.0x 10 mm>/hr ; @ R |
7. 104°C : 8. P=048 atm, T=535K>

9 10. 3.774 litre : S

1

. 83.8 cm ol Hg
L ng,=2.1x 107 neg, =30 x 10, nyo=17x 107 ;

12. 1.171 g litre™" ; 13. 737.5 mm ; Q
14. 146.5 mm ; : 15. 7 atm ; %
16. (1) 270 K. (b) V=2.239 litre, P = 0.99 atm ; %
17. 75.4 cm of Hg ; 18. 817 @

19. 0348 g ; 20. 134&?&

21. 8.25% by volume ; 22. 8:

23. 0438 ; 24. 349,80°C5";

25. 32x10%cm;

26. (1) 1.34x 1002 ¢m®, (b) 80.71 cm”, (@@3 cm’

27. P, =10.358.



——Mole and Equivalent Cor@p

Chapter at a Glance

For Flements: % %
1. | gatom =~ N atoms = g atomic weight
Eor Componnds: @

21 muale = N molecule = g molecular weight \
DalonpPetlts law:

L. Atomic weight X specific heat = 6.4 (for m only)
Equivalent weight: -

1. Lauivalent weight of element = AIO\T;“ c%

lar weight (Mol. wt.
5. Equivalent weight of compound HELE _( .)
ta) charge on cation or anion
i\ t

S

t.
dity

6. Fqnivalent weight of acid =

51

l.quivalent weight of base

= Mol. wt. o
"~ Replaceable H atom in acid salt
Q) Formula weight
HIon = =
Charge on ion
trations:

=

Lquivalent weight of agid

9.  Equivalent weig

Methods for expressi

ent of solute
10. N i I
OFmlity \Vdlume in litre
wt.
1. X V(in ) = _Eq:_‘wl.
wt,
12. alent = N x V;, mL) = Fa. wh x 1000
Moles of solute
|3. S R
Volume in litre
wit.
les =M Viiny) = Mol. wt.
WE.
illi- s =M ; =—X
Milli-moles X Viin mL) Vi 1000

Moles of solute
wit. of solvent (in kg)
17. Strength (S) = N x Fq. wt.

16. Molality =
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18.

19.

20.

21.

22.

23.

24.
25.

NUMERICAL PHYSICAL CHEMISTIY

wt. of solute
wt. of solution

wt. of solute
% by volume = Volume of solution - 190 ®
% by strength = Volume of solute x 100 :

% by weight = 100

Volume or solution

Moles of solute
Mole fraction of solute = —— @
0 A Moles of solute + Moles of solve

Moles of solvent ;%&QQ

i f sol =
Moleiftaction:of sblyedt ‘Moles of solute + Moles of s t

wt. of solution
ecifi ity = : i.e., wt, of 1 i
Sp SRRV Volume of solution S O % At
wt. of ionic solute

Formality = :
Y= Formula wt. of solute x volume (i

TR
Molecular wt. = Vapour density x 2 (for g )

Note: 1. Molality, mole fraction, % by wt. are@mure independent.

2. Moles, milli-moles, equivalent, equivalent of solute does not change on
dilution.
3. Equal equivalents or Meq. o %ts react to give same no. of eq. or Meq

of products. Q )
4. Moles and millimoles re ding to stoichiometry of equation.

5. One mole of gas at S es 22.4 litre volume. =
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The Basic Problems with Solutions

» Problem 1. (a) When4.2 g NaHCO; is added to a solution of CH;COOH se@igzhiir
10.0 g, it is observed that 2.2 g CO, is released into a ere.
The residue is found to weigh 12.0 g. Show that thes tions
are in agreement with the low of conservation of weg@

(b) If 6.3 g of NaHCO; are added to 15.0 g CHﬁO%%?Mion. The
residue is found to weigh 18.0 g. What is the m@ 0O, released

in this reaction.

» Problem 2. 1.7 g of silver nitrate dissolved in 100 g of ken. 0.585 g of
sodium chloride dissolved in 100 g of wate déd to it and chemical
reaction occurs. 1.435 g of silver chlorid g of sodium nitrate
are formed. Justify that the data obeﬁxa onservation of mass.

» Problem 3. 1.08 g of copper wire was allo% ct with nitric acid. The
resulting solution was dried and ignit hen 1.35 g of copper oxide

was obtained. In another experi g of copper oxide was heated
in presence of hydrogen yie 84 g of copper. Show that the
above data are in accordan ifi'law of constant proportion.

» Problem 4. Carbon and oxygen are o form two compounds. The carbon
content in one of thes % while in the other it is 27.3%. Show
that this data is in agreement with the law of multiple proportions.

24

» Problem 5. 8litre of H,and 6 (.\\-) I, are allowed to react to maximum possible
extent. Find ou al volume of reaction mixture. Suppose P and
T remains : roughout the course of reaction.

» Problem 6. Calculate in g of :

(a) 2 g- of Mg (b) 3 N atoms of Mg.

» Problem 7. What 5 weight of one atom of H in g (at.wt. of H = 1.008)?

» Problem 8. H -atoms and no. of atoms are there in 120 g carbon?

» Problem 9. the mass in g of :
ole of CO, (b) 2 N molecules of CO,.
»: Problem many molecules are in 5.23 g of glucose (CgH,,0¢)?
> Problent R\ How many carbon atoms are present in 0.35 mole of C¢H,04?

> Probl% How many nitrogen atoms are in 0.25 mole of Ca(NO;),?

m}¥3. How many molecules of water are present in the one mL of water?
. How many molecules are present in one mL of water vapours of STP?
. What is the weight of 3.01 x 102 molecules of ammonia?
. Ifit requires one second to count four wheat grains, calculate the time
in years to count one mole of wheat grains.
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» Problem 17. How many ycars it would take to spend Avogidro's nunber ol tupees
at the rate of | million rupees in one second ?

» Problem 18. How many g of S arc required to produce 10 moles and 10 g of 11,5¢
respectively?

» Problem 19. How many g atoms of S are present in 4.9 g H,SO,?

» Problem 20. Calculate the number of Cl~and Ca** ions in 333 g anhydm@.

» Problem 21. Calculate the number of mole of water in 366 g BaCl,-2H,

» Problem 22. Calculate the nL_lmber of molecules of methane and aton %nd H
in 24 g methane.

» Problem 23. Which of the following will weigh maximum am n
(a) 20 g iron, (b) 1.2 g ato C:)

(c) I x 10 atoms of carbon, (d) 1.12 it Q
» Problem 24. For a precious stone, ‘carat’ is used for ey ity mass. If I carat

=3.168 grains (a unit of mass) and 1 g,-\f grains, find the total
mass in kilogram of the ring that con. 00 carat diamond and
7.00 gram gold. N

» Problem 25. Vanadium metal is added to stee @:@m strength. The density of
vanadium is 5.96 g/cm3. Expr SI unit (kg/mj).

» Problem 26. Naturally occurring chloring— 3% C13° which has an atomic
mass of 34.969 amu and 24\47% C1 7, which has a mass of 36.966

amu. Calculate the averg omic mass of chlorine.
» Problem 27. Use the data given in h owing table to calculate the molar mass
of naturally occurinf arg«
Isotope @ otopic molar mass Abundance
OAr 35.96755 g mol™! 0.337%
BAr @ 37.96272 g mol™ 0.063%

39.9624 g mol™! 99.600%
p¥at of metal is 1Jg™' K™ If equivalent weight of metal
ate its exact at.wt.
metal (specific heat = 0.06 cal/g), combines with oxygen to
8 g of oxide. What is the atomic mass of metal? Also report

» Problem 28.

» Proble ( ¢
@' specific heat of metal is 0.06 cal/g, what is its atomic mass?
» Pro P. Determine the equivalent weight of each given below, if formula

weight of these compounds are X, Y and Z respectively :
(i) Na,SO, (ii) Na3PO,.12H,0 (iii) Ca3(POy),

em 32. Calculate equivalent weight of Cu in CuO and Cu,0. At.wt. of
Cu=63.6. '
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» Problem 33. The vapour density of a metal chloride is 85. If equivalent weight of
metal is 7.01, calculate the at.wt. of metal.

» I'roblem 34. Potassium chromate is isomorphous to potassium sulphate
and it is found to have 26.78% Cr. Calculate the at.wt. of

&

of potassium is 39.10.
® % problem 35. From 280 mg of CO, 102! molecules are removed. Hov@y g and
&

mole of CO are left? %
» Problem 36. What is the molecular weight of a substance, each e of which
contains 9 carbon atoms, 13 hydrogen atoms x 1072 g of

other component?

» Problem 37. A hydrafe of iron (l11) thiocyanate Fe(SC % found to contain
19% 11,0. What is the formula of the h

» Problem 38. A plant virus was examined by the ele roscope and was found
to consists of uniform cylindrica 1 150 A in diameter and
5000 A long. The virus has a specifme of 0.75 cm3/g. Assuming
virus particles as one molecule, Ate molecular weight of virus.

» Problem 39. Calculate the mass of BaCO, ed when excess CO, is bubbled
through a solution containi moles of Ba(OH),.

» Problem 40. What weight of AgCl wo recipitated if 10 mL HCl gas at 12°C
and 750 mm pressure wergpassed into excess of solution of silver

nitrate?

» Problem 41. The density of O. % is 1.429 g litre™. Calculate the standard
molar volume: g

» Problem 42. The vapour f a mixture containing NO, and N,O, is 38.3 at
27°C. Calc mole of NO, in 100 g mixture.

» Problem 43. The vapgir ity of a mixture containing NO, and N,Oy is 38.3 at
27°C. te the mole of NO, in 100 mole mixture.

» Problem 44. Insuli ins 3.4% sulphur. Calculate minimum mol. wt. of insulin.

» Problem 45. bin contains 0.25% iron by weight. The molecular weight

oglobin is 89600. Calculate the number of iron atcms per

cule of haemoglobin.

» Problerii 4632 &nd Q are two elements which form PyQs, PO, molecules. If0.15

%7 ole of P,Q; and PQ, weighs 15.9 g and 9.3 g, respectively, what are
atomic weighs of P and Q?

‘) Pr ?7. Sugar reacts with oxygen as :
C2H304, + 120, —> 12CO, + 11H,0. How many g of CO, is
produced per g of sucrose (sugar) used. How many mole of oxygen
are needed to react with 1.0 g sugar.
>»Problem 48. 4 g of an impure sample of CaCOj; on treatment with excess HCI
produces 0.88 g CO,. What is per cent purity of CaCO; sample.
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» Problem 49.

» Problem 50.

» Problem 51.

» Problem 52.

» Problem 53.

» Problem 54.

» Problem 55.

NUMERRICAL PHYSICAL CHEMISTIRY

How much CO is produced by the reaction of 1.0 kg octane and 1.0
kg oxygen. Also report the limiting reagent for this reaction.

(i) Butyric acid contains only C, H and O. A 4.24 mg sample of
butyric acid is completely burned. It gives 8.45 mg of can@

dioxide (CO,) and 3.46 mg of water. What is the mass perce,
of each element in butyric acid? @
(ii) If the elemental composition of butyric acid is found @
C, 9.2% H and 36.6% O, determine the empirical fofmulas>
(iii) The molecular mass of butyric acid was determined @. eriment
to be 88. What is the molecular formula?
Fe,(S0,); is emprical formula of a crystalline co C)m
used in water and sewage treatment to aid in the '\%K of suspended
impurities. Calculate.the mass percentage of ' utphur and oxygen

in this compound. \
A welding fuel gas contains carbon a gen only. Burning a

small sample of it in oxygen gives 3.38 g carbon dioxide, 0.690 g of
water and no other products. A v ©pf 10.0 litre (Measured at
STP) of this welding gas is fo weigh 11.6 g. Calculate :
(i) empirical formula, (ii) mola%s of the gas, and (iii) moleculi
formula.

5.325 g sample of met zoate, a compound used in the

manufacture of perfumgs d to contain 3.758 g of carbon, 0.316

g hydrogen and 1.2% oxygen. What is empirical formulia of
i

compound. If mol of methyl benzoate is 136.0, calculate its
molecular forn@ ’

Calculate the f H,O vapours formed if 1.57 mole of O, are
used in pre; r%excess of H, for the given change,
& 2H, + 0,—> 2H,0
Potas %mide KBr contains 32.9% by mass potassium. If 6.40 g
of eacts with 3.60 g of potassium, calculate the number of
potassium which combine with bromine to form KBr.

» Problem 056' i d hydrochloric acid react according to the reaction :

\ Zn(s) + 2HCl(ag.) —— ZnCly(aq.) + Hy(g)
%.‘ 0.30 mole of Zn are added to hydrochloric acid containing 0.52

Q
>» Pr 7.

mole HCI, how many moles of H, are produced?
A mixture of 1.0 mole of Al and 3.0 mole of Cl, are allowed to react
as:
2Aly + 3Cl; — 2AICIy,
(a) Which is limiting reagent?
(b) How many moles of AICI; are formed?
(c) Moles of excess reagent left unreacted

g
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» Problem 58. 23 g sodium metal reacts with water. Calculate the :
(a) volume of H, liberated at NTP,
(b) moles of H, liberated,
(c) weight of H, liberated.

» Problem 59. Ilow many moles of potassium chlorate to be heated to e 5.6
. litre oxygen? @
» Problem 60. For the reaction ;
2Na3PO4(aq) F 3B8(NO3)2(aq) ——s Ba3(PO4)

Suppose that a solution containing 32.8 g of 7 and 26.1 g of
3a(NO;), is mixed. How many g of Ba;(PO rmed?

» I'roblem 61, Calculate the weight of lime (CaO) obtai eating 300 kg of
90% pure limestone (CaCO;).

» Problem 62. Calculate the weight of FeO produce 2 g VO and 5.75 g of

Fe,0;. Also report the limiting re

Given : VO + Fe, s> FeO + V,05
» P'roblem 63. A mixture of FeO and Fe;0,4 ated in air to constant weight

gains 5% in its weight. Find position of mixture.

» I'roblem 64. A mixture of Al and Zn wei 1.67 g was completely dissolved in
acid and evolved 1.69 litrexof 1, at NTP. What was the weight of Al

" in original mixture? @

» Problem 65. Chlorine is preparedy laboratory by treating manganese dioxide

(MnO,) with-aqu drochloric acid according to the reaction;
4HCl(aq.) + 5(s) — 2H,0(l) + MnCly(aq.) + Cly(g)

[low many Cl react with 5.0 g of manganese dioxide?

» Problem 66. Chlorophyl green colouring matter of plants responsible for
» Problem 67.

» Problem 68. "'s.\ ate the percentage composition in terms of mass of a solution
med by mixing 300 g of a 25% and 400 g of a 40% solution by
(114
> l’roblcnhen dissolved in dilute H,SO, , 0.275 g of metal evolved 119.7 mL
& & of H, at 20°C and 780.4 mm pressure. H, was collected over water.
Aqueous tension is 17.4 mm at 20°C. Calculate equivalent weight of
metal.
oblem 70. A gaseous alkane on complete combustion gives CO, and H,0. If the
ratio of moles of O, needed for combustion and moles of CO, formed
is 5 : 3 find out the formula of alkane.
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» Problem 71.
» Problem 72.
>» Problem 73.

» Problem 74.
» Problem 75.

» Problem 76.

» Problem 77.

» Problem 78.

» Problem 79.

» Problem 80.

» Problem 81.

» Problem 82.

» Problem 83.

>» Problem 84.
» Problem 85.

<&
» Problem

NUMIHICAL IPHYSICAL CHEMISTRY

Find the milli-equivalent of :

(@) Ca(OH), in 111 g, (b)NaOH in 30 g, (¢) I,S0,in 4.9 g.
Find the weight of NaOH in its 60 milli-equivalents.

Find the normality of H,SO,4 having 50 milli-equivalents in 3 litr@
Find the weight of H,SO, in 1200 mL of a solution of 0.4 N str@

Calculate normality of mixture obtained by mixing : @
(a) 100 mL of 0.1 N H,SO,4 + S0 mL of 0.25 N NaOH. %@

(b) 100 mL of 0.2 M H,S0, + 200 mL of 0.2 A HCI.
(c) 100 mL of 0.2 M H,S0, +:100 mL of 0.2 M Na
(d) 1 g equivalent of NaOH + 100 mL of 0.1 N HCESLD)

1600 mL of 0.2050 N solution?

63-

How many mL of 2.0 M Pb(NO;), contajns{&00 Ph2*,

How would you prepare exactly 3.0

N
proportiens of stock solutions of 2.50 v-s\\.) H and 0.40 M NaOH.

No water is to be used.

™
What weight of Na,CO; 0f 95% p%%lld be required to neutralize

45.6 mL of 0.235 N acid?
Calculate normality of NH4O@2 g is present in 800 mL solution.

Also calculate its molarit

\J

is the molarity of the solution?
a reaction vessel 0.184 g of NaOH is required to be added for

h‘“

e

sampieo

)
Fhe

fNaNO; weighing 0.38 gis placed ina 50.0 mL volumetric
flask is then filled with water to the mark on the neck.

ompleting the reaction. How many millilitre of 0.150 M NaOl|
& solution should be added for this requirement. '

>»P 87. Commercially available concentrated hydrochloric acid contains 38%
HCI by mass.

(a) What is the molarity of this solution? The density is 1.19 g mL™".
(b) What volume of concentrated HCl is required to make 1.00 litre

of 0.10 AM HCI?
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» Problem 88. Concentrated nitric acid used in the laboratory work is 68% nitric
acid by mass in aqueous solution. What should be the molarity of
such a sample of the acid if the density of solution is 1.504 g m{z 19
» Problem 89. A solution of glucose in water is labelled as 10 per cent W/®
would be the molality and mole fraction of each compon he
@ solution? If the density of the solution is 1.2 g mL!, the hall
be the molarity of the solution?
» Problem 90. An antifreeze solution is prepared from 222.6 g o
[C,H4(OH),] and 200 g of water. Calculate the mo

If the density of the solution is 1.072 g mL™' ¢
molarity of the solution?

required to obtain
250 mL of deci-molar solution.

» Problem 92. 4 g of NaOH are present in 0.1 d 2
1.038 g/mL. Calculate :
(a) mole fraction of NaOH;
(c) molarity of NaOH solution;

» Problem 91. Calculate the amount of oxalic acid (H2C20f

have specific gravity

ality of NaOH solution;
ormality of NaOH solution.

» Problem 93. Suppose 5 g ofacetic acid are ¢ d in one litre of ethanol. Assume

+ no reaction in between therp:

"% Problem 94. Find the molality ofds 4 solution whose specific gravity is
1.98 g mL™" and 90%%by Yplume H,SO,.

» Problem 95. A sample of H,
weight. What i
to make 1 litge

» Problem 96. 30 mL of NBaCl, is mixed with 40 mL of 0.3 N Al1(SO,);. How

many g o 04 are formed?

» Problem 97. 20 Aly(SO4); mixed with 20 mL of 0.6 M BaCl,. Calculate
the c fration of each ion in solution.

» Problem 98. W the final concentrations of all the ions when following are

¥ L of 0.12 M Fe(NOs); , 100 mL of 0.10M FeCly and 100 mL of
@&6M Mg(NO,), .
99:=30 mL of 0.1 M BaCl, is mixed with 40 mL of 0.2 M Al,(SO,);. What
is the weight of BaSO, formed?
BaCl, + Al,(SO4); — BaSO, + AICl,

) 100. Calcium carbonate reacts with aqueous HCI to give CaCl, and CO,
according to the reaction;

CaCO4(s) + 2HCl(aq.) » CaCly(aq.) + CO,(g) + HyO(I)
What mass of CaCQ), is required to react completely with 25 mL of
0.75 M IICI?

» Proble
.-o
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»Problem 101.

>»Problem 102.

»-Problem 103.

»Problem 104.

NUMERICAL PHYSICAL. CHI:MISTIRY

Calculate the volume of 1.00 mol L™ aqueous sodium hydroxide that

is neutralized by 200 mL of 2.00 mol L™' aqueous hydrochloric acid

and the mass of sodium chloride produced. Neutralization reaction
NaOH(aq.) + HCl(aq.) — NaCl(aq.) + H,O(l).

How many mL of a 0.1 M HCl are required to react completel

g mixture of Na,CO5; and NaHCO; containing equimolar ajféu T~
two?

A sample of drinking water was found to be severel inated
with chloroform, CHCI;, supposed to be carcinoge e level of
contamination was 15 ppm (by mass). Q
(i) Express this in per cent by mass. %

=400% (w/w) on the
7' What is its molality

An aqueous solution of sodium chloride is
bottle. The density of the solution is |.
and molarity? Also, what is the mole
the solution?
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Answers
I. (a) See solution, (b) 3.3 g: 2. See solution; ®
J.  See solution; 4. See solution; @
5 it 6. (a)48g (b)72g; @
7. 1.67x 107 g 8. 10,10N; 14
9. (a)88g, (b)88¢; 10. 1.75x 102 m@ s;
1. 1.26 x 10** carbon atoms; 12. 3.0x 1023;
13, 3.34 % 102 molecules; 14.  2.69 x l(% ules;
15.  R.50 p; 16. 4.77 x T;
17. 19,098 x 10" year; 18. 0 :
19.  0.05 g atom; 20. of Ca2+, 6 N ions of CI';

21. 3 mole;
3

22.  9.03 x 10% molecules, 9.03 x 102 atg@@%, 3.612 x 10%* atoms of I1;

2). ()20 g, (b) 16.8 g, (c) 1.99 g, (d)

24, 7.10 x 107 kg; 5.96 x 10>* kg/m?;
26.  35.46 amu; Q@v 39.947;
28. 27; § 29. 100, |
Xy z
3o. 108 % 31. 2'3%6
32, 11.8,063.6; @ 33.  28.04;
3. 52,0 y\ﬁ 35. 8.34x1073;
36. 135.04; @ 37.  Fe(SCN);.3H,0;
38.  7.10 x 107 @@) 39. 405¢g;
40. 0.0605g; 41.  22.39 litre mol™';
42. 0.437; % 43. 33.48 mole;
44. 941.176; 45. 4 atom of Fe;
46. P 18; 47. 1.54 g CO,,3.5 x 10~ mole;

48. 5 a 49. 823.48g;
50. W) 54.35%, H = 9.06%, O = 36.59%, (ii) CH4O, (iii) C4HgO,;

5 28%, S=24%, O=48%  52. (i) CH, (ii)25.98, (iii) C,l1,;
4H40, CzHgO,; 54. 3.14 mole;
8.01 x 1072 mole; 56. 0.26;
(a) Al, (b) 1.0, (c) 1.5; 58. (a) f}. (b) I g, (c) 11200 ml_;

59. 1/6 mole KCIO3; 60. 20.07 g;
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61.
63.
6S.
67.
69.
71.
73.
75.
76.
78.
79.
81.
83.
85.
87.
89.
91.
92.
93.
95.
97.
98.
99.
101.
103.
104.

NUMERICAL PHYSICAL CHEMISTRY

151.20 kg; 62. 5.18 g, Fe,04;
FeO = 21.06%, Fe;0, = 78.94%; 64. Al=1.25g,Zn=042g;

8.39 g; 66. 1.345 x 10%! atoms of Mg; @
CaCl,.6H,0=9.9 g, H,0 =90.1 g; 68.  33.57%; @

27.52; 70. C;H; @
(a) 3000, (b) 750, (c) 100; 72. 24g; %&;
0.0166 ; 74. 2352 ¢g; @

(a) 0.0167, (b) 0.267, (c) 0.1, (d) 9.9;

40 mL; 77. 1.44mL; %Q

857.14 mL of 2.50 M x 2142.96 mL of 0.4 M;

0.5968 g; 80. N=0.7,
6.125 g/litre; 82. 30‘V§@

0.19; 84. 4.05

8.94 x 107%; 86. 3 ;

(a) 12.4, (b) 8.06 mL; 88. :

0.617 m, 0.67 M, 0.011,0.989;  90. m, 9.11 M;

3.15¢g; @

(a) 0.018, (b) 1.002 m (c) 1 M, (
0.1056; . 8.50;

14.59, 13.71 mL; % 96. 0.70 g;

AP =02M,CIr =06
[Fe**] = 0.064M ; [N

0.699 g;
400 mL, 23.4 g;

(i) 1.5 x 107 ki x 107
M= 183, r% Y m.fiay = 0.03, m.fyy 0= 097

S

<

100. 0.94 g;
102. 157.8 mL;
m
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Solution 1.

Solution 2.

Solution 3.

<

Solution

(a) NaHCO, + CH,COOH —— CH,COONa + H,0 + cc@E
Initial mass=4.2 + 10 = 14.2 @
Final mass= 12 + 2.2 =14.2
0,

Thus, during the course of reaction law of conservation %&Qobeyul
(b) NaHCO; + CH;COOH —— CH;COONa +@
Initial mass=6.3 + 15 =21.3
Final mass = 18.0 + mass of CO,

According to law of conservation of mass : 2l .0 + mass of CO,

Mass of CO, =33 g

‘Total mass before the chemical chan \
= mass of AgNO; mNaCl + mass of water
= 1.7 9.585 + 200

=202.285¢g %
Total mass after the chemical r

0
= mass of ass of NaNOj; + mass of water
= 1 + 0.85 + 200

= 202.
Thus total mass before
the law of conservati

dep

1.8
>,

PLer

= total mass after reaction. This confirms

Casel : Cu(NO;), —>— CuO

135g

e
*‘9 O contains 1.08 g Cu
uO contains (1.08 x 100)/1.35 g Cu=80 g Cu
3 uin CuO =80; % of O in CuO =20

Case | CuO + Hy—— Cu + H,0

230 g 1.84¢

% 2.30 g CuO has 1.84 g Cu
® 100 g CuO has (1.84 x 100)/2.30 = 80 g Cu

% of Cuin CuO =80; % of O in CuO =20

@e the percentage of Cu and oxygen in CuQ in both the cases is same
S d thus the data are in accordance with law of definite proportion.

Sol

In a compound of C and O
C=429 0=571

Rati fC'O"42—'9—0751
atioof C: 0:: o0 =0.

In other compound of C and O
C=273, 0=727



96

» Problem 1.

» Problem 2.

» Problem 3.

» Problem 4.

» Problem 5.

» Problem 6.

» Problem 7.

» Problem 9.

Numiucan Prysical. CHEMISTRY

Selected Problems with Solutions

brominc. What is the value of n?
Calculate the % of free SO3 in oleum (a solution of S 0O,) that
is labelled 109% H2SOy4 by weight.

A mixture of NH3(g) and N>oHy(g) is placed in ;

300 K. The total pressure is 0.5 atm. The contay
at which time both substances decompose coi

equations: Q
INH3(g) —> Na(g) + 3P)

NaHi(g) —— Nafg) &
After decomposition is complete, thestotalpressure at 1200 K is tound

10 be 4.5 atm. Find the amount (m cent of NoHy(g) in the original

) container at

bed to 1200 K,
according to the

mixture?
Chemical absorbers- can be @go remove exhaled CO» of space
travellers in short space ﬂig@z is one of the most etficient in terms
of absorbing capaci

Li>O + CO» — Li»CQj3,
in litre CO, (STP)
Copper forms tw
oxygen was U

unit weight. If the reaction is
is the absorption efticiency of pure Li>O
atomic weight of Li = 7]

/ For the saume amount of copper, twice as much
rm first oxide than to form second one. What is
cies of copper in first and second oxides?

ater at 4°C saturated with NH3 gas yielded a solution

¢ mL™" and containing 30% NH3 by mass. Find out the

' Hg which was used to saturate water.
o
ot dry ammonia gas was sparked for a long time in an eudiometer

his was mixed with 60.5 mL of oxygen and the mixture was burnt.

%Aﬂcr the completion of the combustion of H», the volume ot the residual

gas was 48.75 mL. Derive molecular formula of ammonia.

The weight of one litre sample of ozonised oxygen at NTP was found
1o 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
molecular weight of ozone.

A sample of gaseous hydrocarbon occupying 1.12 litre at N'TP. when
completely burnt in air produced 2.2 g CO5 a! L8 ¢ 11,0, Calculate
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» I'roblem 10.

» I’voblem 11,

» PProblem 12,

» Problem 13.

» I'roblem 14.

B

» I"roblem

» I'roblem 16.

the weight of hydrocarbon taken and the volume of Oy at NTP required

for its combustion.
A 5.0 g sample of a natural gas consisting of CH,4, CoHy was t

cxcess of oxygen yielding 14.5 g CO, and some H,O as . What

is weight percentage of CH4 and CaHy in mixture.

Dectermine the formula of ammonia from the followmg datg:

(iii) Volume after explosicn and reaction wit cooling = 14.95

mL.
(iv) Volume after being absorbed by alkali%gallol =12.5 mL.

0.05 g of a commercial sample of K Cl omposition liberated
just sufficient oxygen for completg 0 of 20 mL CO at 27°C and
; S e

750 mm pressure. Calculate % of "% n sample.
Igniting MnO;, in air converts i ttatively to Mn3Oy4. A sample of
pyrolusite has MnO, 80%, Si nd rest having water. The sample
is heated in air to constant n% at is the % of Mn in ignited samplc?

(1) Volume of ammonia =25 mL. @_
(1) Volume on addition of (), after explosion ——QQ .

A granulated sample of aj
first treated with alkali
The residue after alkalib
residue weighed 0.
A hydrated sulp
weight. The

loy (Al, Mg, Cu) weighing 8.72 g was
with very dilute HCI, leaving a residuc
ing weighed 2.10 g and the acid insoluble
at is the composition of the alloy?
etal contained 8.1% metal and 43.2% SO, by
eat of metal is 0.24 cal/g. What is hydrated

sulphate?

A satura %\/.\soﬁjtion is prepared at 70°C containing 32.0 g

CuSOy- r 100 g solution. A 335 g sample of this solution is then

cooledtQ so that CuSO4-5H,0 crystallises out. If the concentration
t d solution at 0°C is 12.5 g CuSO4-SH,0 per 100.0 g solution,

o
h h of CuSO4:5H,0 is crystallised.
» I'roblem 17. %ravimetric determination of P, an aqueous solution of dihydrogen

D

Q

lem 8.

shesphate ion [HyPOy4] is treated with a mixture of ammonium and

agnesium ions to precipitate magnesium ammonium phosphate,
[Mg(NH4)PO4-6H70]. This is heated and decomposed to magnesium
pyrophosphate [Mg,P,04], which is weighed. A solution of

HoPO, yielded 1.054 g of Mg,P,07. What weight of NaH,PO,4 was

present originally? (Na=23, H=1,P=31,0= 16, Mg =24)

A mixture contains NaCl and unknown chloride MCI.

(a) 1 gofthis is dissolved in water, excess of acidified AgNO3 solution
is added to it, so that 2.567 g of white ppt. is obtained.

(b) 1 g of original mixture is heated to 300°C. Some vapours come out
which are absorbed in AgNQO; (acidified) solution. 1.341 g of white

precipitate is obtained. Find the mol. wt. of unknown chloride.
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» Problem 19.

» Problem 20.

» Problem 21.

» Problem 22.

» Problem 23.

» Problem 24.

» Problem 25.

» Problem 26.

» Problem 27.

» Problem 28

NUMERICAL Priviacal Crrmisrny

A precipitate of AgCland AgBr weighs 0.4000 g. On heating: i gurient
of chlorine, the AgBr is converted to AgCl and the nuxtwe loses
0.0725 g in weight. Find the % of Cl in original mixture.

What weight of NayCO3 of 95% purity would be required to ne

45.6 mL of 0.235 N acid?
What volume of water is required to make 0.20 N solution @600

mL of 0.2050 N solution? %%QQ
How much BaCl,-2H,O and pure water are to be prepare
50 g of 12.0% (by wt.) BaCl, solution.

A piece of Al weighing 2.7 g is titrated with 75.0 SOy (sp. gr.
1.18 g mL™! and 24.7% H,>SO4 by weight). Afte tal is completely

dissolved, the solution-is diluted to 400 L.@ molarity of free
H,SOj4 in solution.

1 and 15 litre of 0.1 N
503 can be obtained from

To 50 litre of 0.2 N NaOH, 5 litre of
FeCl; solution are added. What weight of

the precipitate? Also report the nor f NaOH Ileft in the resultant
solution. %

Chloride samples are prepare nalysis by using NaCl, KC! and
NH4Cl separately or as miXfureWhat minimum volume of 5% by
weight AgNO3 solution (sphgrsY.04 g mL_l) must be added to a sample
of 0.3 g in order to ensureN\¢omplete precipitation of chloride in every
possible case?

A sample of water itshardness due to only CaSOy4. When this water
is passed throu%% ion exchange resin, SO:;_' ions are replaced by
OH™. A 25 @sample of water so treated requires 21.58 mL of

10~ M Hj for its titration. What is the hardness of water expressed
O3 in ppm. Assume density of water 1.0 g/mL.

xM solution and 500 mL of yM solution of a solute A are

diluted to 2 litre to produce a final concentration of 1.6 M.
5 :4, calculate x and v.

upric salt (i.e., Cu:') of a monobasic acid contains 3 molecules of

er of hydration per atom of Cu. One g of hydrated salt yielding on

rong heating 0.3306 g of CuO. What is the equivalent weight of

& anhydrous acid?

» Pr

25 mL of 0.107 H3PO4 was titrated with 0.115 M solution of NaOH to
the end point identified by indicator bromocresol green. This required

23.1 mL. The titration was repeated using phenolphthalein as indicator.
This time 25 mL of 0.107 M H3PO4 required 46.2 mL of the 0.115 M

NaOH. What is the coefficient of 1 in this equation for cach reaction?
H3PO4 + nOH™ —— nH,0 + [Hy ,lPOy]"



Mot aND EQuUivALENT CONCEPT 99

» Problem 30. low many ml. of 0.1 N HC! are required to react completely with 1 g
mixture of NaCO3 and NaHCO; containing equimolar amounts gf\two?

» Problem 31. A solution of specific gravity 1.6 g mL™" is 67% by weight.
be the % by weight of the solution of same acid if it is dilute

gravity 1.2 g mL™1?

» Problem 32. 0.5 g of fuming HySO4 (oleum) is diluted with water.@solution
requires 26.7 mL of 0.4 N NaOH for complete neutr. ign. Find the
% of free SO3 in the sample of oleum. @

» Problem 33. A sample of Mg metal containing some MgO as i ity was dissolved
in 125 mL of 0.1N H3S04. The volume of Hy(€v at 27.5°C and
1 atm was 120.0 mL. The resulting solution d to be 0.02N with
respect to HySOy. Calculate the weight o issolved and the %

by weight of pure Mg metal in samplé: any change in volume.
reaction :

» Problem 34. Manganese trifluoride can be prep
Mnlz(s) + 13/2F2(g) =0 3+ 2IF5

What is the minimum amount of F ust be used to react with 12g
of Mnlj if only 75%. F; is utili convert all of Mnl; to MnFj.

» Problem 35. A natural gas sample contain by volume) of CH,. 10% of C,Hg,
3% of C3Hg and 3% N,. If(a seriés of catalytic reactions could be used

for converting all the carbosatoms into butadiene, C4Hg, with 100%
efficiency, how muc ene could be prepared from 100 g of the

natural gas?
» Problem 36. 1.5 g sample of@d some impurity was dissolved in water and
2

warmed gent@&&}gﬁ O3 disproportionates quantitatively to PHz and
H3PO;,. The% was then boiled to get rid off PH3g) and then cooled

perature and diluted to 100 mL. 10 mL of this solution
was mixed\with 20 mL of 0.3M NaOH. Now 10 mL of this solution

» Problem 37.

(k545 g of sample containing Mn3O, was dissolved and all manganese
ds converted to Mn>". The titration in presence of fluoride ion
onsumed 31.1 mL of KMnO, that was 0.117 N against oxalate.
& {(a) Write balanced chemical equation for the titration assuming that the
complex is MnFj.
(b) What was the % of Mn304 in sample.

blem 38. What volume of 0.20 M H;SOy is required to produce 34.0 g of H,S by
the reaction: 8KI + 5H;SO4 —— 4K3S04 + 41, + H,S + 4H,0

» Problem 39. A drop (0.05 mL) of 12 M HCl is spread over a thin sheet of aluminium
foil (thickness (.10 mm and density of Al = 2.70 g/mL). Assuming whole
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» Problem 40.

» Problem 41. .

» Problem 42.

» Problem 43.

» Problem 44.

» Problem 45.
&

A
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of the HCI is used to dissolve Al, what will be the maximum arca ol
hole produced in foil?
A solution of palmitic acid in benzene contains 4.24 g of acid per lj
When this solution is dropped on water surface, benzene gets evap
and palmitic acid forms a unimolecular film on surface. If we@

o of

7 . . .
cover an area of 500 cm~ with unimolecular film, what v
solution should be used. The area covered by one palmitic %ngjecule

may be taken as 0.21 nm?. Mol. wt. of palmitic acid is 2

©

11.2 g carbon reacts completely with 19.63 litre of O-

gases ‘are passed through 2 litre of 2.5 N NaO
concentration of remaining NaOH and NayCO; '5‘- i

react with NaOH under these conditions. @

20 litre of air containing CO; at STP pass&\ h 100 mL of 0.12N¥
solution of Ca(OH),. The filtrate obtain e reaction required 50

mL of a solution of HCI of specific gravifyo'1.25 g mL™! containing
0.35% by weight of acid. Find the a f CO, present in the volume
of air as well as the percentage b e of CO» in air.

1.0 gallon pure octane (density 2\ /gallon) on combustion produces
11.53 kg CO, CO, and H;O. QO is Tormed partailly due (o combustion

of octane which is respon decrease the efficiency of engine. If
complete combustion of 0 0 CO» and H»O provide 100% efficien- -

cy of engine in the above case.

cy to enzine, calculat

11.2 g of carhon re; pletely with 21.2 litre of oxygen at 18°C and

750 mm of Hg led gases are passed through 2 litre of 2.5 N
NaOH solutio mine the concentration of NaOH remaining in
solution whj ot converted to Na,CO3 (CO does not react with

hese conditions.

mole fraction of CO in the gases?

e molarity of NaOH which is not converted to NayCO,
emaining solution?

a gaseous hydrocarbon was exposed to 30 mL of O,. The

tant gas, on cooling is found to measure 25 mL of which 16 mL are
rbed by NaOH and the remainder by pyrogallol.” Determine

@&\uleculur formula of hydrocarbon. All measurements are made at

» Pro

» Problem 47.

onstant pressure and temperature.
The gases produced when 18 g carbon reacts with 5 litre of oxygen al
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.

=

The molecular mass of an organic acid was determined by the study of
its barium salt. 4.290 g of salt was quantitatively converted o lice acid
by the reaction with 21.64 mi. ol 0477 M 11,50, The bavim salt wis
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» Problem 48.

.

» Problem 49.

» Problem 50.

» Problem 51.

» Problem 52.

..

» Problem 53.

found to have two mole of water of hydration per Ba’* ion and the acid
is mono-basic. What is molecular weight of anhydrous acid?

I g of a mixture containing equal no. of moles of carbonates@
alkali metals, required 44.4 mL of 0.5 N HCI for complete rea@ e

atomic weight of one metal is 7. find the atomic weight of tal.
Also calculate amount of sulphate formed on quantitative co ion of

1.0 g of the mixture in two sulphates. %@

What would be the molality of a solution obtained iXing equal
volumes of 30% by weight HoSO4 (d=1.218 g nd 70% by
weight HoSO4 (d=1.610¢g mL_l)? If the resulti tgn has density
1.425 g/mL, calculate its molarity. %

A sample of fuming sulphuric acid ¢ 04, SO; and SO,

onte
\\ f 1.0 N alkali for its

weighing 1.0 g is found to require 23.
neutralisation. A separate sample show esence of 1.5% SO». Find

the percentage of free SOz, HoSOy combined SO; in the sample.
Calculate the ionic strength of a % containing 0.2 M NaCl and

B

0.1 M NaxSOq.

200 mL of a solution of mixt %}OH and Na»CO5 was first titrated
with phenolphthalein and 1. 17.5 mL of HCI was required for
the end point. After this hy) orange was added and 2.5 mL of same

HCI was again required-fornext end point. Find out amounts of NaOH

and Na>COs in mixt
Two drops of phen ein solution was added to 40.0 mL of an HCI
i

solution. This s% as titrated with 0.10 M NaOH solution. When
30.0 mL of b ad-been added, part of the solution turned pink, but
the colour d{sa red upon mixing the solution. Addition of NaOH
solution w tinued dropwise until one drop addition produced a
i four. At this point, the volume of base added was 32.56

H of the solution when 32.56 mL base was added.

» Problem 4. § sample supposed to be pure CaCOj is used to standardise a solution

"'f

<
of HCI. The substance really was a mixture of MgCO3 and BaCOs3, but

the standardisation of HCl was accurate. Find the percentage of
BaCOy and MgCO3 in mixture.

100 ml. sample of hard water is passed through a column of the ion
exchange resin RH». The walter coming off the column requires 15.17
ml. of 0.0265 M NaOH for its titration. What is the hardness of water

a2
as ppm ol Ca
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» Problem 56. A sca water sample has a density of 1.03 g/cm' and 284 NaCl by mass.
A saturated solution of NaCl in water is 5.45 M NaCl. Ilow much wa
would have to be evaporated from 10° litre of sea water before @
would precipitate.

» Problem 57. One litre of a mixture containing BaF, and H,SO,4 was e r

filtrate required 12 mL of 0.025 M oxalic acid sol oMy g phenol-
phthalein as indicator. Find the strength of BaF; angF-Hs¥
» Problem 58. 5 g of CuSO,4 5H50 is intended to be prepared g CuO. and four
times the stoichiometric amount of H,SOy.
material is lost in crystallisation, what we%% ide should be taken

and how many litre or mL of a 5 M Hz
» Problem 59. A mixture contains 20 g of caustic sods, 20°g of sodium carbonate and

20 g of sodium bicarbonate in one like ﬁt will be the titre value if
iom against 1 N HCI if:

(b) Methyl orange added aft @) d point.
(c) Methyl orange added very begining.
» Problem 60. The reaction, Zn + CuSOg u + ZnSO4 goes to completion. In one
experiment, 10 g of me inc was added to 200 mL CuSOjy solution.
After all the Cu was pitated, it was found that not all the zinc had
dissolved. After \) , the total solid at the end of reaction was
9.81 g. Calculatethe~weight of Cu deposited and molarity of CuSQOy in
original solu i@
» Problem 61. A sample reen crystals of nickel (II) sulphate heptahydrate was
to produce the bluish-green nickel (II) sulphate
: hat are the formulas of the hydrates? If 8.753 g of the
are produces 8.192 g of the hexahydrate, how many gram of

‘ 5 litre of Oy gas (at normal pressure and 20°C) to form the metal
% ide with the formula XO. If the density of O, gas under these
onditions is 1.330 g/litre, what is the mass of this oxygen? The atomic
Q weight of oxygen is 15.9994 amu. What is the atomic weight of X? What

is the identity of X?
> 63. Copper sulphide reacts with nitric acid as
3CuS + 8HNO3; —— 3Cu(NO3), + 3S(s) + 4H20(g) + ZNO(g). In an ex-
periment, the volume of moist NO gas at 27°C and one atm pressure

was collected in a chamber 1642 mm X 760 mm X 30 1mm in dimensions.
Calculate the amount of copper sulphide taken and the volune of 8 M
nitric acid required for the reaction. The vapour pressine ol pure water

at 27°C is 27 mm of Hg. (Cu = 63.5, S = 32).
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Answers
I n=19; 2. 40% : ®
3. 25% ; 4. 746.66 litre / kg ;
5.2:1; 6. 166.66 mL , 59.03 litre ;
7. NHjy ; 8. 482 ;
9. 0.8 g 2.24 litre O, ; 10. CH;=39.2%, C =%32%;
11. NH3 : 12. 654% ;
13. 59.37% ; 14. Al=75.9%, %, Cu=7.9%;
15. Alx(SO4)3-18H50 : 16. 7447 g ; %

17. 1.1395 ¢ ; 18. 5350 ;

19. 6.13% 20. 0.5978 ;%

21. 40 mL ; @

22. BaCl,2H,0=7.038 g , H,0 =42.962 ¢ ; \

23. 0.183 ; 24. SN
6p

25. 1833 mL; 26.

’

27. x=4.92, v=3.94; 38 ;
208 n=72 8 mL;
31. 29.78% % 0.78% ;
33. 122.16 g, Mg=95.57% ; 12.78 g ;
@ . 80% ;

39, 02cm? 40. 2.386 x 107 litre :
41. NaOH = 1.68 N, NayCO5 . 42. 0.132 g, 0.0672 litre, 0.336% ;

35. 82.08 g ; 6
37. (a) See solution, (b) 40.7347;@; 38. 25 litre ;

44. (i) 0.122, (ii) 3.362, 1.345:

43. 955%; @
45. CoH, %
46. Na2C03=0.816@ CO3=0368 M ;

47. 12231 : 48. 23, 1.3998 g :

49. 7.61. I1. 50. 65.3%, 33.2%, 27.10% ;
51. 9.2 gllitre, re, 9.6 g/litre ;

52. NaOH = r 200 mL, NayCO3z=0.0265 g per 200 mL ;

53. (a) O b) 3.66% 107, (c) 24365, (d) 7;

54. BéxC - :89%, MgCO3=72.11% ;

55. 80 "s\ 56. 90.9 x 10* litre. ;
57. .372 o/litre, H,SO4 =3.92 g/litre ;
W =} 53 g, 441 mL;

3134mL, (b) 1693 mL, (c) 4826 mL ;
001 g, 0.63 M ; 6l. 4826 ¢ ;
080 g, 63.54 ;
. 21029 g, 0.734 litre.




74

Solution 5.

Solution 6.

Solution 7.

Solution 8.

Solution 9.

Solution 10.

<

>

Q - w

Soluti

Solution 12.

NUMIRICAL PHYSICAL CHI'MISTRY
273
: 727
Thus, the ratio of amounts of € reacting with same mass of O
: 0.751:0.376 - 2: 1 @

This is in agreement with law of multiple proportions. @

2HCI &9@
12 it @

Volume after reaction = volumeof H, left +v fHCI formed
=2+ 12 =14 litre

| g-atom of Mg has mass = 24 g;
2 g-atom of Mg has mass =2 @
N atoms of Mg has mass -

2

3N atoms of Mg has mass % g Mg

Ratio of C 1 ) 0.376

| IZ 1 (‘IZ
8 litre 6 litre
Volume after reaction 2 0

Volume before reaction

(@) -

N atoms of H has wt.= 1.

1 atom of H has wt. = 1.67 x 10724 g

@

120
at. mass of carbon 12

as no. of atoms = 6.023 x 10
has no. of atoms = 10 x 6.023 x 10%* or 10N

mass of carbon

No. of g-atoms of 10

.+ 1 g-atom of %
. 10 g-atoms %
(a) e of CO, has molecular mass = 44

%mole of CO; has molecular mass=2 x 44 =88 g

(b) ules of CO, has molecular mass = 44
ecules of CO, has molecular mass =44 x2 =88 g
80 g glucose has = N molecules

2 | 23
@ 5.23 g glucose has = 323x6023x10

180
= 1.75 x 10*? molecules

1 mole of C¢H,,0¢ has = 6 N atoms of C

0.35 mole of CgH,0¢ has =6 x 0.35 N atoms of C = 2.1 N atoms™»
=2.1 x 6.023 x 103
= 1.26 x 10* carbon atoms

** 1 mole of Ca(NOs), has =2 N atoms of nitrogen

. 0.25 mole of Ca(NO3), has =2 x 0.25 x 6.023 10 atoms of N
=3.0 x 10°
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Solution 13. - 1 mL water =1 g water (density of water = | g/cm”)
Now 18 g water has 6.023 x 1023 molecules
23
| g water has M)lel()_ molecules = 3.34 x 102 s
Solution 14. - 22.4 litre water vapour at STP has = 6.023 x lO@Iecules
N
; 6.02 m&w 07
1 x 107 litre water vapours at STP has == 3 :
® molecules
Solution 15. - 6.023 x 10% molecules of NH; has w%
17x301x10~ 102
3.01 x 10%* molecules of NH, @\t b L
6.023x 10
@ =850g
Solution 16. 4 wheat grains are counted in 1 se%Q
@@ . 602 u
.6.023 x 10%* wheat grains arg/counted poe ] = 5eC.
@ 6.023x 10> oar
4% 60x60x24 x 365 y
= 4.77 x 10'* year
Solutlon 76 1029 rupees a in 1 sec.
1x 6.023x 10
. 6.023 x | eesare spent N~ 10° — sec

& 1x6.023x 102
e year
@@’ 10% x 60 x 60 x 24 x 365
= 19,098 x 10° year

Solution 18. 1 mole of H,SO, has=32¢g S

< lOmoleofHZSO4 has=32x10=320g S
. 98 g of H)SO4 has=32 g S
%’_ 10 g of H,SO, has = (32 x 10)/98 =3.265g S
Soluti o -- 98 g H,S0, has g-atom of S = |

49
. 4.9 g H,SO,4 has g-atom of § = —

08 0.05 g-atom of S

ion 20. Mol. wt. of CaCl, =111 g
: 111 g CaCl, has = N ions of Ca®*

N x333 . 2+ 2+
333 g CaCl, has 1] lons of Ca®” =3 Nions of Ca

75
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Also, - 111 g CaCl, has =2 N ions of CI”

2N x333 .
333 g CaCl, has= BT of CI”

=6 Nions of CI”

Solution 21.  Mol. wt. of BaCl,2H,0 =244 g, @
244 g BaCl,2H,0 = 36 g H,0 = 2 mole of H,0 %Q
2.x366 @
366 g BaCly2H,0 = == mole of H,0 =@ of H,0

16 g CH4 has molecules = N

0 >
24 g CH, has molecules = 023 xl@
)

= 9.03 x(BX Mmolecules
Also, 16 g CH, = N at arbon

Solution 22.  Mol. wt. of methane (CH,) = 16, %g@

0% x 24

24 g CH, has == 6
x 10%* atoms of C
and -: 16 g N atoms of H

4x6023x10% x24

A 16
% =3.612 x 10** atoms of H

Solution 23. (a) Mass of iron=20 g

(b) %@%1.2 g-atomof N=14x12=168¢g

© | x 10% atoms of = 12XL<I0” g
atoms O = =————————_r =1,
E 6023 x 107 &
x12

] 32
Q% s’of 1.12 litre of O, at STP = Py =16g
(‘@ 0 g iron has maximum weight.

S - 3.168
Solutio | carat = 3.168 grains = 154 8ram
! 3168 %05
. 0.500 carat diamond = “sa 8% 0.10¢g

Thus weight of ring=0.10+7.0="7.10 g = 7.10 X 1073 kg
Solution 25.  Density of Vanadium = 5.96 g/cm3 =596 x 107 kg/cm‘

596% 10
A ke/m' - 5.96 x l()"‘kg/m“
10 °
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7553 x34.969 + 24.47 x 36.966

Solution 26. Average atomic mass = {00 = 35.46 a
Solution 27. Molar mass of Ar
. 0337 x3596755+0.063 x 37.96272 +99.600% 389624

100 \:JJ
= 39.947 &ﬁ
Solution 28. Sp. heat=1Jg ' K™! = 1/4.18 cal g%

. approximate at. wt. x 1/4.18 = 6.4

approximate at.wt. = 6.4 x 4.18 *%@

at. weight i @
Also, eq. weight Valen
Valence = 26.

s@ =3.0
" Valence is integer)

EQ valence =9 x 3 =27

Exact at. weight =

Solution 29. Eq. of metal = Eq. of -(;ﬁ:)
wt. of metal = 1 g, wt. of oxygei 08—-1=0.08¢g
10
Emetal
) P
Also App. at.wt. x =6.4

6.4
Solutipn 30. App. at.wt. =6.0—6 = 106.67
Q% Eq. of metal = Eq. of H,SO,
%}7 q. wt. of metal be £
108 049

< =
E 49
' Emetal =108
at.wt.  106.67 )
Also Valence = m T 1 (integer)

Exact at. wt. = Eq.wt. x Valence = 108 x | = 108

Molecular weight

Solution 31. Equivalent weight of compound - : :
— Total charge on cation or anion
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A x =
ENays0, = 5 (charge on 2Na is +2 or on SOy is -2)
1 i ®
Enagpo,. 1250 = 3 (charge on PO, is -3) @
S

4 :
Ecaypog, =g (charge on 2P0y is -6) %&;

Solution 32, In CuO : (Cu of bivalent nature) - Eq.wt. of .6/2
31.8
- Eq.

In Cu,0 : (Cu of monovalent nature) =63.6/1
=63.6
Solution 33. Let metal chloride be MCI, , then
Mol. wt. of MCL, = a + 35.5 x, Q
2x85=Ex+35.5 (x) 3 (ca L
i *7 7014355 % ;
at. wt. = 7.01 x 4=@
Solution 34. Since potassium chromate and re isomorphs and thus molecular
formula of potassium chromateNsK,CrO,. Let at, wt. of Cr be a, then

formula wt. of K,CrO,

% Ax2+a+16%x4=1422+q

x 100;

% of Crin

Also % en = 26.78

- %Zo_a - 26.78; = 52.0
i TS N R
Solution 35. -+ 6.02 molecules of CO=28 g
o 28 x 107! s
& 10°" molecules of CO= —————= =4.65x 107" g
\ 6.023x 10

@@9 =46.5 mg _S:'
Lo CO left =280 — 46.5=233.5 mg
wit. '

Also, moles of CO left = L

m. wt.

-3
=233.5x10 _834x 107

28

Solution 36. The molecule has C, 11 and other component. S¢

Wt ol 9 Catoms 12 x9 108 amu —
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Wt of I3 Hatoms=13 x | =13 amu

233x 1072
Wt. of other component = —————— = 14.04 amu
166 %10~ @

Total weight of one molecule =108 + 13 + 14.0
=135.04 amu
Mol. wt. of substance = 135.04 4

S

Solution 37. Let the hydrate be Fe(SCN);.mH,0
molecular weight of hydrate =56 + 3 x (32@12%4) +18m

=230+ 18 m

18m x| s
. %ofHZO=% $
or m=3®

Formula is Fe(SCN);.3H,0

Solution 38. Given, length = 5000 x 107% cm, % % 1078 ¢cm

= Volume (cylindrical nature of Q-‘ n r?h

% =883x 107" em?

Given that specific vo 50.75 cm3/g

% 75cem’=1 g

4

3.14x['f—0><10-g x5000 10

0.75
=1.18x 107'% g
weight of one virus
. Thus \ﬁ.,nn of N virus molecules = 1.18 x 107'° x 6.023 x 103
=7.10 x 107 g/mol
Mol. weight =7.10 x 10’

Solution 39.

Mole of Ba(OH),
Mole of BaCO,

Moie of BaCO; formed = 0.205
Weight of BaCO; formed =0.205 x 197.4=40.5g

L
1

PV
Solution 40. Meq. of AgCl = Meg. of HCI = milli mole of HCl(g) =27 > 10°
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X 1000=22 10 IO ®
1435 760 1000 0.0821x 285
= 0.422 @
0422 x 1435 @
S - 0.0605 g

WAgC1™ 1000 %@
Solution 41. Standard molar volume of gas is its volume occupie ole at NTP.
1.429 g of O, gas occupies volume = 1 litre
3 i @

32 g of O, gas occupies volume = 1A
itre mol™'
Solution 42. Mol. wt. of mixture of NO, and NZO% X2 =76.6

Let a g of NO, be present in 100 g rg, then
2 mole of NO, + mole of N,O, 7 f mixture

a (lOO—a
46 92@ 3
Mole of NO, in myj (20.1/46) = 0.437
Solution 43. Mol. wt. of mixture.of% d N,O4 =383 x2=176.6

Let a mole of NO t@@ent in 100 mole mixture
.. wt.of N fN204 = wt. of mixture,
ax 46@ —a)x92=100 x 76.6
& a=33.48 mole
Solution 44. For n%@@mol. wt., insulin must contain atleast one sulphur atom in

a=20.10¢g

(=

its o cule.
N 4 g sulphur is present then mol. wt. of insulin = 100

. ) ) 100 x 32

RN 32 g sulphur is present then mol. wt. of insulin = 4
® = 941.176

Soluti Qe 100 g haemoglobin has iron=0.25 g
, _ 0.25 x 89600
89600 g haemoglobin has iron = ————— =224 g Fe

100
I mole or N molecules of haemoglobin has 224 g Fe
= (224/56) g-atom of Fe
= 4 g-atom of Fe
=4 N atom of ke
| molecule of haemoglobin = 4 atom of Fe
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Solution 46. Let at. wt. of P and Q) be a and b respectively,
Mol. wt. of P,Q5 =2a+3b
and Mol. wt. of PQ, =a + 2b
(2a +3b)x0.15 =15.9
and (a+2b)x0.15=93 (' wt.=Mo wt.)

b, Thus, a=26, b=18
a %@
Solution 47. - 1 mole or 342 g sugar produces 12 mole or 44 x @ >

Also

Solution 48.

Solution 49.

4x12
342 /
1 mole or 342 g sugar requires 12 mo

12
1 g sugar requires T m05

1 g sugar produces

102 mole

CaCO; + 2HCl ——> CaCl ®+ Co,

44 g CO, = 100 2

1
0.88gCO, = =2.0 g CaCO4

Percentage puri@@ 100 =50%
18

17
50, — 8CO + 9H,0

L |
@10’ 10°
Moles before reac% == - —

114 32

N&Pio® 10’ x2 8x10° x2
Moles after r onil S eas 0 =
114 32x17 32x17

@ 17
5 a@ 0,:CO:: 5 8
%’b% O, is limiting reagent and moles of CO formed = 29.41

‘&

Q
Soluti (i)

O g
atio for reaction is CgHg: Oy : 1 1 : )

Mass of CO formed =29.41 x 28 = 823.48 g

v C= 122845 00 =5435%
°T T 44x424° S i il
%H = 22348 100 =9.06%
T 18x424 =

% O = {100 - 54.35 - 9.06] = 36.59%
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(i) % %/at.wt. = Factor  Factor/lL.owest number
_ 542 452
C=54.2 1 =4.52 329 =2 ®
! % _ n_
H=9.2 =92 St @
0=136.6 86 _529 i, 222 {:;\&f
Empirical formula of butyric acid is C;H,O Q
(iiii) Empirical formula mass = 44 %
Molecular mass = 88
Molecular mass 88 %
Empirical mass 4_4' e \

Mole formula = Empirical form = C4Hg0,
Solution 51.  Mol.wt. of Fey(SOy4); = 2 x at.wt. of Fe at.wt, of S -
12 x at.wt. of oxygen
=2x56 éj 12 x 16
=112+9 [92 = 400
112 \)
% of Fe = 100 = 28%
“%
% of § = 100 = 24%
@2
% ¢ 400 x 100 = 48%
116x224
Solutlon 52. Molecular ma lding gas = Ak ] =25.98
CO, and H btained from weldlng gas combustion in water.
toms of Cingas= —— =0.077
0690 2

g-atoms of H in gas = =0.077

18

th ofC and H atoms in gasis | :

hus, empirical formula of welding gas is CH
Empmcal formula mass of welding gas = 13
Molecular mass = (empirical formula mass) x n

2598 _ .
3 °
Molecular formula = 2 x empirical formula = 2 x (CH) = C,H,

@70

0=
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Solution 53.
Element % Mole ratio  Simplest mole ra@
3.758x100 i 7057 —5.88 588
5325 g 12 147 @
é g o3lexi0 o 593 o .
5325 ] 1 .
1251x100 i 2350 Wi
5325 7 16

Empirical formula is C;H,O
Also empirical formula weight =4 x 12 + 4 x

mol. wt

Qs empiricalf@ T 68
Molecular formula of methyl benzoate isQ 4H40), or CgHgO,

Solution 54. -2 mole H, ~ 1 mole O, = 2 mol

Imole Oy =~ 2m
1.57 mole O, = 2 ole H,0 = 3.14 mole H,O

2 2mole H,0
or, Moles of H,0 = ole of O,] 1 mole O,
2

57x 'l' = 3.14 mole

Solution 55. In 100 g KBr, K= x‘hy hen Br=67.1g

Q) (at. wt. of K and Br are 39 and 80 respectively)
r2 — 2KBr

K 329/39 10057

ofBr 671/80 1
s of K 10057x2 20114

o oles of Br2

%9\ 3.60

ivéh moles —— ]

completely used leaving K.

1
Br, —— 2KBr
6.40

160
0.04

he reaction ratio for moles of K and Br, = 2.0114. Thus, Br, will be

Moles of Br, reacting = 0.04

Moles of K reacting = 0.04 x 2. 01 14

=8.01 x 10°2 mole
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Solution 56. /n(s) + MCHaq) ~—> ZnClyag.) + Hyg)
Initial moles 0.30 052 0 0
Final moles 0.04 0 0 0.26
v Moleratioof Zn :HCl : llyis 1 :2: 1
. Moles of H, formed = 0.26 @
Note that HCl is used completely and thus it is limiting reagent. @

Solution 57. 2AL, + 3Cl, — 2AlCl§§ﬁz X

Moles before reaction 1.0 3.0
Moles after reaction 0 1.5
Mole ratio for reactants and productsare 2 :3 : 2 %

(a) Thus limiting reagent is Al
(b) Moles of AICl; formed = 1.0
(c) Moles of excess reagent Cl, left unreacte
Solution 58. The given reaction is, 2Na + 2H2% 2NaOH + H,
From equation, it is evident : S

46 g Na reacts to liberate 1 mol

23 g Na reacts to liberate (1 = 1/2 mole H,
‘ Weight of ted=(112)x2=1g
Also, volum t STP =22400 x 1 =11200 mL

Alternative method

2 H20 ——> 2NaOH + H2
Excess 0 0
Excess 1 Va

, formed =172
fH, formed=(1/2)x2=1¢g

Volurr& formed at STP = 22400 x 1/2 = 11200 mL

Mole before reaction
Mole after reaction

Solution 59. N 2KClIO0; —— 2KCl + 30,
Mole rato w@j on ' 2 mole 2 mole 3 mole
= B @% re O, is formed by 2 mole KCIO,
e O, is formed by —>2- = 1/6 mole KCIO
6\- re O, 1s formed by 3224 mole 1
Solution 60. % 2Na3PO4 e 3Ba(NO3)2 s Ba3(P04)2 + 6NaNO3
6le before  (32.8/164) 26.1/261 0 0
action =0.2 0.1 0 0
ole after
reaction  [0.2-(0.1 x 2)/3] 0 0.1/3 (0.1 x 6)/3

Mole ratio for Na;PO, : Ba(NOs), : Ba3(PO,), : NaNO; ::2:3:1:6
Moles of Bay(PO,), formed=0.1/3

0.1
Weight of Ba(PO,), formed = %602 2007 ¢



MOLE AND EQUIVALENT CONCEPT

Solution 61.

Solution 62.

Solution 63.

Solution 64.

Solution 65.

300 kg impure sample has pure CaCO3= —

85
100 kg impure sample has pure CaCO; = 90 kg @
90 x 300
== = 27¢

100
CaCO;— Ca0 + CO, @
100 kg CaCOj; gives CaO = 56 kg %Q

. 56)(27@5
270 kg CaCO; gives CaO = WQ 1.20 kg
Balanced equationis 2VO + 3Fe,04 —%@O + V,04

Mole before reaction 2/67 5.75/160

=0.0298 0.03
Mole after reaction [0.0298 — (0.0359 x 2)/3% 0.0359 x 2][0.0359 = 1]

-~ Mole ratio in reaction is VO : Fe,05 ! Vy05::2:3:6:1

Mole of FeO formed = 0.0359 x2__
Weight of FeO formed = 0.035 72=5.18¢

The limiting reagent is one which i ly used i.e. Fe;0j here.

144 464

Solving % equations : a = 21.06 and b=78.94
Percen e0 =21.06% and percentage of Fe;0, = 78.94%
Let be weight of Al and Zn in mixture a + b= 1.67 ..(1)

1 — AICI3 +(3/2) Hy; Zn +2HCl —> ZnCly +H,
%} g Al gives (3/2) x 22.4 litre H, (- atwt. of Al=27)
3x224xa litre H
AR i

Similarly 65 g Zn gives 22.4 litre H, (- at.wt. of Zn =65)
b g Zn gives (22.4 x b)/65 litre H,
3x224xa 224xb

+

Similarly, weight of Fes
c Q) 160xa  160x3b
Nowif a 00; then + =105

S agAlgives

ot pranie 1.09 -(2)
By (1) and (2) a=125¢g,b=042¢g

41CKag.) + MnOy(s) > 2H,0() + MnCly(aq.) + Cly(g)
870 M), rencts will4 x 36 S v Il |
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Solution 66.

Solution 67.

Solution 68.

Solution 69.

Solution 70.

NUMERICAL PHYSICAL CHEMISTRY

: .. 4x365x5 '
5 g MnO, will react with T 8.39 ¢ HCI @
o

2.68
100 g chlorophyll contains 2.68 g Mg= BN mole Mg@

. 268x2 - &5

2 g chlorophyll contains 24 x100 mole Mg=2.2 x 10 @ g
No. of Mg atoms =2.2 x 107 3 x 1023
=1.345 toms of Mg

CaClz = CaClz6H20
Mole of CaCl,.6H,O = Mole of C
5
Mole of CaCl,.6H,0 = 1 @ (‘Smol.wt. of CaCl, = 111)

5
Mass of CaCl,.6H,0 = T 12= 9.9 g CaCl,.6H,0

'@.9 =90.1¢g

100 g solution

Mass of water =

25% solution means 25 g s

40% solution means 40,g’s in 100 g solution

: 25% 300
Mass of s% 00 g solution = T 75¢g
40 x 400
Mass ) in 400 g solution = S T00 A 160 g
%% Total mass of solute=75 + 160 =235 g
235
@Q) Mass % in mixture = 700~ 100 = 33.57%
< A _PV __(7804-174)x1197 o
@ mole 02 = RT ~ 760 x 1000 x 0.0821x 293~ > < |
eq. wt. of metal be £
S
Eq. of metal = Eq. of H,
0.275 3 .
Z =moleof Hy x2=2x5x 107
E=27.52

Let the alkane be C H,, . »

n+l
n+=

( '”| |2n ) 4 02 > NCOZ + (ﬂ | |)”‘|()
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n+l
Mole of O, _n+ 7 =_5_ @
Mole of CO, n 3 @
" ©
Thus alkane is C3Hg

. w 111
Solution 71. (a) Meq. of Ca(OH), = —E'X 1000 = 7472 X 100 |

30
(b)  Meq. of NaOH = 7" x 1000 ﬂ%

49
(c)  Meq. of H,SO, = — x 100Q0E 100 (" En,s0,=49)

st

Solution 72.

Solution 73. - NxV(

or

Solution 74. Meq. of]

i % s 4
.@ 19 1000 = 480
4 w=2352¢g
Solution 75.@.\@ Megq. of H,80, =100 x 0.1 =10
N Meq. of NaOH =50 x 0.25 = 12.5
H,S0, and NaOH neutralize each other.
Meq. of NaOH left=12.5-10=2.5
Volume of new solution = 100 + 50 = 150 mL
Nyaon left = 2.5/150 = 0.0167
(b) Meq. of H,SO, =100 x 0.2 x 2 =40
(' N = M x Valency)
Meq. of HCI =200 x 0.2 x 1 =40

(* Meq. =N x VinmL)
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Total Meq. of acid = 40 + 40 = 80

. Total volume of solution = 300 mL ®
i N acid solution = 80/300 = 0.267 i

(c) Megq. of H,SO, =100 x 0.2 x 2 =40 @
Meq. of NaOH =100 x 0.2 x 1. =20 -
Meg. of H,SOy left after reaction = 40 — 20 = 20 %Q

Total volume of solution = 100 + 100 = 200 mL

NH2504 left = 20/200 = 0.1 Q
(@) Megq. of NaOH =1 x 1000 = 1000
Meq. of HCI =100 x 0.1 = 10 %
Meq. of NaOH left after reaction = 1000 \@0

Total volume of solution= 100 mL
NNaOH leﬂ = 990/1 00§@

40 — 1600 = 40 mL

Solution 77. Meq. of Pb(NQ@\%%eq. of Pb?*

@ eq. =N x VinmL; N= M x Valence factor)
_ 600x107°

V=——""—"—x1000

%}7 208/2
V=144 mL

Solution 78. LetV .50 M NaOH be mixed with (3000 — /) mL of 0.40 M NaOH
Meq: 50 M NaOH + Megq. of 0.4 M NaOH = Meq. of 1.0 M NaOH

250 x V+0.4(3000-F)=3x1000x1 (M=N)

Thus, volume of wate% prepare 1640 mL of 0.20 N solution

%),

(.. V=857.14 mL
7 >-857.14 mL of 2.50 M'NaOH and 2142.96 mL of 0.4 M NaOH are to
be mixed.

Y

Meg. of Na,CO; = Meq. of H,SO, (for complete neutralization)
Meq. of Na,CO; = 45.6 x 0.235
w
106/2

x 1000 = 45.6 x 0.235
w =0.5679 g
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*° 95 g pure Na,COj is to be taken then weighed sample = 100
. 0.5679 g pure Na,COs; is to be taken, weighed sample @

100 x 0.5679
R\
" Equivalent X
Solution 80. N= " G litre) @
| ) SO o
" Equivalent of NH,OH = 35° Volume of §olutien = 1000 litre

3 9)
, pozzioon (S
& "~ 35x 800 _®
NSS% 0.07
Also, M= = —— =0.07
Valence actQ 1

o —— mo 2x1000 07
or olarity = 7= (= 35x 800 :
Solution 81. Meq. of H,SO, = Meq (' Meq.=N x VinmL)
Nx12 =§
N_u_2 <12 0.125
Strength of H38Q,=0.125 x 49 =6.125 g litre™! (' § =N x E)
Solution 82. Wei olution [ and I1=300 + 150 =450 g
_ 25x 300
e % H4Cl in [ solution = _IXUO— =75g
TN : . 40x150 _
\,—9 of NH,Cl in II solution 100 60 g

Total weight of NH,Cl1=75+60=135g

135
% by wt. of mixed solution= —— x 100 = 30%

OQ/@

450
w
¢ Solutio Meq. of NaOH=N x V,, .. or ke 1000 =N x Vi mL
38 1000=Nx 50
e X = x
40
N=0.19
Solution 84.  Milli-moles of NaOH =M x V,, | =0.15 x 27
0.15%27 3
Moles of NaQOll 4.05 x 10

1000
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Solution 85. Molarity x Volume in mL = Milli-mole = Iw,j— x 1000 ®

. 0.38
Molarity x 50 = x5 X 1000
(]

[Mol. wt. of Nal@@gs]

Molarity = 8.94 x 1072 %@
Solution 86. Milli-mole = M x V}; mL

0']84><1000—0150xV Q
40 1 @g)

aon = 30.67 mL

Solution 87. (a) Mass of HCI = 38 g; density of solutic@ g/mL,
Mass of solution =100 g
Moles of HCE

Volume of solu%\’@?tre

v (>>Mass of HCI
5 @) weight of solution

Molar mag§ of HCI x : :
density of solution x 1000

= %&“Z 12.4
@.i9x1000

Molarity

3

(b) Milli-moles does not change on dilution and thus,
mL= M X Vg
nc.) (for dil.)

(
%ﬁ%df x }=0.1 x 1000

V'=8.06 mL
Solution 88. 68% HNO; means 100 g solution contains 68 g HNO;

Y . . 100
5@'6 of solution = wt. of solution x density = —1_5 04 66.49 mL
sy | iy mole of HNO;
% NCIGC volume of solution in litre

2 _68x1000
63 % 66.49 ) -

S, 89. 10% (w/w) solution of glucose means 100 g solution contains 10 g

glucose.
Weight of water=100-10=90 g

10
Molality (m) = 30 0.617 m
180

X
1000
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Solution 90.

M

Solution 91.

Solution

12 x 1000

10 /180 @

ole fraction of glucose = w =0.011 %Q
180 ' 18 @
90/18 Q
l_ 1 = eem—————
Mole fraction of water 0 = ) 0.98%

10
Molarity (M) = ——155~— = 0.67M @
180 x @

Molality of ethylene glycol = 1795 m
Wt. of solution = col + wt. of water
+200=4226¢g

] 422 .6
Volume of solution = > mL

422.6

@ 107
222,
Molarity of ethylen%l 20 o.M

62 x ——=£2
1072 x 1000
o Whon= -
Molari tion = I_{l M
VOIU&) olution = 250 mL

1
Milloxalic acid = M X Vg )= 75 % 250
b w 1

Q

&

Q

(2)

@ E) Tog % 1000 = —=x250 (mol.wt. of oxalic acid = 126)

_250x126
Y~ lox1000 78

] l
Volume of solution=0.1 dm- = E litre = 100 mL

Weight of solution =100 x 1.038 =103.8 g
Weight of water = weight of solution — weight of NaOH
=103.8-4=998¢

| % |

Mole fraction of NaOH = \ 4 : 998
40 18

=0.018
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J | Moles of NaOH
(b) Molality of solution W__eight STwater 1000
_ 4xa000 @
T 40x998 oM @ X
) ) Moles of NaOH &f
(c) Molarity of NaOH solution = ————————
Volume in litre
_ 4x1000 1 Q
© 40x100 %

I

(d) Normality of NaOH solution = W litre
4 3900
REE )M

Solution 93. Wt. of CH;COOH dissolved =

itre = 1000 mL
1000 x 0.789) g =789 g

Moles of solute

IS, (y%%n B wt. of solvent in kg

o]
%) " |SanTay| ~ 0%
& 1000
Solution 94. H,SO,4 i@ volume.
% e of solution= 100 mL

Wt. of H,80,=90 g . Moles of H,SO, = 90/98

< eight of solution= 100 x 1.98 .. Weight of water = 198-90
® - =198 g =108 g
N e e [,,,= _moles_
- o1l = 98 % 108/1000 solvent (in kg),

LS
= 8.50

95. H,SO,is 80% by weight .. Wt. of H,SO,=80¢
Wt. of solution= 100 g
100
1787 ™ 1787 x 1000

Volume of solution = litre
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80
My,s0,
4 98 100

1787 x 1000

= 14.59
’ Let V' mL of this H,SO, are used to prepare 1 litre of %ﬂzso,,,
then mM of conc. H,SO4= mM of dil. H,SO,

(mM does not ch dilution)
V x 14.59 = 1000 x 0.2
V=13.71 mL

Solution 96. BaCl, + Al (SO,); + AlCl,
0

Meq. before reaction 30 x 0.2 40 x 0.

=6 =12 i(: ;)
Meq. after reaction 0 6 S 6
6 Meq. of BaCl, reacts with 6 Meq. o 4)3 to produce 6 Meq. of
BaSO,4 and 6 Meq. of AICI. @

; 233
. Meq. of BaSQ, formed = 6 @@ 1000; ( = -—]

' 2
f BaSO, f XD _6x23 _ 0
4 wt. of BaSO, formed\ S5 =2"~ =070 g

Solution 97. . 3 + BaCl, —> BaSO4 4 + AlCI,
Meg. before mixing% 2x6  20%0.6x2 0 0
@ £24 =24
Megq. afler mix& 0 0 24 24

(Meq. =N x Vin mL = M x valency x Vin mL)

@C%Y [AP*Y]= 402—13 =02 M

Ci]= M. 0.6 M
o (e 40 )
centration of Ba?* or SO,%" in solution since BaSO, gets

pitated.
Milli-mole of Fe(NO;); =50 x 0.12=6 (mm=MxV_)
Milli-mole of Fe3* =6 ;
Milli-mole of NO3;"=3 x 6 =18
Milli-mole of FeCl; = 100 x 0.1 = 10
Milli-mole of Fe**= 10 ;
Milli-mole of CI"=3 x 10 =30
Milli-mole of Mg(NO,), = 100 x 0.26 = 26
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Milli-mole of Mg?* =26 ; :
Milli-mole of NO;™ =2 x 26 = 52 ‘

On mixing these three, total volume he comes 250 mL ®
6+10

Thus [Fe =5 —= 0.064M foiy DAl o]
250 7
in mL
- L
18452 %Q
NO3T]=""5, = 0.28M @

[CI] =?35%= 0.12M %Q f

[Mg?*] =%= 0.104M \Q%

Solution 99. First balance it 3BaCl, + Al (SOy); aSO, + 2AICKL

mM before reaction 30 x0.1 40 x 0.2 %%
0
1

0
mM after reaction (8- % 3 2
3 mM of BaCl, reacts with@e of Aly(SO,)s.

mM of BaSO, formed = 3@ % 1000,
33 " .

The above question be solved in terms of normality. We (
have Molarity x Valeﬁ% r=Normality. Also balancing of equation ¢
is not necessary in %C ept.
12 + Alz(SO4)3 R BaSO4 + A]C]3
x0.1x2 40x02x6
=6 48 0 0
0 42 6 6
SO, formed =6 = “'lt. x 1000,
_ 6x233
W= 2xiooo 06908

€aCO;(s) + 2HCl(ag.) — CaCly(ag.) + COx(g) + H,0().
Megq. of CaCO; = Meq. of HCI

w
10072~ 1000=25x0.75 x I[* Meq. =N x Vi = (M/1) X Vy ]
Weaco, = 0.9375g=094 ¢ (For HCI, M = N)
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Solution 101. Meq. of NaCH = Meq. of HCI = Meq. of NaCl
N X Vi, =N % Vg, (Nyet = Myci© Nnaon = Mya
1 x F=2x200
V— 400 mL

Megq. of NaCl - 2 x 200 = 400 @

. = 1000 = 400 XY
So0.o
WNaci = 23.4 g @

Solution 102. Let @ moles Na,COj; and a moles of NaHCO; be pre% g mixture.

soax106+ax84 =1
or a=526x10" %
Now for reaction : @
Megq. of HCI = Meq. of Na, . of NaHCO;
: 0.1 x1 ><V=2><5.26XI0‘%X5.26X10'3><1000
¥ =157.8 mL %Q
Solution 103. CHCI; present in 15 ppm or 10°g @ H,0 contains 15 g CHCl,

(1) % By mass = ,3)><100=1.5><10‘3

- § 3/ 1195 ot
() MOIa%]OG <10 1.25x 10" m
Solution 104. 100 g solution cont@@ NaCl
100

w=10g, mNaC Volume of solution =m litre

@@;{zf 100-10=90 g
SO Wt ofsolute 10 1071x 1000

S

MOl ol.wt ofsolutex ¥V, 585x100  1:33M
< Wt. of solute
(@‘) mol.wt. of solute x weight of solvent in Kg
& _lO><1000_190
T 585x90
oy
. _w/m 10/585 _
Mole fraction of NaCl = P AT 0.03
m M 585 ' 18

Mole fraction of HO=1-0.03 = 0.97
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Problems for Self Assessment

I. When a mixture of 10 mole of SO,, 15 mole of O, was passed over catalys
mole of SOy was formed. How many mole of SO, and O, did not eme@

combination?

2. One litre of CO, is passed over hot coke. The volume becomes 1.4 litr @e :
composition of products, assuming measurements at NTP. &%

3. A sample of potato strach was ground in a ball mill to give starch @)\ olecule
of low molecular weight. The product analysed 0.086% .of ph X 3. If each
molecule is assumed to contain one atom of phosphorus, w \ ¢ molecular
weight of material? f%

4. A mixture of 1.65x 10% molecules of x and 1.85 x 1071}
0.688 g. If the molecular weight of y is 187, what is¢he weight of x?

5. An oxide U,O, is obtained on heating UO,(NO3) ove 800°C. However
on heating UO,(NO3), zH,O gentally only water of ion is lost. On heating
1.004 g UO,(NO3),-zH,0, 0.788 g of UOZ(NO@&mcd. Calculate the water
of hydration in sample.

es of y weigh

b e

) 0 800 to 900°C in air to give
Rafty moles of uranium metal were

6. A sample of uranium metal (0.169 g) is
0.199 g of a dark green oxide, U O,. How

used? What is the empirical formula li

? How many moles of U0, must

have been obtained? _
7. Three different brands of liquid chio re available in the market for the use in
N ek y g

purifying water of swimming p Al are sold at the same rate of Rs. 10 per litre
and all are water solutions contains 10% hypochlorite (C1O7) (wt./vol.),
brand B contains 7% aval orine (Cl) and brand C contains {4% sodium

each of the later

samples containing Ad 1.1% sulphur are also available. How many tons of
tons sample co %

L. 7% sulphur?

9. CS, and Cl, inthe elght ratio 1 : 2 are allowed to react according to equation:
S, +3Cl,—— CCl, + S,Cl,,  calculate:
(a) W tant is limiting reagent.
(b) actant and what fraction of it is left over.

10. ] reacts with Zn** forming K,Zn,[Fe(CN)¢],. What volume of 0.018

(CN)6] would be required to react with 150 mg of Zn*" ion in solution.

-

1l KClO5 on heating gives enough O, to react completely with H, produced by

action of Zn on dil. H,SO4. Calculate the weight of Zn required for this.

Analysis of chlorophyll shows that it contains 2.68 per cent magnesium. How many
atoms of magnesium does 1.0 g of chlorophyll contain?

13. A metal oxide XO, reacts with T, to give metal and water. 16 15.94 g of XO, yields
0.0 p of water, calculate the atomic weight of X.
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14. A 25 g charge of the explosive TNT is detonated in an evacuated 5 litre container.

2C5H5(NO,), — 12CO(g) + 2C(s) + SH,(g) + 3Nx(g)
(a) Calculate the' mass of carbon deposited.

(b) Calculate the final pressure of the system at 230°C.
{c) Calculate the partial pressure of N, under-these conditions.
15. Balance the following equation which represents the combustig&f rites,
(FeS,), a pollution causing impurity in same coals. Calculate:
FCSZ + 02 = F6203 et SOZ @

(a) The volume of SO, measured at NTP that would have obtained by

by/mass of pyrite.

complete combustion of 10? kg of coal containing 0.03%
i Byrite in step (a)

{h)y The volume of air measured at NTP used in oxidafiQ
asstning that air contains 20% oxygen by volu
() The volume of 6 M NaOH required to react with S

88
16. A unxture of oxygen and CO on exposure to UV li ves O3 and CO,. If 100
ml. of gas mixture were taken in which & ratio of O, and CO were

{.015: 1, how many mL of each gas will be in the mixture if it measures
90.34 mL and the ratio of CO, and CO in ure’is 0.2419 : 1 volume per cent.

17.  12% solution of urea by weight is dilute@bysadding 7% urea solution by weight.
What weight ratio should the solution d to get a 9% solution by weight.

18. 5.22 x 10~ mole of a mixture contaif
mm in a certain standard volume.
which combined H, and O, into
to same volume, the press @4.3 mm. Extra oxygen was added to increase
the pressure to 44.3 mm. ustion was repeated, after which the pressure

» O, and N, exerted a pressure of 67.4
was passed over a hot platinum filament
hich was frozen out. When the gas returned

read 32.9 mm. What wa e fraction of H,, O, and N, in gas sample?

19. A mixture of oxygen andhydrogen is analysed by passing it over hot copper oxide
and through a dry ydrogen reduces the CuO according to the equation:
CuO+H,— C . Oxygen then oxidises the copper formed:
Cu + 10y — 0 cm? of the mixture measured at 25°C and 750 mm yield
84.5 cm3 of gen measured at 25°C and 750 mm after passing over CuQ
and drying 8gentyWhat is the mole per cent of H, in the mixture?

20. A gasn f 3 litre of propane and butane on complete combustion at 25°C
produge itre of CO,. Find out the composition of mixture.

2. Ag J

hydrocarbon was exploded with excess of oxygen. On cooling a
ton of 1.5 times of the volume of hydrocarbon taken was observed. A
contraction equal to double of the volume of hydrocarbon was noted, on

ent with aqueous NaOH. Find out molecular formula of hydrocarbon.

() litre box contains 41.4 g of a mixture of gases C,Hg and C H;,. At 44°C the
total pressure is 1.560 atm. The analysis of gas mixture shows 87% carbon and 13%
H;. Caleulate:

() The formula of gases present in the box.

{1 The moles ol cach pas i the box.
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23.

24.

25.

26.

27.

28.

29.

32.
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A polymeric substance, tetrafluoroethylene, can be represented by the formula
(CoF)x, where x is a large number. The material was prepared by polymerizin
C,F, in the presence of a sulphur-bearing catalyst that served as a nucleus u

which the polymer grew. The final product was found to contain 0.012% S.
is the value of x if each polymeric molecule contains

(@) 1 sulphur atom,

(b) 2 sulphur atoms? In either case, assume that the catalyst c %5@5 a
negligible amount to the totai mass of the polymer.

A gas known to be a mixture of propane (C;Hg) and methane ( confined

in a vessel at temperature 7 and pressure 320) mm of Hg. The ga :‘) In excess
0O, and all the carbon is recovered as CO,. This CO, shows a e of 448 mm

DITSSH
of Hg if kept in the same vessel at temperature 7. Calgulg Q\

‘: “ ?,a e fraction of
propane in mixture assuming ideal gas behaviour.

3 g of carbon were heated in a closed vessel with 7 \ n. At the end of the

reaction, no solid residue was left behind. Assuming thé initial pressure to he
the weights of CO and

1 atm and the temperature to be 25°C, what w W7
CO, formed.

A known amount of NaCl was heated with @ 250,. The gas evolved was
completely absorbed in water and then weutgylised by NH4OH. The resulting
solution was allowed to react with NaNQ; and a new gas was formed again. This

was collected at NTP. The volume celle was 2.464 litre. What weight of NaCl

was taken. @d)}

Calculate the molarity and mol given solution of cthanol in water, if the

mole fraction of ethanol is ts density is 0.97g/ml 1.

135 mL of 0.224 M MgS l«@z on was heated until the solution becomes 105
wa

mL due to evaporation %Calculate the molarity of concentrated solution.
Two monobasic acids are titrated separately against 1 N Na,COj5 solution.

10 mL of A requir of Na,CO, solution whereas 40 mL of B requires
25 mL of Na,COQr, on. What volume of A and B should be mixed to produce
one litre of 1 olution

You arecgi ¢’ litre each of 0.183 M HCI and 0.381 M HCI. What is the
maximu of 0.243 M HCI which you can make from these solution. (No

ribbon, when burnt in air, left an ash containing MgO and MgzN,.
as found to consume 0.06 mole of HCI, when it was taken in solution,
ing to the reactions.
MgO + 2HCl—— MgCl, + H,0
Mg3N, + 8HCI » 3MgCl, + 2NH,C1

he solution so obtained was treated with excess of NaOH, when 0.004 mole of
NI1I, was evolved. Calenlate the weight of magnesium that was burnt.

500 mi. of 2M HCTL 100 ml. of 2M 1,80, and one g equivalent ol a monoacidic

alkali are mixed topether. 30 ml. of this solution weguued 20 ml, of

- [ S
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Na,CO;-xH,0 solution obtained by dissolving 143 g Na,CO3 xH,O in one litre
solution. Calculate water of crystallization of NayCO3 xH,0.

The saponification no. of fat or oil is defined as the no. of mg of KOH re
saponify | g oil or fat. A sample of peanut oil weighing 1.5763 g is a 5

ml. of 0.4210 M KOH. After saponification is complete, 846 m = 732

M H,SO, is needed to neutralize excess of KOH. What is sap no of
peanut oil? Q
For the standardisation of a Ba(OH), solution, 0.2 g of potassi id phthalate

(m. wt. 204.2 g) weighed which was then titrated with B solution. The
titration requires 27.80 mL Ba(OH), solution. What i @@t of base? The

cquation for reaction is %
KHC,11,0; + Ba(OH), — 2H,0 + 24 J- + Ba?*
Whiat volume of 6 M NaOH would be require with SO, produced from
10} kg of coal containing 0.05% by weight 0
4FeS, + 110,— 2Fe el.\

h 50 mL of— Ba(OH), solution

10 litre ol air at NTP were slowly bubbled

and the final solution rendered red g@p enolphthalein. After filtering the
solution and rejecting the precipita@ COg, the filtrate required 22.5 mL of

HCI to become just colouﬂ%alculate the % of CO, (by volume) in the

9

only that it could be citric acid (molar mass
{molar mass = 150.1 g/mol). To determine which
ith NaOH. The appropriate reactions are,

N
12.5
air.

You are given an acid
1921 p/mol) or tartap
acid you have, you

Citric acid 1 C4H + NaOH —— Na;C¢H;05 + 3H,0

Tartaric acid: + 2NaOH — Na,C,H;O¢ + 2H,0

You find that g sample requires 29.1 mL of 0.513 M NaOH for a
stoichiometri t. What is the unknown acid?

S

&
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Answers

1. SO>=2 mole, Oy =11 mole ; 2. CO,=0.6litre, CO=0.8 litre ; ®
3. 36x10%; 4. 230 ; @

5. 6 mole H,O ; @
6. 3.56 x 107 mole U303, 7.10 x 10~ of uranium : %@
7
8
9

. Brand ‘B’ contains maximum conc. of Cl, i.e., 1.97 x 10 M ;

. 3.3 tons of 1.1% and 6.7 tons of 0.8% ; Qi

. (a) Clp, (b) O.28§ of CS, in excess o

10. 84.98 mL ; 11. 3183 g ; @
12. 6.72 x 10%° atoms ; 13. 9591 ; @

14. (a) 1.32g C, (b) 9.1 atm, (c) 1.365 atm ;

15. (a) 186.67 litre SO,, (b) 1.283 x 107 litre air, (c itre NaOH

16. O2=31.04 mL,CO=39.97 mL, CO2=9.67 mkz0359.67 mL ;

Wik, 253 3 18. H % 0,=0.262, N, =0.114 ;
19. 10.33% ; 20. 2 litre, C4Hjg=1 litre ;
21. C2H2 o

22. (a) CsHgand CsHjp, (b) c5H8=o.§§@@and CsH;; =0.15 mole ;

23. (a) 2.7 x 10? formula unit/mol, (b 10% formula unit/mol 3
24. 0.2 ; . CO=1.75g,CO,=825¢ ; =

26. 6435¢g ; % 7. Molality =2.315, Molarity =2.029 |
28. 0.288 M ; 29. A=200ml., B=800ml, ;

30. 1434.78 mL, Note: 0.18 is to be fully used ;

31. 0672 ¢g; % 32. 10H,0 ;

33. 2098 ; & 34. 00176 M ;

35. 2.80 mL 36. 0.0224% ;

37. Citric acid = 14: of citric acid requires 14.93 Meq. of NaOH.

2
5

Q
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Atomic S ug%

Chapter at a Glance %Q
1. Mass of electron at high speed, m = %
{1- (u/ c

(m is mass in rest, u is velocity of electron and @ of light)

2. Frequency, v=§

3. Energy/photon, E=hv - % EeV.ifAisin A

4. Electronic energy change during tran

ny > np, emission
and absorption try)if electron excites from nj to nj shell

2,2
5. Radius of nth Bohr orbit of ra=—E | (nCGS)
41 me”
for H
riforH=0529 A ; @1% atom—ﬂ—z——
6. Velocity of electron @ohr orbit of H atom, 1, = 27l (in C.GS)
uy for H = .'A“ m sec”, uj for H like atom = u) for Hx Z

2 4
3#in nth Bohr orbit of H atom, E,,_M( CG.S)
n“h”

E, lorQH 92 x 10712 erg =—13.6 eV, E| for H like atom = E; for H x Z*
8. Wavele itted during transition in H atom,
. 2 4r
(@' 1 1 1 21 me | 1 1 :
S = — == - =, - (in C.G.S))
. % uf-J ch® 'jl% n;}

ley’s law, Vv =a(Z- b), where v is frequency of X-rays given out by
metal of at. no. Z
A Xy
Z XTotal

11. Photo electric effect hy =w + “mu’ or hv=1E. +KE.

Average atomic weight =

12. Possible transitions for a jump from ny to ny =X (ny — 1))
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14.

15.

16.

17.

19.
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Angular momentum of electron in an orbit = n. (h/2m)

Angular momentum of electron in an orbital = (h/2m) V[I(I + 1)] @

Total spin = % (2 x n); where n is no. of unpaired electrons @

Magnetic moment of an atom = V[n (n + 2)] B.M.; where n is naired

electrons. Q
Nodal planes : Radial nodes =n—1-1 @Q

Angular nodes =1
Total nodes = (n — 1) %

]

de Broglie equation : W=

where % is wavelength, m is mass and u is vgRcitn 0l particle
Heisenberg uncertainty principle :
& @r
on T
/ 4n

h

x>
§& 4mm
where Ap, Au and Ax are un tathes in momentum, velocity and position
respectively 4 is Planck’s ¢ and m is mass of subatomic particle.

S
%2
O
&
>

&

Bl
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» Problem 1.

> Problem 2.

» Problem 3.

» Problem 4.

» Problem 5.

« » Problem 6.

» Problem 7.

» Problem 8.

» Problem Q9.

The Basic Problems with Solutions

Nucleus of an atom has 6 protons and 8 neutrons. Calculate a
mass no. and no. of electrons in neutral atom. What is the syrabg

atom?
Uranium has at. no. 92 and atomic weight 238.029. gag@} the
Q

number of protons, neutrons and electrons in uranium

(i) Calculate the number of electrons which will tog
gram.

(ii) Calculate the mass and charge on one mole ¢

(i) Calculate the total number of electrons pres ole of methane.

(ii) Find (a) the total number and
(b) the total mass of neutrons of 1C.

(Assume that mass of a neutron = 1. 2 kg).

(iii) Find (a) the total number of protons’and (b) the total mass of
protons in 34 mg of NH; at Cﬁ

Will the answer change if the jemp€rature and pressure are changed?

Nitrogen atom has at. no. C'.z.), ygen has at. no. 8. Calculate the

total no. of electrons in a n n on.

Yellow light emitted fr - ium lamp has a wavelength (1) of 580

ort
nm. Calculate the fre v), wave number and energy of yellow

light photon.

Find energy of e e photons which :

(a) correspon of frequency 3 x 10" Hz,

(b) have w of 0.50 A.

The Vivi harati Station of All India Radio, Delhi broadcasts on a
freque 368 kHz (kilo hertz). Calculate the wavelength and

r of the electromagnetic radiation emitted by the
7 Which part of the electromagnetic spectrum does it belong

@Mte the mass of a photon with wavelength 3.6 A.
culate the wavelength, frequency and wave number of a light wave

whose period is 2.0 x 107195,

I~"What is the number of photons of light with a wavelength of 4000 pm

that provide 1 J of energy?

ionise the sodium atom. Calculate the ionisation energy of sodium in
-1
kJ mol™".

» Problem 13. A 25 watt bulb emits monochromatic yellow light of wavelength of

0.57 um. Calculate the rate of emission of quanta per second.
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» Problem 14. Calculate the mass of a photon of sodium light having wavelength
5894 A and velocity, 3 x 108 ms™, 1 =6.6 x 103* kg m? s™".

» Problem 15. Show that radius of I shell of H-atom is almost four times of | shgth

» Problem 16. The ionisation energy of He" is 19.6 x 107'8 J atom™. Calcula@
energy of first stationary state of Li*

»- Problem 17. What is the wavelength of light emitted when the electron in d

level with n = 2?

» Problem 18. How much energy is required to ionise a H-atopm electron
occupies n = 5 orbit? Compare your answer with t % ation energy
of H-atom (energy required to remove the elec Gym (\ = | orbit).

—/

hydrogen atom is
¢d with the fifth

» Problem 19. The energy associated with the first orbit i

—2.17 x 1678 J atom™'. What 1s the energ @

orbit?

» Problem 20. Calculate the radius of Bohr’s fifth oydrogcn atom.

» Problem 21. Calculate the wave number for the est wavelength transition in
the Balmer series of atomic hydr %” 109677 cm™)

» Problem 22. What is the energy in joules, to shift the electron of the
hydrogen atom from the fir orbit to the fifth Bohr orbit and
what is the wavelength of thelight emitted when the electron returns

to the ground state? The gr@?a e electron energy is—2.18 x 107" ergs.
y

» Problem 23. The electron energ drogen atom is given by En =
(-2.18 x 10‘18)/;12 @mate the energy required to remove an
electron comple ti the n = 2 orbit. What is the longest
wavelength of @m that can be used to cause this transition?

» Problem 24. According to% theory, the electronic energy of H-atom in n"

2176 x 10710
nby E,=————5  joule. Calculate the longest
n

oo
Q
=
=
Q
=

t will be needed to remove an electron from Il Bohr’s

%b’en Ey=—13.6¢V.
%hat transition in the hydrogen spectrum would have the same
wavelength as the Balmer transition # =4 to n = 2 of He" spectrum?
» Pr 7. How much energy is needed to obtain to H-atom in first excited state
from ground state.
em 28. Calculate the energy required for the process;

He'(g) — He*(g) + e

The ionization energy for the H-atom in the grounds state is
2.18 x 107'® J atom™.

Q
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»Problem 29. Calculate the wavelength of 1000 kg rocket moving with a velocity
of 3000 km per hour. (k= 6.626 x 107* Js).

»Problem 30. A 1.0 g particle is shot from a gun with velocity of 100 m
Calculate its de Broglie wavelength.

» Problem 31. Calculate the wavelength of a moving electron having 4.55 x

< of kinetic energy.

» Problem 32. Calculate the wavelength of an electron moving with%&velegity of
2.05% 10" ms™.

» Problem 33. The mass of an electron is 9.1 x 107! kg. If its K.EA x 10723 J,
calculate its wavelength.

» Problem 34. Two particles 4 and B are in motion. If the gth associated
with particle 4 is 5§ x 10" m, calculate the a@;gsngth associated
with particle B if its momentum is half of 4

» Problem 35. Calculate the uncertainty in the veloci

agon of mass 2000 kg

st particle with mass equal

» Problem 36. Calculate the uncertainty in positio
focitys 5.5 x 10720 ms™.

to 1 mg if the uncertainty in its
» Problem 37 A dust particle having mass eq
velocity 107 cm sec™*. The efro¥in/measurement of velocity is 0.1%.

(e
10)

=) Problem 38.

» Problem 39. eitted with zero velocity from a metal surface when it

» Problem 40. The energy required for the emission of photoelectron from
the SOt of a metal is 4.95 x 107"* J. Calculate the critical frequency
orresponding wavelenlgth of the photon required to eject the

o on. h=6.6x 10" sec *.
» Problem \5{; energy required to remove an electron from the surface of sodium
tal is 2.3 eV. What is the longest wavelength of radiation with which
& it can show photoelectric effect?
»» Pro . Light of wavelength 300 x 10 m strikes a metal surface with
photoelectric work function of 2.13 eV. Find out the kinetic energy of
the most cnergetic photoelectron.

lem 43. The critical fi requency for emitting photoelectrons from a metal surface
is 5% 10M sec . What should be the frequency ofradiation to produce
photoclectrons having twice the kinetic energy of those produced by
the radiation of frequency 10"% sec™".
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» Problem 44. A metal surface of threshold frequency 5.3 x 10" sec™ is exposed to
a photon of radiation having energy 3.5 x 107" 3. Will it exhibit
photoelectric effect?

» Problem 45. Point out the followings :
(a) How many energy subshells are possible in n = 3 level. @
(b) How many orbitals of all kinds are possible in n =3 level.
>» Problem 46. How many electrons may enter the orbital denoted by
(a) 2p, (b) Is, (c) 3p, (
» Problem 47, What values are assigned to quantum numbers »,
@) 3s, (b) 4p,, (©)4d;2_ 2,
» Problem 48. Given below are the sets of quantum numbers % orbitals. Name

these orbitals.
(@ n=3 (bn=5 () n=4 %@
[=1 =2 =1 0 =
m =-1 m =0 m=il@l =0 m ~ 12
» Problem 49. Calculate the angular momentum r@l@ﬁ)llowing :

(a) 3rd orbit, (b) 4p orbi (c) 3d orbital.
»- Problem 50. What are the numbers of nod ntin :

(a) Is, (b) 2s, ) 2p, (d) 3p orbitals ?
» Problem 51. An atom of an element has’] Xetectrons. Its nucleus has 14 neutrons.
Find out atomic no. oximate atomic weight. Indicate the”

arrangement of elec d the electrovalency of the element.
» Problem 52. A neutral atom o@%wnt has 2K, 8L, 9M and 2N electrons. Find

out the followi

(a) Atomic n (b) Total no. of s-electrons,
(c) Total %Iectrons, (d) Total no. of d-electrons,
element, (f) No. of unpaired electrons.

» Problem 53.

» Problem 54. Galcudate total spin, magnetic moment for the atoms having at. no. 7,

> Problem sodium flame test has a characteristic yellow colour due to
missions of wavelength 589 nm. What is the mass equivalence of
& one photon of this wavelength?

» Pr 6. Write electronic configuration of Fe2+, Mn4+, N3~ and 0% ions.

> §7. What is the maximum number of emission lines when the excited
electron of a H-atom in # = 6 drops to the ground state?

oblem 58. Calculate the magnitude of spin angular momentum of an electron.

» Problem 59. What is the significance of y5,,. Find out angular momentum, spherical
nodes and angular node for y,,q.
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Answers

1. 6, 14, L' 2. 92,92, 146; @

(i) 1.097 x 10?7 electron, (ii) 5.48 x 107 g, 9.99 x 10* Coulomb;
(i) 6.023 x 10%* electron, (i) (a) 24.09 x 10%, (b) 40.35 x 1077 @
(iii) (2) 1.2046 x 10%2, (b) 2.014 x 107 kg; %&;

B

5. 32; @
6. S5.17x10"Hz, 1.724 x 10° m™!, 34.25 x 1072 J/photonQ
7. 1988 x107'%,3.98x 107% J; %

8. 2193 m, 4.56 102 m™ (radiowave); %

9. 6.135x107 kg @

10. 5.0x10°s™", 6.0x102m, 16.66 m™; \

1. 4.97x107'7J,2.01 x 10'® photons; 12. 494 mol™!;

13. 717x 10757 14. @'@910‘3" kg;

15. See solution; 16. x 10718 ) atom";
17. 485.2 nm; 1 8.71 x 1070 J, 0.04;

&

25. 21.79x 10721 J, 912 A; 2. 1,2

19. -8.68x107%0; 2051.3225 nm;

21, 1.523x10°m™; 7 2.09x 107" erg, 951 A;
23. 3646 A; % . 2061 A;

27. 10.275 eV/atom; 3 28. 872x107"%J;

29, 7.95x 107 m; %i 30. 6.63x107 m;
31, 727 x 1077 mete@ 32, 352x10M m;

33. 8966 A; 34. 1x107 m;
35, 2.64 x 107Ny (@' 36. 9.6x1071%m;
3. 0527 % 10%0.337 x 1075,

38. 497x1 .97 eV, 5.85 x 10° ms™!;

,4.41 x10%sec™!; 40, 7.5x10Ms™, 4% 107 m;
42. 3216x1077;

-1 44. 528 x 10" sec”!;

46. 2,2,6,10;

48. See solution;

() zero, (b) one spherical node, (c) one angular node, (d) two angular node;
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51,
52.
53.

54.
55.

57.

59.
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13, 27, +3;
(a) 21, (b) 8, (c) 12, (d) I, (e) +2 & +3, (f) | (of 34);

3.74 x 1036 kg 56. See solution;

V3 h

) 4 @
Ly e Q
v2rn %

See solution; ®
£3/2, £3, £1, 0, magnetic momentum =/(15), (48), y(8), y(0) ; @

%
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Solution
Solution 1. At. no. of element (Z ) = number of protons @
Z=6 Q)
(7

Mass no. of element (4) = no. of protons + no. ofgeut’ s

=6+8 N

A=14 %
no. of electrons in neutral atom =6 @
Symbol of element = (C'¢ Q
Solution 2. At. no. of uranium= 92 %
no. of protons = 92
no. of electrons = 92 @

Also, mass no. ~ At. wt; (Mass \ger.value)
mass no. = 238 "%
A=Z+n <

n =238 =146

Solution 3. (i)  9.108 x 10728 g=1 elect

lg= 1028 = 1.097 x 10?7 electron
(i) Mass of | m on=9.108 x 10728 x 6.023 x 10?3
=548x10"%¢g

Charge o e ectron=1.66 x 107'% x 6.023 x 10
=9.99 x 10* Coulomb

Solution 4. (i) | mole Colecule CH,
X

10 electron = 6.023 x 102* electron

(i) (a) %gof 6C_'4 has 8 neutrons
mgC=7x107g

@@ 7x1073 7x1073 x6.023x 10%
= mole = atom
o \ 14 14

-3 23
(@' No. of neutron = Lx19 X6']0423x Dy 24.09 x 10%°

ﬁ)) Mass of neutrons = 24.09 x 102° x 1.675 x 1077
=40.35x 107" kg

S

@)

- 34x107°
(iiif) 34 mg NHy =34 x 107 g NH, = -—4’;7- mole NHx
2 x 107 mole NH,
2 x 107 x 6.023 x 10%* molecule NH;,
12.046 x 10%° molecule NH,
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1586
(») .. Number of proton in | molecule NIl, =10
Total no. of proton = 12.046 x 102° x 10
= 1.2046 x 10>
(b)Mass of total proton= 1.2046 x 10> x 1.672 x 1072’
=2.014 x 10~ kg
No, the answer will not change since mass of NH; does not n
PandT.
Solution 5. Formula of nitrate ion = NO;~ %Q
= - No.ofelectron in NO;™ =Electrons in N + 3 x sinO+1
=7+3x8+1=3
30x10°
Solution 6. Frequency (V)= — = ————= = ""Hzors

Solution 7. (a)

. 5
A 580x107° @

= _I_ = 1 6 -1
Waveno.(u)—7L = S80x1 24 x10° m
E=hv=6.625x 107 x 10'4
=34.25 x % hoton

E=hv=6.625x 1073% x 0'3=1.988 x 107'8 J

. po e _ 6625 % 30x10° e
( ) A \b@(lo-lo Y
Solution 8. Given v =13 Hz (sec"), Also ¢ =3.0 x 108 ms™
l=@ and 1‘—:{) (wave no.)
9x 10®
x 3 =2193m
368x10
| @@-' -l 456x10%m
4550 A 21937 " "

‘ Th elongth lies in the range of radio wavelengths (A = 10° to 10* m)
Soluti 90K1t Flight : . = —
olution 9. nature of light : A =
- mc

RS

Sr

S 10.

_h_ 6626x107* L
" he 36x1070x30x108 £
Frequency = Fs I =5.0x10°s!
q Period 2x107'° ]
30x10°
Wavelength = — = i =60x102m



ATOMIC STRUCTURE 167

= T e =1
Wave no. r - 60x102 16.66 m
he  6625x107* x3.0x10° @
Solution 11.  E/photon= — = ~ =20 497 x 10717

No. of photon 1 J energy = 197 ]0_,7 =2.01 X% otons

_he _ 6625x1 0x10°
Solution 12. E/photon =lonisation energy of Na - . LN o .

=8.21 x 10~" J/atom

=821x 10" 1073 k.l/am%%
=821 x 10" x 1073 kJ/mol

= 494.48 kJ/mol
_ he  6625x 107 x %E@ 5
Solution 13. E/photon=—"= = 3486 x 1077 )
Sl g A 05710 %
Watt = No. of photons emifted?s C. x E/photon (Watt =25 Js™)

25 =No. of photon X IO'

. No. of photons emlttet@%? =717 x 107"
Solution 14. Wavelength of photo @@94 A=5894x10"m

Velocity of hgh 108 ms™!

6.6x 1073
Mass n = n =
3x10 x 5894 x 10
& =3.73 x 1076 kg
Solution 15. %@) r,« n?

Th
a "% r2c>c22
S & rp=4xr
Solution l@ E, for He*=E, for H x 22 = E, x4
S E, forLi2+=E! foerz2=it;X9
E, for Li** =E, for He" x 9/4 =19.6 x 107'® x 9/4

=44.1 x 107'% J atom™

-136 136 { E\
on 17. AE=F,— L 2 " ---; )
\
+13.6x3
- eV

16
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12375 1363

A 16
A=4852 A =485.2 nm

Solution 18. E, =-13.6¢eV;

-136 @
Es= 5 =-0544eV %Q

=_0.544 x 1.6022 x 107 J=-8.71 x 102 J @

Thus, 0.544 eV energy is required to ionise H atom 'tron is in 5™
orbit. Y

Al B 0M 0
SO, EI 136 = V. @
Solution 19. E=-217x107'%) \

.?5—% = 2"72"51048 =<oB.68x 1020
Solution 20, r.=r xn® =0.529 x 52 A =1.3225 nm
Solution 21. For Balmer series n; = 2 Q)
If this line possesses longest(wavglength (i.e, lowest energy) then ny = 3
v= 523 x 10*cm™ =1.523 x 10° m™!
Solution 22. 18x 107" erg

g
5 -1
@E, = ———————2"32"5'0 +2.18 x 107"

% =2.09 x 10 erg

TI@@ released during transition will also be 2.09 x 107" erg
h

‘\"t, AE = Tc

, = 5625x 1077 x30x 10"

2.09x 107"
=951 x10%cm=9514

Ey=—S———=545x107

he 218x107'%

Also E, = » 52
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Solution 24.

Solution 25.

<

_ 6625x107* x3.0x 10® x 2

A
218x107!8
=36.46x 108 m @

=36.46 x 10 cm = 3646 A
This will be longest wavelength causing the transition. @

2176x107"°

Ey=—"" 5  =-24lx 10"%‘@

9.64 x 107'° must be provided. Therefore

h 625 x 103 x 39'x 108
l=_c=662 xlO@xwxlo =2.061 x 10" m

AE=Ew-® (-13.6)=13.6 eV
= % 2x 10717 1=217.9x 10720 3

Also AE =

@ 5x107%* x3.0x 108
2179 x 107

@ 912x 107 m=912 A

1 1
=RuxZ' [*z“-—z};

n m

=9.12x10%m

s

=

I~
/L
> =

g ]
=Ryx4| 5273 (D

s

@ 1 1 1
r H atom : 3 = Ry - -nf .(2)

m=1 and ny=2
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Solution 27. The excitation to first excited state from ground state means that electron

in H-atom is boosted upto 2nd shell from Ist shell. Thus,

AE= Ey~E, k‘-' B =

-137
- [ 1 +l3.7] = i0.275 eV/at&

Solution 28. He'(g) — He2+(g) + e

E forHe'=-2.18 x 1078 x 722
! 18 1
=_2.18x 10" x4=_@@ Sad]

Energy required for the ionisation of "3‘ 72x10718 ]
m < ;> 3
Solution 29. A= — (Givenm = | ZOMEI0. m/sec)

aEEE——— mu 60)(60

-34 >
\ = §:626x10 x60x60%s 104 m

10% x 3000 x 10° %
}
Solution 30. A =;'u (Given -) 1073 kg; u = 100 m/s)

6626 | @
A = ——x% 6.626 x 10 ¥ m
|><:0C@C>>

Solution 31. Kinetic eng@mu2 =4.55%x 107
_ @ 2x455x107% _
" & 9.108x 10" "
h 6626x 1073
% A === x_n 3 =727 x 10"7 meter
mu  9108x1073' x10

h

Solution 32. @ﬁ £
——— mu
<&

of electron in motion (m') = ===
i [4
9.11x10™"!

2
[ 205x10’
30x10°

1

u=10° m sec”!

=916 x 107!

Mass of electron m' = J
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6.626x1074
= oy =352x10" m
9.16x107*! x 2.05x 10’ @
1
Solution 33. KE.= 2 mut @ )
s U= %Q ..(2)
By eq. (1) and (2),
1 K ii W
K.E.= Em 2,2 or 3 vlm
m XK.E.
rf‘\i @
6626x10‘34 ‘<66M>
2 x9.1x107>
=8966 x 10" m 6A
h h %Q
Solution 34. A= and == %
—————— DPa P Q
Given Py= — P
)"B (Given Pg = - 'A)
5x107¢8
1
= x10"" m
Solution 35. @ (Given Ax = 10 m, m = 2000 kg)
—————— & 4nm
%3 _ 6626x107*
4 x 3.14 x 2000

&

& -

55x 1020 x Ax =

Au=2.64%10 ms™!

Au.Ax=
(leen Au 55x 10 ms T m=1x10"x 107 kg)

6.626 x1073*
4x314x1073x107?

Ax=9.6%10""m

=10"* cm sec™!

01x 10‘4
100

x 10”7 cm sec”
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h

Now, AuAx= ——

4ntm

6626x 1077
Ax= e =0.527 10_9c®
4x314x107 1 x 107 @
.- o . . Ax

The uncertainty in position as compared to particle = diameter .

<&
0527x10~°
== 0527 x 1075 @

The factor is very small and almost negligible for mi s%. ic particles.

he  6626x107* x30x10 C/-)

Solution 38. (a)  E/photon= =~ = 97 x 1077 J

S 4x1077 @
(b) E %mu2+w Q%

1 <&

4.97 x 107 = Emuz +2.13 % x 107"
1, 19 19
K.E.=Emu =4<i‘,él —341x10

=1.56 x @ =(.97 eV
RSO

muz

(©)

2| -

l = -19
5 % 9.108 1&9 = 1.56 x 10

u =5.85x%10° ms™!

| &w 6626x107* x30x 10° R
Solution 39. E/g&‘@f T - 292X 1071

A
oton = 2.92 x 10~"® J = work function.
(The ejection has zero velocity)

¢ 3% 108

=—=—— 2+ =441 x 10** sec *
A 6800x107"V :

nimum energy required for the emission of photoelectrons

=495x 1003
Let the critical frequency or threshold frequency of the photon to eject
the electron be v sec ™.

Solution

E 495x107"
Weknow, E=hv or v =—=—-—x—_.7~= 7.5 x 10" 57!
h 66x107""
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Also

Solution 41.

A

163
3x10°
= X107 m
LV 75x10 @

Energy required to show photo emission = 2.3 eV

hc
Thus = or

Solution 42.

( o

A

Kinetic energy

work function

=6 9
K.E.= 3246 n107"° J

A=—
E 23x1.6x107"° @
=54%x10"m Q
5.4 % 107

Thus longest wavelength to show photoelectri
Energy of photon = Work function + Kine

=23 x 1.@1
he  6626x 107 x 3x 10BN\

Energy of photon— %
hc \
——work fu%@
. 19
2.13 eV=2.@Z>?1 x1077))
6626 x 1655530 10° .
(@ J0-° -2.13x1.6x 10"

6265 N 0 —3.41 x 1071°

This is the kinetic e% most energetic photoelectron.

Solution 43. Given critical freq

When surfac

ed to frequency of 10%5 sec™!
of photon = Ay, + K.E.
hx 10 =hx5x 10"+ K.E.

S

5x 10" sec™!

KE.=10xhx10"¥_-5xhx 1071
=5xhx10"

No :case, if K.E. becomes twice of this, then

NewK.E. =2 x5 x h x 104

@ The energy of photon = hv, + K.E.

D

Soluti QE/photon=hv  or

Av=5x10%xh+2x5xhx 10
v=18x 10'4 sec".
35x1071°

v= ————— =528 x 10" sec”!
6626 x 10

Since the frequency of the radiation used v <v,, i.e., threshold frequency
or minimum frequency to show photoelectric effect, it will not show
photoelectric effect.

Solution 45. (a) No. of subshells in a shell = no. of shells =3
(b) No. of orbitals = (no. of shell)2 =32=9

6, (h)2, (c) 6, (d) 10

Solution 46. (a)
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Solution 47. (a) 3s:
(b) 4p, :

(c)4d,2 _ y2:

(d) 5d,2 :
Solution 48. (a) -

Also
(b) 5d,2
(d) 2s

Solution 49.

Solution 50.

Solution 51,

o

’

S X I O3
1l

3
4,
4
5

’

n

m

(a) Angular momentum of 3rd orbit = n.

h
(where ‘ﬁ Y and T=

valency =+ 3

NUMERICAL PHYSICAL CHEMISTRY

I1=0, m-0
=1, m=0
1=2, m=-2o0r+2
1=2, m=0

=3 and /=1

=-1

(c) 4p, or 4p,
(€) 4d,2 2 or 4d,,

ic no. = No. of proton =13
p. at. wt. = No. of proton + No. of neutron

=13+14=27

onfiguration : 152, 25 2p6, 3s? 3pl

&

i.e., no. of electrons in outermost shell,

lectronic configuration of neutral atom :

ﬁ 2522p% 35%3p%3d! ﬁ

b

L

> M N

(c) Total no. of p-electrons = 12
(d) Total no. of d-electrons = 1

(a) At. no. = Total no. of electron in neutral atom = 21
(b) Total rio. of s-electrons = 8
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(e) Valency of element = +2 and +3
(due to no. of electrons in outer shell and penultimate d-subsh
(f) No. of unpaired electrons = 1 (of 3d)

1 1
Solution 53. n=4 =0 m=0 mg=-2,0,+7 foreachm; ie
L L

Gy
I=1 m=-1,0,+1  ie,9in4p @
%ﬁsinw

=2 m=+2,1,0
Thus 4s° , 4p9 and 34 . e., in all 27 elements wo been in 4th
period. @

Solution 54, The electronic configuration are :
ired electron = 3

N o 18?252 2p° @,
2Cr 153,257 2p5, 357 3p° 34°, 4§'\ npaired electron = 6
345€ ! 152, 25 2p6, 3% 3p6 3dl% unpaired electron = 2

36Kr : 1s2, 25? 2p6, 352 3p6 3d'0 45 unpaired electron = 0
Total spin for an atom = +1/ of unpaired electron
For ;N, itis =

J[n(n+2)] Bohr magneton

For 4N, =J(15)
For 54Cr @ it is = /(48)
For 348%% itis =4(8)
For }@& itis = \/(T);
h 6.626x 10 ** 2
Solution 55. A= m= = e — =3.74x 10 kg
Solution 56. efe lsz, 25? 2p6, 352 3p6 3d° s 45?
X Fe?t: 1s2, 25? 2p6, 3s? 3p6 3 3
@@\j) (Note the removal of electron from outermost shell)
25Mn4+ : 153, 257 275, 3s° 3p° 3d°
S 3= 12 7246
SN 185,257 2p
. 07 152, 257 2p6
57. ny= 6, n = 1
No. of lines emitted during transition from 6th orbit to 1st orbit =ZAn

=Z6-1)=Z5
=15
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&
&

3h %@

. : h
Solution 58. T'he spin angular momentum of ¢lectron 3 —Js(s+1)
T

; h 7 |
s =Y, The spin angular momentum of electron = TV -2* x %
<1

27

Also spherical node in 2 @ =2-1-1=0
Angular n(@C>>
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Selected Problems with Solutions

» Problem 1. A monoatomic (X) ion has a charge of +3. The nucleus of the io
mass number of 45. The number of neutrons in the nucleus is 1
that of number of protons. Find out:

(a) Number of electrons in atom X.

(b) Number of electrons in X ion. %Q
(c) Configuration of X, X3* and X' ion.
(d) Suggest which of these (X, X** and X are pa tic.

(e) The total magnetic moment of X" ion. ;%

"» Problem 2. The eyes of a certain member of the raptile f: ss a visual signal

a
to the brain when the visual receptq 2D by photons of

wavelength 850 nm. If a total energy 614 Tis required to trip
the signal, what is the minimum numb oton that must strike the
receptor. (h=6.6% 10734 S

> Problem 3. The dissociation energy of H, is J mol™*. If H, is exposed to
radiation energy of wavelength , what % of radiant energy will
be converted into kinetic eng)

>» Problem 4. O, undergoes photochemi isspciation into one normal oxygen atom

and one oxygen atom, 67%)eV more energetic than normal. The
dissociation of O i%yo normal atoms of oxygen requires
498kIm o). Wha e maximum. wavelength effective for
photochemical di n of 0y? '

> Problem 5. A certain dye ight of A = 4530 A and then fluorescence light of
5080 A. As that under given conditions 47% of the absorbed
energy is % d out as fluorescence, calculate the ratio of quanta
emittgd e no. of quanta absorbed.

» Problem 6. Aph 00 nm is absorbed by a gas and then re-emits two photons.
On ed photon has wavelength 496 nm. Calculate energy of other
P -emitted out.

» Problem 7, rbon discs of 1.0 g each are 1.0 cm apart have equal and opposite

\ ges. If forces of attractions between them is 1.00 x 107~ N, calculate
the ratio of excess electrons to total atoms on the negatively charged
& disc. (Permitivity constant is 9.0 X 10° N m? C_z).

» Pro > Calculate the wavelength of first line of Lyman series of ten times
ionised sodium atom (Z = 11) and compare with the wavelength of first
line of Baimer series of H atom.

em Y. What s the difference in energy between Is and 2p-orbitals in the
hydrogen atom? In the X-ray spectrum of Cu, radiation of 1.54 A wave-
lengtin 1s enntted when an electron changes from 2p to 1s-orbital. What
is the energy difference hetween these orbitals in copper?

2
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» Problem 10. ‘The ionisation energy of a H like Bohr's atom is 4 Rydberg.
(i) Calculate thc wavelength radiated when electron jumps from t
first excited state to ground state.
(ii) What is the radius of I orbit of this atom? @

Given 1R,=2.18x107'8], @
» Problem 11. Calculate the frequency, energy and wavelength of radjatio or-
responding to spectral line of lowest frequency in Lym iesvin the

a
spectra of H atom. Also calculate the energy of corresg line in
the spectra of Li%. Q
(Ri=1.0967>x 10" m™, c =3 x 108 msec™!, h = .Q:) s

» Problem 12. The IP} of H is 13.6 eV. It is exposed to elenetic waves of
1028 A and gives out induced radiations. ':) length of these
induced radiations.

» Problem 13. 1.8 g hydrogen atoms are excited to r!‘ . The study of spectra
eneLg

indicates that 27% of the atoms are in 3 level and 15% of atoms

in 2nd energy level and the rest i state. IP of H is 13.6 eV.

Calculate:

(a) No. of atoms present in III a ergy level.

(b) Total energy evolved whef3l atoms return to ground state.

» Problem 14. Consider three electron jum bed below for the hydrogen atom

X : n=3 tow
Y : n=4
Z : n=5

(a) The photon emif

wavelength?
(b) For which xitten will the electron experience the longest change

in orbit r4di

» Problem 15. in the spectrum of atomic H lies at wavelengths

34.17, 410.29 nm. What is the wavelength of next line

>» Problem 16.
quanii humber n. This excited atom can make a transition to the first
<@ , state by successively emitting two photons of energies 10.20 eV
d\P7.00 eV respectively. Alternatively, the atom from the same excited
e can make a transition to the second excited state by successively
mitting two photons of energy 4.25 eV and 5.95 eV respectively.
Determine the values of n and Z. .

» Pro . Calculate the. Rydberg constant Ry 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.
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» Problem 18.

»- Problem 19.

» Problem 20.

» Problem 21.

» Problem 22.

» Problem 23.

» Problem %4.

Consider the following two electronic transition possibilities in a

hydrogen atom as pictured below: S
3

+ L 2 n=1 %@

(1) The electron drops from third Bohr’s orbit to se ohr’s orbit
followed with the next transition from second ohr’s orbit.
(2) The electron drops from third Bohr’s orbi Bohr’s orbit

directly.
Show that:
(a) The sum of the energies for the

n=2ton=1is equal to the energ

n

=
1]
]

: si§=3 to n=2 and
ransition forn=3ton=1.
(b) Are wavelengths and frequencies emitted spectrum are also
additive in the same way as theifenergies are?
The angular momentum of an el % a Bohr’s orbit of H-atom is

42178 x 1073 kg—mzlsec. Ca tethe spectral line emitted when
electron falls from this level lower level.

Find the quantum no. ‘n’
if on transition to the
succession with wavele

C NS
Two hydrogencollide head on and end up with zero kinetic

energy. Each@ en emits a photon of wavelength 121.6 nm. Which
transition % his wavelength? How fast were the hydrogen atoms

travellin% collision?
SN 10" m™" and my = 1.67 x 1077 kg.

N
\ energy level?
» Problem %' e hydrogen atom in the ground state is excited by mass of

&

> m 26.

monochromatic radiations of wavelength A A. The resulting spectrum
consists of maximum 15 different lines What is the value of A.

Ry = 109737 cm™

A single electron orbit around a stationary nucleus of charge +Ze, where
Z is constant and ¢ is the magnitude of the electronic charge. It requires
47.2 ¢V to excite the clectron from the second Bohr orbit to the third
Bohr orbit. Caleulate:

(i) The value of Z
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(I The energy required to excite the electron from the thand orbit ta the
tourth Bohr orbit.

(¢) The wavelength of the electromagnetic radiation required 1o reny
the electron from the first Bohr orbit to infinity.

(d) The kinetic energy, potential energy and angular momcn@
clectron in the first Bohr orbit. @

(e) The radius of the first Bohr orbit. s

(Given E; y=~13.6eV, c¢=3x10""cm/sec; h=6.6 @ rg-sec,

rin=0539A)

» Problem 27. Determine de-Broglie wavelength of an electron h etic energy
of 1.6x 10 erg. (me=9.11 x 1078 g, h:=6.62 erg-sec).

» Problem 28. Show that de-Broglie wavelength of electron
is nearly given by:

sl %

through V volt

<
> Problem 29. Calculate the momentum of electr g with 1/3rd velocity of
light. %
-

Problem 30. Calculate the accelerating pote that must be imparted to a proton
beam to give it an effective wakelepgth of 0.005 nm.
» Problem 31. An electron in a hydrogen li@m, is in an excited state. It has a total
energy. of —3.4 eV. Calculat
(a) The kinetic energyc ron.
(b) The de Broglie wave th of electron.
(h=6.6 x l :9.108 x 10—31kg)
Problem 32. A green ball ws g and comes travelling towards you at 400
cm/sec. A phato a) ight emitted from green ball has a wavelength of

5% 107 CHFA ing that the error in the position of ball is the same
as the of itself, calculate the error in momentum of the green

v

ball.
Problem 33. A sta m‘»:) He" ion emitted a photon corresponding to the first line
( {;}Q\ e Lyman series. That photon liberated a photo-electron from
© adstattonary H atom in ground state. What is the velocity of photo-
\:\ y g yolp
S O
0

v

n? Ry =109678 cm™.

Q Y
» Problem 34. ) mole of H» sample was taken. In one experiment 60% of the sample

%vas exposed to continuous radiations of frequency 4.47 x 103 Hz, of

which all the electrons are removed from the atom. In another experi-
ment. remaining sample was irradiated with light of wavelength 600 A,
when all the electrons are removed from the surface. Calculate the ratio
of maximum velocity of the ejected electrons in the two cases. Also
report the velocity of ejected electron in each case. Assume that ejected
clectrons do not interact with any photon. (lonization Potential of
H = 13.6¢V).
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» Problem 35.

» Problem 36.

» Problem 37.

<

What is the maximum precision with ‘which the momentum of an
electron can be known if the uncertainty in the position of electron_is
+0.001 A? Will there be any problem in describing the momentu 1

h d . . . .
has a value of ra where aq is Bohr’s radius of first or
a()

0.529 A? @22
The photo-electric emission requires a threshold frequ%% or a
certain metal A; =2200 A and A, = 1900 A produce oty with a
maximum kinetic energy KE and KE;, if KE,= lculate vy
and corresponding Ay,

Point out the angular momentum of an electron 1
(a) 4sorbital  (b) 3pormbital - (c) 4
i Q

<

S
&
S
&
G
&

<

&
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Answors

1. (a) 21, (b) 18, (c) —do—, ) X, X', (&) VR BM. @
2. 1.37x10° photons ; @

3. 8.68% ; 4. 17402 A @

5. 0.527 ; 6. 2.625x 1071 joule ; P

: S
. 4.17 x 10”'* electron/atom ; 8. 6565 A, 1523 x 10‘3?0\\&—@13 A

7
9. 1.635x 10 M erg, 1.29x 1077

10. (i) 303.89 A, (ii) 2.645x 107 cm ; Q
1L A=1215A, v=2.469x 10" Hz, E=1636x 107" J E %.w 10718
12. I induced = 1028'A, Il induced = 1216 A, 1II induc %A :
13. (a) 292.68 x 10! atoms, 162.62 x 10%! atoms, %@ Kl

4. @) ‘X’ ) ‘Z ; 15. 397 -

16. n-6, Z=3 ; 17. 1. Q%m_l
18. See solution ; 19. 3

20. 5th orbit ; 21,_206)x 106 sec™!
22. 443x 10 msec! ; 3 80 x 1071 cm?, He™ ;

2, %n =il 37.3A \

26. (a) 5, (b) 16.53 eV, (c) 364X cm,
(d) PE. =—-668.75eV, K.EZ 37eV, h/2n

) 1.078 x 107 cm
27. 0.0087 A ; 28. See solution

29. 9.69x 1078 g cm sec‘ 30. 32.85 Volt ;

31. (a) 34eV, (b) 6. "Om 32, 1.055% 1072
33. 3.09 x 10% cmgec 34. 0.83 or 1.22 ;
35. 527 x 10722 Ng

2 :
36. vy = 1.1483%&“, Ag=26126 A ;
2h

3. @) 0, L s

o
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6.

10.

Problems for Self Assessment

A monoatomic ion has a charge of +2. The nucleus of the ion has a mass nu
of 62. The number of ncutrons in the nucleus is 1.21 times that of the nu
protons. How many electrons are in the ion? What is the name of the elem
Infrared lamps are used in restaurants and cafeterias to keep food W@The
infrared radiation is strongly absorbed by water raising its temperd}{ire ag that

of the food in which it is incorporated. How many photons per sec frared
radiation are produced by an infrared lamp that consumes ene e rate of
100 watt (1001 s_l) and is 12% efficient in converting this to infrared
radiation? Assume that infrared radiation has a wavelength O m.

Which has a shorter wavelength : 10 eV photon or 10 eV el%ﬁ«lso report their
values.

It n; and n, are the quantum numbers for levels

wnvolved in spectral
transition and s, + ny, =7 and ny —n = 1, find th ngth of the first line of

this series in hydrogen atcm. %Q
To which quantum level does the electron ju% atom from the lowest level
if it is given an energy corresponding to 99 f ionisation potential?

An electron in a hydrogen like species i excited state n,. The wavelength
for the transition n, to n; =2 is 48.24 @E@e corresponding wavelength for the

transition from 5, to n, =3 is 142, ind the value of 1, and Z and report

the H like atom.

Calculate the frequency, ener avelength of radiations corresponding to
spectral line of lowest freque \*’“3 Lyman series in the spectra of H atom. Also
cilculate the energy of ¢ \e' ling line in the spectra of Liv".

Ry = 109678 x 107 m@x 10% msec™, h=6.625x 1077 sec.

A hydrogen like &

wavelength, origipaly
These levels ha

ribed by the Bohr’s model) is observed to emit six
om all possible transitions between a group of levels.
es between —=0.85-eV and —0.544 eV (including both these

values).
(a) Find th ¢ number of the atom.
(by Cale smallest wavelength emitted in these transitions.

1c = 1240 eV—nm, El H=— [3.6eV)

(%ke atom of atomic number Z is in an excited state of quantum number
emit a maximum energy photon of 204 eV. If it makes a transition to
state n, a photon of energy 40.8 eV is emitted. Find out 1 and Z and the
state encrgy in eV for this atom. Also calculate the minimum energy in eV

can be emitted by this atom during deexcitation. Ground state energy of H
mis —13.6 eV.

Hydrogen atom in its ground state is excited by means of monochromatic radiations
of wavelength 975 A. How many different lines are possible in the resulting
spectrum. Calculate the longest wavelength among them. £, =-13.6¢V
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12.

13.

19.

20.
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A doubly ionised lithium atom is hydrogen like with atomic number 3.
(a) Tind the wavelength of the radiation required to excite the electron in
Li%* from the first to the third Bohr orbit.
(b) How many spectral lines are observed in the emission spectrum of above
excited system. (Ejg=-13.6¢eV)

Electrons in hydrogen like atom (Z = 3) make transition from the fifth to @rtb
orbit and from the fourth to the third orbit. The resulting radiation§ dre incident

normally on a metal plate and ejects photo-electrons. The stopping tial for
the photo-electrons ejected by the shorter wavelength is 3.95 V. 4;- oY the work
function of the metal and stopping potential for the photo-elec cted by the

A particle of charge equal to that of an electron and m es the mass of

longer wavelength. ( Ry=1.094x 10" m™!) %
ng

electron (i.e., mu-meson) moves in a circular orbit ateu eus of charge
+ 3e . (Take the mass of the nucleus to be infinite) that the Bohr model
of the atom is applicable to this system. (Ry=1.09 i m_l).
(i) Derive an expression for the radius of Bohr it
(ii) Find the value of n for which the radius o! it is approximately the same
as that of the first Bohr orbit for H-ato,
(iii) Find the wavelength of the radiation when the mu-meson jumps from

the third orbit to the first orbit.
Compare the energy of n=5ton=4
the energy of n =2 to n =1 transiti
Calculate the wavelength of co

A microscope using suitable p @ s employed to locate an electron in an atom
within a distance of 1 A. -« e uncertainty involved in the measurement of

itidn of an electron plus nucleus Z = 3 with
n electron plus nucleus with Z =2,

le moving with velocity of 440 m sec!.

=2

Q

its velocity. h
When would the waveleqg ‘w) sociated with an electron be equal to wavelength
=9.10x 10728 g; mass of proton = 1.6725 x 10724 g).

hotons of intensity 2.00 W/m? falls on a platinum surface

of proton? (mass of (‘?
C)

When a beam of 1 :

of area 1.0 x Ca and work function 5.6 eV, 0.53% of the incident photons
eject photo- > Find the number of photo-electrons emitted per second and

their mini ergies (in eV). 1 eV =1.6 x 1071,
When 1%7 uency, v is shone on a metal surface with threshold frequency vy,
ec

1

s are emitted with maximum kinetic energy = 1.3 x 10718 1. If the

phot
i %= 3 : 1, calculate the threshold frequency v,

rati

own the electronic configuration of following species and calculate total
magnetic moment and unpaired electrons in each (a) 44 Ru (b) 25Mn+.
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Answers
Ni®2, Ni?*,26 ; 2. 9.05% 10" photon s™! ; ®
Ae=3.88 A, Apnoton = 1240 A ; 4. 18756x 107 m ;

10; 6. ;;=5,2=3, Li**; @

v =2.467x 10" Hz, Ey=16.36x 107"°, A=1215.6 A, E.;* = @3&@"3 T

. Li%*, 4060 nm : 9. n=2, Z=4, E = eV
10. 6 lines (from 4th to 1), 18800 A ; 11. (a) 113.7 A, (b

12. W=3193x10"°J, V,=0756V ; O)
a5 “x 41 -
13. (i) r=n’ —z—e% =n*x844x 107 % m %
Ar" m’ Ze \
(i) n=25, (i) 548x10™"'m @
14. E\/E;=0.0675 ; 15 707! metre ;

16. 6.626x 102 ms!; 1@%@ 1.8 x 10°, i.e., velocity ratio ;

®© 2 ;oW o=

18. n=1.179 x 10'* minimum energy = imum energy = 5.0 eV ;

&
&
XY

&
Xy

©
~

Q

19. 981x10°Hz ; (a) £2,V24, 4, (b) 13,48 ,6.
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Radioact@y

%Q
Chapter at a Glance %§

Binding energy (B.E.) A £ =931.478 x Am" MeV % is mass decay)
Bindiny energy/nucleon = = ToialibiEne @
& No. of nucleons @

. Rate of decay = K x No. of atoms at that time

N <1
Decay constant (K) = —2"—03 logm Y 2 ’ge
Ny K1 @
(§]] N> e or N() @

(Ngisn @nsatt—o N is no. of atoms at r=1)
0.693 @
Half life (1, 1) = K %

I
Average life (1) = e 2

Awmounnt left after n h
on

Amount decayed @ teryy halves =

No[2"-11

2[1

Different units ‘U‘, e of decay:

1 Curie = 37648 % dps =3.7x 10'® Bq.=3.7x10*rd  (SI unit is Bq. or dps)
ilibrium;

(hy2)p B

Na (124 Ta

<

\ B A |
1. P lrth decay : K,y = Kj parh + K11 parh

N Kn |
um yield of daughter element : #,,x = 22—3% logio [EIEJ
. B~ Ka A
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The Basic Problems with Solutions

» Problem 1. What is meant by nuclear binding energy? Calculate the bindin
per nucleon of Li isotope, which has the isotopic mass of 7
The individual masses of neutron and proton are 1.0086
1.007277 amu, respectively and the mass of electron =
» Problem 2. The atomic mass of ‘°0 is 15.995 amu while the indi
proton and neutron are 1.0073 amu and 1.0087 am

mass of electron is 0.000548 amu. Calculate t ng energy of
the oxygen nucleus.
» Problem 3. The isotopic masses of H and *He ar nd 4.0026 amu
respectively and the velocity of light in is 2.998 x 108 m/s.
Calculate the quantity of energy (in J%@ed when two mole of “:l 1
S
undergo fusion to form one mole .
» Problem 4. How many a- and B-particles emitted when 90Th232 changes

into g,Pb2"8?
» Problem 5. 90Th23 g disintegrates to gj 06 a5 the final product. How many
o and B-particles ar dSput during this process? ¥

€e
» Problem 6. Write the nuclear reactionsyfor the following radioactive decay :
(a) 9U i undergo ecay. (b) 91Pa234 undergoes f-decay.

(¢) ;;Na%? undg “ -decay.
» Problem 7. Give one ex3 i ach of (a) a-emission, (b) B*-emission, and
(c) K-capt 4 ite the equation for these nuclear changes.
ollowing nuclear reactions :

» Problem 8. Complet i
(a) & é@n} %5Te  (b) ... (o, 2n) 25 At

( Ly .. (@ %Cm + BC —— .. +4qn
o Al (a, 7) ... () 25U (@, B)...r .
» Problem e mplete the equations for the following nuclear processes :
(@) ECl+dn—> ..+ He
) U +in—> . +'uXe+ 24n 3
() V1Al + *He — ... + an

(d) ....(n p) 328

(¢) 2.3,: Pu (a, f7) ...
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» Problem 10. Calculate the no. of a- and B-particles given out during the change :
:209

23
93Np™ " —> gBi
Also report the nature and name of this radioactive series.

» Problem 11. Calculate the mass of '“°La in a sample whose activity is 3.7 x
v Bq (1 Becquerel, Bq = 1 disintegration per second) given th@l n

8

<@

is 40 hour. gt%%
» Problem 12. The half life of 3SSr90 is 20 year. If the sample of this n as an
activity of 8,000 disintegrations min™! today, what wj activity

after 80 year?

» Problem 13. A sample of wooden air craft is found to unde %‘" g'l of C!.
What is approximate age of air craft? The 6Cl4 is 5730
year and rate of disintegration of wood re t-down is 15 dpm

g of ("2
» Problem 14. A piece of wood from an archeologi@ source shows a 'C activity

which is 60% of the activity found jn ood today. Calculate the
age of the archeological sample. T = 5770 year)

» Problem 15. The f -activity of a sample
wood gave a count rate of 25 \@ ts per minute (c.p.m.). The same

. mass of CO, from an a
20.5 cpm., in the sam
nearest 50 year takin
expected count rat
is 4000 year old

» Problem 16. The radioacti pe 57 Co which has now replaced radium in the
treatment ofer can be made by a (», p) or (n, y) reaction. For each
alé the appropriate target nucleus. If the half-life of

r condition. Calculate its age to the
¢ as 5770 year. What would be the
identical mass of CO, from a sample which

» Problem 17.

|§.&$halmf U8 decomposed to Pb2% in 4.5 x 108 year. What will be
She age of rock that contains equal weight of both?

» Proble

» Prc . 42U2® by successive radioactive decays changes to 52Pb?%. A sample
of uranium ore was analysed and found to contain 1.0 g U**%and 0.1
g P, Assuming that Pb2% has accumulated due to decay of uranium,
find out the ape of ore. ¢, for U8 =45 x 10° year.

» Problem 20. ‘The isolopic composition of rubidium is ~“Rb —72 per cent and °'Rb
28 per cenl MRb is weakly radioactive and decay by f™-emission
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with a decay constant of 1.1 x 107" per year. A sample of the mineral
pollucite was found to contain 450 mg Rb and 0.72 mg of 87sr.
Estimate the age of mineral pollution, stating any assumption

» Problem 21. A 0.2 mL sample of a solution containing 1.0 x 1077 curie
injected to the blood stream of an animal. After sufficie or
circulatory equilibrium to be established, 0.10 mL of blood\is found -«
to have an activity of 20 dpm. Calculate the volume of bl irkanimal,
assuming no change in activity of sample duri@ culatory
equilibrium.

» Problem 22. Calculate the density of the nucleus of ;7Ag'*{G@ssur
1.4 4" x 107" cm. Where 4 is mass number :

density with density of metallic silver 10.5.
» Problem 23. A sample of 531'3 I as iodide ion was }‘--- red to a patient in a
ion. After 4 days 67.7%

carrier consisting of 0.10 mg of stable %‘\?
of initial radioactivity was detected imthe thyroid gland of the patient.
What mass of stable iodide ion h %ted to thyroid gland. ¢, for
iodide ion = 8 day. %

» Problem 24. A solution of 1 litre has 0.6 -radioactive Fe>* with mass no.
56. To this solution 0.20 dioactive Fe** is added with mass
no. 57 and the followin ctjon occured.

5Tpe2* + SFe* TRe3* + SOpe2*

At thqe end of one itdvas found that 10~ moles of non-radioactive

Fe™ was obtai d the rate of reaction was 3.38 x 10~ mol I'!

hr!. Neglecti change in volume, calculate the activity of the

sample at t& f 1 hr. ¢y, for- STFe* = 4.62 hr.

>» Problem 25. A ra io@é{f ement decays by B-emission. If mass of parent and
dau, ide are m| and m, respectively calculate energy liberated
durj mission.

&

<
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Answers

1.  40.0 MeV, 5.71 MeV; 2. 0.137 amu, 12.32 x 10'?}
3. 23x10"2y; 4. a=6, p=4; @
5. 70,6p; 6. See solution; %Q
7. See solution; @
. @I, ) %Bi, ©IMr, @ ENo, (© ?°Q % Am.
9. (@3P, (b %sr, © 3P, @ }C, (@.

1. a=7,p=4; 11.  1.79 3

12. 500dpm ; 13. 4 R

14. 4253 yr; 15. 181 15.77 cpm ;

16. 3.14 x 107 sec '; 17. @%} yr;

18.  4.99 x 10% yr; 19 %x 108 yr;

20. 5202 x 108 yr,; Q) 109.8 mL;

22. 138 x 10", C 95.8 %;

24.

2.85 x 102 dph; %@5 [my —m, - 2m,)c%;
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Solution

Solution 1. The total energy given out as mass decay during binding up of nuc
in nucleus is known as binding ¢nergy.
Mass of ;Li” isotope = 7.016 amu @ v
Mass of 3 protons in it = 3 x 1.007277 = 3.022 amu %Q
Mass of 4 neutrons in it =4 x 1.008665 = 4.035 amu@
Mass of 3 electrons in it =3 x 0.000548 = 0.002 a
: Mass defect = [3.022 + 4.035 + 0.002F= 6

= 0.043 amu
AE=931.478 x Am’' Mg (\\;\ x 931.478

= 40.0 MeV Q
Binding energy per nucleon@ 5.71 MeV
Solution 2. Mass of 4O'® = 15.995 amu

Q
Mass of 8 protons =8 x 1.0 0584

AE = mc? \Y
AE=0.137 x 1.66 27 x 6.02 x 1023 x (2.998 x 10%)? J
=12.32 x 1@ !
Solution 3. ;He + Energy
Mass def 2.0141 — 4.0026 = 0.0256 amu
B Am % ¢
% 0.0256 x 166057 x 10727 x 6.02 x 102 x (2.998 x 108
% =23 x10"J
Solution 4. Suppo @ 90Th232 =% 82[’b2°8 + mgHe + n_?e
ting mass numbers, 232 =208 +4 m or m=6
g atomic numbers : 90=82 + 12+ (-n) or n-=4
, 60 and 43~ particles will be emitted.
Q
Solution en : 90Th234 = 32Pb206 +m ‘—} He +n_Je <«

Where m ‘a’ particles and »n ‘B’ particles are given out
Equating mass number : 234 =206 +4m + 0

; m="17

Equating atomic number : 90 = 82 +2m + n x (-1)

n=6 ( m="T)
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Solution 6.

Solution 7.

Solution 8.

Solution 9.

Solutlon 10,

Solution 11,

<

ion 12, Given, ry = 8000 dpm, #,, =20 year or K =

(») U8 — o Th?* + {He

234

(b) gPa™" —>

234, 0
U™+ 2 @
0
(c) Na® —> |(Ne?? + je @

(n) 25U —> %,Th + ;He (a—emi%@%
(b) fiNa — INe + je (B*—em@)
(c) IeBa + ¢ — '52Cs + X-ray @m)

() i1, (b) *gBi, ,

(d) 72 No, @) 1P, @ ssAm .

@) °P, (b) 3815~ () 13P,
(@) ,3Cl,

(1) oNp?’ = 9+a2He" +b_ie®

Where a and b are o~ and(3-particles given out during change.

liquating mass number,
2 +t4a+0xb

liquating atomisg rs, keepinga =7
\

=83+2xT+bx(-1)

also ¢ aptunium series with n = 59.

A xwx Av.No.

10_
37X 0= 6060 140

w=1.79%x10"¢g

rOOCNO
re N

@te of decay = K. Ny = T
%) [Let w is weight of La'*?, then N, = MJ

N 0.693 wx 602 x10%

140

209

@ h=4
I'hus 7u- a J--are given out during the change also 237/4 = 59 with
remai thus it is (n + 1) series, the artificial radioactive series
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: I _MN
i ¥ N
Now = 2'393 lop L @
K r
. 80 2303 x 2010g 8000 @@ /
- 0.693 r v

r= 3500 dpm
Solution 13. Given, ry=15dpm, r—9 dpm, ¢, = 5730 yr @
2303 r Q
1= X log B %
2.303x5730, 15
=————log—
0.693 9 @

= 4224.47 yr Q&

2303 N,

Solution 14. t i log N rp o« I%% and recN
_ 2.303x5770%__ N, 100
0693 @ 6 [ N 60

= 4253 yr.@ 1
Solution 15. r=20.5 cpm., % 25.5 cpm.

» c ) 1o _Ng
4 N d N = =
an r o N

2303 No 2303 1
(@ P

2303x5770 255

%) =T 0693 19855 1817 year
Alsozi ¢t = 4000 yr then
2303 x5770 255
4000 = log

o 0.693 ¥

%\ r—15.77 cpm

Also

Solutio S SNi + Jn — $3Co + P
;;Co +gn — ;;Co + v
Thus, target nucleus is 1 Ni for (n, p) and ;;Co for (n, y) reaction.

0693 0.693
iz Tx365%x24x60x 60
=3,14 x 107 sec™
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Solution 17.  Given, #;, =5770 yr.

211

N 14 No 14
O 0617 x
NC” Noct2
Alols undergoes decay and C'2 does not
Nogw __1
Nas 0617
2303 N,
K Fw
2303 x5770 1
= log
0.693 061
=4021.29 yr. \
Solutlon 18. ys —%M
No.ofatom ¢=0 Ny %Q
No. ofatom 7 =1 Np —/‘% N
Wt.of metal f=¢ v@ w (" wpp = wy)
UL B QG R 4
ufett= 238@ P FOMMEE T 06
v M |
40U 206
03 N
Now log—I‘V‘ul{l‘L
&@ w.ow
%) 2303x45x10%, 538" 206
@ 0693 - w
238
@ =4.99 x 10° yr
Solutlon l@ uss —— pp26
l'» ightat 7 = ¢ lg 0.1g
1 01
N y i i
Mole ats =/ 238 206
8538 206 " U8 =938
2303, N,
I g
K N



212 NUMERICAL PHYSICAI CII MISTIY

1ol
_2303x45x10° 938" 29

0693  ° 1
238

=17.1 x 108 yr

Solution 20. 8SRb=72% @ 24
&
K=11x10""yr! ! 87S %

Y7Rb = 28% r @
Sample contains 450 mg 87Rb and 0.72 mg 87sr

TLE3RR8 x 87

The average 1sotopic mass of Rb =

Now 0.72 mg of Sr is formed from Rb, fo -emission

thus, mass o \@ t=0.72 mg

Thus, initially the pollucite mineral talg b =450 mg +0.72 mg

=450.72 mg
%Rb present of orlgm@ = -1-(—)—0- x 450.72
@ = 126.20 mg
87Rbp n ttime r =126.20—0.72=125.48 mg

Th = 12620 5202 x 10°
us t= 0g125.48 =52 yr.
Solution 21. Let volume of blo ;
Th volume = ¥ + 0.2 mL after injection of sample

20
0. ‘u-©~ ple has rate = — dps

A mL sample has rate =
@ e is constant, thus
&
20x (¥ +02) 0 i
%9\ 6001 =1.0x 107" x 3.7 x 10" dps

N V=1109.8 mL

20x (V +02)

60x01  9PS

4 4 22
Soluti . Volume of 47Ag1°7 nucleus =3 i Tk £l x[1.4 x (107)”3 X 10‘13]3

=1.23x 107 cm?

m
density of nucleus =%
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107
T 6023%10% x123x 1073

= 1.445 x 10" g/om® @

density of nucleus  1.445x 10" 13
] = =138 x 10
TS density of atom 105 L @
0,693 %Q
Solutlon 23. Ifr=4 days, K= ——, then @

S 3y
2303 Q
{ = logLo %
A r
23038 .
4= 0693 N

r=0.707 ry
l'hus iodide ion left is 0.707 part o J injected sample, however
the rate decreases only 67.7% or 8:677_i#1 4 days, thus
[10.707 is left then iodide ion .C?,, to thyroid = 1

_ e _ 1x0677
Thus 0.677 is left then 10d1d@1lgrated to thyroid = 0707 - 0.958
or 95.8% of the iodide igt\is migrated to gland.
Sulution 24, + Fpedt —— TRt 4+ pe?t
. @ 209 06 ‘
Netoe lcmlmn&? 57 56 C
@ 0209 _s|lo6 _s :
Feiic -10 —-10 - 5
Aller rcuu& 57 J I s6 J 10 10

37y fter reaction = 3.667 x 10~ — 107 =366.6 x 10~ mole
or Ny=366.6x 107 x6.023 x 107 =2.208 x 10*!

, _2303 N,
o\‘\ =Tk 8Ty

@@9 2303x462  2208x10%
] =T g
N 0.693 N
N=19x 104
, 693 21
Rate of decay=K x N= x1.9x10

462
=2.85 x 102° dph

Solutlon 25, The mnsses of parent and daughter elements nuclide are m, and m,

respectively
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Mass of parent element = m, + Zm,
(where Z is at. no. of parent sleme
Mass of daughter element — my + (Z + 1)m,
(As at. no. of element increases by one due to B-emi

Mass decay = mass of parent atom — one B loss — [mas
daughter atom along with on@ron] -

=my +Zm,~m,~[my +(Z+ l)”’e]%§§Q
=[my —my—2m, .
Energy liberated = [m; —pmy —2m,] ¢ Q
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» Problem 1.

» Problem 2.

» PProblem .

» PProblem 4.

» P'roblem 5.

» P’roblem 6.

» P’roblem 7.

» Problem N,

Problem 11

Y 215

Selected Problems with Solutions

How much energy must a y-ray photon have to produce a pro
anti-proton cach having kinetic energy 10 MeV. m,=1.00782%a

Assume | amu =931 MeV. @
1

The sun radiates energy at the rate of 4 X 10?6 Joule sec™!. (f ¢ energy

of fusion process %@
4l H—He+2%

is 27 MeV, calculate amount of hydrogen atoms th
per day for the given process. y

Calculate the energy released in joules and MeNS#

teachion,
H+2H— @

Assume that the masses of %H,g tron (n) respectively are
2.0141, 3.0160 and 1.0087 in amu.

Consider an o-particle just in co
the coulombic repulsion ener,

ith a 92U238 nucleus. Calculate
i¢the height of coulombic barrier
between U<® and a-particl ing that the distance between them
is cqual to the sum of thej
ound to exist in two isotopic forms,
N5 with mass 15.0001 amu. Which isotope
ss of n and p to be 1.00893 and 1.00757 amu.

-emitter. After a-emission the residual nucleus

Natural nitrogen ato
;N with mass 14.00
is morc stable. As
goU“™ isana
emits a B -particle to produce another nucleus

called UX /S

UX,. Iinc S&&m\m??alomic and mass numbers of UX| and UX;. Also if
uraniu(pe s to 11T gp. to which group UX; and UX; belong.
How%j ieat would be developed per hour from 1 curie of
C

if all the energy of beta decay were imprisoned? Atomic
3 C'4 and N'* are 14.00324 and 14.00307 amu respectively.
nuclear reactor U=~ undergoes fission liberating 200 MeV. of
neigy. The reactor has a 10% efficiency and produces 1000 MW power.
IT the reactor is to function for 10 years, find the total mass of uranium
needed.

AR

a-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).

‘The activity of a radioactive isotope falls to 12.5% in 90 days. Compute
the half life and decay constant of isotope.

A mixture is to be analysed for penicillin. You add 10.0 mg of penicillin
labeled with 'C that has a specific activity of 0.785 p Ci mg_l. From
this mixture you are able to isolate only 0.42 mg ofi pure penicillin. The
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specific activity of the isolated penicillin is 0.102 p Ci mg *. How much
penicillin was in the original mixture?

» Problem 12. An archaeological specimen containing ¢ gives 40 counts in 5 minu
per gram of carbon. A specimen -of freshly cut wood gives 20.3 ¢
per gram of carbon per minute. The counter used recorded a back
count of 5 counts per minute in absence of any l4C-containing am
What is the age of the specimen? [T, of ¥c=5668 year].

» Problem 13. Upon irradiating californium with neutrons, a scientist dis %

ove
9.

S
new

nuclide having mass number of 250 and a half-life of . Three
hours after the irradiation, the observed radioactivity du e nuclide
was 10 dis/min. How many atoms of the auclide wer initially?
» Problem 14. Equal masses of two samples of charcoal A and mt separately

and the resulting carbon dioxide is collect

radioactivity of 1€ is measured for both the ples. The gas from
the charcoal A gives 2100 counts per wc% as from the charcoal
B gives 1400 counts per week. Find the age rence between the two
samples? Half-life '4C = 5730 yr. =

» Problem 15. One g of -,;,Auls’3 (/=065 hr} dcc@@ -emission to produce stable
Hg.

(a) Write nuclear reaction for
(b) How much Hg will be

» Problem 16. 1g Ra*% is placedinane tube whose volume is 5 cc. Assuming
that each Ra nucleus yicl%l-lc atoms which are retained in the tube,
what will be the pres% He produced at 27°C after the end of
1590 year? t,,, for @ 90 year.

» Problem 17. The activity of % of an egyptian mummy is 7 disintegration

minute™! of CM@ e age of mummy. Given 5 of C'"is 5770 year

and disinte & rate of fresh sample of c'is 14 disintegration
=l (g fi

» Problem 18. The d onstant for an o-decay of Th*? is 1.58 x 10710 sec™!.
Find (© no. of a-decays that occur from 1 g sample in 365 days.

» Problem 19. 1
<&

of Ra“*" is placed in an evacuated tube of volume 5 litre.

yng that each 38Ra226 nucleus is an c-emitter and all the contents

esent in tube, calculate the total pressure of gases and partial

%@surc of He collected in tube at 27°C after the end of 800 year. ¢,

& Ra is 1600 year. Neglect volume occupied by undecayed Ra.

» Prob A sample of 14C02 was mixed with ordinary 12C02 for studying a
biological tracer experiment. The 10 mL of this mixture at STP possess
the ratc of 10* disintegration per minute. How many milli-curie of
radioactive carbon is nceded 1o prepare 60 litre of such a mixture?

> lem 21. A solution contains |1 milli-curic of L-phenyl alanine ct (uniformly
labelled) in 2.0 ml. solution. The activity of labelled sample is given as
150 milli- curie/milli-mole. Calculate:
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» [Mioblem 22,

» I'roblem 23.

» PProblemn 24.

> oblein 28,

» [Mtablem 26.

» Mroblem 27.

» "roblen 28.

» "oble

(a) The concentration of sample in the solution in mole/litre.
(b) The activity of the solution in terms of counting per minute/mLat
a counting efficiency of 80%.

A sample of pitch blende is found to contain 50% urani@
a-

2.425% lead. Of this lead only 93% was Pb2%6 isotope. If the @

~10

tion constant is 1.52 x 10 ende

yr_l, how old could be the pi
deposits? %%Q
The half life of P is 14.3 day. Calculate the ic activity

of a phosphorus containing specimen having 1.0 r million 2P
(Atomic weight of P = 31).

A mixture ol Pu?'’ and Pu*™ has a specific aghivi 6x 10° dps per
g samplo. The hall’ lives of the isotope: x 10* year and
ok 10" years respectively. Calculate sition of mixture.

32

5.5 mg of Na,PO, contains P sample) and P! atoms.

Assuming only P32 atoms radioactive alcQ e the rate of decay for the
given sample of NazPOy. The hal iod for P*

wt. of NagPO4 = 161.2.

e isotopic composition of is °Rb, 72% and *’Rb, 28%. 3'Rb
s weakly radioactive and d by B-emission with a decay constant
of 1L1x 107! per year. A(ample of the mineral pollucite was found to
NS4 87 . :
rig of ' Sr. Estimate the age of pollucite?

= 14.3 days; mol.

A sample contains t
and | hour respe ‘,--r
stuble nucleus @y At 3 0 the activitics of the components in the same
were cqual. B ratio of the number of the active nuclei of y at

£ =+ hons g umber at £=0.

Tutinm, &m isotope of H) combine with fluorine to form a weak

\ "h ionises to give T™. Tritium is radioactive and is a
freshly prepared dilute aqueous solution of TF has a pT

at of pH) of 1.7 and freezes at ~ 0.372°C. If 600 mL of freshly

solution were allowed to stand for 24.8 years, calculate:

nixation constant of TF.

Ulinge carried by B-particles emitted by tritium in Faraday.

Chven : K¢ for HyO=1.86, £}, (T)=12.4 yrs.

2957 A solution comains a mixture of isotopes of x4 (t, = 14 days) and

v (47, = 25 days). Total activity is 1 curie at # = 0. The activity reduces
by S0% 1n 20O days. Find:

() The mital activities of X' and X*2.

(1) “he twno of their initial no. of nuclei.

e anean lives ol o radioactive substance are 1620 year and 405 year
lov e emsaion and -emission respectively. Find out the time during

which thece lomtly of o sample will decay if it is decaying both by
e emission and |3 enission simultancously.
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» Problem 31.

>» Problem 32.

> Problem 33.

>» Problem 34.

» Problem 35.

» Problem 36.

<

<

S
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A K, )
For the following sequential reaction, A——— B > (', find out
the concentration of C at time = 1 day, given the
K;=18x 107 s~ and Ky=1.1x10"" s”! and initial molar con r
tion of A is 1.8.

A radioactive isotope decays as ,A" — —
half lives of Aand B are 6 months and 10 months
Assuming that initially only A was present, will it be possi

radioactive equilibrium for B. If so what would be the

Bm—4

months and 6 months respectively.
A radioactive isotope decays as ;A" —— ;_,B
The half lives of A and B are 6 months and/R
Assuming that initially only A was present, ye]

radioactive equilibrium for B. If s¢, wha
A and B at equilibrium. What wo
A and B were 10 month and 6 month.

The half life of Pb?!? is 10.6 hou%@ergocs decay to its daughter
(unstable) element Bi%!? of half minute. Calculate the time at
which daughter element will h %imum activity?

A very small amount of radj isotope of Pb>"" was mixed with a
non-radioactive lead salt ¢ ining 0.01 g of Pb (atomic mass 207). The

whole lead was brou into solution and lead chromate was

precipitated by additi% soluble chromate. Evaporation of 10 cm’
: ! o EAl I

of the supernatent S@@ave a residue having a radioactivity ;—== of

that of the orr antity of Pb2'?. Calculate the solubility of lead

chromate i @m
: : : 236
The nuclé@I o radiotactive isotopes of same substance A™" and

en if the half lives of

B ar in the ratio of 4 : 1 in an ore obtained from some other
plan alf lives are 30 and 60 minutes respactively. Both isotopes
ar itters and activity of isotopeA236 is 1 rutherford (lO6 dps).
e :
er how much time their activities will become identical

he time required to bring the ratio of their atoms to 1 : 1.
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I
.
S,
7.
9,

13.
1S,

17.

"

2.
22,
M4,
20,

N
14,
0,
A2,
V1.
{0,

Answers

1886.57 MeV ; . 53.16x 10" g ; @

2
5223x 10721, 3.260MeV ; 4. 26.14 MeV ;
7.7149 MeV, N'3 ; 6. 90, 234, 91, 234, 111@

3373 8. 38451 x10° kg ; %Q

48 x 10742 m3 ; 10. 30 day ;

66.96 mg 12. 13327.8 year ; @
2.706 x 10 atoms 14. 3353.16 yea%Q
(n} See solution, () 15/16 ¢ Hg | 16. 43.54 at

A0 yew 18. 1.2%@%0m
'RR/ aon, Lkl atm g 20. 0.0 ;

) Vit x l()‘2 M, (b) 88.8 x 107 cpm/m

L of year 23. 295F  perg ;
19.95%, 61.05% ; %XIOB dps :

A K x 10! year

2
; 25
() 2810 ", (i) 0.054 Farada

(i 03000 Ci, 0.6331 Ci,  (b)-O:
L1924 year

A LM,
06, 100 % 33. 06, No ;

2 mmate 35. 20% 107 mol dm™ ;

() TR0, (b 12
@
S
o
&
D

Q
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Problems for Self Assessment

1. Calculate the threshold wavelength for proton anti-proton production. The res@@

of a proton or anti-proton is 1.007825 amu. 1 amu = 931 MeV. @
2. In a nuclear transition, @
07 — 0 + aE &f
(Excited state) (Ground state)

mol ",
3. Calculate the amount of 92U“"5 which must go nuclear fissi %0 uce the same
amount of energy as produced by 1 ton of coal. The he ustion of coal is

8x 107 cal/g. The fission of 92U235 produces 200 gy per fission. (use

1 cal=4.217; 1 ton = 10° g; Av. no. =6.023 x 10 602x 1070 5=1¢eV)
4. A reactor is developing energy at the rate of 32 %10 owatts. How many atoms of

with what mass per mol the two nuclei differ? Given that A

U*“~” undergo fussion per second? Assume th average energy of 200 McV
is released per fusion.

5. Calculate the density of nucleus of 44 d compare it with the density of
metallic silver (10.5 g/cma). use 7,4 13343 %1078,

6. It is proposed to use the nuclear fusi ction in a nuclear reactor of 200 MW
rating. If the energy from the ab tion is used with 25% efficiency in the
reactor, how many gram of deutgri uel will be needed per day. (The masses of
2|H and ;He are 2.0141 amu 26 amu respectively.

%H + ;He

7. Calculate the number

dioxide (t; 5 Th2*2 t 9

particles emitted per second by 1 g of pure thorium
10 year). Assume 1 Th**? atom decays to give one

alpha particle.

8. - The absolute a| ¢ ratio of N'/N'> in atmospheric nitrogen was found to be
272. Calcul % of atmospheric nitrogen.

9. One moicr f Na2* is injected into the blood of a patient. How long will it
take the % tivity to fall to 10% of its initial value. (r; /, for Na?* is 14.8 hour).

10. Prior tse of nuclear weapons, the specific activity of il e e an
ca tes was found to be 16 dis/min/g carbon. The amount of carbon in these
ates has been estimated as 4.5 x 10'° kg. How many MCi of c' did the -«

carbonates contain (1 Ci =3.7 X 10'0 dps).

efiis and Collegnes at OaK Ridge national laboratory confirmed the identification of
an element no. 104, a man made atom with half life of only 4.5 sec. Only 3000 atoms
of clement were created in a test. How many atoms were left in 4.5 sec, 9.0 sec and
13.5 sec?
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12.

13.

14.

15.

16.

17.

19.

20.

21.

A certain radioactive isotope ZX"1 (t; /2= 10 day) decays to give 5 _ 4X'4 “81r1 g
atom of ZXA is kept in a sealed vessel, how much of He will accumulate in 20
at STP?

At a given instant these are 25% undecayed radioactive nuclei in a samp, r

10 second, the number of undecayed nuclei reduces to 12.5% calculat

(a) Mean life of nuclei.

(b) The time in which the number of undecayed nuclei will further %«» 6.25%
of the reduced number.

92U233 by successive radioactive decays changes to 8Z,sz‘ﬁ'{’. of uranium
ore was analysed and found to contain 1.0 g U%® and 0.1 ssuming that
Pb206 has accumulated due to decay of uranium, find 0‘% ¢ of ore. ¢, for
U¥=45%10° year. X Q
238 to P 206

In an ore containing uranium the ratio of U \- lei in 3. Calculate the
age of ore, assuming that all the lead present in ¢ %

of U238, 1y, for U8B _45x1 R

In a sample of pitch blende, the atomic ratj 0. U*®i50.23 : 1. Calculate

is the final stable product

the age of mineral if half life of uranium i g year. All lead originated from
uranium.

A sample of radioactive substance intensity of 2.3 milli-curie at a time
t and an intensity of 1.62 milli-curd 600 second. What is the half life period
of radioactive material.

What is the closest distance o oach of an a-particle of energy 6 MeV to a
pold nucleus (Z=179).

An nucienl wooden slatu ing 40 kg is found to have c' activity of 40800

dpin H183 dpim per I€ activity of contemporary 14¢, calculate the time
clapsed since the W(»Q. cut. The half life of C'# is 5600 years.
n

A drug is known effective after it has decomposed 30%. The original
concentration o ple was 500 units/mL. When analysed 20 months later,
the concentray found to be 420 units/mL. Assuming that decomposition is

%ll be the expiration time of the drug. What is the half life of

4: 1@ bre obtained from a planet. Their half lives are 30 and 60 minutes

respect 236

. Both isotopes are a-emitter and activity of 4° is | rutherford.

of 1 order,
drug.
. O . L 236 254
l'he rutii% o nuclei of radioactive isotopes of 4“°” and 4“”" was found to be
\2
e
te :

time in which their activity becomes identical.
the time required to bring the ratio of their atoms 1 : 1.
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Answers

. 6.62x107°4; 2. 5x107g; @
. 04145¢g ; 4. 10'%atoms ; @

1
3
5. 1.68x 10 g/cm3 , 1.6 x 10" times of metallic Ag;
6

. 12128 g/day 7. 3.6024x10°s™" ; %Q

8. 14.003; © 9. 2.05 days ;

10. 324 MGi ; 11. 1500, 750, 375 at @

12. 33.6 litre ; 13. (a) 14435, (b) @

14. 7.1 x 108 year ; 15. 1.8684 x 10° ydar;

16. 1.35x 10° year; 17. 1186 sec ;

18. 37.9 Fermi ; 19. 3.27 x A

20. 40.91 min., t;/5=79.48 min. 21. (a te, (b) 120 minute.

%@

<

©

Q

@
o
9
S
S
@
O
9
S



M—M"™ +ne @
A" — A+ne %Q
ny>n MY — 5 MY 4 (ny :

ny>ny A A" 4+ (n e
2. Reduction is a process which gains elect@ , electronation.

MY tne—s M @
A+ne—A"
M 4 (ny - nl)e—'-%
A" 4 (ng — nz)e@
3. Oxidants are substances wh%
(a) oxidize other. @
(b) are reduced themse}ves.
(c) show electronati

(d) show-a decrea ation no. during a redox change.
(e) has higher oxi no. in a conjugate pair of redox.

4. Reductants are @y ces which:
(a) reduce o

(b) are oxi emselves.
(c) sho ?\ tronation.
%' crease in oxidation no. during a redox change.
logver oxidation no. in a conjugate pair of redox.
ange is one in which a reductant is oxidized to liberate electrons, which
Y used dp by an oxidant to get itself reduced.

My — M{* +ne Oxidation
Myt +ne— M, Reduction
M+ My — M + M, Redox reaction

6. A redox change occurs simultaneously.
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The Basic Problems with Solutions

» Problem 1. Determine the ox. no. of underlined atom in each of the foll

(a) KCrO4Cl, (b) K,FeO,, (c) Ba .
’ (d) RbyNa[HV,0%];  (e) BayXeOq ) Naﬁi@

(@) K,MnO, (h) K,Cr,0, (i)ﬁ@

() S0> (k).PO> (

(m) Cu(NH;), 2 (n) Ni(CO), S

(p) (NH,)sM070,4 (q) [CoF,] sO,

(8) NiyXeO, (t) KCro;Cl %u) F,H,
» Irablem 2. Find the oxidation number of carbon i h ing compounds :

Cl,0H, CH,0, HCOOH, C,H,.
» Froblem 3. Point out the oxidation number of Qollowing :

in
CH,, C3H,, C,H,, CHyg, CO, c%%co;, co.

MnCl,, MnO,, Mn(OH);, KMnO,
HXO4, HXO;, HXO,, HXO
' (c) Increasing oxidatio I,, HI, HIO,, ICI, IF;, IF;
(d) Increasing oxidat@ of N: N,, NH;3, N;H, NH,NH,, NH,0H,
KNO,, KNO;, N,0
» Problem 8, Select the nature of redox change in the following reactions :

» Problem 4. Arrange the following in ord
(a) Increasing oxidation no.
(b) Decreasing oxidation

(n) Q;.' — Cu*+

(b) & Cl, — ClIO™+CI’
(©) KClo3 —= 2KCl + 30,
(d4)2Cr207 — N, +Cr,05 + 4H,0
o @)Feso“ +2KMnO, + 8H,80, ——> 2MnSO, + 5Fe,(SO,); +
K,SO, + 8H,0

5H2C204 + 2KMnO4 + 3stO4 —_— KzSO4 + 2MnSO4 +
3 10CO, + 8H,0

ey Ir . Identify the oxidised and reduced species in the following reactions :
(a) CH“(E) + 4Clz(g) — CCI4(§) + 4HCI(S)

A 2
(b) MnOz(s) + C2H204(aq.) ——> Mn +(aq) + 2C02(g) + 2H20(|)
2- 2-
(©) Dgg) t 28,037 aq) > 2l (aq) *+ 8406
(d) Clz(g) + 2Bl'_(aq) =—=) 2Cl_(aq.) + Brz(aq')



250
» Problem 7.

» Problem 8.

» Problem 9.

» Problem 10.

<

NUMERICAL PHYSICAL CHEMISTRY

[dentify the substance acting as oxidunt or reductant if any in the
following :

(i) AICI; + 3K ——> Al + 3KCI @
(i)  SO,+2H,S — 3S+H,0 @
(iii)BaCl, + Na,SO, —> BaSO, + 2NaCl @

(iv) 3L+ 6NaOH ——> NalO; + SNal + 3H,0 S

Write the half reactions for the following redox re ""%Q

@ 2Fe* ) + 2l ) — 2Fe¥ ) + Iz%
(b) Zng) + 2H' gy — an+(aq-) + Hyg
() Al + 3Ag%qg) — A|3+(,q)

How many mole of electrons are mv alancing the following

equations :

(a) H,S + NO;~

(b) Mn(OH)z + H202 n02 + 2H,0

(c) Cry0.% +Fe?* + czo4@—> Cr*+Fe** +CO, (acid medium)
(d) Br; + Br03 + Br-

How many mole , H,C,0,4 and FeC,0, are oxidised
separately by one KMnO, in acid medium.

S
@
&
§%

N

‘&

N
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Answers

0.

(@+6, (b)+6, (©)+1, (d+5, ()+8, (D-1, (@) +6, (h)+6,

() +6, (uw) -1
CH,0H : -2, CH,0: 0, HCOOH : +2, C;H, : -1 ; %@

8 ; ; :
CHy:~4; CyHy =23 CoHg 133 CgHlyg 1= (10/4); c,
COp: v 4 HCO; @ + 4.

Soo solution; 5. Seeso :, D
Reduced i
(a) Cl, C

(b) MnO, %?qu )
(c) L % 3
(d) cl, @

See solution; @

(a) 6N, (b) 2N, (c) 3N, (d)
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Solution

I+a+3x(2)+1x(-1)=0

Solution 1. (a) Let ox. no. of Cr be ‘a’, then ®§

a=+6

(b) 2><l+a+4x(_2‘3:-(’).6 @%@

(© 2+4R2x 1+a+2x(=2)] =0 Q
- a=1 &5

@4x1+1+[1+10xa+28x(-2)] =0 %
a= 5@
(@) 2X2+a+6><(—2)§=g§

e (7] &
®) 1x2+2x%§Q
: 1

() 2x1+a +4@0
=+6

a=+6

(m) % a+4x0=+2
“\ a+4x0=0

(o] at+t2x(2)=0
a=+4
) Ix6+7xa+24x(=2) =0
a=+6
(q) atédx(-1)=-1
a=+3
r) a+td4x(=2)=0

a =18
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(s) 4x1+a+6x(=2)=0
a=18
) [+a+3x(2)+1x(=1)=0
a=+6
() 2xa+2x(1)=0 @
. a=-1 @
Solution 2. Let the oxidation number of carbon be a %@
CHOH: a+3x1+1x(2)+1x1=0 @
a=-2
CH,0: a+2x1+1x(=2)=0 %
a=0
HCOOH : l+a+2><(—2)+l@
a

Csz: 2xa+2x
| cy
8 10
Solution 3. CH;:4; C3Hg : - =3 C4Hyo: 0

e G
CO:+2; c02:+4;@ 0, :+4  CO :+4
st Solution 4. (a) MnCl, @n(OH); < MnO, < KMnO,
% +3 +4 +7

ox.no.of Mn +2
(b) H@% HXO; > HXO, > HXO

ox. no. of X +5 +3 + 1
(¢) @9 < I, < IClI < IF; < IFs <HIO,
ox. no. of | =1 0 + 1 +3 +5 +7
(d) N;H4 <NH,0H <N3H <N, <N,0 <KNO, <KNO;
OX. No. -2 -1 -1/3 0 +1 +3 +5

Solution 5. (i @@1 (b) represents auto-redox or disproportionation in which
same substance is oxidised and reduced as well.

) and (d) represents intramolecular redox change in which one
element of a compound is oxidised and the other element is reduced.

i) (e) and (f) represents intermolecular redox in which one of the two
reactant is oxidised and other is reduced.

Reduced Oxidised
@) cl, CH,
(b) MnO, CoHy04(4g)
(© L 8,05

(d) Clz Br-
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Solution 7. In a conjugate pair, oxidant has higher ox. no.
(i) For AICly: AP +3¢ — AI’%, ForK:K® — K"+

A oxidant AICI, and reductant K.
(ii) ForSO,: S*+4¢ — 8%  For H,8: 8 —
: oxidant SO, and reducta

(iii) No change in ox. no. of either of the conjugate pair.
None is oxidant or reductant. %O\f

@(iv) Forl,. L'—> 2" +10¢ and 1, @ 21
I, acts as oxidant and reductant both.

Solution 8. (a) Fe’* + e — Fe2+_: i@
I — '/212 + e @
(b) Zn — Zn** + 2e;

H' + e —> %4H, %
(c) Al —> AP + 3¢ N
Ag+ + e —> Ag @

Solution 9. (a) s —— 8%+ 2e
N + 3e N2t @ 6N eclectron
2+ 3 4+ 7
(b) l_Mn Mnl <§ % 2N electron
026— it 2e —— ()% :
) Cry +3e —>
3N electron
2 3 .
Fe ns ‘t‘ C2 E ;
Bry,” +2
QR Br f} 10N electron
2 J

Solution 10. FeSOj, : &

Thus (C55e?* + Mn™ ——> Fe?* + Mn?*
or of FeSO, are oxidised by 1 mole KMnOj,
& -

3 ——act + 2

%) Mn'" + 5¢ —> Mn?"

Q

5C,** + 2Mn"™" —— 10C* + 2Mn?*
or 5/2 mole of H,C,0, are oxidised by 1 mole KMnO,
FeC204 .
Fe?* + C,*Y —— Fe¥* +2¢* + 3¢
Mn™ + 5¢ ——> Mn?*
5FeC,0, + 3Mn>* —- 5Fe’* + 10C** + 3Mn?*
or 5/3 mole of I'eC’y0), are oxidised by 1 mole KMnO,
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» Problem 1.

*» roblom 2.

» Problem 3.

» Problem d.

Selected Problems with solutions

Determine the oxidation no. of following elements given in bold S
(1) KMnOy, ; (b) H,ySOs ; (c) Hy8,04

(d) NH4NO3 ; (e) K4Fe(CN)g ; (f) OsOy ; @
(g) HCN ; (hy HNC ; (i) HNO;y ;

(i) KOz ; (k) Fe30,; D K39

(m) N3H ; (n) Fe(CO)s : () F;

{p) NHyNHj; (q) FeSO4(NHy4)2SO4-6H

(rn NOCT; (s) NOCIOy ; (@e(CNBNO] S
(i) [ Fe(NOY1,0)5]1S0y ; 255405 ;

(w) Dimethyl sulphoxide or (CH3),80 ; 275,04 ;

(y) CrOqor Cr0)(03)7 ; \ ) CaOCls.

Determine the oxidation number of g elements given in bold
letters.

(i) CuH : (i) Nag$z059)° i) Ny :

(iv) BapXeOq ; (v) Cy (vi) V(BrOsy), ;
(vii) Ca(ClOy), ; (viii) (HV19029) ;

(ix) LiAlHy ; (x) @(C204)2'(NH3)2] :

(xi) INi(CN),1*; 0 NaoS, : (xiii) Fe(CO)s ;
(xiv) [OCN] ; v SZOE_ R (xvi) SzOg_

Predict the highe
following cler
G T (b

west possible oxidation state of each ol the

(n Clyq
Select lhc%)g%ol' redox reaction from the following on the basis of type
; ¢s (a) intermolecular redox ; (b) intramolecular redox ;

(¢) a x. If none, write none.
- NaOH
@@ C¢HsCHO —» C¢H5sCH,OH + C¢H5COONa
o i Cr,07 + 20H" ——— 2Cr0; ™ + H,0
\' ii) 2Mny0O7 ——— 4Mn0O; + 30,
(iv) NO3+H,S + HO + H" ——— NHj + HSO,
< (v) Fe + NyHy —— NHj + Fe(OH),
(vi) 2KOH + Bry ——— KBr + KBrO
(vii) 2Cut—— Cu+ Cu?*
. 2H + L.
(viii) Ag(NH3); ——— Ag" + 2NHy

(ix) 5K1+ KIOy + 6HCl —— 31, + 6KCl + 3H,0
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» Problem 5.  Sclect the oxidant/reductant atoms in the following change. Also report
the number of electrons involved in redox change.

As7S3+ HNO3—— H3AsO4 + HySO4 + NO
» Problem 6. In the reaction Al + Fe;04 —— Al>O3 + Fe

(a) Which element is oxidized and which is reduced? @
(b) Total no. of electrons transferred during the change. Y

» Problem 7. Identify the substance acting as oxidant or reduclan%%@/ in the

following: @
(i) AICl; + 3K — Al + 3KCl Q
H,0

(ii) SO» + 2H>S — 3S + H,0

(i1i) BaCl; + Na;SO4—— BaSO4 + 2

@v) 31, + 6NaOH —— NalO3 + 5@
>» Problem 8. Find out the value of n in @

MnOy + 8H" + ne—— Mn?t +

> Problem 9.  Both VO3 and VO=" are known as
(a) Determine the oxidation numb
(b) Which one of them is ox

ana on.
anadium in each.
m(iv) ion and which are is

dioxovanadium(v) ion. %

» Problem 10. One mole of NyH, loses ¢{rhake=clectrons to form a new compound
Y. Assuming that all the
state of N in Y7 There &

» Problem 11. HNOj; acts only as oxd

s in ncw compound, what is oxidation
Hange in oxidation state of H.
hercas, IHING5 acts as reductant and oxidant

» Problem 12. .

Y
Ast3 + HNO3 — H}ASO4 i H')SO4 + NO
..... +HCy0; —> CO3™ + CI™ (Acid)

» Problem 13; nO, oxidises NO, to NO; in basic medium. How many moles of
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Answers

1. () +7, (b) +6, (c) +6, (d) -3, +5, (e) +2, (f) +8, (g) +2,-3, (h) +
piglal

) 45, ) = 0 +3,. -5 M -5, @0, © T ® 2

() +2, (r) +3, (s) +7, () +2, () +1, (v) +§, (w) 0, (x) +2@®
(y) +0, (2) -1, +1 ;
2. () I, (i) +10/3, (iii) +1, (iv) +8, (v)+4/3, (vi)+2, (vjij ?viii)+5,
(ix) +3, (x) +3, (xi) +2, (xi)) -1, (xiii) 0, (xiv) =2, +4,-3 (xvi) +6
3. ) 450, (b) +6, =2, (c) +7, 0, (d) +4, 0, (e)
(1) +5, 3, (@) +5, -3, () 0, =1, () +7, -1, () ) +4, 4 ;
4. GO Gv), (v), (ix),  (b) (i), () (i), (vi), (vii) ;
A KR4,

6. Al ooxsdized and I"cH/‘“ is reduced , (b) 24 ;\@
7, (1) Oxidant—AICI3, Reductant K
(1) Oxidant—S0;, Reductant H,S @
(ni) _None %Q
(iv) Oxidant—I,, Reductant |7 ; %
| T
9. (0) 45, 44, (b) VO?* is oxovanadidl

) (o]
10, +3; . See solution ;
12, (a) 2BaCrO4 + 6HI + 16 2CrCl3 + 31 + 6KCI + 2BaCl; + 8H,

(h) 380, + 2Na,CrO4 + 2H5Q)™— 2NayS04 + Cry(SO4)3 + 2H,0
() C,HsOH + 41§ —— CHI3 + HCO, + 5T + 5H,0
() AHLO + 3A8,S$ 03 —> 6H3As04 + 9H,S0,4 + 28NO
(¢) Cly 4 II(HZO-——> 2CI™+2C05™ + SHY
O

() MigS+ 12HCI —— 3H,HgCly + 3S + 2NO + 4H,0

(£) % 2Mny07 —— 4MnO; + 30,
13. 1.5 mole N%
Qo

>

Q

&

n ; VO, is dioxovanadium (v) ion ;
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Problems for Self Assessment

(@) XeOg ; (b) KO, ; (c) SO, ; (d) CuFeS, 5 (e) FeS,

Find out the oxidation number of underlined atoms: :®

(j) YBa,Cu,0,. Q@
Identify the type of redox changes in the examples given (o

Al(CE), %
() 2CH,CHO —— CH3COOC2K®
(h) 4H,PO, —>—3 3H,PO, + Pﬁg@

(c) P4+ 3NaOH + 3H,0 — 3NaH,PO,#PH,

(d) NH,;NO; —— N,0 +2

(e) 2KClO; — 2KCl )

(f) 2MnO, + 4KOH-—— 2K 2H,0

FeC,0, is oxidised by KMnO, in/a¢itytedium. What is the ratio of mole of

KMnO, used per mole of FeC,Q,:

Arrange the following ions i ing order of oxidation number of sulphur
atom. SO3", 5,037, 8,05 (HR.$,0; ", Sg. HSO;.

Calculate the number of @ KMnO, that will be needed to react with | mole
of SO} in acidic sol @

Explain, why? %

(a) H,S acts ayred t whereas, SO; acts as reductant and oxidant both.
(b) H,0, ag uctant and oxidant both.

What may, alues of x in the reaction:

d 2ICl, + 2xK — 2xKCl + 1,2
Calcyl number of electrons lost or gained during the changes:
(a) 3Fe + 4H,0 ——> Fe;0,4 + 4H,

N AICI; + 3K —s Al + 3KCl

ole of Cl, undergo a loss and gain of 10 mole of electrons to form two

dation states of CI. Write down the two half reactions and find out the oxidation
umber of each Cl atom involved.

Completc and balance the following equations:
(@)  KMnOy, +H,S0, + HyOy —> K,80, + MnSO, + H,0 + . ..

(b) Cu +1 s Cut 41,



270 NUMERICAL PHYSICAlL CHEMISTRY

11. Balance the following in basic medium:
()  Crly+H,0, + OH — CrO;” +10; + H,0
(ii) KOH + K,Fe(CN)4 + Ce(NO;3), —— Fe(OH); + Ce(OH);+ K,CO; + l@

12. Balance the following equations using desired medium: @3

(a) Cr,02” + C,H,0 + H* — C,H,0, + Cr** %Q
(b) SbCl, + KIO; + HCl— SbCls + ICl + H,0 + KCl
(C) FCC204 + KMnO4 + H2504—) Fez(SO4)3 + C02 + Mn SO4 + Hzo
(d) AsH, + KCl0, — H,As0, + KCI
(e) FeCr)0, + K,CO; + KCIO; — Fe, 05 + K,CrO, + 0,
(f) Pb(Ny), + Co(MnQ,); — CoO + MnO, + 0
rx
Answers o

N
1. (a) +8, (b) —%, (c) +6, (d) -2, (e) I, @(g) +8/3 (h) +5, (i) +3,
(j) +2, (Ba shows only +2 state in com rm) ;
2. (i) Intermolecular redox: (f), (ii) Disgroppféronation: (a), (b), (c),
(iii) Intramolecular redox: (d), (e)
3. KMnO, : FeCy04::5:3 0r I m @04 = 0.6 mole KMnO, ;
4. HS™ < Sg< S$,05 <S40% < % SO, =S,08 ;
5. % mole KMnOy ;
6. Follow solved problen 7. lor3or5 ;
8. (a) 8 electrons, (b @ons; 9. 45, -1, 6Cl,—> 2C1°* + 10C1;
10. (a) 2KMnO, +2 Q4 + 5SH0, — K,804 + 2MnSO,4 + 8H0 + 50,

1 @x
1. @) 2 1,0, + I00H™ — 2CrO;” + 610; + 32H,0

(ii) 258 4R, Fe(CN)4 + 61Ce(NO), —> 61Ce(OH); + Fe(OH); + 36H,0

o +6K,CO; + 250KNO,
12. (a) 0% + 3C,H,40 + 8H' — 3C,H405 + 2CP°* + 4H,0
b) 3SbCl, + KIO, + 6HCl —s 2SbCl, + ICI + 3H,0 + KC
BFeC,0, + 6KMnO, + 24H,50, — 5Fe,(S0,); + 20CO, + 6MnSO,
+3K,S0, + 24H,0

) 3AsH, + 4KCIO; —> 3H;As0, + 4KCl
(e) 6FeCr,0, + 12K,CO, + 7KCIO; —— 3Fe,0 + 12K,C10,+ 7KCl + 12CO,
(f) 30Pb(N,), + 44Co(MnO,); —> 132MnO, + 44CoO + 180NO + 10Pb,0,
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Redox Titra TQ S

Chapter at a Glance Q
... ___ Equvalent of solute %
SRR ormallty = o e of solution in Titre @

_ wt. x 1000

2. Milliequivalent = N X Vi, ;1. = Q&

(6

E. wt.
wt.

el = S
"LTE wt é%

3. Equivalent =Nx V;

Moles of solute
Volume of solution in litre

4. Molarity =

5. Milli-moles =M X Vi, .y = M“’iv @@v

6. Moles =M x V| = M"";L %

7. Molarity x Valence factor ality

8. Valence factor = No. of e@ lost or gained by one molecule of reductant or
oxidas

9. Equivalent wt. of re or oxidant

_ M. wt. of reductant or oxidant
No. of & :ns lost or gained by one molecule of reductant or oxidant

Note: Never use any o@mula for eq. wt. if change is redox one.

9
5

Q
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The Basic Problems with Solution

» Problem 1. Evaluate equivalent weight of reductant or oxidant given on leftha

side of each reaction : Q

(a) As,0; + 5H,0 — 2As0,> + 10H" +@
(b) MnO, + 8H" + 5¢ —> Mn** + 4H,0 y\ﬁ

() Cr,0,7 + 14H" + 6e — 2¢r** + 7H @
(d) C,0,5 — 2C0, +

(e) FeC,0, —> Fe’* + + 3e
6] 2CuSO, + 2¢ —> ! e

» Problem 2. Reaction, 2Br () + Cly (3q) — \1% + Bryaq) » is used for
commercial preparation of bromin myits salts. Suppose we have
50 mL of a 0.060 M solution o hat volume of a 0.050 M
solution of Cl, is needed to re letely with the Br?

» Problem 3. What mass of Na,S,0;.5H ded to make 500 cm? of 0.200 N
solution for the reaction :

28,047 S,062 + 2I°

» Problem 4. How many equivale %}}here per mole of H,S in its oxidation to
SO,? %

» Problem 5. 12.53 mL of
solution. In th
state seleni
for SeO,.

» Problem 6. Inar r2072‘ is reduced to Cr>*. What is concentration of 0.1
equivalent per litre?

SeO, reacted with 25.52 mL 0.1 M CrSO,
n Cr’* was oxidized to Cr*". To what oxidation
as)converted in the reaction? Write the redox change

7+ 14H" + 6e — 2Cr%* + TH,0

»- Problem 7. molarity and normality of a MnO,~ solution if 32.00 mL of
Y lution is required to titrate 40.00 mL of 0.400 N Fe?*?

MnO,” + 5Fe** + 8H" —— Mn®* + 5Fe** + 4H,0
>» Probl . O Mn2+(aq) can be determined by titration with MnO, (aq)
3Mn** + 2MnO,” — 6MnO, + 2H,0

A 25.00 mL sample of Mn?* (aq) requires 34.77 mL of 0.05876 M
KMnO, (aq) for its titration. What is the molarity of the Mn2+(aq)?

» Preblem 9. A 1.100 g sample of copper ore is dissolved and the Cu2+(aq) is treated
with excess K1. The liberated I, requires 12.12 mL of 0.10 M Na,S,04
solution for titration. What is % copper by mass in the ore?
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» Problem 10. What mass of N,H, can be oxidised to N, by 24.0 g K,CrO,, which is
reduced to Cr(OH),".

» Problem 11. It requires 40.0 mL of 0.50 MCe* totitrate 10.0 mL of 1.0 M S4
Sn**. What is the oxidation state of cerium in the reduced praduich

» Problem 12. Calculate the mass of oxalic acid (H,C,0,4) which can be

oxidising 50.0 mL of .ON T to I,.

» Problem 13. A KMnO, solution can be standarised by titration ag
A 0.1156 g sample of As,O5 requires 27.08 mL f@) K
(O [

3, [As = 75].
LAsO, + 4Mn%*

5As,05 + 4MnO,” + 9H,0 + 12H"

» Problem 14. A particular acid-rain water has 8032‘.
water requires 34.08 mL of 0.019644 K]
is the molarity of SO;%~ in acid-rain?

2MnO,~ + 580;> + 6H' @@?‘ + 2Mn?* + 3H,0

» Problem 15. A solution containing 1.984 alline Na,S,0;.xH,0 in water
required 40 mL of N/5 iodin tion for complete reaction. Calculate
the value of x. @

» Problem 16. If 10.00 g V,0O5 is dissol
" with Zn metal, how
V2* solution as it ig@x%

» Problem 17. A 0.56 g sample (0T}

d faacid and reduced to V2* by treatment
ole I, could be reduced by the resulting
dto V¥*. At. weight of V =51,

stone is dissolved in acid and the calcium is
precipitated ag?%g oxalate. The precipitate is filtered, washed
with water~a% Ived in dil. H,SO,. The solution required 40 mL
of 0.25N % solution for titration. Calculate percentage of CaOQ
in lime ple.

» Problem 18. How L of aqueous solution of KMnO, containing 158 g/L
m d to complete the conversion of 75.0 g of KI to iodine by

t 10n

o @4 +KI + H,80, — K,SO, + MnSO, + 1, + 6H,0

» Proble (~‘ at is the maximum weight of Cl, obtained by the action of 1 g HCI
n 1 g MnO,.

» Pro 0. 25 mL of 0.017 H,SO; in strongly acidic medium required 16.9 mL

¥ of 0.01 M KMnO, and in neutral medium required 28.6 mL of 0.01M

KMnO, for complete conversion of SO32‘ to SO42'. Assign the

oxidation no. of Mn in the product formed in each case.
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1. See solution ;
3. 248¢g;
5. Set+1e —> Se°
7. 01M, 05N;
9. 7.00%;

11. +3;

13. 0.0172 M;

ISEEI=15;

17. 50%;

19. 04792g;

o

NUMERICAL PHYSICAL CHEMISTRY

Answers

300 mL;

6 equivalents ;
0.6 N ;
0.1226 M;
297¢g;
225g;
0.1339 N M;
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Solution 1.

Solution 2.

Solution 3.

——y

ion 4.

Solution

Mol. weight of reductant or oxidant @S

“red./oxi. " Number of electrons gained or lost
one molecule of reductant or oxid

or valence factor %

Ag,0,

@

(a) g, =m0, (Asy*t —> 4e)

M : T+ @ 2+
(b) Eytnog~=— (Mn"" + Mn*")
MCr,o’- & 3+
() Ecrjop-=—"4 \% 2Cr** + 6e)

(d) Eco2-= S

we D

(e) Erecy0,= 55 (Fe¥'+C," — Fe' +2C% +3¢)

H Ec.;s%% (2Cu** +2¢ —> Cu,")

2Br + @ 2CI" + Br,
or g%—’ Br20 +2e

e — 2CI”
Cl, = Meq. of Br~
2xV=50x%x0.60x1
V=300 mL

@&q. of Na,$,0; = 0.2 x 500 = 100
> =

(Valence factor for Br™! = 1)
(Valence factor for Cl, = 2)

(" Meq. =N x V(in mL))

wt
IYTTN 1000 = 100 (" Meq.= Ewt 1000)
© w
or 248 1000 = 100 (Mol.wt. Na,S,0,.5H,0 = 248)
w=248¢g
H:S —> SO')
or §7 — 8" + 6e

Nitys = Myy,5 % 6
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Solution 5.

Solution 6.

Solution 7.

Solution 8.

Solution 9

NUMERICAL FHYSICAL [ HEMISTRY

Moles N
Equivalent  As
Thus one mole of H,S has 6 equivalent in it.

Se*" + (@ - 4)e —> Se™" §

n=a—4 (where nis val -‘ cejctor)
or ct — ot e

o
Meg. of SeO, = Meq. of CrSO, @%

0.0509 x 1 x 12.53=0.1 x 1 x 25.52
. n=4 Q
a-4=4 %

or a=0 %
Thus redox change is : Se** + 4e ‘—@
N=Mx valence%@
6+

N=0.1x6 S7(Cr,

=6

7+
Also, nO, = Meq. of Mn?*
0.05 x3477=Mx2x25
My 2+=0.1226 M

@ cu*t + e — Cu'*

2 — L, + 2e
28,0, —> S,0¢5 + 2e
Meq. of Cu®* = Meq. of liberated I, = Meq. of Na,S,0;
=12.12x0.1 x 1 =1.212
Ze 1000 = 1.212
M/l

1212x M 1212x636
1000 1000

W2 =0.077 g



Thus oxidation state of Ce i

n7++5§&4
>

'} Solution 12.

%

7++5€

(o

‘»

Solution 3. Megq. of As,0; =

. ® 50,5 > 1000=
\ W

12 + 2e
eq. of MnO,~
10 x N

—> Mn?*

— 2C* + 2¢
= Meq. of MnO,~

5 x 100
225¢g

Meq. of KMnO,

v 01156 1000=M x 5 x 27.08
X = X X
198/4 '
M=0.0172
MMnO4‘ = 0-0172 M
Solution 14. Megq. of SO;*” = Meq. of KMnO,

N x25=34.08 x 0.01964 x 5
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Wey = Weu2+ = 0.077 g
% Cu= L x 100 = 7.00%
°*U= 1100 e @
Solution 10. N;>™ — N,* + 4e @
¢ Cr®t + 3e —o Pt
Meq. of N;H, = Megq. of K,CrO, @ Q
32;’4 1000 l94.2f3 ALOOD @ Qaleme factor)
’]\‘21'.;4 = 2.97 g %
Solution 11. Sn?" —— spt x
ne + Cett — Ce“‘%
Megq. of Ce** = Megq. of
40 x0.5xn=1x2x 1 %Q
n=1
Ce* + e -——>

e ced state is +3.

(A523+ — A5 + 4e)

(Mn7+ +5¢— Mn2+)
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g N=0.1339

01339
=22 _ .0669 @
[

st —— g6t + 2
Ngo,2-=0.1339 N @
s0,-= "5 = 0.0669 M @
Solution 15. 25,0, — §,04* + %Q

2 + I, —> 2I

Also Megq. of I, = Meq. of Na2820®
40

X
w | —
Il
—
Exo
~ | 00
—_—
X
—
(=
(=
o

MN325203 XH20 248 %Q

2x23+2x32+ l6><3+ 18x=2%

: @
N3,S,0;. 5H20 @

Zn "+ 2

V“Jr + 2e

Meq. & f=3)= Meq of V,05 (v.f. = 6)

10
@%’ “ls2/6 < 1000
2
@@ of V¥ (v.f = 2)—,M,, x 1000 x 3

" 2 (vf. = 2) = Meq. of 1,

x6 2
%; 0 1000 g = Meq. of I,

6t Meq. of I, =219.78
19.78
2

10989

1000
Mole of 1, = 0.1098

Solution 16. V,>" + 6e

m Mole of 1, = =109.89

Mole of I, =
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Solution 17. CaCO, + 2H" —— Ca** + CO, + Hy0

Ca®* + C,0,5~ — CaC,0,
CaC,04 + KMnOy, in presence of H;SO, show the followin{

changes:
P _ C,¥* —> 2C% +2¢ @
. N
Mn™" +5¢ —> Mn?*
The above set of reaction shows : @

Meq. of CaO = Meq. of CaC,0, = Meq. 0y,
(Valence factor is two for Ca th e changes)
Ve
—C% 1000 = 40 x 0.25 %

56/2 \@
Wcao = 028 @
2

028
% of Ca0 =~ x 100@59
158 @@
Solution 18. NKMnO4 N Ty i 5.0 @
@\é - M 158
75 % = M 166
Meq. of KI = 451.8 @ —>+2e ~E=""="")
Now Meq. of Meg. of KI

V=451.8

Solution 19. & MnO, + 4HCl —— MnCl, + Cl; + 2H,0

i |

il @ 87 365 = oo M
o =0.011 0.027
® 1 ol 0.027 0027 0027
mole [O. —_4 ] —'—4 —4

Q&
9 0.027

.. Mole of Cl, formed =4

7
wt. of Cl, formed = xT71=0.4792 g
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Solution 20. S04 — SO .
. Valence factor of SO; = 2 @
In acid medium : @
Megq. of SO4%~ = Meq. of MnO,~ %Q
25%0.017x2=16.9 x 0.01 x
n=3:5 @

Mn"* + 5¢ — Mn®* %Q

In neutral medium : ) %
Megq. of SO4%~ = Meq. of MnO, @
25%x0.017x2=28.6 x0.01 xn

: ny=3 @
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>» Problem 1.

» Problem 2.

» Problem 3.

<> Problem 4.

» P'roblem 5.

Selected Problems with Solutions

Calculate the equivalent weight of each oxidant and reductant in;

(a) FeSO,4 + KCIO; —— KCl + Fey(SOy4)3

(b) Na,S03 + NayCrO4 —> NapSO, + Cr(OH @
©) Fe304 + KMnOQy—— F6203 + MnO

(d) KI + K,Cr,07 — Cr** + 31, qﬁo\f

() Mn** —— Mn?* @
) NO; —— N, Q
(8) N;—> NH %

1
(h) Na;S;03+I,—— N 2Nal

(i) FeC04 2

20 mL of 0.2 M MnSO, are complete d by 16 mL of KMnQO4

of unknown normality, each formin%Q xidation state. Find out the
tion

normality and molarity of KMnO, .
An element A in a compoun@as an oxidation no. A", It is

oxidised by Cr,O7 inacid In an experiment 1.68 x 107 mole

of K,Cr,0; was required fot3.2 x 10 mole of the compound ABD.
Calculate new oxidation gfate QfA.

KMnO, oxidizes X"'i X0, itself changing to Mn?* in acid
solution. 2.68 x 10~ f X" requires 1.61 x 10~ mole of MnOj.

What is the value @ so calculate the atomic mass of X, if the weight
0

ofl g equival% 1, is 56.

Mg can red @3 to NH; in basic solution:
NO,4 §) + HyO —— Mg(OH),(s) + OH™ (aq) + NH;(g)

A 25 ple of NO3 solution was treated with Mg. The NH3(g)

ohs in the original sample.

» Problem 8 roxylamine reduces iron IIl according to the equation
e3+ + 2NH,0H — N»O + HyO + 4Fe?* + 4H*. Tron 11 thus produced

&

is estimated by titration with standard KMnQOy solution. The reaction is
MnOj + 5Fe®" + 8H' — Mn?* + 5Fe** + 4H,0. A 10 mL of hydroxyl-
amine solution was diluted to one litre. 50 mL of this diluted solution

was boiled with an excess of Fe’* solution. The resulting solution
required 12 mL of 0.02 M KMnQ, solution for complete oxidation of

Fe . Calculate the weight of NH,OH in one litre of original solution.
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» Problem 7. A solution is containing 2.52 g litre * of a reductant. 25 mL of this
solution required 20 mL of 0.01 M KMnQy in acid medium for oxidation.

Find the mol. wt. of reductant. Given that each of the two atoms w
undergo oxidation per molecule of reductant, suffer an incre

oxidation state by one unit. @
» Problem 8. Two solutions of 0.1 M Cr2O%_(aq) and 0.1 M MnQjy(aq) are @2 d
to titrate Fez+(aq) separately:

(a) With which solution, CryO7 (aq) or MnOjy(aq), wo Spreater
volume of titrant (titrating solution) be required for n solution
of Fez+(aq).

(b) If a given titration requires 24.50 mL of 0.100# %_(aq), how
many mL of 0.100 M MnOjy(aq) would have beeti pgquired if it had

been used instead?

» Problem 9. KMnOQ;, solution is to be standardised by<titre

» Problem 10.

< solution is added to a BaCl, solution .

he acidity, the chromium is completely
g BaCrOy.

mL of 0.0 - standard Fe®' solution for its titration (in acid
solution ate the % of Mn and % of Cr in the steel sample.
Cr=52, Mn =55, Ba=137)

> Problem 11. A 200 ple of a citrus fruit drinks containing ascorbic acid
' ol. wt. 176.13) was acidified with HySO4 and 10 mL of

(vita
0.02%2 was added. Some of the iodine was reduced by the ascorbic

~. The excess of I, required 4.6 mL of 0.01 M Na;S,03 for
& ! : . ! . :
tion. What was the vitamin C content of the drink in mg vitamin
L drink? The reactions are:

N CeHgOg + I —— CeHgOg + 2HI
5H,0 + $,0% + 41— 250, + 81" + 10H"
» Pro . An acid solution of KReO,4 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 KMnQj,. 11.45 mL of the standard KMnO,4 was

required for the reoxidation of all the rhenium (o the perrhenate ion
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» Problem 13.

>» Problem 14.

» Problem 15.

2
» Problem 16.

>» Problem 17.

» Problem 18.
Q&

ReOj. Assuming that rhenium was the only element reduced, what is
the oxidation state to which rhenium was reduced by the zinc colu
2.480 g of KClOj are dissolved in conc. HCI and the solution was b

Chlorine gas evolved in the reaction was then passed through a
of Kl and liberated iodine was titrated with 100 mL of hypo

neutralization. Calculate % purity of KClO3 sample. %%?Q

Gy
WIth\SO, to reduce
N

boiling. The

1 g of moist sample of KCl and KCIO3 was dissolved
250 mL solution, 25 mL of this solution was treated
chlorate to chloride and excess of SO, was re
total chloride was precipitated as silver c 2
precipitate was 0.1435 g. In another experiment,)2§ mL of original
solution was heated with 30 mL of 0.2 M{e 3 ‘-} ate solution and
unreacted ferrous sulphate required 37,5 mbyef 0.08 N solution of an
oxidant for complete-oxidation. Calculate olar ratio of chlorate to

chloride in the given mixture. Fe?* readtswi ClO3 according to equation.

ClO; + 6Fe?t + 6HT —> e> + 3H,0
0.84 g iron ore containing X of iron was taken in a solution
containing all the iron in ferr@s state. The solution required X mL of a

potassium dichromate solg&onfor oxidation of iron content to ferric
otassium dichromate solution.

was reduced suita onvert all the ferric ions into ferrous ions
(Fe3+ —-)Fe2+) obtained as solution. In the absence of any
interferring ragdié: solution required 42 mL of 0.01 M K,Cr,O5 for
titration. Ca Q%;of CuFeS, in sample.

0.2828

wire was dissolved in excess dilute HySO4 and the

ade upto 100 mL. 20 mL of this solution required 30 mL
1707 solution for exact oxidation. Calculate % purity of Fe

nce of crude copper is boiled in H;SO4 till all the copper has
d. The impurities are inert to acid. The SO, liberated in the reaction

C
@assed into 100 mL of 0.4 M acidified KMnOy4. The solution of

>» Problem 20.

nOy4 after passage of SO; is allowed to react with oxalic acid and

requires 23.6 mL of 1.2 M oxalic acid. If the purity of copper is 90%,
what was the weight of sample.

What mass of KyCr,07 is required to produce 5.0 litre CO; at 75°C and

1.07 atm pressure from excess of oxalic acid. Also report the volume of
0.1 N NaOH required to neutralise the CO, evolved.

Calculate the mass of oxalic acid (H,C;04-2H,0) which can be oxidised
to CO3 by 100 ml. of MnOy4 (acidic) solution, 10 mL of which are
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capable of oxidising 50.0 mL of 1.0 M 1™ to I,. Also calculate the weight
of FeC,04 oxidised by same amount of MnQOj.

» Problem 21. The calcium contained in a solution of 1.048 g of a .ubstance-being
analysed was precipitated with 25 mL HyC70y4. The excess of, & '
one fourth of filtrate was back titrated with 5 mL of 0.10251@\04. '
To determine the conc. of HyC504 solution, it was diluted folds and
titration of 25 mL of dilute solution used up 24.1 mL e KMnQy4
solution. Calculate % of Ca in substance.

» Problem 22. 100 mL solution of FeC,0O4 and FeSQy4 is compl
mL of 0.02 M KMnOy in acid medium. The r i
reduced by Zn and dil. HCL. The reduced

completely by 40 mL of 0.02 M KM%K
FeC,04 and FeSOy4 in mixture.

oXidized by 60
solution is then
again oxidized
culate normality of

» Problem 23. 25 mL of a solution containing Fe** and P&’ sulphate acidified with
H350, is reduced by 3 g of metalli % he solution required 34.25
mL of N/10 solution of K5Cry,O @dadon. Before reduction with
zinc, 25 mL of the same solutio ired 22.45 mL of same K,Cr,0,
solution. Calculate the strengtll of €S04 and Fe(SOy)3 in solution.

» Problem 24. A sample of ferrous sulphal
H;S04. The complete oxi

N/15 KMnQy. After t
Zn and HySO4. O

an{l ferrous oxalate was dissolved in dil.
of reaction mixture required 40 mL of
tion, the reaction mixture was reduced by
oxidation by same KMnOy, 25 mL were
atio of Fe in ferrous sulphate and oxalate.

required . Calcufg\%\\fg
» Problem 25. A solution co ixture of HSO4 and H,C,04. 25 mL of this
€S

solution req 35’5 mL of N/10 NaOH for neutralization and 23.45
mL of N/ 4 for oxidation. Calculate:

(iy No of H,C,0, and H,S0,,

¢ miolecular weight of HyC04 = 126

» Problem 26;, A{compound is known to be hydrated double salt of potassium oxalate
xalic acid of the type aKyCy04. bH7C704. cH70, where a, b and
(@' ¢ unknown. When 1.613 g of this compound is dissolved in water
‘ d solution made upto 250 mL, it is found that 25.0 mL of this solution
is neutralised by 19.05 mL of 0.1 N alkali and reduces 25.40 mL of 0.1

N KMnO, solution. What is the formula of the salt?

> P 27. 30 mL of a solution containing 9.15 g/litre of an oxalate
Ky Hy (C204)znH;0 are required for titrating 27 mL of 0.12 N NaOH
and 36 mL of 0.12N KMnQj separately. Calculate X, Y, Z and n. Assume
all H atoms are replaceable and X, Y,Z are in the simple ratio of g

aloms
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» Problem 28.

» Problem 29.

» P'roblem 30.

«» Problem 31.

» Problem 32.

'> Prob

On ignition, Rochelle salt NaKC4H40g-4H;0 (mol. wt. 282) is con-
verted into NaKCO3 (mol. wt. 122). 0.9546 g sample of the Rachelle
salt on ignition gives NaKCO3 which is titrated with 41.72 mL Hy$6y

From the following data, find the percentage purity of the Roche
The solution after neutralisation requires 1.91 mL of 0.1297 %l

The H;SO4 used for the neutralisation requires its 10.27 against
10.35 mL of 0.1297 N'NaOH.

25 mL of a solution of ferric alum Fey(SOy4)3 (N 24H,0
containing 1.25 g of the salt was boiled with iron reaction
Fe + Fe;(S04)3 — 3FeSO4 occurred. The unreacted i s filtered off

and solution treated with 0.107N KMnQO, in acidauéc
value? If Cu had been used in place of Fe, w?i

value?

A 2.5 g sample containing AsyOs, N Nband inert substance is
dissolved in water and the pH is adjus neutral with excess of
NaHCOs. The solution is titrated with/0? I, solution, requiring 11.3
mL to just reach the end point, th r%ution is acidified with HCI,
KI is added and the liberated i equires 41.2 mL of 0.015 M

. o n 72—
NajS,03 under basic condm@ e it converts to SOy . Calculate

~What is titre
have been titre

12 g mL™! and 4% weight, needed to produce 1.78 litre of
Cl, at STP by the r¢

MnO; + MnCl; + 2H,0 + Cly

Chile salt peter, of NaNOj also contains NalO3. The NalO; can
be used as a %)f iodine, produced in the following reactions.

per cent composition of mi
Calculate the weight of %@1 the volume of HCI of specific gravity

3 +3HSO; — I” + 3H" + 350" ()
@@2+ 103 + 6H" — 3L, + 3H,0 Q)
Chile salt peter solution containing 5.80 g NalOs is treated
ichiometric quantity of NaHSO3. Now an additional amount of

lution is added to reaction mixture to bring about the second
jon. How many grams of NaHSOj5 are required in step I and what

tional volume of chile salt peter must be added in step II to bring in
omplete conversion of I to I,?

(@) CuSOy4reacts with KI in acidic medium to liberate I,

2CuSO, + 4KI—— Cu,l, + 2K,S0, +1,
(b) Mercuric per iodate Hgs5(10g), reacts with a mixture of KI and HCI
following the equation:
Hgs(10g), + 34K1 + 24HC1 — 5K, Hgl, + 81, + 24KC1 + 12H,0
(¢) The liberated iodine is titrated against Na;S,O3 solution. One mL
ol which is equivalent to 0.0499 g of CuSO45H,0. What volume
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in inL of Na3S;03 solution will be required to react with I liberated
from 0.7245 g of Hgs5(10¢);? M. wt. of Hgs(I0¢), = 1448.
M. wt. of CuSO4:5H,0 =249.5.
» Problem 34. Calculate the amount of SeO;_ in solution on the basis of follo
20 mL of M/60 solution of KBrO, was added to a definit¢vo
Seog_ solution. The bromine evolved was removed iling and /.
excess of KBrO; was back titrated with 5.1 mL of ‘@%@lution of
NaAsO,. The reactions are given below: @

(a) Se0%™+ BrO3 + H* — SeO;™ + Bry
(b)  BrOj+AsO; + HyO— Br + ASO%
>» Problem 35. A mixture containing AsyO3 and As;O§ reguired 20.10 mL of

0.05N iodine for titration. The resulting s
of KI was added. The liberated io
(Na3S,03-5H,0) for complete reactio

reactions are: S
As;03+ 21, + 2H,0 %5 +4HY + 4

As,Os + 4H' + 4" 403 + 21, + 2H,0
>» Problem 36. In a quality control analysis for ur impurity 5.6 g steel sample was
burnt in a stream of oxy sulphur was converted into SO, gas.
The SO, was then oxidk %ulphate by using H,O; solution to which

has been added 30 4 M NaOrl. The equation for the reaction
is:

= I
+ ZOH(aq.) == SO4(aq_) + 2H20(])
Cl1 was required to neutralize the base remaining

e

<
7

» Problem 37. 0.108 g o ly divided copper was treated with an excess ofi ferric
n until copper was completely dissolved. The solution
after tion of excess dilute sulphuric acid required 33.7 mL of
04 for complete oxidation. Find the equation which repre-

¢ reaction between metallic copper and ferric sulphate solution.

> Problem 3 “ 49 g of a sample of pure BaCO3 and impure CaCOj3 containing some

0a0 was treated with dil HCI and it evolved 168 mL of CO, at NTP.

& From this solution BaCrO4 was precipitated, filtered and washed. The
dry precipitate was dissolved in dilute HySO4 and diluted to 100 mL.
10 mL of this solution when treated with KI solution liberated iodine
which required exactly 20 mL of 0.05 N Na,;S,0;. Calculate percentage
of CaO in the sample.

> Problem 39. A 10 g mixture of CupS and CuS was treated with 200 mL of
0.75 M MnOj in acid solution producing SO, Cu®* and Mn?*. The
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SO, was boiled off and the excess of MnO4 was titrated with 175 mL

of 1 M Fe®* solution. Calculate % of Cus in original mixture.

>» Problem 40. For estimating ozone in the air, a certain volume of air is passed t
an acidified or neutral KI solution when oxygen is evolved a
is oxidised to give iodine. When such a solution is acidified, ne
is evolved which can be titrated with standard Na;S,03 solutien))In an
experiment 10 litre of air at 1 atm and 27°C were pas%%%fzugh an
alkaline KI solution, at the end, the iodine entrapped ution on
titration as above required 1.5 mL of 0.01N Na;S,0 . Calculate

volume % of O3 in sample. @
» Problem 41. A forensic chemist needed to determine the concentration of HCN in the
blood of a suspected homicide victim and \' ‘
sample of the blood with iodine, using t
HCN(yg) + 13— ICNy) ()
A diluted blood sample of volume L was titrated to the

stoichiometric point with 5.21 mL o Qsolution. The molarity of I3

in the solution was determined by\tiffajing it against arsenic (III) oxide,
which in solution forms arsenio d;H3As0;. It was found that 10.42
eded to reach the stoichiometric point
H3As03 in the reaction.

mL of the tri-iodide solution ’

H3As030aq) + 3aq)t §—> H3As04a) + 3lag) + 2Hag)
(a) What is the no of 0.1185 M tri-iodide ions in the initial
solution?

(b) What is t concentration of 0.0412 M HCN in the blood

sample?
» Problem 42. A mixture @ases. HjS and SO, is passed through three beakers

e first beaker contains Pb%* ions, which absorbs all
’bS. The second beaker contains 25 mL of 0.0396 N I,

r. The sohition from first absorber was made acidic and treated

20 mL of 0.0066 M KyCr;04, which converied S 1o SO;. The

cess dichromate was reacted with solid KI and the liberated iodine

QEequinad 7.45 mL of 0.0345 N NajS;03 solution. The solution in the

second and third absorbers were combined and the resultant iodide was
treated with 2.44 mL of the same solution of thiosulphate. Calculate the

concentrations of SOy and H,S in mg/litre of the sample.

lem 43. A 0.141 g sample of phosphorus containing compound was digested in
a mixture of HNO; and H;SO4 which resulted in formation of
CO», H,0 and H41PO4. Additicn of ammonium molybdate yielded a solid
having the composition (NH4)3PO4 12M005. The precipitate was fil-
tered, washed and dissolved in 50.0 ml. of 0.20 M NaOH.
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(NH,)3PO4-12M00s5) + 260H” —— HPO,™ + 12Mo0?”

+ 14H0 + 3NHj
After boiling the solution to remove the NHs, the excess of NaOH@

titrated with 14.1 mL of 0.174 M HCI. Calculate the percen
phosphorus in the sample. @
» Problem 44. 1 g of a sample of NaOH was dissolved in 50 mL 0.33
solution of KMnOy and refluxed till all the cyanide was ¢ erted into

OCN'". The reaction mixture was cooled and its 5m uon was

acidified by addmg H,S0; in excess and then titrated t int against

19.0 mL of 0.1 M FeSOy solution. Calculate % puri CN sample.
&

<

&

N

&
@@@
N
S
D
%
&
XY
§%



"

(]

Repox TITHATIONS 291

Answers

b

2.
4.
6.

8.

26.
28.
30.
31.
32.
34.
36.
38.
40.
42,
43.

. 506g ;

%
. (i) HyCy04=0.0938 N, HySO4= 0.

(@) 152, 2042, (b) 63, 54, (c) 232, 5267, (d) 166, 49, (¢) 27.5,
(H 12.4, (g) 4.67, (h) 158, 127, (i) 48 ;.

05N, 0.16TM ; 3.3-n; @
2, 97 : 5. 0.1716 ; @
39.6 g/litre ; 7. 126 ; %Q
(a) See solution, (b) 29.4 mL ; 9. 0085 N, 0.017 M :
. Cr=2.821%, Mn=1496% ; 11. 0.058 mg/mL ;
+3 13. 82.32% ; Q
; % % : 15. 7.35 gllitre ; %
. 92.48% ; 17. 9% ;

K,Cry07=9.18g, V=3.746litre ; %

. H,CyO4=315g. FeCy04=24¢g
. 1494% ; 22. F 20.03 N, FeSO4=0.03N ;
. FeSO4=13.64 g/litre, Fey(S504)3 =9.45 g¢li

59

(i) HyCa04=5.909 g/litre, H,S 2 g/litre

K2C204'3H2C204-4H20 3 . X=1,Y=3, Z=2, n=2 ;
76.87% ; 29. 36.36 mL, 24.24 mL ;
Na;HAsO3=11.53%, As 7%, inert material = 84.9%

HCl =241.7 mL , Mn 4g,

9.14 g, 200 mL ; 33. 40 mL ;

0084g : @ 35. 0249 g ;

0.1875% ; 37. See solution ;
39. 57.94% ;

14.09% ; %) !
1.847 x 10'@ 41. (a) 0.1185, (b) 0412
S50, =0.72 ,  HsS =0.125 mg/litre ;
6.4%. § 44. 93%
Q\

Q
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Problems for self Assessment

I. Find out the equivalent of the species written below tuking their molecul:
as M.

(1) Na,CrO, in N1,SO, + Na,CrO, — Na,SO, + Cr(OH); @
(b) As,S; in As,Sy+ lONO; + 4H" —— 10NO, + 2A50§%b+ 2
(¢) 1,PO; in H,PO; —— H;PO, + PH, @

(d) MnO,; in Mn02—O—H—> MnO, + Q

(e) KHGC,0, in KHC,0, + KOH — K,C,0

() SO, in SO, +H,S—— 3S +

(g) CO, in C+0,—C

(h) SO, in 580, + 2KMnO, + 2H,0 — 2MnSO, + 2H,50,
(i) Cu,S in Cu,S + KMnO, L4 SO, + Mn*

() BIO; in B10; + 6H" + 6e +3H,0

2. 1t 10 gof V505 is dissolved in acid and is to V¥ by zinc metal, how many
moles of 1, could be reduced by the regultiyg-solution if it is further oxidised to
VO™ ions? (V=51. O=16. 1= (7).

3. 30 mL of an acidified solution 1. 4 ions, 15 mL of 0.5 N oxalic acid and #
IS5 mL of 0.4 N ferrous salt s are added together. Find the molarities of
MnO; and Fe™* ions in the fj tion?

4. 0518 g sample of Iimesl@solved and then Ca is precipitated as CaC,0;,.
After filtering and wa the precipitate, it requires 40 mL of 0.25N KMnO,
solution to equivalen int. What is percentage of CaO in limestone?

5. What volume ofRH % is needed to reduce 125 g of MoO; to metal?

6. What weight o%hlsile containing 89.21% of MnO, will oxidize the same
amount ofoxa@@d as 37.12 mL of KMnO, solution of which 1.0 mL will liberate
00175 g m KI?

7. 9824 4(NH4)»,SO,4-xH,O were dissolved in 250 mL of solution. 20 mL
of lhison required 20 mL of KMnO, containing 3.52 g of 90% by weight
K dissolved per litre. Calculate value of x.

8. ient amount of H,S gas-is passed through 5 mL solution of tincture of iodine .

nvert its all iodine into iodide ion. The sulphur precipitated is filtered off and
v solution is made upto [ litre and acidified with HCI. 250 mL of this solution
requires 28 ml. of 0.05 N Ce™*™ for the conversion of entire I” into ICl only. 2 ml
of same sample of tincture of iodine gave 0.0313 g of yellow precipitate in another
experiment when treated with AgNO, solution. What weight per cent of iodine is

present i the form ol odhine. Clincture of iodine contains 1 i 1 both).
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9. 9.55 g of a sample of bleaching powder was extracted with water and the solution
was made up to one litre. 25 mL of this solution was added to 50 mL solutio@

keSO, having 5.6 g Fe?* ions per litre and acidified with dilute H,SO,. Afte
completion of the reaction, 29.9 mL of 0.IN KMnO, were needed to oxid'
excess of Fe?* jons. Calculate % of available Cl, in bleaching powder.

10. Hydrogen peroxide is rapidly reduced by Sn?*, the products being S H,0.

lHydrogen peroxide decomposed slowly at room temperatu produce
0, and H,0. Calculate the volume of O, produced at 20°C and pressure
when 100 g of 10% by mass of H,O, in water is treated wij Lof 20 M

Sn*" and then the mixture is allowed to stand until no furth on takes place.

1. Inacidic solution, 105 reacts with 1 to form 1,. What will | concentration
ol 104, I and 1, in a solution prepared by mixing 64. 107~ M KIO; with
15,2 ml of 6 x 107> M KI?

12.  Calculate the mass of oxalic acid, H,C,04-2H, wth can be oxidised to CO,

by 100 ml. of an MnO, solution, 10 mL of wl% pable of oxidising 50.0 mL
ot LOONT to 1,

13. A compound on analysis gave 734%)Pb and 3.2% H,0. 0.235 g of the substance
when treated with an exegs
equivalent to 25 mL of N/ 33,0 solution. On igniting the substance a residue
ind. Calculate the per cent of Cr in the compound.

of PhO and Cr,yO4 wa
The compound was | in water but on digestion with Na,SO, solution gave

DT

strongly alkaline w coloured solution with white precipitate. Derive the
formula of co

14. 5 g of acop y was dissolved in one litre of dil. H,SO4. 20 mL of this
snlulio%w ated iodometrically and it required 20 mL of hypo solution. 20 mL

require . of the same hypo solution. Calculate the % purity of copper in the
allo

of Kz(‘ng% ich contained 2.4 gflitre in presence of H,SO, and excess of KI,

n of Na,$,0; is to be standardised by titrating against iodine liberated
standard K1O; solution. The later is made up by dissolving 2.03 g of KIO,

ater and making up to 250 mL. 10.0 mL of this solution are then mixed with
cess Kl solution and the following reaction occurs:

10, + 51"+ 6H" —— 31, + 3H,0
Phe 1ewlting iodine is titrated with the Na,S,04 solution according to:
I, +28,0% —— 21" + 8,0
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and it is found that 24.4 mL are needed. What is the molarity of the Na,S,04

solution?
16. Iodic acid reacts with an aqueous solution of sulphur dioxide according @

reaction:

20 mL of a solution of iodic acid of unknown normality was allowed to witl . &
an excess of an aqueous solution of SO,. The excess of SO, and rmed were
removed by heating the solution. For the remaining solution 35! of 0.16 N
sodium hydroxide was used for neutralisation. Calculate th t of HIO,

present in one litre of the solution.

17. 0.1 g sample of chromite was fused with excess of Na,O, %%gm into solution

according to reaction:
alt

The solution was acidified with dil. HCI and 1. (M. wt. 392) added.
The excess of Fe2+’required 24 mL of 0.05 N r or titration, What is % of

Cr in sample?
18. A 1.0 g sample of KCIO; was heated ch condition that a part of it

deconiposed according to equation: Q)J

2KCIO3 —> 30,
and the remaining underwent ange according to the equation .
4KClO; — 3KCIO4 + KCl. If the of oxygen evolved was 146.8 mL at STP,
calculate the % by weight of K residue.

19. One litre of O, at STP was p = rough an ozonizer when the resulting volume

was 888 mL at STP. This quanufy of ozonized oxygen was passed through excess
{0 weight of 1, liberated.

f 85% pure phosphine, PH; and 0.110 kg of
ar mass 249.68 g/mol) is placed in a reaction vessel.

1% yield were produced in the reaction.

in? out the limiting reagent.
21. alum K,SO, Cr,(SO,4);24H,0 is prepared by passing SO, gas througt <
ueous solutior of K,Cr,0; acidificd with dilute sulphuric acid till the

uction is complete. The alum 15 crystallised followed by filteration/centrifuga-
tion. If only 90% of the alum cun be recovered from the above process. how much
alum can be prepared from 10 kg of K,Cr(),. How many mole of clectrons supplied

by 802 for reducing one mole ol K',(‘l'z()—,.
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22.

23.

24.

25,

Oxygen, potassium chromate and Cr,O5 are obtained by decomposing K,Cr,0,.
Oxygen evolved reacted completely with 20.4 g of chromium. CrO; was obtyined

when  potassium  chromate is treated with conc. H,80,. How
CrO, and Cr,0, are obtained assuming the oxygen evolved is measure
For complete oxidation of 60 mL of a ferrous sulphate solution wit
acid medium, the volume of 0.01 M KMnO, required was 12 %Q would
have the volume of 0.01 M K,Cr,0; required for the same oxi

oxidation. What is the percentage of each in the mixture 2Redctions involved are:
2KMnOy + 8H,S0, + 10KI —— 6K,S0, + 2MiSO3

KzCr207 + 6KI + 7H,SO4 — 4K2$O4 4 7H,0 + 31, ~
I + 2NaS,03 —— 2Nal
O, liberated during decomposition of KMnOy, an sured at STP. was all used

for converting MnO, to K,MnQ, in basic m@?z?ﬂnd the masses of KMnO,
decomposed and K,MnO, produced, if 50 OH solution having a density

of 1.2 glcc containing 22% by mass is used for above conversion.
[Mn =55, K =39]

MnQOy4 + Oz + MnO3
K2MnO4 + H20
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Answers
. @) M/3, (b) M/10, (c) M/2, () M/3, () M/1, () M/4, @
() M/4. (hy M/2, (i) M/8, (j) M/6 ;
2. 0.11 mole 1y : 3. [Fe*)=0.1 M, [MnOj]=0.
4. 54.05% ; 5. 583 litre ; -
6. 02494 g ; 7.6 ; %Q
8. 88.2% 9. 29.89% @
10. 2.33 litre ; 11. 226x 107* M, 0, 107°M ;
12. 315 g; © 13, PbCrO4-Pb(OH) %
14. 2% ; 15. 0.093 M ; %
16. 10 g lire™ 17. 32.24%

2

18. 49.83% : 19. 254 ¢ ;\I
20. (a) 3CuSO, - 5Hy0() + 2PH3 — CuaPy(sy + 3 \% 200

(b) 233 g, (c) PHy : S
21. 30.55 kg, 6 N electrons ; 22, 0@.98 g, Cr0,=3923g;

23 10 mL 24. 43.65%)) 56.35%
25. 18.62 g KMnOy, 23.22 g KoMnOg4

O o
&

S

&
RP
S
>

Q
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Electroéhe%y

Chapter at a Glance §
9

Faraday’s laws of electrolysis %
1. w=Zxixt @

where w is amount discharged or deposited durj Sage of i ampere current
for ¢ second.

2 % = constant %Q
Nernst equation for electrode potential %
[0.5.]

o 0.030
3. Eop=Eobp -, logn [RS] @

o g 0.059 [0.S.] @
4. Epp=E%p + . logjo RS ;

Eqp and Epp are oxidation a ion electrode potentials respectively. Eyp

and ERp are standard oxid reduction potentials respectively. [0.S.] is

concentration of oxidise% d [R.S.] is concentration of reduced state.
Eop=— Egp

. E3p=-Eqp @
« Ecey=Eop + ERP

one showing oxidation and E%p and Egp of other showing

o N

> 0.059
r n

K is equilibrium constant.
. AH =nF [T(3E/8T)p - E]

logip K

AH is heat of reaction and (25] temperature coefficient of e.m.f. of cell.
}-
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The Basic Problems with Solution

» Problem 2. How much electricity in terms of Faraday is required to pr
(a) 20.0 g of Ca from molten CaCl,;
(b) 40.0 g of Al from molten Al,O5.

» Problem 3. How much electricity is required in coulomb for the
(a) 1 mole of H,O to O,; (b) 1 mole of Fed

» Problem 4. Calculate the number of electrons lost or gained d
(a) 2g Br ions, (b) 1g Cu®* ions.

» Problem 5. A metal wire carries a current of 4 ampere.

» Problem 1. Write equations for the electrolysis of CaH, in fused state. §§ z

» Problem 6. Calculate current strength in ampere r&q

hrs. At. wt. of Zn = 65. N

» Problem 7. How many hour are required for a @)f 3.0 ampere to decompose
18 g water.

» Problem 8. Calculate the Avogadro’s nu sing the charge on the electron
1.60 x 107'% C and the fact t@%O C deposits 107.9 g silver from
its solution.

» Problem 9. Three electrolytic cells
and CuSOy, respecti
1.5 ampere was p

containing solution of ZnSO,4, AgNO;
connected in series. 4 steady current of
ough them until 1.45 g of silver deposited
. How long did the current flow? What mass

at the cathode
of copper and were deposited?
» Problem 10. Calculate t% e of gases liberated at anode and cathode at NTP

from the sis of Na,S0Oy4(aq.) solution by a current of 2 ampere
passe inute.

» Problem 11. A sol Ni(NOjs), is electrolysed between platinum electrodes
usi rent of 5 ampere for 20 minute. What mass of Ni is deposited

ode?
» Problem 12 ent of 3.7 ampere is passed for 6 hrs. between Ni electrodes in
m itre of 2 M solution of Ni(NO;),. What will be the molarity of
ution at the end of electrolysis?

» Probl > A 100 watt, 110 volt incandescent lamp is connected in series with an
electrolytic cell containing CdSO, solution. What weight of Cd will. -
be deposited by current flowing for 10 hr.? At.wt. of Cd = 112.4

> ‘m 14. Calculate the volume of Cl, at 27°C and 2 atm produced during
electrolysis of MgCl, which produces 6.50 g Mg.
(At. wt. of Mg = 24.3)

» Problem 15. A metal is known (o form {luoride MF,. When 10 ampere electricity
is passed through a molten salt for 330 sec, 1.95 g metal is deposited.
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Find out the atomic weight of metal. What will be the quantity of
charge required to deposit the same mass of Cu from CuSOy (,q).

(At. wt. of Cu=63.6)
» Problem 16. Same quantity of charge is being used to liberate iodine (at ax; odey

and a metal M (at cathode). The mass of metal M liberated iS¢ g
and the liberated iodine is completely reduced by 46.3 mL 6§0124 M
sodium thio-sulphate. Calculate equivalent weight - Also

t passed

calculate the total time to bring this change if 10 ampe@

through solution of metal iodide.
» Problem 17. A current of 2.0 ampere is passed for 5.0 hour %i a molten tin
f tin in salt.

NS

Atomic wt. of Sn =118.69 g.

» Problem 18. Calculate the number of kw-h of electrici
1.0 metric ton (1000 kg) of aluminiumb
operating at 15.0 V.

» Problem 19. How long a current of 3 ampere @cﬁa ssed through a solution of

eegssary to produce
all process in a cell

AgNO; to coat a metal surface 2 with a thickness of 0.005

mm? Density of Agis 10.5¢g :
» Problem 20. Write the nernst equation % of the following cells at 298 K :

(a) Mg(s) | Mg?* (0.001 2 (0.0001 M) | Cu(s)

(b) Fe(s) | Fe* (0.00, " (1 M)| Hy(g) (1 bar) | Pt(s)

(c) Sn(s) | Sn** (0. | H" (0.020 M) | Hy(g) (1 bar) | Pt(s)

(d) Pt(s) | Bry() ((B¥(©010 M) | H*(0.030 M) | Hy(g)(I bar) | Pt(s)
Given : E°qpMET236V, E°qpCu=-0.34V, E°pFe=0.44V,

E° 0.14 V and E°qyp Br, =— 1.09 V respectively.
>» Problem 21. Calculatg%ﬂ of half cells given below :

' H,SO,
(@ amjo.o2m  EFop=OV
N Fe|FeSO,
\ = E°op =044V
2 Pla, | B2 =136V
©  10atmlo02 s op =-1.
> 22. Forthe cell :
Zn2+ Cu2+
ugq. ugq.
Zn | 2m | CY

Calculate the values for ;
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(a) cell reaction,

(b) Eoccll ’

() Ecell

(d) the minimum concentration of Cu®* at which cell rea
spontaneous if In*is1 M, @

(e) does the displacement of Cu™ goes almost to com ion.Q .

Given : EORPCu2+/Cu =+035V @

molarity of acids :

E°ppy 24, == 076V
» Problem 23. Calculate the pH of the following half cells sol @@ d also the
H,50, @5

Pty,
@ E =00

Pty [HCI %7 i
(b) 1 atm b%

» Problem 24. The e.m.f. of a cell conespo@ the reaction :
Zn(s) + 2H'(aq) ‘Q& +  Hyg)
% AM) (1 atm) .
is 0.28 V at 25°C an%ﬂ g+ =076V,

(i) Write half c@ons.

(ii) Calculate % e solution at H electrode. :
» Problem 25. The e.m.f. M| M"™ (0.02 M) || H' (1M) Hy ) (1 atm) Pt at

25°C is alculate the valence of metal if E°.un+ = 0.76 V.
» Problem 26. The ¢ ell Ag | Agle), 0.05 M KT || 0.05 M AgNO; | Ag is
0.78 culate solubility product of Agl. :
» Problem 27, E° e oxidants are given as :
& I, +2e — 2I° E°=+054V
% n0,” + 8H* + 56 — Mn> + 4H,0 E°=+152V
N Fe** + e — Fe?* E°=+0.77V
sn** + 2¢ — Sn** E°=+0.1V

(a) Select the strongest reductant and oxidant in these.
(b) Select the weakest reductant and oxidant in these.
(c) Select the spontaneous reaction from the changes given below :

(i) Sn** + 2Fe?* —— sn** + 2Fe

(ii) 2Fe?* + 1, — 2Fe + 21°
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» Problem 28.

» Problem 29.

»- Problem 30.

Q<

©

Q

©
$
QS
XS
<
P
S

(iii) sn** + 217 — sn?* + 1,
(iv) Sn?t + I, — sn** + 21”
Given the standard electrode potentials;

<

K'/K=-293V, Ag'/Ag=0.80YV, Hg2+/H@®’9

Mg*'/Mg=-237V, Cr*/Cr=-0.74V.

Arrange these metals in their increasing order of r ingpower.
Two metals 4 and B have E°gp = +0.76 V and -0 respectively.
Which will liberate H, from H,S0,? Q

Calculate the standard cell potentials of gal@ cg]l in which the

following reactions take place :
(Given E°qp Cr, Cd, Fe**, Ag are 0. V, - 0.77 V and
~0.80 V respectively)
2 .
(8) 2Cry + 3Cd ¥, — 2%@) + 3Cd

. .
() Fe''(aq) + Agaq) ‘_’@j?q.) * Agy
Calculate the A,G° and equili constant of the reactions.
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Answers

1. See solution; 2. (@IlF (b)4.44F; @
3. (@)2F (b)1F; @

4. (a)l1.51x 102 electrons lost, (b) 1.89 x 10?2 electrons gained; @ 8
5. 2.5 x 10" electrons; 6. 4.12 ampere; %Q

7. 17.87 hr; 8. 6.03 x 102 electr @

9.

14.4 minute, Zn = 0.437 g, Cu = 0.427 g;

10.  0.0696 litre O,, 0.139 litre Hy; 11. 1.825g; %
12. 2M; 13. 1906¢g; %
14.  3.29 litre; 15. 5917.4@&
16. 107.47,55.4 second; , 17. +2; @

18. 447x10%kw-h; . 19.  12509-sec.;

20. (a)2.67V, (b)0.53V, (c)0.08V, (d)—l.%

21.  (a) +0.100 V, (b) +0.4506 V, (c)-1.49
22.  (a) See solution, (b) 1.1 V, (c) 1.109
23. (a) pH =0.8475,0.071 M, (b) pH
24. pH=8635;

26. 1.10 x 1076

27. (a) Strongest reductant = @akest oxidant = Sn**,

513 x 10738 (e) yes;
, 0.020 M,
2

(b) Strongest oxidant = > weakest reductant = Mn?*,
(c) (i) non-spontaneo (ii) non-spontaneous,
(iii) non-spontan (iv) spontaneous;
28. Ag<Hg<Cr< - 29. B will liberate H, from H,SO,;
30. (a)3.17x 10° 22

S

&
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Solutions

Sotution 2.

Sohtion N,

Al anode :

(n)

(A1

(]

(h)

or

or

(n)

S

or

At cathode : Ca®* +2e — Ca; ®§

2H —— H,+2e @

t
(w/E) Eq. of Ca= L

96500
(Ca®* +2¢ > Ca) - Eq. Ca
20 it %
40/2 96500
ir=1%96500 = 1@
liq. of Al A
A- 0T AT 96500 @
(6 + Al —> . Eq.wt. of Al = 52

2

' + 4@ + 02 -.- EH20=

]

96500
i.t=96500x2C=2F

it

Eq. of FeO = 96500

[2Fe? —— Fe,”" + 2¢ . Egoo= Meo)

Valence factor for FeQ =1
[ bt
96500
Lt=96500C=1F
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2

Solution 4. (a) Eq. of Br used = 8% for 2Br —— Br, + 2¢
1 eq. of an element involve = 1 Faraday charge @

=6.023 x 10% electrons @

- 23

2 - - _ 6.023%x10% x2 @

50 9 of Br™ involve = i i
= 1.51 x 102 electro >

(b) Similarly, calculate for ~ Cu®* + 2e

No. of electrons gained = 1.89 x 1022

Solution 5. Total charge passed in 1 sec. =4 x 1 =4 coul v O=i X))
1 Faraday or 96500 C current carried x 103 electrons
\ 6.023x 10% x4
4 coulomb current cal e ——
96500

%Q - 2.5 x 10" electrons
. E.it. 9650 Z  Zn*' + 2e—2Zn
Solution 6. "+ w ~ 96500 T L. 2 SE= At wt. _ 65

2 2

9650010 x
LT 65%x2x60

Solution 7. H, + %20,

.12 ampere

2H' + 2¢e—H,

0 —10, + 2

: 18 3xt
\ 18/2 T 96500
t=64333.3 sec = 1072.2 minute = 17.87 hr
Soluti ¥+ 96500 coulomb deposits 107.9 g Agor Eg Agor 4 g Ag, where E

and A4 are equivalent weight and atomic weight of Ag respectively.
E = A because Ag is monovalent. Thus 96500 coulomb charge means
charge on N electrons where N in Av. no.

Thus N x ¢=96500

96500

= — x 23 ‘l
N 160x10-" 6.03 x 10~ clectrons
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: - 108
Solutlon 9. (Ag' +e —>Ag . Ey, =‘T‘)
it
Eq. of Zn =Eq. of Cu=Eq. ong—-9—65T0 ®®
145 15x¢ @
o 108/1 96500

t = 864 sec = 14.4 min

@%@

n 65
(70 + 2e > 7/n . E, =
w 15%x864
—— =
Nuw Ty ol Zn k96500 é%
65x0.013
W = g
(Cut 12 B = @
Also  Bq. of Cu=0.01 Q)
34\% 63.6
Weu = =0427 g
Solutlon 10, At cothode : —> H,+20H"
N At nnode : BJO —— 4H +4e+0,
3
Al unml&@ ® A= 8
@ _ ki 32x2x10x60 — 0.0995
T 96500 4x96500 &
% 0.0995x224 )
At % Volume of O, = T =0.0696 litre
Eit  2x2x10x60
uly al eathodew, = 96500 ~  2x96500 =0.0124 g
\ { 00124 x22.4 .
tNTP: Volume of Hy= ————— =0.139 litre
Q rA
_ ..w it S5x20x 60
v 11 I of Nideposited — = ————=——"—-== =0.0622
£ 90300 yoduu

or

wy; = 0.0622 x 58.71/2 =1.825 g

(Ni2+

+2e —— Ni)
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Solution 12. The electrolysis of Ni(NO;), in presence of Ni electrode will bring in

following changes:
At anode : Ni — Ni?"+2e
Atcathode : - Ni?*+2e —— Ni

Eq. of Ni** formed = Eq. of Ni** lost @
d

Thus, there will be no change in conc. of Ni(NO;), soluti ing

9

electrolysis i.e., &y
It will remain 2 M. @

Watt 100 Q
Solution 13. Current Strength =——— = —— = 0.909 4f .) -

Volt 110
_ 1124
Given, r=10 x 60 x 60 sec., Ecq =" 2e —> Cd)
_E.it. Q&
¥ = 96500
Q
112.4 40 10 x 60 x 60

2& 96500

Solution 14. Atcathode: Mg®" +2¢ g
- At anode : 2 Cl, +2e
* Equivalent of Mg f t cathode = Equivalent of Cl, formed at
Wei,
355
1899 g
w
m
18.99
2x V= 7 0.0821 x 300
O - Volume of Cl, = 3.29 litre
%g : it iy L
Solution 1 b Eq. of metal = 96500 (i =10 ampere, t =330 sec.)
195 10x330
E 96500
Ememl 5 57.0
At. wt. of metal = 57.0 x 2 (metal is bivalent as salt is MF,)
=114.0

Also, if we, = 1.95 g, then
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it
Eq. of Cu= 96500
195 it @
X 636/2 96500 @
it =Q =5917.45 coulomb @
- »
Solution 16. Eq. of metal = Eq. of iodine = Eq. ofhyp(®;' QO

0617 463
£ 000 <0124 %1 <%

E=107.47
10x¢
Also, e
YOoouw
Solutlon 17 Eq. of tin= 7
22 &,
() 5
3
Vulm@ =
[l Sn?! % 3
Solution 18, %’* + 3¢ —> Al
E i? w it
% a-of Al o = 56500
1000 x 10° x 96500
o é; 1= E, =27/3
\ 1 e [Eal ]
@@7 i.t=107.22 x 10 ampere-sec or coulomb
& E=Coulomb x volt=107.22 x 10® x 15.0 = 1.61 x 10" J-sec
a or E=1.61 x 10" watt-sec
161x10" 1
T T 3600 KW

4.47 x 10* kw-h
Solutlon 19, Given, 1 3 ampere

Also Volume covered by Ag = 80 x 0.005 x 10”' ¢cm® = 0.04 cm?

"M
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Weight of Agused=0.04 x 10.5 g

E. l z.
WAz~ 96500

108 x3x¢ @
0.04x 10.5=—0 == @

£ = 125.09 sec. %%

Solution 20. (a) Ecey= F° OPpMg/Mg 2t E°ReG v, T % Mg**
1074
2.36+034 + log—@ v
&9 [H'T?

(b) Ecen— E°och/F 2+ EORP2H+ 2 Q 2 [PH1][F32+]

059

=044 +0+ (0001)—053v

, 0059 [H*]?

(©  Ecen— Eopg, ¢ % Ry T~ 2 108 (1’112)" [Sn?*]
059, (o 02)2
=0. IQQ@ 2 0B gos 008V
, 0059 _ WP
d) @Bmmr Rl’2H"/H 2 — log (R H, )x [BT_]2
%’ L 0059 (003’
Q10040+ 25 1g 500 ey

Solutlon 21. ( » 2H" + 2e
0059 [H'J?
\ Egp= E°gp - 2 log'[p_J [H" =0.02 x 2M]
Q s
g 0.059 ; (002 x2)?
=0- - og 4

Eopy pqs =+ 0100V

(b) Fe — Fe?" + 2e

0059,
Eop= Egp _‘1___"3?‘“(' +}
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0.059
=0.44 — log [0.2]

2
Eopp e =+ 0.4606 volt @

(€) 2CI" —> Cly + 2¢
0059 P @

Eop=Eop— — = 10g ——>
op= £°0p 5 g[Cl‘]z %&;

) 0.059 10
1.36 5 log 002)? Q
Eow 1.49 volt i%
YA {_.
Solutlon 11 (w) Iy tor w/Cutt 035V \@

2V tor /n/7n?t =+0.76

Maie 1. 17, more is tendency to sho idation and thus Zn will
oxtdize and Cu?' will reduce. %Q

Anode : Zn — 2e

Cuthode : Cu®* + 2¢

Cell veaction : Zn + Cu?* g Cu

(h) Also,  Ecyy = EOOP@ E°Rpy24/cy = 0.76 + 035 = 1.1 V

(¢) Also,  Ecen=E %+ L Y
, " % 1 0.059 o
Foan I HI',"//‘% log [Zn ]+E°RPCU2+/CU+ T log [Cu*’]

| { @ . 0059  [Cu®*]
Foan n% E RPy2+cy * 2 log [Zn?*]
@@ 0059 2
0.35+ —— log 7
_RI09 V

0059  [Cu®*]
N0, ECcll= 1.1+ —1

] 0g [Zn2+]
% Thus if Ecyy is +ve for [Zn2+] =]

0059, [Cu®*]
- I\JE—T >
2 [Zn*"]

-1.1

[Cu2+]> 11x2
[Zn®"] =~ 0059

ot log

>-37.29
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[Cu**]

or log i P >-37.29
or [Cu**]>5.13 x 10738 :

(e) Yes, the displacement almost goes to completion.

©
0059 . [H %Q |

r = ]
“OPyye ~ & OPyye— o 198

Solution 23. (a) H, — 2H" + 2e

0059 [H']
0.05=0- >

~ log [H'] = 0.8475
pH = 0.8475 \@
[H"]=0.1420
Molarity of H,S0, = "[H"]
=14 x 0.1@5%.071 M

(b) Solve accordingly : p ﬁ?w
H 20 M
Molarity of HCISTH'] = 0.020 M

No change in calculatigai strong acid producing H' is given.

Solution 24. (i) Anode : %)'—» Zn2* + 2e

Cathode : e — H,

0.0

o 0059, [H'P
ap—.—'m’-[ ]

2 2 ty,

6(}9 . 0.059 [H']?

or E..=E +0+ lo

@ cell ~ £0Pz, 5 8 PH; § [Zn2+]
[H

39 log[Zn**]+ E

(ii) @%QEBPZH =

+42
o 0.28=0.76 + 2232, (H ]
\ 0.1x1
5 I LIRSSy 16.271
oor BT T T 0059
H+ 2 L 1]
or LO—IL =5.3556 x 1077
or [H']1=23142x 107’

pH = -log [H'] = 8.635
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Solution 28, M—> M" +ne
- n
nH™ +ne —> —H,
Foen= Fopyy o+ ERpygepy) @

L n
0.059 H') Q
0.76 + 108 7 2y agnes %
[ Fa,

» ]nIZ[ Mn+ ]
009 (I \@ 5
5 l‘lklllﬂ’:[u-('?]@

ORI 0701

o n2 N
Solution 26, I\’!p of Agl= [Ag+] 1= @.05]

l'or given cell @
o Eopy, t ERpag @ (1)

_ 0.059 0059
"i )I’AB/ABQ = i JL.H.S. +ERPA3+/A3 + i IOg [Ag JRHS.

r : 1
-« E° = E° i
L OF sgiag* RP s 1ag ]

0.059
T ks

‘s =2203 x 10713
K= [2.203 x 1071 [0.05]

] @
K, =110x107"6

o PAgl
Nolution 2 '7@&1(“ or | ve the E°gp, more is the tendency for oxidation or stronger
i

R

N reductant. Therefore, since maximum E°qp stands for :

sn?* — sn** + 2¢ Eop=-0.1V

strongest reductant : Sn?*
und weakest oxidant : Sn**

(b) More or +ve is E°gp, more is the tendency for reduction or stronger
is oxidant. Therefore, since maximum £°gp stands for :

MnO,” + 8H" + 5¢ —— Mn?* + 4H,0 FE°Rp=+1.52V
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strongest oxidant : MnO,
and weakest reductant : Mn?'

Note: Stronger is oxidant, weaker is its conjugate reductant and vice-vg@s\

OFr@®  Fou=Eorggpen * Erpggs =~ 077+ 61

-+ Fe** oxidizes and Sn®" reduces in change.

Eoce" =-0.67V %@
E°,y is negative. @
(i) Is non-spontaneous change. Q

=_0.77+0.54=-023 \%
(ii) Is non-spontaneous change. @
For (iif)  E°cenn = E°0pyy, + E°Rr,

=-0.54+0.1=
(iif) Is non-spontaneous ¢

For(iv)  E°ce= E°opgy2+ ZIRPy -
=—0.1 +@%+ 044V

(iv) Is spontaneous ch

Solution 28. More is E°gp, more ist cy to get reduced or more is the oxidising

power or lesser is re OWer.
Ag Cr<Mg<K
Solution 29, Given, FO@Q A™ + ne — 4 E°gp = +0.76V
B™ + ne —> B E°pp=-0.80 V

H + e — %H, ERp=0

No @y ing A with H,SO, :
% 24 + nH,S0, —> Ax(SO,), + nH,
@ Ecen = Eop, + E°pp, ==0.76 + 0.0 =~0.76 V
< ince E° is +ve,
eaction 24 + nH,S04 ——> A4x(S80,), + nH, is non-spontaneous
A will not liberate H, from H,SO,
Now coupling B with H,SO,4
2B + nH,SO04 — 32(804)" + nH,
Eoce" = EOPB + EORPH =+40.80 +0 = +0.80

&

Since E° is +ve;
2B + nH,SO4 —> By(SO,), + nH,
Reaction will be spontaneous.
B will liberate H, from H,SO,.
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Solution 30. () Ecan=Eor 2o + ERpcgeca

[2Ct —> 2CP** + 6¢; 3Cd** + 6 —»
=0.74 + (-0.40) = +0.34 V
Six electrons (n = 6) are used in redox change. @Q

—AG®=nE°F =6 x 0.34 x 96500 J = 196
or AG® =-196.86 kJ %Q

Also ~AG°=2.303 RT log K @

196860 = 2.303 x 8.314 x 298 log
K=3.17 x 10* %
(h) E2con= E° OPpeopet T E° n%
[Fe* — Re(e) %' +e —> Agl

Also —AGP=nrr=
or
Also

’
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Selected Problems with Solutions

> Problem 1. A current of 0.5 A is passed through acidulated water for 30 w@
Calculate weight of Hy and O, evolved. Also calculate the v f
O, produced at 25°C and 760 mm of Hg if the gas is: @
(a) dry

» Problem 2. Find the volume of gases evolved by passing 0.965. nt forl hr
through an aqueous solution of CH3COONa at 25°

» Problem 3. A copper cell containing 5% solution of CuSQjy : §

containing a 2% solution of AgNO; by weigh nected in series.

A current of 0.01 ampere was passed thro ells for 30 minute.

What was the ratio of mass of Cu and A ited at the cathode of
cell. At. wt. of Cu and Ag are 63.6 an ectively.

» Problem 4. Calculate the mass of benzene that-would>be required to produce a
current of one ampere (Assume cu| iciency 50%) for three hours
from the following data:

» 6CO; + 3H0

used to liberate iodine (at anode ) and

» Problem 5. Same quantity of electricifs
a metal x (at cathode). TheNnass of x liberated at cathode is 0.617 g and

the liberated iodine c mpletely reduced by 46.3 mL of 0.124 M sodium
thio-sulphate solun U‘ at is equwalent weight of metal.

» Problem 6. A test for com le val of Cu®" ions from a solution of Cuz"r(aq )
is to add NHj blue colour signifies the formation of complex

[Cu(NH3)g Ke=1.1x 10" and thus confirms the presence of
U

Cu?* in salutien. 250 mL of 0.1 M CuSOy(aq.) is electrolysed by passing
A

a cuffe ‘! , '&

tai '9 H3] =0.10 M. If [Cu(NH3)4] is detectable upto its con-

ion as low as 1 x 107>, would a blue colour be shown by the
Q ctrolysed solution on addition of NHj.
» Problem(J A’ Zn rod weighing 25 g was kept in 100 mL of 1 M CuSOj solution.
« After a certain time the molarity of Cu®* in solution was 0.8. What was
molarity of SOZ“? What was the weight of Zn rod after cleaning? At.
weight of Zn =65.4.

m 8. 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 cathode increased in mass by 22.011 g. Calculate
the percentage of iron and percentage of copper originally present.

4l
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» Problem 9.

» Yroblem 10,

50 mL of 0.1 M CuSOy solution is electrolysed using Pt electrodes with
a current of 0.965 ampere for a period of 1 minute. Assuming that
volume of solution does not change during electrolysis, c e
(Cu*), [H'] and [SO;7] after electrolysis. What will be the c@
tion of cach species if current is passed using Cu eIectrodes@

An oxide of metal (at. wt. = 112) contains 12.5% O, by\weight. The

oxide was converted into chloride by treatmen§ 4 ithg HCl and
clectrolysed. Calculate the amount of metal that wo,
cathode il a cwrent of 0.965 ampere was passed
What is valency of metal?

[ funed SncCly was electrolysed using inert @@e 0.119 g Sn was

depnaated at cathode. 11 nothing was giv%during electrolysis,

calonlate the 1ano of weight of SnCl a@ in fused state after

clectiolyns (ol wt, Sn = 119). X

A le.l storage cell is discharged whi es the H,SOy4 electrolyte to

change from a concentr%? of 346% by weight
f

{density 1.261 g mL™! at 25°C) 27% by weight. The original
volume of clectrolyte is one I % many faraday have left the anode
ol hattery? Note the water i %ced by the cell reaction as H>SQy is
used up. Over all reacti @

Pbs) + PbO; + 2H¥SO04Y1y ——> 2PbSO4 (5) + 2H,0
Two litre solution o er mixture containing 1.0 M NaH;PO4 and

1.0 M N PO, is in two compartments (one litre in each) of an
clectiolytic cell atinum electrodes are inserted in each compart-

LA microampere is passed through a solution of AgNO; for
sing Pt electrodes. An uniform single atom thick layer of Ag
sHcd covering 43% cathode surface. What is the total surface area

|

T -ndc il each Ag atom covers 5.4 x 1073 cm®?
L2 O R mase a fully charged battery contains 1.50 litre of 5.0 M H;SO4. What

‘o

&

6.

ill be the concentration of HpSO4 left in battery after 2.50 ampere

cunent is drawn from the battery for 6.0 hours. Assume volume of
solution remains constant.

In an analytical determination of arsenic, a solution containing arsenious
acid, H3As03. KI and a small amount of starch is electrolysed. The

¢lectiolysis produces free I, from I jon and the I, immediately oxidises
. 3 g
the arsemous acid to hydrogen arsenate ion, HAsOy ,

'.‘(uq) [ l|_;/\SO3(“q) + Hzo(l) b — 21(:“‘) + HASO?],(aq) + 4H‘(+aq)
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When the oxidation of arsenic is complete, the free iodine combines with
the starch to give a deep blue colour. If during a particular run, it takes
65.3 s for a current of 10.5 mA to give an end point (indicated b
blue colour), how many grams of arsenic and H3AsOs are present
solution. (As = 75)?

» Problem 17. The half cell potentials of a half cell AFFIE pxE | Pt werefognd to

be as follows: S

% of reduced form 244 48.8
Half cell potential (V) 0.101 0.115 @
Determine the value of n.

> Problem 18. Find the e.mf. of the following cell at 18°C @ he degree of
dissociation of 0.2 N AgNO3 and 0.05 AgNO; as 0.75 and 0.95
respectively.

Ag|0.2 N AgNOs || 0.05 Ag

» Problem 19. If NO; —— NO, (acid medium E°=0.790 V
and NO3 ——— NH,OH (acid wmy; E°=0731V
At what pH the above two hal ns will have same E values.
Assume the concentrations of a pecies be unity.

» Problem 20. If it is desired to constr following voltaic cell to have
E e =0.0860 V, what [C] e present in the cathodic half cell to

achieve the desired e.
and 8.5 x 1077 res

n Kgp of AgCl and Agl are 1.8 x 10710

» Problem 21. The e.m.f. of théxellpbtained by combining Zn and Cu electrodes of a

Daniel cell calomel electrodes are 1.083 V and -0.018 V
respectivel{\a °C. If the potential of N calomel electrode is
- 0.28 V{(find &m.{. of Daniel cell.

» Problem 22. Calcu e’ potential of an indicator electrode versus the standard
¢lectrode, which originally contained 0.1 M MnO4 and

and which was treated with Fe®' necessary to reduce 90% of
% to Mn®*. Ejgno,mn® = 1.51 V.

>» Problem @\% electrode is prepared by dipping a silver strip into a solution saturated
& with AgSCN and containing 0.10 M SCN™. The e.m.f. of voltaic cell
constructed by connecting this, as the cathode, to the standard hydrogen
half-cell as anode was found to be 0.45 V. What is the solubility product
of AgSCN. Given Eg*/ag=0.80V.

lem 24. Calculate the minimum weight of NaOH required to be added in R.H.S.

to consume all the H' present in R.H.S. of cell of e.m.f. +0.701 V at
25°C before its use. Also report the e.m.f. of cell after addition of NaOH.
” vy 2+ -
7n |7n ’H( 1

Pty (®
2AR) 0 3 =) )
o1 M| |1 itre ESprrn® = + 0760V

1 atm
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> P'roblem 25. Consider the cell Ag|AgBr Br || AgCl, CI"|Ag at 25°C. The
solubility product of AgCl and AgBr are 1Xx 107'% and 5x 103
respectively. For what ratio of the concentrations of Br~ and S

would the e.m.f. of the cell be zero.

» Fvoblean 26.  Calculate the half cell potential of a reaction Ag,S + k@2—
in a solution buffered at pH = 3 and also saturated with ().1 S. K
and K5 for HpS are 10% and 1.1x 10@ ectively,

Kip,, = 2% 1077, Exg'/ag =08 V.

» Problem 27, The standard electiode potentials are for the follGw
Lie(s) » Lo (aq) + 2¢ 48 \"/
G e oot ag) 041V

Il cascan of Fe(a) s added (o a solution M Cr3+] = 1M, what will
he: s value of |Fe2+] when eq%@m is attained at 298 K.

® Mhoblon 28, The pKgp of Agl is 16.07. If the E° Sor Ag'/Ag is 0.7991 V, find
the 17 for half cell reaction: Ag < Ag+1

» Paghlim 22 The e.m.l. of cell Zn | ZnSO, 41 Cu at 25°C is 0.03 V and the

temiperature coefficient of $-14x1074V per degree. Calculate
hent of reaction for the @taking place inside the cell.

. Froblem 0. MUY diagram for somenionyyis given as:

o ECm4220V E=+077V 2. E°=-0445V
> Fe > Feo

Fred ),'l
[hstenmme Ilu' Efe0? /R
= Fvoblom A0 o Ilu-u- g(zu*;].) IAg{aq_) Ag(s), calculate the equilibrium

= and the maximum work that can be obtained during
ell. Given,

=4237V and  Eagyag=+080V, RK=8314]

constanya

» Erohibim V2 dard reduction potential of E3+/p; and Ey 2, are 0226 V

O Qw44 V respectively. A mixture of salts of Bi and Cu at unit

Nm-mrmion cach is electrolysed at 25°C. To what value can [Cu2+] be
rought down before bismuth starts to deposit during electrolysis.

> Show that the potentials are additive for the process in which half
reactions are added to yield an overall reaction but they are not additive
when added to yield a third half reaction.

ém M. T'he reduction potential diagram for Cu in acid solution is:

1 .15 volt ~  +0.50volt
Cu?t y Cu” — Cu

E° = X volt

Calculate X. Does Cu* disproportionate in solution?
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» Problem 35.

» Problem 36.

>» Problem 37.

» Problem 38.

» Problem 39.

NuUMERICAL PHYSICAI CHEMISTHY

An alloy weighing 1.05 g of Pb— Ag was dissolved in desired amount

of HNOj and the volume was made 350 mL. An Ag electrode was dipped

in solution and Eqy; of the cell Pt Hy | H* || Ag*| Ag was 0.503V
latm M

Calculate the percentage of lead in alloy. Given Epo%ag =@3®
&

The following galvanic cell was

100mL, I M | {100 mL, | M
operated as an electrolytic cell using Cu as anode a@) as cathode. A
current of 0.48 ainpere was passed for 10 hout(@n i) en the cell was
allowed to function as galvanic cell. What wogthethe e.m.f of the cell
at 25°C? Assume that the only electrode re curring were those

involving Cu/Cu?t and Zn/Zn2+
and ES,27,=—0.76 V. \Q
At 25°C, the free energy of formatigmof HYOy is —56700 cal/mol while

that of its ionisation to H* and i8/19050 cal mol™'. What is the
e.m.f. of cell at 25°C.

Peroxodisulphate salts (e.g. N3
as bleaching agents for fa

S50

s and fabrics. Can oxygen gas oxidise

g) are strong oxidising agents used

(:.;-:«* e ion (SZO}; ) in acidic solution, with the

0O, (g) being reduce er?
Given Oy aq) +4e—— 2H,0 ; E°=123V

o (aq) +2e— 2503 (aq) ; E°=201V
When silve ide is dissolved in a large excess of ammonia.
N

practicall er ion can be assumed to exist in form of a single ionic
specie

sulphate ion to peroxods

H3),,]"+. Compute the values of x and y using the
foll o cells.

( x 107 M AgCl, LM NH; | | 40 x 107 MAgCI, IM NH;3 | Ag

Ece=0.1185 V at 298 K
o @g 3x 1073 M AgCl, IMNH;| 3.0 x 107> M AgCl, 0.1M NH; | Ag

» Probl
&

blem 41.

E,e =0.1263 V at 298 K.

Dissociation constant for Ag(NH3)'2 into Ag™ and NH; is 6 X 1074
Calculate E® for the half reaction,

Ag(NH3); + e — Ag + 2NH;
Given, Ag"+e—— Aghas E°=0.799 V.
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

ESratt and E¢yeg® are 0.76 and = 0.34 'V respectively. Also equi

3 9
Librnm constant for the I('u(NH\),lI" formation is 1 x 10"



L LECTROCHEMISTRY 361

» Pablem 42, ‘Two weak acid solutions HA| and HA; each with the same concentration

> roblem 43,

and having pKa values 3 and S are placed in contact with h en
clectrode (1 atm, 25°C) and are interconnected through a s: idge.

Find. e.m.f. of cell.

Calculate the e.m.f. of cell @@
Pty | CH,COOH| |NH,OH| Pty
latm| ©0.1M ‘ 001 M | 1 am

K, lor CHYCOOI = 1.8 x 10 7, Ki, for NHZOH =1\

Calenlite the depree ol hydrolysis and hydr nstant of M/32

sobution o ambine hydrochloride from the f i 1l data.

' I - H

i I ’ M C I NH;CI zqu\ E.=-0.188V
Labm| | M Ve ] |

|
h
M

9
L
|
(M}

It
1’

"

L 010 g 09=746x 107 @:)

10t e < .
(DI I yo. o

Answer@@%

2 7% 1072 litre, (b) 5.88 x 1072 litre ;
1/3.372
107.47 ;

tu IRKR 1e=0.85%

Show blue colour § 7. 23.692 g, no change molarity ;

[Co'' ] 0004 M, |Il'|=@@M, [SO;1=0.1M ;

HEON o

L) 11. 71.34
I3 Landay % 13. 2005. 2.295 Z
Wl ohem’ @ 15. 4.63 ;

Av o0 [0 ‘/\s();=5.0x10_4g o

nw? o % 18. -0.029 V;

pll o Im 20. 68x10°'M ;

1101 w% 22. 141V ;

loln' | 1 24. 1264 g, 03765V ;
i

>

PR KL mol ' 30. 184V
OFAST, 31TV, 6118 x 107K ;. 32, 107*M

26. —0.1658 V ;
28. -0.1490 V ;

Y See soluton 34. X=+0.325 volt, +0.35 volt ;
LA LV R IEY CY T 36. 1.137V ;

0RO Y 38. O, will not oxidise ;
ooy 2 40. +0019V ;

L0711V 42, 0059V ;

041575 volt ; 44, 208 x 1072, 1.352x 107
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Problems for Self Assessment

Calculate the quantity of charge required to reduce 16.2 g of o-benz
(C¢H40,) to hydroquinone (C¢HgO,) if current efficiency is 75%. If th al

drop across the cell is 2 volt, how much energy will be consumed.
Lactic acid, HC3HsO4, produced in 1 g sample of muscle tissue wa using

edNIf electrolysis
point, what was

at the cathode during electrolysis of acidified N@‘ dt it can fill a balloon of
capacity 10 litre at a pressure of 1.5 atmosphere_at 233€. If the oxygen liberated

is completely used in burning methane, calcu & volume of methane at STP
which is burnt

Anthracene (C;4H;,) can be oxidised agogically to anthraquinone (C,4Hg0,).
What weight of anthraquinone can be produged by passage of a current of 1 ampere

for 60 minute if current efficiency i :
Per di-sulphuric acid (HZSZOS) 8 ) prepared by electrolytic oxidation of
H,S04 as 2H,50,4 — HZSZO 2e O, and H, are by-products. In such an
¢ 2O, were generated at STP. Calculate the total
quantity of current pass ugh solution to carry out electrolysis. Also report
the weight of HZSZOS%

The electrode reacti&2 arging of a lead storage battery are
e==rb + SO~

H,05= PbO, + SO~ + 4H" + 2¢

The electrolyt e battery is an aqueous solution of sulphuric acid. Before

HZSGX jght). After charging for 100 hour, the specific gravity of liquid was

128 g mL™! (36.9% H,50, by weight). If the battery holds two litre

fou%?
liquid,~edlculate average current used for charging battery. Assume that volume
if’s constant during charging.

long a current of 3 ampere has to be passed through a solution of AgNO; to

“cat a metal surface of 80 cm? with a thickness of 0.005 mm? Density of Ag is
10.5 g em™>
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10.

11.

12.

13.

14.

15.

NUMERICAL PHYSICAL CHEMISTHY

H,0, can be prepared by successive reactions,
2NH,HSO,— H, + (NH,),S,04
(NH,),S,0;4 + 2H,0 — 2NH,HSO, + H,0, @
The first reaction is an electrolytic reaction and second is steam distillatio
amount of current would have to be used in first reaction to producgén

intermediate to yield 100 g pure H,0, per hr? Assume current efficjency .

A current of 15 ampere is used to plate Ni from NiSO, bath. Botié&@ i are

formed at cathode. The current efficiency of Ni formation is 60%

(a) How many g of Ni is plated per hr? *

(®) What is the thickness of plating if the cathode consis ‘~. et of 4 cm”
which is coated on both sides? The density of Ni is 8%_1.

(c) What volume of Hj is formed per hr at STP?

(d) What volume of O; is formed per hr at STP? \

A solution of a salt of a metal of atomic weight ‘m@trolysed for 150 minute

by passing a current of 0.15 ampere. The weig tal deposited was 0.783 g.

Find atomic weight of metal. Given specific etal is 0.057 cal/g.

up of Zn and cathode of carbon
H,Cl and ZnCl, in aqueous base.

In a zinc-manganese dioxide cell, the anode i
rod surrounded by a mixture of MnO,, ¢

The cathodic reaction is,
2MnOy, + Zn*
If 8 g MnO, is present in cathodi

ZnMn204(s)
artment, how many day the dry cell will

continue to give a current of
A battery available for th

and PbO, available in it %
in the free and combi s in a battery designed to deliver 50 ampere hour?

What is the standard nergy change for the reaction? Average voltage of lead
storage battery i

ampere?
e reaction involves the use of 25% of the Pb
ion. What should be the minimum mass of lead

Calculate the nu coulombs derived by a Daniel cell, initially containing 1.0

u®* ion and 1.0 M Zn®* ion, which is operated untill its

0V

Calculat ree of dissociation and concentration of Ag ions in left hand side
from ¢ ing data:
201 N AgNO; | | NH4;NOj; saturated | 0.001 N AgNO; | Ag

foof cell is — 0.0579 V at 25°C and 0.00 N AgNO; is completely ionised.
ate the potential of iron-cadmiun cell after the reaction has proceeded to 80%

letion. Initially 1 M of Fe?* and Cd** were taken.
FC/FCZ+ =044V 5 E‘éd/cdz*' =0.40V.

Determine the e.m.f. of the following cell:
Pb | PbSO, (saturated), SO%‘ (1.0 M) | | H* (1.0 M) | Hy(1.0 atm) Pt
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