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Chemical

Thermodynamics

The study of heat or any other form of energy into or out of a system
due to some physical or chemical transformations, s calloa
thermodynamics. It is based on four generalisations i.e lzeroth f(r;t
second and third law of thermodynamics. L / f

Fundamentals of Thermodynamics

The several term ] 1 e gi
s used in thermodynamics are given below.

System
System is a part of universe under observati ;

o ion. It is basi e .
which is considered under thermodynamic studies ically a specific portion
On the basis of exchange of mass and energy, systems are of three ty

: 4 ! e f three types
) Isglated System In which neither matter nor ener ’P
with surroundings. gy can be exchanged
(i) Closed System In which onl
ene ¥
surroundings. 4 rgy can be exchanged with

(iii) Open System In which energy and
N suntate 8Y matter both can be exchanged with

(il sta
redC
Force ise
ProCGS!
The gate (
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Day 6 Chemical Thermodynamics

Surroundings

The part of the universe except system is called surroundings.

Thermodynamics Properties

(i) Intensive Properties Those properties, that depend on nature of matter but do not depend on quantity of the matter

(ii) Extensive Properties Those properties, that depend on quantity of the matter present in the system e.g.,

e.g., pressure, temperature, specific heat, melting point etc.

internal

energy, heat, total moles, volume, enthalpy, entropy, free energy etc.

(iii) State Functions Those macroscopic properties which depend only on the state of the system and not on how it is

reached. e.g., pressure, volume, temperature, AH, AE etc.

Force is extensive property but pressure is intensive property.
Processes

The state of a variable can be changed by means of a operation called process.

These are of following types.

(1)

(vii)

If macroscopic properties like temperatgre,

change with the time, the system is said to be

equilibrium.

» Mechanical equilibrium, 7.€., when no Wo
by the system.

+ Thermal equilibrium, /.€., temperature rem
the system including the surroundings.

*+ Chemical equilibrium, /€.

constant and definite.

Adiabatic Process In which system does not exchange
heat with its surrounding i.e., dQ =0.

Isothermal Process In which temperature remains fixed
i.e.,dT =0.

Isobaric Process In which change of state is brought about
at constant pressure i.e., dp =0.

Isochoric Process In which volume of the system remains
constant, i.e., dV =0.

Cyclic Process This is the process in which a system
undergoes a number of different states and finally returns
to its initial state. For such a process, change in internal
energy and enthalpy is zero ie.,dE =0 and dH =0.
Reversible Process In this process, (quasistatic system),
change taken place is infinitesimally slow and their
direction at any point can be reversed by infinitesimal
change in the state of the system. Reversible process is an
ideal process and here, every intermediate state is in
equilibrium with others, if any.

Irreversible Process In this process, is the one which can
not be reversed. In this process amount of energy
iercases. All natural processes are irreversible in

nature.

Thermodynamics Equilibrium

pressure, efc., do not
in thermodynamic
rk is done on the system:or

ains constant throughout

composition of the system remains

Internal Energy (E or U)

It is the total energy within the substance. It means
sum of translational energy, vibrational energy,
potential energy etc. We can only determine the
change in internal energy. At constant temperature,
internal energy change (AE) will be zero. Internal
energy depends on temperature, pressure, volume
and quantity of matter.

Zeroth Law of Thermodynamics or Law
of Thermal Equilibrium

If the two systems are in thermal equilibrium with a
third system, they must be in thermal equilibrium
with each other.

The law defines the temperature as the property
which determines, whether the body is in thermal
equilibrium or not.

First Law of Thermodynamics

Energy can neither be created nor destroyed although
it may be converted from one form to another

AE =q + W.

Sign convention
(i) IfW is positive — work done on the system
(ii) IfW is negative — work done by the system

(iii) If q is positive-when heat is supplied to the
system

(iv) Ifq is negative-when heat is lost by the system.
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Concept of Work

The'work has done when gas expands or contracts
against the external pressure. Work done is a path

function not a state function as de
ends upon t
path followed, : Eis

W= Pext X AV
* For expansion

W==p. Vo ~V)[HereV, > V]
¢ For compression

W = = Poxt (v2 "\/1) [HereVZ <V1]

¢+ Maximum work done for reversible isothermal
process

W, = =2.8308nRT log \\//—2

1
where, V, =final volume, V, = Initlal volume

Also, W.., = ~2.303nRT log 2
P2

expansion ‘——7\

Free expansion
If gas expands in vacoum, Pey

pe;\(/l <D oas Wi
= 0, thereforg, W = 0 ¢

= | puXav
i
xav as = Ry (Vo = V)

For isothermal irreversible expansion
of == =W = Py V2 ~V)

Enthalpy

The total heat content of a system at constant
pressure is called the enthalpy of the system.
Indeed, it is the sum of internal energy and t.he
product of pressure-volume work. It is an extensive
quantity and represented by the symbol H. The

equationis H=E+pV
AH = AE + pAV
AH = AE + AngRT

where, AH =enthalpy change
An,, =(aseous moles of products — gaseous
moles of reactants.
It Ang =0, then AH = AU; If Ang > 0 then AH > AU
and|f An, <0 then, AH < AU.
tion involving solids and liquids only
o changes, when & substance undergoes

AH = AE.
For reac

Enthalpy als
phase transition.

JEE Main Chemistry inJust 40 Days

+ Maximum work done for irreversible isothermal |

Intermediate expansion i

: ; e vhich flows
Heat is defined as the quantity of ene1&y: ¥ ourfljt o
between system and surroundings on ac(;- ,
: 3 ction, i.e.,
temperature difference. It is also a path fun
depends upon the path followed. il fo
i) g
It is given as
¥z
H =msAt g
where, m = mass of substance e
s = specific heat i
At = temperature difference.
» Heat flowing into the system is taken as positve and heat flowing out of
the system Is taken as negative.
» Both work and heat appear only at the boundary of the system during d
change in state. Both W and q are not state functions but quantity W + q
is a state function. i : :
rneat \dj
Heat capacity (C) of a system is defined as the amount of heat
required to raise the temperature of the system by 1°C. anc
8 (
c=-L
AT
If the system consists of a single substance or a solution and
weighs 1 mole, the heat capacity of the system is referred as molar
heat capacity.
If the system consists of a single substance or a solution and EDL'OP}'
weights 1 g, the heat capacity of the system is referred as specific e mol
heat of the system, P g
o, =Cx mx AT Changej
where, m =mass of substance, S8eong |
C = specific heat capacity. 4 Dloge;
- ety . Tlsige
Molar Heat Capacity in Different Cases e
1 ~aa f aQ > _'\0 s
(1) In (,gse of g;;ses heat given to the system depends upon the Hﬂalféi
\ \ \ SRR AT y 5
condition ot constant pressure (p) or constant volume (V). Uy 4
Molar heat capacity at constant pressure B tOfez
Cp=CpxM ‘mp."is
fs 0 £ ar aet ¢ ~ A i - 5 ¥
Molar heat capacity, at constant volume, Cy=CyxM Uy
@ ,f and Gy atl‘.e Tpecxﬁc heats at constant pressure and ‘
volume respectively & is s :
I y and M is molecular weight of gas.) 713,; b

[iv) G Cy =R (R is the molar 8as constant.) g h
ool o
i ey

(v) The molar heat capacity at const

i

ant volume,
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Kirchhoff's Equation
: niropy ¢ %’c;u:;_;,c
]
i tem. t}
1 ""l I
tho
spontaneous process
{ 1 initial and
&
' : )|
: i
thle energs
trog « temperature,
L ‘ - o :
)
i Fhe enty g Latance varies directly with the
il the entropy of & su i \
sy empersture Al absolute zero, the entropy of a pure crystal
persture. Al atisaiule 2610, U ) i :
8 zers. T) atamant 18 known as Third law of
o k] i f1s Bl :
the lynamics’

AS =0 favours the spontaneity

AS « @ favours the non-spontaneity

Day € Chemical Thermodynamics

For a reversible change at constant temperature

at =5

initial
4, heat absorbed or evolved at absolute
temperature, T
heat is absorbed and if AS <0, heat is evolved.

of matter from one state to another is called

phase transition. The entropy changes at the time of phase

tollows

&
W e F .
1 melting point of susbstance)
l“ :
/'; re 1 I3 . .
T, = boiling point of substance)

sublimation temperature)

| Law of Thermodynamics

proposed by German chemist Walther
“The entropy of a perfectly
s zero as the absolute zero
ached”. 1t forms the basis
‘ temperatures can be

st to thi 1aw,

ystem as a function of
juation known

)

ergy (measurement of useful work)
! for AG

ntaneous process
iHaneous process

AG = (), at equilibrium

lon of spontaneity, Gibbs energy criteria is
better than entropy criteria because Gibbs energy refers to
system only while entropy refers to both system and
surroundings  AG = AG°+2.303RT logQ

where, Q = reaction quotient

« At equilibrium, AG =0

AG°=-2303RT log K
K = equilibrium constant
AG®=-nEyF
where,n = number of electrons losed or gained
E. = standard electrode potential, |F = 96500C
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Conversion of Heat into Work:
(Carnot Cycle)

eat into i

nazy reversible cycle which demonstrates the maximum converswndof h il
o) :
proposed a theoretical heat engine to show that its efficiency was based up :

Carnot in 1824 gave an 1m001
. work. He actually
lemperatures, between which it operate

i that flows out spontaneously from a high temperature source to a low temperature sink.

s four operations or processes:
(i)Isothermal reversible expansion

A Carnot cycle comprise

(ii)Adiabatic reversible expansion
(iii)Isothermal reversible compression

(iv)Adiabatic reversible compression

Isothermal
Alpy,V4)
expansuon
B(p,, V.

o) t
£ |saate X
& pless expansion
0
e Dlpy, Vy) Vo)

lsothermal Clps,Vs)

compression

Volume ———

G L WS S e . ST

(aNet work done in 1 cycleis W =RT, In 71 S R0 bt \—/;\7

; 1 V,

(b) Neheat absorbed in the whole cycleis g =R(T, -T,)In =2
. 1

The ratio of the work obtained in a cyclic process (W) to the heat taken from a high efficiency

reservoir isi
called the efficiency of heat engine. It is denoted by n. ;

e Dl T,

9, T, T,

The above relation shows that efficiency depends upon the temperature limits b
e tes. The above relation was stated in the form of Carnet theorem by Garnot j e
Obejjng reversibly between the same temperature limits has the same efficiency,

WOT:
substance.”

etween which the cycleé
» “Every perfect engine;
Whatever be the working;

at!
d. Infact, heat engine is a machine which can do work by using he :

1:

(d)
(¢

4y

(14
o4

i,
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. When 1.8 g of steam at the normal boiling point of water is

converted into water, at the same temperature, enthalpy
and entropy changes respectively will be

[Given AH,,,, for water = 40.8 kJ mol™]

(a) -812 kJ, 11.89 JK™!
(c) —4.08 kJ, — 10.93 JK™

(b) 10.25 kJ, 12.95 JK
(d) 10.93 kJ, —4.08 JK™!

. When the heat of a reaction at constant pressure is

—2.5% 10 cal and entropy change for the reaction is 7.4 cal
deg™, it is predicted that the reaction at 25°C is

(a) reversible

(¢) non-spontaneous

(b) spontaneous
(d) irreversible

. Which of the following does not have zero entropy even at

absolute zero?

CO, CO,, NaCl, NO
(b) CO, NO
(d) NaCl

() CO, CO,
(c) CO,, NaCl

. In which case, a spontaneous reaction is possible at any

temperature?
(@) AH(—ve), AS + (ve)
(c) AH + (ve), AS + (ve)

(b) AH(—Vve), AS —(ve)
(d) None of these

. For two moles of an ideal gas

(8 (€, -C,)=-2R
(©(C, -Cy)=R

. What will be the change of entropy A, S° at 298 K for the

reaction in which urea is formed from NH; and CO,?
2NHg(g) + COL(g) — NH,CONH,(aq) + H,0()
[Given the standard entropy of NH,CONH,(aq),
CO,(g), NH(g) and H,O(/) are 174.0, 213.7, 192.3 and
69.9 JKmol ™' respectively]
(@) 200 JK~! mol™
(c)-354.4 JK™" mol™
1 mole of CO, gas at 300 K is expanded under adiabatic
conditions such that its volume becomes 27 times. What is
work done? (y =1.33and C, = 6¢cal mol ™" for CO,)

(a) 900 cal (b) 1000 cal
(c) 1200 cal (d) 1400 cal

(b) =85.44 JK~' mal™*
(d) 425.2 JK™" mol™

. Internal energy and pressure of a gas of unit volume are

related as
2 E
(a)P—gE (b)p—-E
8
(C)p=§E (d) p=2E

- Latent heat of vaporisation of a liquid at 500 K and 1 atm

pressure is 10.0 kcal/mol. What will be the change in
internal energy (AE) of 3 mole of liquid at same
temperature?
(a) 30 kcal

(c) 27.0 keal

(b) —54 keal
(d) 50 keal

. 1 mole of an ideal gas at 300 K is expanded isothermally

from an initial volume of 1 L to 10 L, The AE for this process
is(R=2cal K™ mol™)
(a) 270 cal

(c) 10 L atm

(b) zero
(d) 181.7 cal

. The pressure-volume work for an ideal gas can be

12.

13

f
calculated by using the expression W = — J'pex aV. The work
7

can also be caleulated from the pV - plot by using the area
under the curve within the specified limits. When an ideal
gas is compressed (a) reversibly or (b) irreversibility from
volume V; to V. Choose the correct option. [NCERT Exemplar]
(a) W (reversible) = W (irreversible)
(b) W (reversible) < W (irreversible)

reversible) > W (irreversible)

)

(c) W (
W (reversible) = W (irreversible) + Pex AV

d
2 moles of an ideal gas at 27°C are expanded reversibly
from 2 L to 20 L. Find entropy change.

(R =2 cal/mol K)

(@o (b) 4

(€) 9.2 (d)92.0

At 27°C, latent heat of fusion of a compound is 2930 J/mol.
Entropy change during fusion is

(a) 9.77 J/mol K

(b) 0977 J/mol K

() 9.07 J/mol K

(d) None of the above
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14, In ari '
AN adiabatic process, no transfer of heat takes place

Sg:’éierorszztem and 'surroundi.ngs. Choose the corrept
ol © expansion of an ideal gas under adiabatic
condition from the following. INCERT Exemplar]
®9=04aT20W=0 (0)q =0, AT=0,W =0
©)g=0aT=0w=0 (d)g =0,AT<0,W =0

= . ‘ o
15. For an isomerisation reaction As=—=8, the temperature
dependence of equilibrium constant is given by
logE i =4.0/= D00
7
The value of AS © at 300 K is therefore,

(a) 4R (b)5R (c) 400 R (d) 2000 R

16. A carnot engine operates between temperature T and 400 K
(T > 400 K). If efficiency of engine is 25%, the temperature T

IS
(a) 666.0 K (b) 498.5 K
(c) 533.3 K (d) 500.0 K

17. Which correctly represents the physical significance of
Gibbs energy change?
(@) —=AG =W,

compression
(b) —AG = Vveypz on
(c) AG = _Wat,:-arrsecm o Wnon expansion

(d) AG =W.

expansion

18. Water is brought to boil under a pressure of 1.0 atm. When
an electric current of 0.50 A from a 12 V. supply is passed
for 800 s through a resistance in thermal contact with it, it is
found that 0.798 g of water is vaporised. Calculate the
molar internal energy change at boiling point (873.15 K).

(a) 37.5 kJ mol™! (b) 3.75 kJ mol ™"
(c) 42.6 kJ mol™" (d) 4.26 kJ mol ™"

19. An ideal gas expands in volume from 107° m® to 1072 m? at
800 K against a constant pressure of 10> Nm=2. The work

done is
(a) 900 kJ (b) =900 kJ
(c) 270 kJ (d) =900 J

20. When 1 mole of a gas is heated at constant volume,
temperature is raised from 298 K to 308 K. Heat supplied to
the gas is 500 J. Then, which statement is correct?

(@)g =-W =5004 AE=0  (0)g =W =500J, AE =0
(©)q = AE = 5004, W =0 (d) AE = 0,g =W = —500J
21. The molar heat capacity of water at constant pressure is
75 J K~'mol~!. When 1.0 kJ of heat is supplied to 100 g of
water, which is free to expand, the increase in temperature
of water is
(@) 1.2K (b) 2.4 K () 4.8 K (d) 6.8 K
22. At 1 atm pressure, AS =75J K™ mol™; AH = 30 kJ mol',
The temperature of the reaction at equilibrium is

(b) 330K
200K @ 110K

JEE Main Cher istry iJus+ 40 Days

. - -1
23. What is the entropy change (inJ K " mol™"), when one mojg
of ice is converted into water at 0°C ? (Thg enthalpy Chii?ge
for the conversion of ice to liguid water IS 6.0 kd mol™ g

0°C.)

(a) 20.13 (0)2.013 (c) 2.988 (d) 21.98
24. In which process net work done is zero..7

(a) Cyclic (b) Isobaric »

(c) Adiabatic (d) Free expansion

25. Considering entropy (S) as a thermodynamic parameter,
the criterion for the spontaneity of any process is
(@) ASsystem + ASSU,,Ounde; +ve
(b) ASsystem be zeTO
()
)

A
ASgystem — Assur'oundmg Ve
(d) A

Swrroundmg; Zero
26. The van't Hoff reaction isotherm is
(@) AG = RTlogK,
(b) —AG = RTInK,
(¢) AG =RT?InK,
(d) None of the above
27. The direct conversion of Ato Bis difficult, hence it is carried
out by the following shown path

]

Given, AS(4 ¢y =50 eu
ASc py =30 eu
AS 5 ~p)=20eu
Where eu is entropy unit, then AS

A—B) IS
(@) + 100 eu (b) + 60 eu
(€) —100eu (d) = 60eu

Directions (Q. Nos. 28 to 30) When a system is taken frofl
state A to state B along the path ACB as shown, 80 J of heat flo%
into the system and the system does 30 | of work.

Q|C B
g
=)
@
o
o A D
Volume, V/
116
28. How much heat flows into the system along path ApB T
work done is 10 J? &
e (0) 40.J ;
(©) 504 ‘
(d) 60 J 15

30

pire
ofd!
ycle



http://www.novapdf.com/
http://www.novapdf.com/

Q.

HW?

e
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29. When the system is returned from state B to A
along the curved path, work done on the system js 20 J,
Does the system absorb or liberate heat, and how much?

(@) System liberates heat, -70 J (b) System absorbs heat, 70 J

(c) System absorbs heat, 90 J (d) System liberates heat, ~90.J
30. If Ep ~ £, =40 J, heat absorbed in the process DB is

(a) 50 J (b) +30J (c) +60J (d) +10J

Directions (Q. Nos. 31 and 32) A sample consisting of 1 mole
of @ monoatomic perfect gas (Cv -l Rj is taken through the
cycle as shown 2

1
|
|
£ 8-
(e I
s :
g |
R . >3
(1) : !
22.44 44.88
Volume, V/L

31. Temperature at points 1, 2 and 3 are respectively
(8) 273K, 546 K, 273 K (b) 646 K, 273 K, 273 K
(€) 273 K, 273K, 273 K (d) 546 K, 546 K, 273 K

32, AE for the process (1— 2)is

(a) 0.00J
(c)-340 J

(b) +3.40x10° kJ
(d) ~3.40x10° J

Directions (Q. Nos. 33 to 36) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below

(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement [, :

(b) Statement | is true, Statement Il is true; Statement Il is not
a correct explanation for Statement .

(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

33, Statement | The thermodynamic function, which
determines the spontaneity of a process Is thg free energy.
For a process to be spontaneous, the change in free energy
must be negative.
Statement Il The change In free energy is related to the
change in enthalpy and change in entropy. Thr.e.cha'ng‘e in
entropy for a process must be always positive if it is
Spontaneous.

34, Statement | Spontaneous process is an irreverssible
Process and may be reversed by some external agency.
. Smmem Il Decrease in enthalpy is a contributory factor
for é@ﬁntaneﬁy.

35. Statement | Two bodies at thermal equilibrium may or may

37

38.

(7F]
=)

40,

41

°

not have equal heat.
Statement |l Two bodies at thermal equilibrium have same

~ temperature.
36.

Statement | As solid changes to liquid and then to vapour
state, entropy increases,

Statement Il As going from solid to liquid and then to
vapour state, disorder increases.

The enthalpy of vaporisation of liquid diethyl et
(CoH5),0, is 26.0 kd mol™ at its boiling point (35°C). What

will be the AS for conversion of liquid te vapour and vapour

to liquid respectively?

(a) +84.41and -84.41 JK™" mol™’

(b) +80.90 and -68.83 JK™' mol™"

(c) ~84.41and + 90,63 JK™" mol™

(d) + 68.83and -84 .41 JK™' mol™

A gas present in a cylinder, fitted with a frictionless piston,
expands against a constant pressure of 1 atm from a
volume of 2 litre to a volume of 6 litre. In doing so, it
absorbs 800 J heat from surroundings. The increase in
internal energy of process is
(a) 305.85 J

(c) 405.83 J

(b) 394.95 J
(d) -463.28 J

- The heat of sublimation of iodine is 24 cal g~ at 50°C. If

specific heat of solid iodine and its vapours are 0.055 and
0.031 cal g~ respectively, the heat of sublimation of iodine
at 100°C is

(a) 22.8 calg™
(c) —22.8 calg™"

(b) 25.2 calg™
(d)-25.2 calg™

FFor a reaction  M,O(s) —> 2M(s) + %Og(g),

AH =30 kJ mol™ and AS = 0.07 kJ K™' mol™" at 1 atm. The
temperature upto which the reaction would not be
spontaneous is
(@) T <400.08 K
(0) T < 42857 K

(b) T <27315K
(d) T <47350K

The reversible expansion of an ideal gas under adiabatic
and isothermal conditions is shown in the figure. Which of
the following statement is incorrect?

(p1: Vfr T1)

(P2, Vs, Ty)
(b3 V5, Ty

@7 =T1,
(©) Wisothermal) >Wiadiabatio)

B) Ty >7;
(d) Alsotnerman > AUjaiabaicy



http://www.novapdf.com/
http://www.novapdf.com/

42,

43.

44.

45.

46.

AIEEE & JEE Main Archive

ol of an ideal gas expands
mL‘ to 375 mL at a constant
C. As it does so, it absorbs 208 J of
f o, and w for the process will be

A piston filled with 0.04 m
reversibly from 50.0
temperature of 37.0°
heat. The values o
[R=8314J/mol K)

INn75=
(In7.5 2.01) [JEE Main Online 2013]

Ea) O, =-208J w=-208J (b) 5, = —2084 w = + 208
C) 6, = +208J, W = + 2084 (d) o, =+208J w=-208J

Given,
Reaction Energy change (in kJ)
Li(s) — Li(g) 161
Li(g) —> Li* (g) 520
il
59— Fg) e

F@)+e” —F (g) (Electron gain enthalpy)

Li*(9) + F(g) —> LiF(s) —1047

— (@177

Li(s) + %Fg(g) = 1E(S)

Bases on data provided, the value of electron gain enthalpy
of fluorine would be [JEE Main Online 2013]

(@) —300kJ mol™ (b) —3850kJ mol™
(c) —328kJ mol™’ (d) —228kJ mol™

A piston filled with 0.04 mole of an ideal gas expands
reversibly from 50.0 mL to 875 mlL at a constant
temperature of 37.0°C. As it does so, it absorbs 208 J of
heat. The values of g and W for the process will be
(R=8.314J /mol K log 7.5 =2.01) [JEE Main Online 2013]
(@) g =+ 208J,W =-208J (b) g=-208J,W=-208J

(c)g=-208JW=+208J (d)g=+208JW =+ 208 J

Electron gain enthalpy with negative sign of fluorine is less
than that of chlorine due to [JEE Main Online 2013]

(a) high ionization enthalpy of fluerine
(b) smaller size of chlorine atom

(c) smaller size of fluorine atom
(d) bigger size of 2p orbital of fluorine

1
Given, (a) Hz(0) + 5 0,(g) —> H0()
AH® o5 = —2859kJmol”!

(b) Holg) + %oxg) L H,0(@);

AHpy = —241.8kJmol™

of water will be
[JEE Main Online 2013]

(b) 22.0 kJ mol™
(d) 527.7 kJmol™

the molar enthalpy of vaporization

(a) 241.8 kJ mol ™’
(c) 441 KJ mol™

47.

48.

49.

51.

52.

The Gibbs energy for the decomposition of Al;05 at 500°C
is as follows

%Alzoa il §A| +0,AG =+ 940 kJ mol™”

The potential difference needed for the electrolytic

reduction of aluminium oxide at 500°C should be atleast
[JEE Main Online 2013]

(@) 45V (b) 3.0V
(¢) 5.0V (d) 2.5V
The incorrect expression among the following is [AIEEE 2012]
(a) AGSystr—m —
AG:W:\\
7
(b) In isothermal process, Weversipie =—nRT In v
©InK = AH°—TAS®
RT

(d) K :e—AG' RT

The entropy change involved in the isothermal reversible
expansion of 2 moles of an ideal gas from a volume of
10 dm?® to a volume of 100 dm?® at 27°C is [AIEEE 2011]

(a) 38.3 J mol™' K (b) 85.8 J mol™" K
(c) 32.3 J mol~" K (d) 42.3 Jmol™ K!

. The Gibbs energy for the decomposition of Al,O at 500°C

is as follows
gA\p3 — k: Al + Oy,
3 3 : [AIEEE 2010]

A,G =+ 966 kJ mol™

The potential difference needed for electrolytic reduction of
Al,O4 at 500°C is at least
(@) 45V (b) 3.0V

(c) 25V (d) 5.0V

For a particular reversible reaction at temperature T, AH and
AS were found to be both +ve. If T, is the temperature &
equilibrium, the reaction would be spontaneous when

@ To >T (b) T>T,
(c) T, is &times T (=T

[AIEEE 2010]

In a fuel cell methanol is used as fuel and oxygen gas is
used as an oxidiser. The reaction is [AIEEE 2009]

3
CHOH() + 70,9} —— €O, (g) + 2H,0()

At 298 K standard Gibbs energies of formation for CH5OH(
H0(/)and CO,(g) are — 166.2, — 237.22 and — 394 4kJ mol”
respectively. If standard enthalpy of combustion
methanol is - 726 kJ mol™, efficiency of the fuel cell will b8
(a) 80% (b) 87% (c) 90% (d) 97%

55, Farthe pIOCESS;
w01 bar, 273 K)
Thecorect set of the

{46 =0AS = +ve
[)AG=+ve,AS =0
56, [AH- AE) for the fom
iselements at 298 K

(&-247757 J ol
()-1238.78 J oy

t is
L ©

;LL b 2
) b (o
q B G
Y 0 )
& f:) ;{ @)

Lri @
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53. Standard entropy of X,, Y, and XY, are 60, 40 and 50 JK ' @ (TH)irev> (Tr) rev
mol ' respectively. For the reaction, (b) T, > T; for reversible process, but 7, =T; for irreversible
5 l X ¥ j W at= Stk process
E = (C> (Tf)rev> (T/)irrev
to be at equilibrium, the temperature will be [AIEEE 2008] (d) T; =T, for both reversible and irreversible processes
(@ 750 K (b) 1000 K

59. When one mole of monoatomic ideal gas at I K undergoes

adiabatic change under a constant external pressure of 1
atm, changes volume from 1L to 2 L. The final temperature

{(c) 1250 K (d) 500 K

54. The value of log,, K for a reaction A=— Bis

013) Given, A, Hzgg = —54.07 kJ mol ™ in kelvin would be [nIEE2C0]
i 2
S eonr— 10K "mol ! @ S~ Ll 3x 00821
and R=8314 JK ™" mol™ T—————
2012] o ) 7 @ =5 0osat
=2.308 x 8.314 x 298
= 5705 [IIT JEE 2007] 60. For a spontaneous reaction the AG, equilibrium constant
(@) 5 (b) 10 (K) and E; will be respectively. [AIEEE 2005]
s ¢)) 16 (a)—ve, >1,—ve (b) —ve, <1 ,—ve
55. For the process, (c) +ve, >1 ,—ve (d) —ve, >1,+ve
H,0() (1 bar, 273 K) - H,0 (g) (1 bar, 373 K), 61. Spontaneous adsorption of a gas on solid surface is an
The correct set of thermodynamic parameters is exothermic process because [IIT JEE 2004]
- [1IT JEE 2007] (@) AHincreases for system  (b) AS increases for gas
c—” 3 :; (@) AG =0,AS = +ve (b) AG =0, AS =-ve (c) AS decreases for gas (d) AG increases for gas
ime Ol (€) AG = +ve,AS =0 (d)AG =-ve AS = +ve ;
£ 2011] 62. A heat engine absorbs heat g, from a source at
56. (AH — AE) for the formation of carbon monoxide (CO) from temperature T, and heat g, from a source at temperature
its elements at 298 K is (R = 8.314 JK™' mol™) [AIEEE 2006] I, work done is found to be J(g;+Qq,). This is in
- (a) ~2477.57 J mol™' (b) 2477.57 Jmol™ ?‘;ﬁéf?fncefvt:th e [AIEEE 2002]
500°C _1238. ® o) 1238.78 J mol~! a) first law of thermodynamics
&)=i288.78 Jmol @ e (b) second law of thermodynamics
57. A monoatomic ideal gas undergoes a process in which the (c) Joules equivalent law
L o ratio of p to V at any instant is constant and equals to 1. (d) None of the above
E 20 What is the molar heat capacity of the gas? [T JEE 2006] i
(8) 4R /2 63. In thermodynamics, a process is called reversible when
i (b) 3R /2 [T JEE 2001]
ction (©) 5R /2s (@) surroundings and system change into each other
(d) Zero (b) thereis no boundary between system and surroundings
V ‘ 58. An ideal gas is allowed to expand both rgversibly. qu (¢) the surroundings are always in equilibrium with the
AH and ireversibly in an isolated system. If T; is the initial system ,
ature 2 temperature and 7, is the final temperature, which of the (d) the system changes into the surroundings spontaneously
- following statement is correct? [AIEEE 2006]
£e 2010
Answers
n gas i 1. (c) 2. (b) 3. (b) 4. (a) 5. (¢) 6. (c) 7. (c) 8. (@) 9. (0) 10. (b)
e 2009 11. (b) 12. (c) 13. (a) 14. (c) 15. (a) 16. (c) 17. (b) 18. (a) 19. (d) 20. (c)
21. (b) 22. (a) 23. (d) 24. (d) 25. (a) 26. (b) 27. (b) 28. (b) 29. (b) 30. (d)
) 31. (a) 32. (b) 33. (a) 34. (b) 35. (b) 36. (a) 37. (@ 38. (b) 39. (a) 40. (c)
0 41. (b) 42. (d) 43. (c) 44. (a) 45. () 46. (c) 47. (d) 48. (d) 49
H.0H, - (@) 50. (b)
- SL(a)  s52.(d) 53 (@ 54. () 55.(d)  56.(d)  57.(c) 58. (c) 59. (d) 60. (d)
el L 6L() 62.(c)  63.()
jstio
Sl will peé
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Hints & Solutions

1. ‘\Htommnmxlmn for 1.8 g of steam

18
=(~40.8) x — = - 408 kJ
) 18
AH _ -408 x 108
A= e " 4003 K"
Ty 37315 i
2. Heat at constant pressure means enthalpy, /..,
AH = -25 x10% og
AS =7.4cal deg™’
T =298 K
AG = AH - TAS
=~2.6x10% - 208 7.4 = - 4705 cal
Hence, the process is spontaneous

3. CO and NO molecules in solid states at 0 K adopt a nearly
random arrangement indicating a positive value of entrapy, It
Is due to their dipole moment which results in disorder,

4. For a spontaneous process, AG = —ve = AH TAS
AH =-ve, A8 =+ve

5. C, and C, are the terms for molar capacities

6. For the given change

AS°=EnSp —ZnSp

= SNHLONH, Sio = [2 xSy, ‘C;l(',‘(‘/‘, |
=1740 + 699 [2 x192.3 + 2137]
— 3544 JK™' mol™

|

ey VAR

7. For adiabatie condition -2 = (V} J
Al

7 1 1.83- 1 ' 0.38 1 1 1
7};(27J ’ (27J :{é?J "8
Ts :SOOx;: 100 K
Thus, T, < T, hence cooling takes place due to expansion
under adiabatie condition.
AE=g+W=W
(+ g = 0 for adiabatic change.)
Sign of AE is negative because the gas expands.
W=-AE=-Cy(lp-T)
=~ 6(100 - 300)= 1200 cal
8, Bgx1=RT

3 3
Internal energy, £ = 5 RT = 5 p

9. AH = AE + AngRT
Given, AH = 30 keal for 8 mol
An, = 3because, liquid === yapour
30 = AE + 3x2 x500 x107
AE =27 keal

10, For isothermal process, AE =0
11.

& Irreversible T
% compression h

49:9.9:%

0:9:9,9,9,¢

959990

0,9, 99,992

[ 9:9:9,9.9.9,0.5

9:9.9:9.:9.9.9,9.9.5

90060 9.9.9 6.0 05

09.9.9.9.9.9.9.9.9. 900

(9089, 9.9.9.0.9.9.9. 9.9

09009, 999,999,600,

eooosaietotasetesototels

[RRRRIRRRRS

Ve Vi

Volume —>

Volume ——»

Area under the curve is mere in irreversible compression
than the area under curve of reversible compression. Thus,

Vvlrruve,vswhle & Wrnvens.\ble

20
12. AS =2.303nRlog \éz =2.308 %2 x2|ag =5 9.2
1
AHy 2980 i

=22 - 9 778 J K
T 300

14, In free expansion, W = 0 while in adiabatic progess, g, =0,
Au=0c, +W =0

This suggests that internal energy remains constant,

Therefare, AT = 0. Expansion of an ideal gas under adiabatic

conditions in a vaguum leads o no absorption/evolution of

heat. Thus, na external wark is dene for the separation of
gaseous molecules,

13. AS = mol™

15. Variation ef K with temperature |s given by

logk =25° _ AH
R RT

Given, log K = 4.0 <2090

On ecomparing, % =4 ¥

or AS°P=4R

16,  n(efficiency)= 2= h
T2
0.25= 1 =400
7

£ T = 5388 K
A decrease in Gib

the system, e
-AG =W,

expansion

17

bs energy results in useful work done b¥

» work  of expansion (- foxpansion
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Day 6 Chemical Thermodynamics

18. AH =work done =/ xV xtJ =0.50 Ax 12 Vx 300 s

=1800J=+ 1.8 kJ
Molar enthalpy of vaporisation,

A AH 18k
e e LV .
™ moles of H,0 P 0.798 40.6 kd mol
18

AH,=AE + p AV
AHp, = AE,, + An RT
AHp = AE, + RT  [An, = 1for H,0 () ===H,0 (g)]
Molar internal energy change,
AE. = AH,, — RT
=40.6—8.314x 107> x 373.15= 37.5 kJ mol™
19. Work done by gas = —p,; xchange in volume
=-10°(1072 =107%)=—10° x0.009= —900 J
20. At constant volume, pAV =0,

0] = /NE
21, Q =mC,AT
1000=@><75><AT
18
AT =24 K
22 AG = AH—TAS

At equilibrium, AG = 0
- _AH_30 x10°

=— = =400 K
AS 75
3
PRAS. — Aﬁf _ e
24. W = —pAV (p = zero in vacuum)
W=0

25. For a spontaneous process,
ASiota1 = ASystom + ASeurroundings 08 POSIEIV:

26. AG = -RT In K, =-2.303RTlogKj
2 s

A-C 50 eu

C—>D 30 eu

D—B —20eu

A>B 606U

28. AE(ACB) =80 — 30="50J
Q(ADB) = AE ~W =50—-10=140J
29. W(B — A)=20J
Q=7
AE=Q +W
50 Q =20
Q=70J
i.e., system absorbs heat.

39. Kirchhoff's equation,

30. AE(ADB) = AE(A— D) + AE(D — B)
50 J = 40 + AE(D — B)
AE(D — B)=10J
QD — B)+ WD — B)=10J
QD — B)+0=10J
Qb — B)=10J
31. At point (1), pressure is 1 atm and volume is 22.4 L for one
mole which indicates NTP states. Thus, temperature is273K.
At point (2), pressure is again 1 atm but volume is doubled,

so that temperature is also doubled. At point (3), pressure is
halved but volume is doubled, so that temperature is 273 K.

32. AE =nC AT

(- V = constant)

:1x§3 %8.314x273=34x10° kJ

33. Statement Il is the correct explanation for statement .

34. Both the statements are correct but statement Il is not the
correct explanation for statement .

35. Both are facts.

36. Statement Il is the correct explanation for statement |.
AH,p 26 x10°

BZCANAS RS =+84.41 JK™' mol™
T 308
AHcond Ao ¢
ASET— T [ AH g =—26kJ]
«103
~ 2007 L e
308
38. Work is done against constant pressure and thus,
irreversible.
Given, AV =6-2=4L
p=1atm

W=pxdV/=-1x4L atm

k. 1x4 %1987

0.0821
(- 0.0821 L atm = 1987 cal) = —9681cal
=-9681x4184 J =-405.04 J
From first law of thermodynamics
q=AE-W
AE =g + W =800 - 405.04= 39495 J

al

e AH, — AH,
L-T
AH, — AH; = AC, (T, ~ T7)
AH, —24 = (0.031 - 0.055) (100 — 50)
AH, =228 calg~"

40. For a non-spontaneous reaction,

AG =+ ve
AG = AH - TAS
~AH —TAS should be +ve.

MWW . 0oVADC Ol1]
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44.

45.

46. Molar enthalpy

- (&) Since, ohange of state (b, 7)) to (0, Vs To) is

ols AH > TAS

which is possible if T < A1

Given, AH =30 x10° J mol~!

AS =70 JK=! mol-!

70
T < 42857 K

T

S

isothermal therefore, I, =T, (correct statement)

) Sinpe, phange of state (p,V, T) to (P3, V3, T3) is an
adiabatic expansion, it brings about cooling of gas,
therefore, T; < T,. Thus, it is incorrect.

—
&)

Work done is the area under the curve of pV diagram. As
obvious from the given diagram, magnitude of area
under the isothermal curve is greater than that under
adiabatic curve, hence vasothumw = L'A‘{mmmw
statement)
(d) AU =nC,AT
In isothermal process, AU = 0 as AT =0
In adiabatic process,
AU =nC, (T3 —T)<0as T, <T

AU}SL:IhUmW > AU,

(correct

(correct statement)

adiabatic

. In isothermal reversible expansion, AU = 0, thus, o, =-W

Therefore, W = —-208 J

. From Born-Haber cycle,

Q=S +/+D+EA+U
—617 =161+ 520 + 77 + EA — 1047
[ Here, S = sublimation energy, / = ionisation energy,
D = dissociation energy, EA =electron gain enthalpy and
U = lattice energy.
EA =289 - 617
— 328 kJ mol™

The process is isothermal expansion, hence

qg=-W.
AE =0
g =+208J
W =-208J (expansion work)

Due to smaller size and high repulsivg force with_in the
outermost orbit of fluorine its electron gain enthalpy is less

negative.
. 7
e

High repulsion

of vaporization = 285.9—241.8
~ 44.1kJ mol ™

47. 2 A,0, —> 2AI+ 05 AG
g et 3

49.

JEE Main Chemistry inJust 40 Days

+ 940 kJ mol ™

‘ 2 N3¢+ dg™ —> Z A
Half cell reactions are 582 + de -

204 —> 0, + %
* g : 4 ;
A3 4 20° » —Al +0,
8 3
Number of electrons involved, n = 4

We know that, A,G =nF E.q
1

AG 940 x10° Jmol 2 B\

Ecel e 4 x 96500

18. (8) AG =AH -T AS

For a system, total entropy change = AS

AH ot = 0
\(751\~~¥x*1lv I AS g
AC ;,.\«.hv‘n y

/

AS fotal

Thus, (a) is correct

(b) For isothermal reversible process, AE = 0

By first law of thermodynamics
AL q + W
W i [l e i
=], P
\
| nRT In
Thus, (b) is correct
(c) AG = AH° ~T AS®
AG* RT log K
RT log K = AH T AS®
AH T AS )
log K S

RT
Thus, (c) is incorrect

(d) AG® RT log K

log K Al
R
K e AGYRT

Thus, (d) is also correct

Entropy change for n moles of ic

Entrop} sothermal expansion of "
ideal gas from volume Y, to volume \, is

AS =2.303nR log %
14

=2.303x 2 8.3143 log 190
=0
=38.296 J mol~' k!

Th
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2 4
50. = Al,O4 3= Al + O
3 3 ;
AG =+ 966 kJ mol™" = 966 x 10° J mol~'
AG =~nfE_,,
966 x 10° = - 4 x 96500 x i
Ecen =25V
51. AG = AH -TAS
At equilibrium, AG =0
For a reaction to be spontaneous AG should be negative, so
I'should be greater than T,
52. Percentage efficiency of the fuel cell
AG
x 100
AH
The concerned reaction is
CHAOH() + =0,(g) —5 CO,(g)+ 2H,0()
AG, = AG((CO,, g) + 2AG;H,0, /)
— AGy (CHL0H, 1) = = AG; (0,, g)
3 5 2
=—-3944+2(-237.2)-(-166.2)-0
Thus, percentage efficiency 702.6
| 1o 30 ]
53. AS°=Sy,. —| =Sy, + =Sy
|t D S
[1 3
=50 —| = x60+—)‘A4O}
|52 2

= 50 — (30 + 60) = —40 JK™" mol™
A,G° = A H° —TA,S ° (At equilibrium, A, G° = 0)
A,H° _=30,000 J mol™

e e e U000 D) s
AS°®  —40 JK™' mol™

54. AG°® = AH° — TAS ® = —2.303 RT logyo K

" —2.303RT log;y K = AH® ~ TAS®

i.e., -2.303x8314x298xlog, K
— [-5407 x1000] - [298 x 10]

~5705l0g, K = —54070 — 2980
_5705l0g K = —57050
or logyg K =10

55. H,0(/) andH,0O(g)both exist together at same temperature

a
ysion of

and pressure,

H,00) = H;0(©) a
In the state of equilibrium, AG = 0 and conversion of liquid
into gas increases disorderness.
Hence, entropy AS = +Ve,

5. Cls)+,0s(0) — COW)

2
ang =1-2

N =

63
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57

;»':“ '/‘

59

). For adiabatic

AH ~ AE = An,AT
= 21 %8314 JK™" mol™" x 298 K

=123878 J mol™’
The molar heat capacity for any process is given by following

expression C =Cy + ii when pV' = constant
=l

and C, /Cy =y

L ara P b s :
Here, i 1, i.e, pV/~ constant
A9 R 3 R 4
kf‘1<777—*::9+—=-—9
2 1—-(=1) 2 (i
f(irreversible) = Tavcuvstﬂd
Itis an adiabatic expansion and W, is maximum.

change, AE = AW
AE =nCy(T,-T)
AW =—p (V5 =Y)
nCy(Tl, -T)=-p (L, -V)=—-12 -1)

ige= 2 x(Tp=T)=~1
=1
n=ily= é for monoatomic gas, R = 0.0821L atm K=" mol ™"
1% Q00E T A
5 2
-1
3
2
ey
i 3x0.0821
AG®=~2.303RT log Kuq = —FEay

If a cell reaction is spontaneous (proceeding in forward side),
it means K, >1and Egy = +ve

AG°=—-ve

. For spontaneous adsorption process, standard Gibbs free

energy (AG) must be negative as well as the degree of
randomness of gas molecule on the surface of solid
decreases. For exothermic process, AH must be negative;
AH = AG + TAS

TAS is negative, hence during this adsorption AS decreases.

. Joule's law suggests

y ot Mechanical work done by the system ,W
Net heat given to the system, Q

Hence, J =

Q1 +Q2
W=J@g;+95)
is constant with Joules law of equivalence.

In thermodynamics, a process is called reversible, when the
surroundings are always in equilibrium with the system.

:
:
:
§
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© Chemical Reactions

o Thermochemical Standard
States

O Heat or Enthalpy of Reaction

O Bond Energy

O Calorimetry

Thermochemistry

Concept of Thermochemistry

The energy and heat associated with chemical
considered under thermochemistry. A reaction ma

reactions are

y release or absorb

energy and phase change may do the same, such as i melting and

boiling. Thermochemistry Sl
1 ) ocuses o ’Se  ene f

f on these energy chanages

particularly on the system'’s enerqy ex hange with its surroun 1tings
L /"’

Chemical Reactions

Chemical reactions are invariably associated w ith transfer of | |
. » . ¥ . 2 SR A energy and moss
frequently, energy transfer in chemical reactions takes place in | ;

¢ . d0Ce 1N

L : he form of heat,
Reactions may be exothermic or endothermi Both th
. e

reactions - given
helow aclions are gi

(i) Exothermic reactions transfer heat to the surroundines
4Al (s) + 30, (g) ——> 2A1,0, (s): AH

(ii) Endothermicreactions transfer heat from the

1676 k]
surroundings.
N,(g) +0, (g) »2NO (g); AH

+90.4Kk]

Jris e
thermo

15 facto

i
(1! (
¥ T
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Thermochemical Standard e e i oF s A
3 aors .
States : :
For a gas, the standard state is the gas at a pressure of one
a substance is its most  atmosphere, In a mixture of gases, its partial pressure must
stable state under 1 atm pressure (standard pressure) and ~ be one atmosphere,

298 K (standard temperatur , 6 0 T 0 ; ;

4 l‘ ; : { ud }t Ill}nm). Under these conditions, any For a substance in solution, the standard state refers to ene
yarameter is designate 8 AF® ABO ntn Fan :
I gnated by AH® AE°,AS° etc. For a pure  molar concentration,

A thermochemical standard state of

Heat or Enthalpy of Reaction

Itis the amount of heat absarbed or evolved at constant pressure, when the quantities of substance indicated by
thermochemical equation have completely reacted. It is denoted by AH,, e.g.,
CH4 (8)+ 20, (g) —> CO,(g) + 2H,0(g); AH, =-890,3K]
AH, = (sum of enthalpies of products) — (sum of enthalpies of reactants)
or AH' =H H
(i) IfH H

W) T H > H

products reactants

AH =0

produats reactants ¢

oot renctants 1 AF =+ve, reaction is said to be endothermic.

(i) M H < H AH ve, reaction is said to be exothermig,

produoets reaatants !

Factors Influencing Enthalpy of Reaction

Various factors that affect the enthalpy of reaction are

(i) Physical state of reactants and products (ii) Allotropic forms of elements involved
(iii) Chemical composition of reactants and products (iv) Amount of reactants
(v) Temperature (vi) Medium of reaction

Types of Standard Enthalpy of Reactions

The types of standard enthalpy of reactions are given below

1. Standard Enthalpy of Formation (AHy ) AH_ =-192kcal AH combustion is always negative but
It is the standard enthalpy change for the formation of for certain reactions it is pesitive, For example,
one mole of a compound from its elements, 6.8, N, + 0, —> 2 NQ, AH = positive

C(graphite) + 2H,(g) — CH4(g);AH; =-74.8 k] I 1 0 OF
f, +—0, — — OF,, AH = positive
Enthalpy of formation of an alement at slundqrd statm. by (T wAH =p d
convention is taken as zero, .g., enthalpy of formation

of Mg Al Na, H, O, elc, 1 taken a8 zara, 3, Enthalpy of Neutralisation (AH;, )

The enthalpy of the chemical reaction is given hy It is the amount of heat liberated when 1 g equivalent of
A l.”= AHS =y HS, an acid is completely neutralised hy 1 g equivalent of a
Here, A 1'! ¢, = standard enthalpy of formation for base. AH , is constant for strong acid and strong base,
f products i.e., AH, =-13,7 kcal mol™ ar -57.27 k] mal ™!
AjH?Y :slandtarc: enthalpy of formation far HCl(ag) + NaOH (aq) — NaCl(ag) + H,0(D);
reactanis

AH, =-57.3 k] mol™!

For a weak acid against a strong base or weak base, the
numerical value of AH,, is always less than 13,7 due to
the fact that here the heat is used up in ionisation of
weak acid or weak base.

2. Standard Enthalpy of Combustion (AH:) _
It is the standard enthalpy change per male O,t B
substance, when it undergoes complete combustion.
e.g.,
CH, (g) + 2 O,(g) — CO,(g) +2 H,0);
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The absolute v

= alue of heat of ne
97.3 KJ. This is

due to very high h
Standard Enthalpy of Ato

utralization of HE is more than
eat of hydration of fluoride ion.
Mmisation (AH})

It is the énergy required, w
its atoms, In case of dia
atomisation,
same thing.

hen one mole of the molecule breaks into

. tomic moleculeg (X;), the enthalpy of
bond dissociation enthalpy and hond enthalpy are

(¢

. Standard Enthalpy of Solution (AH )

It is the standarq enthalpy ch

ange, when one mole of substance
dissolves in a specified amount

of solvent.
AHSOI = AHIatli«;u i AHh}'r!rﬁti()n

same,

6. Lattice Enthalpy (U)

It is the enthalpy change, which occurs when one mole of an ionic
compound dissociates into its ions in gaseous state.

7. Enthalpy of Hydration (AH, )

It is the enthalpy change, when one mole of anhydrous or partially
hydrated salt combines with required number of moles of water to
form a specific hydrate.

CuSO, (s)+ 5H,0 (I) —> CuSO,- 5H,0 (s);
AHhvdration = _78~21kJ ITIOI_l

During dissolution, physical state of the compound cﬁanges while
during hydration, there is no change in the physical state of

compound.

8. Standard Enthalpy of Hydrogenation (AH hydrogenation)

It is the amount of enthalpy change that takes place when one

ole of unsaturated organic compound is completely
m

hydrogenated.

i In other words,

i accompanying a chemical reaction is the same
i whether, the reaction takes

o

9. Standard Enthalpy of Dilution (AH ;)

The standard enthalpy change, when 1 mole
of a substance is diluted to such an extent
that on further dilution no heat is evolved o
absorbed is termed as standard heat of
dilution.

10. Standard Enthalpy of Fusion (AH:usion)

It is the enthalpy change that accompanies
melting of one mole of a solid substance,

i

. Standard Enthalpy of Vaporisation (AHf,ap)

It is the amount of heat required to conver
one mole of liquid into its vapour state.
AH S AT

vap — cond

°

- Standard Enthalpy of Sublimation (AHLS
At standard conditions, change in enthalpy,

when one mole of a solid substance
sublimes is called the standard enthalpy of
sublimation.

13. Enthalpy of Transition

It is the enthalpy change when one mole of
the substance undergoes transition from one
allotropic form to another.

i The enthalpy change in a particular reaction is

always constant and s independent of the path by
i Which the reaction takes place.

the total heat change (AH)

place in one step orin
more steps.

AH
A— A0 o

YH 1 /A H3
AH,

C—>p

According to Hess's law :

AH:AH1+AH2 + AH,

i Some applications of Hess's law are

* In determination of heat of formation,
* In determination of heat of transition.

[na pﬂ]‘
ponds b
ond ene
ForCHy

Bond dis
{omation
endothery
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It When a bond is fo
rmed ;
i iR b/; . between two atoms In gaseous state to form a molecule, some heat is always evolved
of ihs energy or bond formation energy.
ond dissociation energy j . .
Bt 8Y s the amount of energy requiredto |  Factors Affecting Bond Enthalpy
break/dissociate bond of g particular type present in one |
e :
molecule of the compound, while bond energy is taken as the Size of atoms Smaller the size of atom, more
lesg average value of dissociation energies of sam.e el closer are atoms to each other during bonding,
present in one mole. P e hence larger is the bond enthalpy. e.g., bond
. ok e enthalpy of halogens follows the following order
) lSmCE, atChtemlcgl ;eactlon involves the breaking of old bonds F—F < Cl—CI > Br—Br > |—I
1n reactants and formatio ; :
ert 5 5 of new bonds in products, the Bond enthalpy of fluorine is smaller than chlorine
enthalpy ch f y
Py change of a reaction, : : ; ;
because of the high degree of lone pair repulsions in
AH, =Sum of BE of reactants E, due to its smaller size.
’ —Sum of BE of products Electronegativity Larger the electro negativity
b) In a polyatomic molecule containing two or more covalent difference between two atoms, more is the polarity in
Dy bonds between same atoms (e.g., CH,), the term average bond and thus, more is the bond strength as well as
- bond energy is preferred in place of bond dissociation energy. tiondierithalpy el g CROR e
- of For CH,, average BE of C—H bond (Bond enthalpy decreases)
Heat of dissociation of CH, Bond .Iengthv Shorter the bond length, more is the
= *—T— bond dissociation enthalpy. .
: 0 Number of bonding electrons As the number '
Bond diss he S A e, :
fon 'tilssomatlon‘ entl;dl;‘)y Yaluea are exothermic, if bond of electrons involved in bond increases, strength of :
= ormation oceurs whereas bond energy values are the bond increases. This increases the bond |
endothermic, if bond dissociation occurs. enthalpy. e.g., C=C>C—C>C—C :
(Bond enthalpy decreases)
is Calorimetry
oy ” . . ; !
The experimental measurement of the heat of reaction or enthalpy change is known as calorimetry.
) In laboratory, heat changes in physical and chemical processes are measured with a calorimeter which is an
e insulated container q = mcAt =C At (Heat capacity, C = mc)
in where, m is the mass of the substance in grams, ¢ is the specific heat and C is the heat capacity.

NG = r“lhll =

initial

Bond Energy

For endothermic change, g is positive and for exothermic change, g is negative.

Constant Volume Calorimetry

Heat of combustion is measured by placing a known mass of a compound in a constant volume bomb calorimeter which is
filled with oxygen at about 30 atm pressure. On ignition of the sample electrically, there is evolution of heat which can be
calculated by recording the rise in temperature of water.

Heat lost by the sample = Heat gained by the water

Gcombustion — -[qwaler ar qbomb] B _[H.lwater X Cyyater + Mpomp X Cbomb] x At

Gcombustion

Therefore, AH ombustion = AE + AngRT

= AE, ,mbustion (cOmbustion in bomb calorimeter at constant V)

The calorific value of a fuel or food is the amount of heat in calories or joules produced from the complete combustion of one

gram of the fuel or the food.

Calorific value =

comb
molecular mass
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[}
w
(4]

i (]

Exemplar]

(a) enthalpy of fusion -
(b) enthalpy of fusior

(c) enthalpy of vapourisat
(d) twice the enthalpy of vapourisatior

3. Enthalpy of solution of NaOH (solid) in water
_A{ 8kJ mol~!. When NaBH is
temperature of water
(a) Increases (D) €
(¢) does not change (d) f

4. The temperature of a bomb calorimeter
a ourrent of 3.2 Als 7

w -

s passed for 27
Whieh of the following statements is trt
(&) The calerimeter constant s 48 JK™

1e?

(b) This calorimeter constarit will be same if t

is open

(o) The information is insufficient tor calculating calorimeter
constant

(@) The calorimeter gonstart is independent of calorimeter
gontent

8. Consider the followirig reaction and correspon din
diagram : A= E

Which of the fol\owlng statements is incorrect?

(@) ltisa two step reaction

) Eirst step is slower than second step
(c) A is more unstable gompared to P
(d) All steps are exothermic

int to PDE wi '
without this message by purchasing novaPDF (http://www.novapdf.com/)
X , .com

1. In a i
* calorimet %
orimeter, the tempetature of th e

increases by 612K, the heat capacit

aCily

& »
(o

kJ/g /deg. What
at |S th h o ¢
BT Btk e molar heat of decompo -
(;at =7.63kJ / mol Al i
(6) =16.1 kd/mol ‘:b* ~RERI
12. d) =602k] / mol
0

IE: P::e;tof ?ombust*on of carbon to CO, is - 5

released upon fo 2 of 00
carbon and oxygen gas is rmation of 352 Of e
(@) +315 kJ

{c) -315kJ (b} 315k

(d) +315kJ



http://www.novapdf.com/
http://www.novapdf.com/

Day [ Thermochemistry

13. The bond dissociation e iergies

5 of gaseous H, , Cl, and 22 b ~F 4 S TV v

~l . - 3 2.0 Mo A //f;,r‘,r of the reactions defines AH.?
HCI are 104.58 and 103 keal respectively, The enthalpy of J
formation of HCI gas would be a) C,, 0,(g »CO,(g
(8) ~4dkoal  (b)4dkeal  (c)-22keal  (d)22 keal ,

(b) 3;: (g)+ - :,,/ g s HE (¢
14. Given that, 2 2
Clg)+ 4H(g) » CH,(g); AH 166 kJ e ' o i

The bond energy of C—H will be (d)CO(g)+ 502(9) —>CO,(g

(@) ~416kJ/mol (b) =41.6kJ/mol

2441 ]
(¢) 832kJ/mol (d) None of these TN
15. The amount of heat absorbed by 70.09 of water for their alues of ethane 2 /e res .
complete vapourisation is [NCERT Exemplar] @) 1:095 (b) 0.65 { ) 0.95 - 1 d) 0.002
(8) 23, 352J (b) 7000 J : S N Tl s
e ‘), : 24. The entha and BaCl,-2H 0 (s
(c) 15,8134 (d) 158, 200J
' are —20.6 and : The enthaipy of
16. The entropy values (n JK' mol ) of H,(g)=1306 Budration fat tact oL s BaCl. . 2H.C
Clp(@) =2230 and HCI(g)= 186.7 at 298 K and 1 atrr 20 4 k 294k
A " pressure, then entropy change for the reaction 118 kJ 82 kJ
A = H, (9) + Cl,(g) » 2HCI(g)is 25 > o
(a) +540.3 (b) +727.3 (c) -166.9 (d) +19.8 syclohexane are >
17. The following is (are) endothermic reactions respectively. Heat of f
(I) combustion of methane 21 kJ m D 21 kJmo
(if) decomposition of water D40 4) —242 &I mo
N (i) dehydrogenation of ethane to ethylene
(Iv) conversion of graphite to diamond 26. A, u° for the formatior of CH, g) at ceriain temperatise is
(a) (i), (i) (b) (ii), (iii) 393 kJ mol~!. The value o ‘
(©) (iii), (iv) (d) (i), (i), (iv) A g :
4a) Zero < AU
s 18. Combustion of glucose takes place according to the e : Dot ta A
; ol equation,
3 of % : = 27. The Hf of
CeHi,04 + 60, —> 6 CO, + 6H,0; AH =72 keal
2 ana +259
How much energy will be required for the production of 1.6 g increasinde
of glucose (molecular mass of glucose = 180) 7 (@0, CO.
(8) 0,064 keal (b) 064 keal (c) O, HI, A
given by (c) 6.4 keal (d) 64 keal :
‘ 19. 2.1 g of Fe combines with S evolving 3.77 kJ. The heat of  Directions Q. Nos. 28 and 29)
90.5.38 formation of FeS in kJ/mol is (8) A student heated a sample of a meta o
roduce (@) 179 (b) —100.5 99.83°C and put it into 100.0 g of 2
(c) -8.77 (d) None of these calorimeter. The final temperatin he
: student calculated th cific | i
2 -3935, —110. 2 3 Gl Ut
s : 20. The AH; for CO,(g), CO (g) and H,O(g) are ~3935, ~110.5 neglected to use the heat capacit he
asmwf’x’"’v’f‘fa and -241.8 kJmol™' respectively, the standard enthalpy specific heat of water is 4.184 J . what
b 11}:6 change (in kJ) for the reaction, answer? The metal was known to be chromium
v for : mparing the v Fth
& CO,(g) + H, (g) —> CO (@) + H0(0). is , g
(a) 524.1 (b) 41.2 (c) —262.5 (d)-412 %
: 21, Heat of formation of H,0 is ~188 kJ/mol and H,0, is ~286  the metal
5 kJ Jma kd/mol. The enthalpy change for the reaction, (b) The ;wdent alvthe next laboratory, did the same
cOg froM Bt el s experiment, obtained the same data, and used the heat
¥ 2H,0, — 2H) e 1296 o capacity of the calorimeter in his calculations. The heat
(a) 196 kJ &

capacity of the calorimeter was 410 J/°C

(c) 984 kJ (d) ~984 kJ
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28. Metal identified by first student was
(@) Cr (b) Mo
)W (d) None of these

29, Metal identified By the student in the next |

(a) Cr
(b) Mo
)W (d) None of these

aboratory was

fDll'ec.thllS ((2. Nos. 30 to 32) The Born-Haber cycle for the
ormation of CaC, can be constructed as

By + IE;
?a Q@ —m8 — Ca?+ gi C2(g)
203
S
G, (9
AH;ub ‘\(*BE AL
2C (g)
A
A,—I‘;l!l)

i AH;
Ca (s) + 2C (graphite) ——— GaC,

30. Using the Born-Haber cycle, determine AU (lattice energy)
of CaC, given

AH; =~ 60 kd mol™, AHS,, Ca(s)=180kJ mol™
IE; (Ca) = 600 kJ mol™, IE, (Ca)=1150 kJ mol™
EA, (C,)=— 815 kJ mol™, EA,(C,) = 410 kJ mol™
BE (C,) = 614 kd mol™
AHg C (gr)=717 kJ mol™
(a) — 1707 kJ mol™
(c) - 2905 kJ mol ™

(b) — 2845 kJ mol™
(d) — 1206 kJ mol™

31. Which is the most stable compound?
(a) NaCl (b) MgCl,
(c) KClI (d) RbCl
32. Calculate the electron affinity of bromine atom from the
following data :
Lattice energy of sodium bromide =~ 736kJ mol* ‘
AH; (NaBr) = — 376 kJ mol™

AHe5  Of sublimation of sodium = 109kJ mol™!
BE (Br— Br)= 192 kJ mol™

i -1
lonisation enthalpy of sodium = 490 kd mol

(a) — 436 kJ mol'1‘

(b) ~335 kJ mol “1

(c) —353 kJ mol”

(d) None of the above

JEE Main Chemistry in Just 40 Days

Directions (Q. Nos. 33 to 36) Each of these questions contajns
two statements : Statement | (Assertion) and Statement

(Reason). Fach of these questions also has four altemnatiye =
choices, only one of which is the correct answer. You have to 8

select one of the codes (a), (b), (¢), (d) given below ;

(@) Statement | is true, Statement I| is true; Statement Il i 3
correct explanation for Statement I.

(b) Statement | is true, Statement Il is true; Statement i isnot =
a correct explanation for Statement It

(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Ii is true.

(e) Statement | and Il are false.

33. Statement | The enthalpy of formation of H,O(l) is greater
than that of H,0 (g).
Statement Il The enthalpy change for condensation
reaction, /.e., H,0(g) = H,0 (l)is negative.

34. Statement | For a certain reaction, heat of combustion at
constant pressure (g,) is always greater than that a
constant volume (@,).

Statement Il Combustion reactions are
accomplished by increase in number of moles.

invariably

35. Statement | The heat of neutralization of a strong acid
with strong base is equal to the heat of ionisation of water
Statement Il H™ ions from an acid combines rapidly with
OH® ions from base to form water while water ionises to &
very small extent,

36. Statement| Heat of neutralisation for HF is
—-68.652kJ / eq whereas for HCl it is ~57.26 kd /eq.

Statement Il The acid HF is weak acid.

37. A cooking gas cylinder is assumed to contain 11.2 kg
iso-butane. The combustion of iso-butane is given by

" 13
CyHip(g) + > O,(9) — 4CO,(g) + 5H,0(),

AH = - 2658 K/

If a family needs 15,000 kJ of energy per day for cooking:
how long would the eylinder last?

[Assuming that 30% of the gas is wasted due to incomplété
combustion.]

(a) 34 days (b) 30 days (o) 31 days (d) 24 days

1.0 L sample of mixture of CH, and 0, measured at 25°C
and 740 torr, was allowed to react at constant pressure iné
calorimeter, together with its contents had a heat capecly
of 1260 cal K™'. The complete combustion of CH, t0C0;
and water caused a temperature rise in calorimeter of 0867
K. What will be the mol % of CH 4 in the original mixture?
[Heat of combustion of CH, is ~210.8 keal]
(a) 25% (b) 15% (c) 40%

38

(d) 10%

p.oe™
"
j o
%, 4t
resonanc
-8k
B -85k
o -82K
(g -4k
43, Which of
coneet i
W=t
DW=~

o
{5}0=~r,‘

4 gas)

@ Fyr ay
Comy

Mo of

»,

W‘qsasmg
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Day [ Thermochemistry

39. When 1 mole of oxalic acid is treated
in dilute agueous solution, 106 kJ of
enthalpy of ionisation of the acid is
(a) 4.3 ki mol™ (b) = 4.3kJ mol™!
() - 8.6kJ mol™ (d) 8.6kJ mol ™"

40. An athlete takes 20 breathes per
temperature. The air inhaled in each
which contains 20% oxygen by volume, while exhaled air
contains 10% oxygen by volume. Assuming that all the
oxygen consumed is used for converting glucose into

with excess of NaOH
heat is liberated. The

minute at room
breathe is 200 mL

CO,(g) and H,O(/), how much glucose will be burnt in the
body in one hour?

(@) 25299

(b)29.25¢g
(c) 50.00 g

(d) 15.68 g

41. What will be the enthalpy change for the combustion of

cyclopropane at 298 K? The enthalpies of formation of
CO,(9),H,0() and propene (g) are — 393.5,-285.8 and
20.42 kJmol ™" respectively. The enthalpy of isomerisation of
cyclopropane to propene is — 330 kJ mol ™. 4

(a) 844.68 kJ (b) — 844,63 kJ
(c) —2091.32 kJ (d) 189344 kJ

AIEEE & JEE Main Archive

42. Given that
(i) ArH® of N,O is 82 kd mol™

(i) Bond energies of N=N,N=N, 0=0 and N=—0 are
946, 418, 498 and 607 kJmol™ respectively. The
resonance energy of N,O is [JEE Main Online 2013]
(a) —88kJ
(b) —66kJ
(6) =62 kJ
(d) ~44kJ
43. Which of the following statements/relationships is not
correct in thermodynamic changes?  [JEE Main Online 2013]
(8) AU = 0 (isothermal reversible expansion of a gas)
(b)y W = —nRTIn\-/Z— (isothermal reversible expansion of an
1
ideal gas)
(©)g=~ nRT!nT/Z (isothermal reversible expansion of an ideal
1
gas) |
(d) For a system, at constant volume, heat involved
completely changes to internal energy

44, Which of the following represents the correct order of

i ing first ionization enthalpy for Ca, Ba, S, Se and Ar

increasing first ionization py T
(@) Ca<S < Ba< Se<Ar
(b) S <Se < Ca<Ba<Ar
(c) Ba<Ca<Se<S8S<Ar
d

(d) Ca<Ba<S<Se<Ar

45, Using the data provided, calculate the muitiple bond
energy (kJ mol~!) of aC=C bond in C,H,.

The energy is (take the bond energy of aC—H bond as 350

kJmol™) [T JEE 2012]
-1

2C(s) + Hy(g) —> CoHo (@) AH =225 kJ mol 1

2C (s) —> 2C(g); AH = 1410 kJ mol~
Ho(g) —> 2 H(@): AH = 330 kJ mol™"

(b) 837 kJ mol™
(d) 815 kJ mol™

(8) 1165 kJ mol™!
(c) 865 kJ mol™

46. The standard ethalpy of formation of NH5 is — 46.0 kJ mol™.,

If the enthalpy of formation of H, from its atoms is
~436 kJ mol™" and that of N, is — 712 kJ mol™, the average

bond enthalpy of N—H bond in NHj is

(@) — 964 kJ mol™ (b) - 852 kJ mol™
(©) + 1056 kJ mol™ (¢) = 1102 kJ mol™"

[AIEEE 2010]

47.0n the basis of the following thermochemical data

[AfG°H* (ag)=0]
H,0() —> H* (ag)+ OH" (aq); AH = 57.32 kJ

Ha(g) + 2102(9)‘—> HoO(/); AH =286.02 kJ

The value of enthalpy of formation of OH™ ion at 25°C is

[AIEEE 2009]
(a) —22.88 kJ
(c) + 228.88 kJ

(b) - 228.88 kJ
(d) — 343,52 kJ

48. Oxidising power of chlorine in aqueous solution can be

determined by the parameters indicated below

1
1 A disso H* Agq H® o g
5 C(9)-£—Cllg) 2 CI"(g) 222", Of~(aq)

The energy involved in the conversion of 51 Cly(g)to Cl (aq)
[Using the data Aggee H31, =240 kJ mol™,
Ay, H® =~ 349 kJ mol™,
AnygH5,- =~ 381kJ mol™"] will be

(a) =850 kJ mol™" (b) + 120 kJ mol ™
(c) + 152 kJ mol™ (d) ~ 810 kJ mol™!

[AIEEE 2008]

49. Assuming that water vapour is an ideal gas, the internal

energy change (A£), when 1 moale of water is vaporised at 1
bar pressure and 100°C, (Given : molar enthalpy of
vaporisation of water at 1 bar and 873K = 41 kJ mol~' and
R =8.3J mol™" K™ will be
(8) 4.100 kJ mol™

(c) 37.904 kJ mol™

[AIEEE 2007]
(b) 3.7904 kJ mol™'
(d) 41.00 kJ mol™*
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50. IH. =Ny (@) the dissociation energy Of Ha and  enthalpy o
. sublimation of carbon
(b) latent heat of vaporisation of methane
- (©) the first four ionisation energies of carbon and electioy
’- gain enthalpy of hydrogen l
A (d) the dissociation energy of hydrogen molecule, H,
" 53. Consider the reaction : N, + 8H, —> 2NHg; carried out af
T constant temperature and pressure. If AH and AE are the
ere, G enthalpy and internal energy changes for the reaction,
which of the following expressions is true? [AIEEE 2005]
of e (@) AH > AE (b) AH < AE
(c) AH = AE (d)AH=0
= €sa e 54, If the bond dissociation energies of XY, X, and Y, (gl
T 23 e rate of forward reaction b ic molecules) are in the ratio of 1:1: 0.5 and AH, for
o b ation of XY is —200 kJ mol~". The bond dissociation
ter the rate of either of the reactions er of X, will be [AIEEE 2005)
oy I R e . ) mol™! (b) 300 kJ mol™
f. ceggeg e an
s o e ¢) 200 kJ mol (d) None of these
3 242 55. combustion of carbon and cearbon
9)— 5 5 and —283 kJ mol~" respectively. The
tion of carbon monoxide per mole is
e e TAIEEE 2004]
0 a)110.5 kJ (b) 676.5 kJ
o c) —676.5 kJ (d) —110.5 kdJ
S : y v_ P; V; 0 j :f 56. If at 298 K, the bond energies of C—H, C—C, C=—C and
[AIEEE 2006] H—H bonds are 414, 347, 615 and 435 kJmol™
5 4 — 16.8 ol ™ re tively, the value of enthalpy change for the reaction,
= i H2(9) + Ha(g) — HC —CH,(9)
52. T AH;) at 298 K for 98 K will be [AIEEE 2003]
methans CH.(g 74.8 kJ The addition (a) '259 kd (b) — 250 kJ
nformation required to determine the average energy for () +125 kJ (d) —125 kJ
C —H bond formation would be [AIEEE 2006]
Answers
11. (d 12. (c) 13. (©) 14. (b) 15. (S) 1s. (d) 17. @) 18. (b) 19. (b) 20. (b)
21. 22. (b 23. (o) 28 (B) 22' (b) 26. (b) 27. (c) 28. (c) 29. (b) 30. ©
31. () 32. (b) 33. (a) 34, ;c) 25. (3) 36. (p) 37. (d) 38. (d) 39, (d) 40. (b)
41. (c 42. (a) 43. (©) 44, \c) . (d) 46. (b) 47. (b) 48. (d) 29. (0 50, (b)
51. (c) 52. (2) 53. (b) 54. (d) 55. (d) 56. (d)

L Print to PDE wi
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Aoy,
= arg Ihe
reaCUor.

d Y, (o
d AH, ty
SSOCiatign
EEE 2003

d carbon
tively. The
le is

ATEEE 2004

c=Can
5 kJmo
: reaction

’
J

AIEEE 2008

1. Heat produced by complete combus

Hints & Solutions

tion of ene gram of

cafbon is called its calorific value.

2. Enthalpy of sublimation of a compound Is surm of the

enthalpy of fuslon and enthalpy of vapourisation.

3. Since, the process is exothiertriic; heat is evolved due to this

temperature of water increases

Enthalpy:
N
>
St

Energy

4.Q=It =3.2x27

Energy produced =QV = 3.2 x27 x12= 1036.8 J

Célorimeter constant = 10136'8 = 648 Jk

Itis Gy and different from G,

5. Two peaks and a troUgh Indicate that it is a two step process.
Agtlvation efiergy of first step Is greater than that for second
step; hence first step is a slower ofe. Ground state potential
energy of P Is less theh A hence P is more steble and A ls
more Unstable. F is Irst step is efidothierfmic while the second
step is exothermic.

6. C,H, + 80, — 260, + 2H,0
AH,enciin = 2 x AHA(CO 5) + 2 x AH;(H,0)]
“[AH;(C2H4)+ 3XAH;(02)]
=[2(~394) + 2(—286)] - [562 + 0]
=—1412 kJ
7. C + 0,—> COy jAH =X

co +%og__> CO, AH=y

c+%oz——> GO i AH =x~y

8. As methanoic acid is a weak acid, heat of heutralisation is
less than x.

9. Millimoles of dibasic strong acid
=M xV = 0,20 x 350 =70 mmol
~.Amount of H* ions in the acid =2 x70 = 140 mmol
Similarly, armount of OH™ lons in monobasic strong base
= 0.10 x 650 x 1= 65mmol
[Here, OH- is the .mitihg reactant].
"+ 1 mole of OH" lons produces= 67.1kdJ heat
85 x 10~ moles of OH~ ions will produce

=57.1x65x107° =371 kJ

10. CH, required =

445‘15x16=

8
8590.3 g

11. Molecular weight of NH;NO5 = 80

12,

13:

14.
15.

16.

17.

18.

19.

20.

Heat evolved = 1.23%6:12
Molar heat of decomposition = 1.23x6.12 x80
= 602 kJ mol™
(as heat is evolved)
=602 kJ mol ™!

C+ 0, — CO,; AH =—898.5 kd/mol

- Heat released during the formation of 44 g of CO,
=-393.5 kd

Heat released during the formation of 1 g of CO,
_—8935 K
44

Heat released during the formation of 86.2 g (given) of €O
_398.5%85.28

RIS
44

gl H, +l Cl, — HCI
Rda ik o
AH =3BEsacianis = ZBEDTOGUCtS

1 i
:[5 BE(Hy) + 5 BE(CIQJJ - BE(Hol)

{1+t

= (52 + 29) — 108=-22 kel

The bond energy C—H = ~166/ 4= -415 kd ol
(@) The heat absbrbed, Q is given by
Q =miass x|aterit heat of vaporisation (L)
mass =70.0 g = 0.07 kg

L, =2260 kJ

@ = 0,07 x2260 = 158.2 kd = 158200 J
AS°=28%q — 6%, +S %, )

=2 x186.7 —(130.6+223.0)= 19.8 JK~ mol~!

(ii), (i) and (iv) are eridothermic reactions because they
proceeds by the absarption of heat.

72 1.6
180

AM ] ol of Fe8 =————3'7; ASh

AH per1.69g = = 0.64 keal

=100.5
C + 03 — CO,(g) ;AH; = -393.5 kd mol™! o)

B ; Ppit
c i O, — CO(g); AH; = -110.5 kJ ol ()
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1
H, i 02— H,0(g); AH;=—241.8 KJ mol! (i)

Eq. (i) + Eq. (i) ~ Eq. ()
CO2(0)+ H,(9) — CO(g)+H,0(g); AH, = 41.2 k)

21. H2+2102 ——> H,0; AH = ~188 ki mol~ )
Ha+0, — H,0,; AH = —286 kJ mol~' ...(ii)
Multiply Egs. (i) and (i) by 2,

2H, +0, — 2H,0; AH =-376 kJ mol~' .. (iii)
2H;+20, — 2H,0,; AH = -572 kJ mol~! .(iv)
Eq. (i) — Eq. (iv)

2H;0, — 2H,0+0,; AH, = +196 kJ

22. AH;, standard heat of formation is the amount of heat

evolved or absorbed when one gram mole of a substance is
formed from its constituent elements.

For standard state temperature is 25°C or 298 K and
pressure of gaseous substance is one atmosphere.
Therefore, in given thermochemical equations, formation of
HF represents the standard heat of formation of HF.

23. Calorific value is heat produced by 1 g of fuel.

Calorific value of ethane = %?)H =—11.87 keal / g
—310.
Calorific value for ethyne = 322 s 11.92 keal / g

[Here 30 and 26 are molecular weight of ethane and
ethyne respectively.]
..Ratio of calorific values of ethane and ethyne
=ihkE7 22 =081

24. BaCl,(s)+ ag —> BaCl,(aq); AH = —20.6 kJ . (i)

BaCl, -2H,0 (s) + ag — BaCl,(aq); AH =+8.8 kJ  ...(ii)
Eq. (i) can be split as
BaCl,(s) + 2H,0(/) —> BaCl, -2H,0(s); AH = H,

BaCl, -2H,0(s) + ag — BaCl,(aq); AH =H,
AH =H, + H, =-20.6 ;
H; = 8.8 kJ

H, = —20.6—-8.8=~29.4kJ

25. H, + % O —> H,0; AH=—241 kJ )

CeHig + L 0, —> 600, +5H,01 AH ==3800KJ ..(i
P :

CeHly, +90, —> 6C0, -+ 6H,0 ; AH = -3920 kJ ...(iii)
For the reaction, CgHyy +H, — Cglin
Eq. (i) + Eq. (i) - Eq. (iii)

AH = —241— 3800 —(—3920) = —121 kJ

26. C+ 2H2 = CH4

A=1-8=-2
AH® = Au® + AngRT = Au°~2An RT(as Ang =-Ve)

AH® = Au°

JEE Main Chemistry inJust 40 Days

1

217. Energy absorbed o m

Energy released oc stability of compound
28. Metal identified by first student was W:
Heat lost by hot metal piece = Heat gained by water
mCAT = mCAT

32.6x Cx 75.42=100x 4.184 x 0.79
5 4,184 %100 x0.79

32.6x75.42
=0.1344J/g°C = 0.135 of W

29. Metal identified by the student in the next laboratory was Mo,
Heat lost by hot metal piece
= Heat gained by water + calorimeter

32.6xC x75.42 =100 x4.184x0.79+ 410 x0.79
32.6xC x75.42 = 330.536+ 323.9

32.6%C x75.42 = 654.436
_ 654.436
" 32.6x75.42

30. AH; = AH,, Ca(s) + (IE; + IE,) Ca(g) + 2 AH., C (an)
- BE (C,) + EA, + EA, + AU®
— 60 =180 + 1750 + 1434 — 614 — 315+ 410 + AU®
AU°=~ 2905 kJ mol™"

=0.26 J/g°C ~ 0.25 of Mo

31. MgCl, is most stable as it has highest lattice energy in the
given species.

32. We use Born-Haber cycle to calculate unknown parameter
whichis electron affinity in this case

1 5
Na(s)+ 2 Bra (q) —> NaBr (s)  AH; = 376 kJ mol"!

(@ Na(s)—> Na(g) AHgyp = S= 109 kJ mol™

(B)Na (@) —> Na* (9)+e~;  AH°(IE)=/ = 490 kJ mol™"

© % Bry () —> Br(g)

AHgiss ) = —= 96 kJ mol™

N O

(@Br@)+e” —Br(g)  AH°EA)=—F£ =2
(e)Na™(g) + Br(g) — NaBr (s) AU° =—y

=— 736 kJ mol™
On adding (a) to (e)

1
Na(s)+§ Bra(g) — NaBr (s); AHy =S s
2

By Hess's law, AH' = AH;
D 4
S+/+E_E—U=AH1

109+ 490 + 96— F — 736 = — 376
E = 335 kJ mol!
Hence, electron affinity of bromine = 335 kJ mol™!

33. Boththe statements | and | are correct and statement Il is the
correct explanation for statement |.
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34. Both the statements | and |l are false.

1 e

el H, +—-0,—> HO(/);AH = - 285.8 kJ ..(iii)
35. The dissociation of water to form H* and OH®is the reverse of 2 ( i
heat of neutralisation with an opposite sign. 3C + 3H,— CH.-CH=CH.(g)

36. HF is a weak acid but the high value of heat of neutralisation ' \H = 2042 k) ...(Iv)

is due to high hydration energy of F ion, being smallest anion

31. - 58 g iso-butane provides energy = 2658 kJ =0 i R R

; CH,
112 x10° g iso-butane will provide energy N
2 3C+ M — S GEmE 53.42 kJ. . .(
0658 x 112 x 10° 3C+ 3H. H,C | \f )
== —=5132689 K CH
The daily requirement of energy = 15000 kJ 1.6 \(‘H ( 90 s 3C0 H.O
e -+ |Loss of energy = 30% 2
.Total energy used for work = 2152689 x70 A H =[3 x (- 393.5)] + (Bx (- 285.5)]- 5342
ter 100 ey
~.Cylinder Wil last = 2132689 X70 _ /1 ve a
100 x 15000 42. N, + -O » N,O
38. Heat generated = C x AT = 1260 x 0.667 = 840.4 cal SN
N () () > '
340
-.Moles of CH, in mixture = i — = 398 x 1( ]
210.8 x10 AH = BI & ‘H’ e SBEG L+ BEEE
Total number of moles in the mixture :
= e 3.98x 10 946 + 198 - [418 + 607}= 1195 - 1025
AU° 76 x 0.0821 x 298
398 x 1073 Resonance energy = Experimental value — calculated value
Mol % of CH, = —— x100 = 10% 32 — 170 = — 88 kJ
398 x10°*
3. F ( \ 0]
the 39. H,C,0,(aq)— 2H"(aq)+ C,05 (aq) gt =) From first rmodynamics, AU =q + W
H"(aq) + OH™(aq) —> HyO(/); AqeuH == 57.3 k] x: \t constant volume. AV =0
oter H.C,0, + 20H —— 2H,0(/) + C,057; AH = x — 114.6 kJ W=0
But x —1146=—106 (given) So AU =@
P X =8.6 kdmol™ i.e., heat involved completely changes to intermna
200 x 20 : £ Al
o 40. O, inhaled in one breathe :f»—m—;al =40 mL it AU =0
\ | e V. | v
3 200x 10 g=-W=~|-nRTIn-= ‘ B3l o WRT I
I O, exhaled in one breathe, —==—--—= 20 mL Vi)
ol
= | =BT 2
ol . 0, used in one breathe = 40— 20=20 mL il
: i taken in one hour at
=Volume of O, used in 1200Lbreathe = 44. lonisation energy increases along a period from left to right
27°C = 1200 x 20= 24000 m and decreases down a group. The position of given
: - Volume of O, used at 0°C = %QOIO x278= 21840 mL elements in the periodic table is as
= g < 300 2+ 18- 18
-+ 6x22400 mL O, is used during burning of 180 g glucose. Ga & A
o) 21840 mL O, is used during burning of Ba Se
180 x21840 g glucose =29.25 g Thus, the order of mc‘ujasn\f] AHy. is
6 x 22400 Ba< Ca<Se< S< Ar
41. Gi 45. For calculation of C ==C bond energy, we must first calculate
e, CH dissociation energy of C.H, as
2
CHa(g) — 2C (9) + 2H(g) (M
H,C— CHy(g)—> CHSCH = CH,(9) g " By using the given bond energies and enthalpies,
AH =— 33.0 k sl
& CoHa(@) — 2 C(g) + Ha(g), AH =~ 225 KJ ()
{he C+ 0,—>CO,(g); AH=-38935kJ ...(0) )

AMWW. N0
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2C (s)—> 2 C (g) AH = 1410 kJ ()
Hz(@) — 2 H(g). AH = 330 kJ . (iv)
On adding Egs. (ii), (iti) and (iv) gives Eq. (i)
CoHolg) — 2 C(g) + 2 H(g), AH = 1515 kd
1515 kd= 2% (C—H) BE+ (C=C) BE
=2x 850+ (C=C) BE
(C=C) BE= 1515— 700 = 815kJ mol
46. Given, % Nz(g)+§ Hs(@) — NH;(@)
AHP =—46.0 kJ mol™
2H(g) —> Haslg) AHP =-436 kJ mol™
2Ni(g) — Nplg) AHP =712 kJ mol™

Assuming X is the bond energy of N—H bond (in kJ mal ™)

]
B 1) g x (~436) — 3X=—46.0

38X = 1056 kJ mol™

So, X = 352 kJ mol™

47. Consider the heat of fermation of H;O
Hs(g) + %02(9) —— H,0(); AH =-286.20 kd
AH, = A(H:0, 1) — AH; (Hp, 9)
—% AH; (O, 6) - 286.20 = AH; H0,/)- 00

AH,(H,0, /) = - 286.20

Now, consider the ionization of H,0

R = H*(aqg) + OH™ (ag); AH = 57.32kJ
AH, = AH, (HF, ag)+ AH; (OH". ag) = AH; (HZ0. /)
57.32 = 0 + AH; (OH™, ag) - (- 286.20)
Thus, AH; (OH™, ag) = 57.82 ~286.20 =-228.88 kJ
48. For the process; %Cig(g) — Bl (ag) using the given step
AH = %Ad!ssoHCIg + B Ho + Bryalty-
igg— 349 - 381 kJ mol”

= 150~ 349 381 kJ mol™

__ 610 kd mol™
49. H,0()— H:0@)
inEg:;}—i- ? ZHLRT _ - 1xB.3%873x107% (- R=8.3x107)
= 57.9 kJ rriol™
50. N, + 8Hp === 2NH;
[NHal . =__@L“3—)i—-
ke =W‘ PN, x(Puy)°

K. ot K, rermains ahstant for above reaction at constan
i

temperature. Although In presence of catalyst the rate of

Print to PDE without this message by pu

JEE Main Chemls’try in Just 40 Days

ard reaction Is increased by
sing the activation energy of &

both reactions. So; the equilibrium is established in shog |
time but equilibrium state |5 riot affected in presence gf |

catalyst. Hence, at equillbtium AG =0
AG =2 %G 6fNH, — (8 xG of Hp + G of Ny)

GNE ar BGH2 = ZGNH3

forward as well as backw
same extent due to decrea

ee ] 1 :
;)1,5|2<s)+§CIp(g)~—>ICI[gJ B

H i

~AHe

1 Ll W
E AHS*‘Q (lij)“’ 5 L\Hd ss(CI:j )+ 5 AH'J:U-;(IZ )_,

\H:l

1—&62.76% 1 x242.3+£ x’751.0}—211‘3

2 2 J

—

=228.08-211.3=16.78
. Carbon is found in solid state. The state of substance affecs
the erithalpy change.
C(s) — C(g) sublimation
and H,(g)— 2H(g) dissociation
are required for C —H bond energy.
53. AH = AE + Ahg RT

(W1}

o

An, =moles of gaseous products — moles of gaseous
reactants

= fegative
Thus;

54. X5+ Yy—> 2XY
AH = BE)y_x + BE)y_y —2(BE)y_y
If BE of X—Y =g,
(BE) of (X—X)=a and
AH(X—Y)=200 kd

AH < AE

(BE) of (Y —Y)=@a/2

-400 (for2mol XY)=a+ g ~2a
2

A= =2
>

d = +800 kd
The bond dissoclation energy of X, =800 kJ mol™

55. G(s) + 0,(9) — CO,(g); AH = ~303.5 kd A

2
Eq. (i) - Eq. (ii) gives Eq. (iii)

1 ]
CO(g)+ 5 0,(g) — CO4(g); AH = -283.0kI 1

1 “
C(s)+§O2 @) ——> CO(g); AH=-1105K "ﬂ;
56. CHy=CH, + Hy— CHy—CHj -‘I

AH = (BE)reectanrs’ (BE)produc:s
{B(BE) o+ +BES

[
A

=-125kJ

NMWW. . 0oVAD( Ol1]
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5 Solutions in Chemistry
o Vapour Pressure

O Raoult’'s Law

o ldeal Solutions

o Non-ideal Solutions

?' o Colligative Properties

olutions

Solutions in Chemistry

Solution is a homogeneous mixture of two or more substances on
molecular level. A solution of two substances is called a binary solution.
The substances forming the solution are called components of the
solutions. As a generalisation, the component present in smaller
amount is called solute and the other present in larger amount is
called solvent.

Different Methods for Expressing Concentration of

Solutions
B ) Nun'lber ot~ moles of 'solute
Weight of solvent(inkg)
Number of moles of solute
. Molarity (M) =
2. Molanity(M) Volume of solution (in L)

Relation between molality (m) and molarity (M)

- P xd
Molarity (M) = =y

1000

where, M, = molar mass of solute
d = density of the solution.

-
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Relation between molarity and strength in g/L of the solution

Strenght in g/L

Molarity (M) =
Molecular weight of the solute

3. Mole fraction of solute in the solution
Moles of solute (11,4,
Total moles of solution (1, + n
Mole fraction of solvent in the solution
Moles of solvent (ng,jyent

Xsolute =

solvent)

Xsolvent =
Total moles of solution (1,,,e + Nsolvent)

Sum of mole fractions is always equal to 1

1.e., Xsolute T Zsolvent = 1

Relation between Molarity and
Mole Fraction

Relation between molarity and mole fraction of the
solute (X)

kil B

i MM, —M,)+d

Here, M, =molar mass of solvent
M, =molar mass of solute

4. Mass fraction of solute in solution
_ Mass of solute (Wsojute)
TOtal mass (Wsulute + Wsulvmn)

Xsolute

Mass fraction of solvent in solution
Mass of solvent (Wsslvent)
TOtal mass (Wsolulc aF L1',Solvuul]

Xsolvent —

Evidently,

Xsolute + Xsolvent = 1
Weight of solute x 100
ALV ST e E e

5. Percentage by weight = Weight of solution

6. Percentage by volume

(a) Weight of solute per 100 mL of solution (w/V)

(b) Volume of solute per 100 mL of solution (v/V)
7. ppm concentration

108 x mass of solute
= Mass of (solute + solvent)
Moels of substance added to solution
Volume of solution (in L)

8. Normality =

JEE Main Chem|stry in Just 40 Days

vapour Pressure
exerted by the vapours of a
re in equilibrium with it at a
called vapour pressure.

The pressure
liquid which are 1l
given temperature 18

Vapour pressure variations with temperature is

given as
s By MG
2.303log 1 = R [ T

p, and p, are vapour pressu'res'at T, and T,
respectively. AH is heat of vaporisation.

| Factors Affecting Vapour Pressure
Vapour pressure gets affected by following factors.
» Purity of the Liquid
Pure liquid always has a vapour pressure higher
than its solution.

« Nature of the Liquid

Liquids which have weak intermolecular forces are
volatile and have greater vapour pressure.

> Temperature

The vapour pressure of a liquid increases with
increase in temperature. This is because on
increasing the temperature the kinetic energy of
molecules increases that results into the fact that
more molecules of the liquid can go into vapour
phase.

+ Effect of Adding Solute

When a liquid contains a solute, some of the
solvent molecules are replaced by the solute
particles on the liquid surface and therefore, the
available surface area for the escape of solvent
molecule decreases,

Due to the less available area on the surface of
liquid for escape, rate of evaporation and hence,
the rate of condensation both lowers,

The? vapour pressure of liquid in solution is known
as its partial vapour pressure and is less than the

vapour pressure of the pure liqui -
temperature, pure liquid at the saméy

If p° be the vapour pressure of pure liquid and Ps

be that of liquid in solutio i
n then lo f vapod'
pressure of the liquid = p° ~ o} i~
S

i Relative lowering in pressure = 2 =P
O

iaions
{1 ﬂPPM
1 sppiad
4 Hisaotapp

e

Accor
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Raoult’'s Law

solutions of liquids in liquids “The equilibrium vapour pressure of a volatile solute is

Raoult's law for the

linearly proporiional (o the mole Jraction of that component in fiquid phase”.

Pa=Xupj3 and py = X;pj
where, A and B are volatile solute and solvent respectively.
P and pj are the vapour pressures in pure state.
P-Yr ’ ar - b : X
IfY 4 and Yy are the mole fraction of the components

Aand B respectively in the vapour phase then, p, =Y 4« Pioal

Pp =Yg * Protal
Raoult's law for solutions of solids in liquids i.e., for non-volatile solutes,

Psolution = /\"ml\'vnl Psolvent
Limitations of Raoult’s Law
1, It is applicable only to very dilute solutions.

2, Itis applicable only to solutions containing non-volatile and non-electrolytic solutes which exist as a single molecule.

3. It is not applicable to solutes which dissociate or associate in the particular solution.

Raoult’s Law as a Special Case of Henry’s Law
According to Raoult's law, the vapour pressure of a volatile component in a given solution is given
by p, = x; p/ . In the solution of a gas in a liquid, one of the components is so volatile that it exists as
a gas and we have already seen that its solubility is given by Henry’s law which states that
P =K yX

If we compare the equations for Raoult's law and Henry's law, it can be seen that the partial
presssure of the volatile component or gas is directly proportional to its mole fraction in the solution,
Only the proportionality constant K , differs from g7, Thus, Raoult's law becomes a special case of
Henry's law in which K , becomes equal to pf .

Ideal Solutions Non-ideal Solutions

The solutions, which obey Raoult's law are called ideal  The solution which shows deviation from Raoult’s law is
solutions. called non-ideal solution,

For ideal solutions, AH iy =0, AV =0 For such solutions,

Solute-solute and solvent-solvent interactions AH e #0, AV, #0

~ solute-solvent interactions,

Practically no solution is ideal. The graphical representation of ideal solutions is given below.

mole fraction—>
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Non-ideal Solutions Showing
Positive Deviation
when the observed vapour pressure is more than that

eXpected by Raoult's law, positive deviation is observed

¢ For o

rQr such a deviati - ) )
sviation, ps > @) X, pg > £ X5

Protal > P‘“\ X,f'\ 1 /)([‘a‘ XH
Lue to the formation of weaker bonds.
ptutal
e =P
A | s
Ve PBIRTE
YL \
[ 7 B
Yol Lol
0<€——— XA' =1
14— Xg———>0

Fig. Graphical representation of the
solution showing positive deviation
For such solutions, AH,, >0 i.e., energy is absorbed
mixin ! > 0. These are usually obtained by
ar liguids with non-polar ones.
xane and ethanol, H,0 and C,H;OH.

Minimum boiling azeotropes are formed by those

guid pairs which show positive deviation from ideal
behaviour. Such azeotropes have boiling points lower
than either of the components.

a
e.g.. C,H.OH (95.57%) + H,0(4.43%) (by mass).

Non-ideal Solutions Showing
Negative Deviation

When the observed vapour pressure is less than that
expecied by Raoult's law, this deviation is observed.

For such solutions,
AH, <0, ie., energy is
released on mixing and
AV, <0, ie., attractive
forces between unlike

molecules are greater

than the forces of
o< Xa- »1 altraction between like
4 Xg—>0 molecules.
Fig. Graphical representation e.g., chloroform and
acetone.

of the solution showing

negative deviation For a solution showing

negative deviation,

Pa < P X X4 OF Pg < p3 % Xa
Protal < pixA = ngs

* i poiling azeotropes are formeq ‘by
mg)s“eml‘ig:id pairsgwhich show negative dewf‘non
from ideal behaviour. Such azeptropesf ?}\1/:
poiling  points higher than either OHCl

) components. e.g., HO (20.22% by mass) + !

JEE Main Chemistry inJust 40 Dpays

Colligative Properties

s which depend only on the number of moles of
d as colligative properties. e.g,
depression in freezing

The propertie
non-volatile solute are referre
relative lowering of vapour pressure,
point, elevation in boiling point, osmotic pressure etc.

W For different solutions of same molar concentration of different
non-electrolyte solutes, the colligative properties have the same value for all,

» For different molar concentrations of the same solute, the colligative
property has greater value for more concentrated solution.

» For solutions of different solutes having same % strength, the colligative
property has greater value for the solute having least molecular weight

There are four types of colligative properties as given below

1. Relative Lowering of Vapour Pressure

Addition of non-volatile solute leads to the lowering of vapour
pressure.

=
5 Ssolute
(o)
=g _
or ey
pEEE N
D e :
where, —— = relative lowering of vapour pressure

n = moles of solute
N = moles of solvent
p° = vapour pressure of pure solvent.

wpg - My

W [E_*BJ
pO

where, wy and w, = mass of solute and solvent respectively

My and M 4 = molecular weight of solute and solvent
respectively.

» Relative lowering in vapour pressure p°=p w
, = 2
Y B twald
and Walker method) 2 Wi+ w, (iTom Gt

where, w; an ]
1 and w5 are loss in mass of solution bulbs and solvent bulbs

respectively.

»

v

bGlyceroI Is a hygroscopic substance (absorbs moisture from atmosphere
e s bing moisture). NaOH and MgSO4

etc, are deliquescent sub
Stance, these g
) SO absort |
atmosphere but get dissolve jn ft. ok e

M

v

The vapour pressure
of saturated solyti
delique ) olutions of  hygroscopic and
amz) sps;ent s:;:stances Is lower than vapour Pl’essu)r/’i of \I:/ater in
ere while j
€ In case of efflorescent substance, the hydrated crystals

have vapour pressure
greater than thg :
at that temperature, t of water vapours in atmosphere

I A

g B
urd”

K, i
(Ky

Tihet
Vapo
3. Depi
Ford
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2. Elevation in Boiling Poing (AT,)
For dilute solutions,
ATy, = K, x molality
AT, =T, —T°
where, T} = boiling point of solution
T° = boiling point of pure solvent.

K, is ebullioscopic constant or molal elevation constant

(K; depends only on solvent).

whete, R = gas
vaporisation.

constant and

=

AHy, = latent heat

3. Depression in Fi
For dilute solutions
AT; = K; x molality
ATy = T°-T,
where T° = freezing point of pure solvent
T; = freezing point of solution.
K = eryoscopic constant or molal depression constant

_ iy
f

=——90__ here, H; = latent heat of fusion
1000 AH -

4. Osmosis and Osmotic Pressure

Spontaneous flow of solvent molecules
semipermeable membrane from a pure solvent to the
solution (or from a dilute solution to concentrated

solution) is termed as osmosis.

through a

Osmotic pressure () = ‘i;—RT =CRT

where, /
n = mioles of solute, C = molar concentration

V = volume of solution (in litre), R = gas constant
T = temperature in kelvin (K).
_ wghAT
. Y

(@)

107

Two solutions having same osmotic presstres at same
temperature are termed as isotonic solutions.

When two solutions are being compared, the solution
with higher osmotic pressure is termed as hypettonic
and the solution with lower osmotic pressite is
termed as hypotonic.

Osmotic pressure can be determined quite aceurately,
hence it is used in the determination of molecular
weights of large proteins and similar substances.

van’t Hoff Factor (/)

In 1880 van't Hoff introduced a factor /, known as the
vant Hoff factor, to account for the extent of i
dissociation or association. This factor / is defined as

(i) =
number of particles after association or dissociation
number of particles before association or dissociation
b= normal molecular mass
: observed molecular mass
(i) 7= observed value of colligative property
calculated value of colligative property
Degree of dissociation, o, = H

where, n = number of particles after dissoclation.

; 0 il
Degree of association, o= A

Ly
n

Modified Expressions of Colligative
Properties

1. Relative lowering of vapour pressure

b A
B2 Hg+ns \ng+n,=N

2. Elevation in boiling point

ATb=i'Kb'In

Here, m = molality

3. Depression in freezing point

4. Osmotic pressure (n)=i-CRT

AMWW. N0
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Practice Zone

1. Two beakers of capacity 500 mL were taken. One of these

beakers, labelled as A, was filed with 400 mlL water
whereas the beaker labelled B was filled with 400 mL of 2 M
solution of NaCl. At the same temperature both the beakers
were placed in closed containers of same material and
same capacity as shown in figure. [NCERT Exemplar]

— )
i
Water  NaCl solution

At a given temperature, which of the following statement is
correct about the vapour pressure of pure water and that of
NaCl solution.

(a) vapour pressure in container A is more than thatin container
(5},

vapour pressure in container A is less than that in container
B.

(c) vapour pressure is equal in both the containers.

vapour pressure in container B is twice the vapour pressure
in container A.

. If two liquids A and B form minimum boiling azeotrope at
some specific composition then ... [NCERT Exemplar]
(a) A-Binteractions are stronger than those between A— Aor
B-B.

vapour pressure of solution increases because more
number of molecules of liquids A and B can escape from the

solution.
(c) vapour pressure of solution decreases because less

number of molecules of only one of the liquids escape from
the solution.

A~ B interactions
B-B.

3. When mercuric iodide is added to the aqueous solution of
potassium iodide, the

(a) freezing point is raised

(b) freezing point is lowered

(c) freezing point does not change

(d) boiling point does not change

()

are weaker than those between A-Bor

(d)

Print to PDE without thi
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DAY
8

. Sea water is found to contain 5.86% NaCl and 9.5% MgCl,

by weight of solution. Calculate its normal boiling point
assuming 70% ionisation for NaCl and 50% ionisation of
MgCl, [K,, (H;0)= 0.51 kg mol™ K]

(a) 101.4°C (b) 102.29°C

(c) 103.27°C (d) 99.46°C

. The molecular weight of benzoic acid in benzene i

determined by depression method
corresponds to

(a) ionisation of benzoic acid

b) dimerisation of benzoic acid

(
(c) trimerisation of benzoic acid
(

in freezing point

d) solvation of benzoic acid

. 1 g of MCO4 was dissolved in 50 mL N.HCI. The remaining

acid required 30 mL of N NaOH for complete neutralisation.
The equivalent weight of MCOy is

(a) 20 (b) 30

(c) 40 (d) 50

. The density (in g mL™") of a 3.60 M sulphuric acid solution

having 29% H,S0, (molar mass = 98 g mol~') by mass, il
be

(@) 1.64 (b) 1.88 (©) 1.22 (d) 1.45

- During depression in freezing point of a solution, the

following are in equilibrium

(a) liquid solvent, solid solvent (b) liquid solvent, solid solute
(c) liquid solute, solid solute (d) liquid solute, solid solvent

. An.unknown compound is immiscible with water. It is steal

distilled at 98.0°C. At 98.0°C, p and py, o are respectivel
2

757 and 707 torr. This distillate was 75% by weight Walé®
The molecular weight of the unknown will be
(a) 318.15gmol™" (b) 300 gmol™

=i
(c) 30676 gmol (d) None of these

Which of the following aqueous solutions should have e
highest boailing point? [NCERT Exe

(a) 1.0 M NaOH ®) 1.0
.0 M Na,SO,
(©) 1.0 M NH,NO, (d) 1.0 M KNO4
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11. 25 mL of a solution of barium hydroxide on titration with
0.1 molar solution of hydrochloric acid gave a litre value of
35 mL. The molarity of barium hydroxide solution was
(@) 0.14 (b) 0.28
{c) 0.35 (d) 0.07

12. The vapour pressure of benzene at a certain temperature is
640 mm Hg. A non-volatile, non-electrolyte solute weighing
2175 g, is added to 39.0 g of benzene. The vapour
pressure of the solution is 600 mm Hg. What is the
molecular weight of the solid substance?

(a) 6.96 (b) 65.3
(c) 63.8 (d) None of these

13. If M is molecular weight of solvent, Ky is molal elevation

constant, 7, is its boiling point, p° is its vapour pressure at
temperature 7 and p. is vapour pressure of its solution
having a non-volatile solute at T K then

(a) e Ps = ATD

x M
P Ky
(b)pcﬁps = o
Ps Ty
e K oM
P 7, 1000
esn AL M
P K, 1000

14. The van't Hoff factor for 0.1 M Ba(NO,), solution is 2.74.
The degree of dissociation is
(@) 91.3%
(c) 100%

(b) 87%
(d) 74%

15. In a 0.2 molal aqueous solution of a weak acid HX, the
degree of ionisation is 0.3. Taking K; for water as 1.85, the
freezing point of the solution will be nearest to
(a) -0.360°C
(b) —0.260°C
(c) +0.480rC
(d) -0.480rC

16. The depression in freezing point of 0.01 M aqueous solution
of urea, sodium chloride and sodium sulphate is in the ratio

of
@1:1:1 (b)1:2:3
© -2 -4 (d2:2:3

17. The freezing point of 0.1M solution of glucose is —1.86(5; Cihlf
an equal volume of 0.3M glucose solution is added, the
freezing point of the mixture will be
(8) -7.44°C (b) -5.58°C
(©)-3.72°C (d)-279°C

18. A motal solution of sodium chloride has a density of
1.21 g mL=". The molarity of this solution is

(@) 4.15 (b) 1.143
(c) 2.95 (d) 3.15

ithout this message by purchasing novabD

19. Plot of Al S i(xA = mole fraction of A in liquid and y, in

XA Ya
vapour ) is linear whose slope and intercept respectively are
given
(a) P P =P ©) ps -5, PA—Ps
Px  PB P
(C)D_L;L’DOB—D% (d)&'pfq—poB
Pe P RSSO

20. At 10°C, the osmotic pressure of urea solution is 500 mm.
The solution is diluted and the temperature is raised to
25°C. The osmotic pressure of dilute solution is 105.3 mm

at 25°C. The extent of dilution can be shown as

(@) Viinai = 5 Vi ©) Viitar > Viinal
(©) Wi =4 Vrnmal (@) Vi = @ Vinitial

21. An aqueous solution freezes at —0.186°C (K, =1.86,
Kp = 0.512). What is the elevation in boiling point?

(a) 0.186 (b) 0.512
(c) 0.86 (d) 0.0512

22. A 0.001 molal solution of [Pt(NH;),Cl,] in water had a

freezing point depression of 0.0054°C. If K; for water is
1.80, the correct formulation of the above molecule is

(a) [Pt(NH;),Cl;]Cl (b) [Pt(NH;),Cl,]Cl,
(e) [Pt(NHj),Cl]Cl, (d) [Pt(NH3),Cl,]

23. Acetic acid exists in benzene solution in the dimeric form. In

an actual experiment the van't Hoff factor was found to be
0.52. Then, the degree of dissociation of acetic acid is

(a) 0.48 (b) 0.88 (c) 0.96 (d) 0.52

24. The vapour pressure of a solvent decreases by 10 mm of
mercury, when a non-volatile solute was added to the
solvent. The mole fraction of the solute in the solution is 0.2.
What should be the mole fraction of the solvent, if the

decrease in vapour pressure is to be 20 mm of mercury?
() 0.8 (b) 0.6 (c) 0.4 (d)0.7

25. The relative lowering of vapour pressure of an agueous
solution containing a non-volatile solute is 0.0125. The
molality of the solution is
(a) 0.69
(c) 0.80

(b) 0.50
(d) 0.40

26. In comparison to a 0.01M solution of glucose, the
depression in freezing point of a 0.01 M MgCl, solution is
[NCERT Exemplar]
(b) about twice
(d) about six times

(a) the same
(c) about three times

27. A compound X undergoes tetramerisation in a given
organic solvent. The van't Hoff factor is
(a) 4.0 (b)o2s
(c) 0.125 (d) 2.0

R.//AWWW. Novabd Ol1]
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?{':/elle(l):lsmf()” l\ll(n 28 l.() 30) Properties such as boiling point,

and-vapour pressure of a pure solvent change
Yv/mn solute molecy/es are addecl to get homogeneous w/”“(-)‘“’
These are called colligative Properties, Applications of « H//l;,hl(/\"(;
Properties are very useful in day to day life. One of its examples is
the use of ethylene glycol and water mixture
liquid in the radiator of
mixing ethano/ and We
mixture is 0,9,

as antifreezing
automobiles, A solution M is prepared by
ier. The mole fraction of ethanol in the

Civen,
Freezing Point depression constant of water
Ky (water) = 1,86 K kg mol™!
Freezing point depression constant of ethanol ;
Ky (ethanol) = 2.0 K kg mol™!
Boiling point elevation « onstant of ethano/
Ky (ethanol) =1.2 K kg mol ™!
Bojling point elevation constant of water
Ky, (water) = (0,52 K kg mol™!
Standard freezing point of water = 273 K
Standard freezing point of ethanol = 155.7 |
Standard boiling point of water = 373 K
Standard boiling point of ethanol = 351 5 |
32.8 mm Hg
40,0 mm Hg
18 g mol™!

Vapour pressure of pure water
Vii[)()llf pressure ()f/)tll‘n ethanaol
Molecular weight of water
Malecular weight of ethanol = 46 g mol ™
In answering the following questions, cansider the solutions to be
ideal dilute
non-dissociative,

solutions and solutes to he non-volatile and

28, The freezing point of the solution M is

(a) 268.7 K (b) 268.6 K (c) 2842 K (d) 160.9 K

29, The vapour pressure of the solution M is

(a) 89.8 mm Hg (b) 86.0 mm Hg
(e) 28.6 mm Hg (d) 28.8 mm Hg

30, Water is added to the splution M such that the mole fraption
of water In the solution becomes 0.9. The hoiling point of
this solution is

(8) 380.4 K (d) 354.7 K

(b) 376.2 K (e)B78.6 K
Directions (Q. Nos, 31 and 32) Vapour pressure of a SQ/YG’?‘ is
the pressure exerted by the vapours when they are in equilibrium
with its solvent at that temperature. The vapour [)I’eSSUl"e'Of
solvent is dependent on nature of solvent, temperature, addition
of non-volatile solute as well as nature Of. solute to dissociate or
associate. After addition of a non-volatile solute, ti/;e vapour
pressure of the solution is found to be./ower than the \l/apolug
pressure of the pure solvent. Accord/ng to Frelnc c1etm/j
Francojs Marie Raoult, for a nop-volatile so/Lftfs-so \;ezt syslvezz t

Buctution 18 directly proportional to the mole fraction of the solve

(]
in the solution i.€., Psoution = *olvent P solvent

JEE Main Chemistry in.s+ 40 Days

¢ he solvent take an
31. The lowering of vapour pressure of the solvent takes plage

on dissolving a non-volatile solute because :ﬂ{
(a) the density of the solution Increases @
(b) the surface tension of the solution decreases L.
(c) the molecules of the solvent on the surface are replaced by 39';:‘?
the molecules of the solute ,_-,rg!
(d) the mole fraction of solvent is less than 1 30
)
32. The amount of solute (mol. wt. 60) required Il
180 g of water to reduce the 1pour pr ) 4
pure iter |
1) 120 g (b
00 g (d) 6( i;
Directions (. Nos. 33 to 36) Fach of th
twWo statements Statement | Stat
(Reason). Fach of these questions a
choices, only one of which is the correct answ
select one of the codes (a). (b) ) and (d) given below
n
"
I
(d) tatemir ral
33. Statement | Osmotic pre
I MNaCl (ag) but al
thar M NaCl p
Statement Il Osmotic pres: | it oparty bt o
vapour pressure not W
| Wering In vapour pressur

34. Statement | Ebullioso: Te)
the determination of moleci llar
Statement Il High molecula;
value of AT}, or AT,

) Cf

35. Statement | Evaporation

alng

upon available surface area of s »“
~
Statement || Larger is the s Irface #,
evaporation, more is evaparation w%"l
} ]
36. Statement | Super heating means to heat a liquid just W‘J&
above its boiling point %4‘41‘
' i
f?tatement Il On direct heating, the layer in contact will & o
i r ol T % i : Ll
ame has relatively highe temperature than the other laye’s R, W
of liquids. ",

. il : 3 1{
37 ﬁ\; 7150?05;. aL:]ednz565nSe tgprd ,Sl:i?ivl»m«ve vapour pc?SSurErv\ :0 &,%‘&%
i ‘ 1 '9SPectively. Assuming these y
form an @eal binary solution. calculate the mole fraction o
benzene in vapour Phase at 1 atm and 100°C?
(a) 0.247 il

(c) 0.447 (d) 0.553

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)
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i 38. How many mL of 0.1 M HCl are required to react completely Stock solution required to prepare a 200 mL solution of 0.4 M ‘
with 1 g mixture of Na,CO, and NaHCO, containing HCl is |
equimolar amount of these two? (@) 5.0 mL (b) 6.0 mL (c) 8.0 mL (d) 15.0 mL i
a)157.8mL  (b) 0.1578 _ oy '
aceqy (@1 ) mL (c) 210.4 mL (d) 105.2 mL 43. The freezing point (in °C) of a solution containing 0.1 g of l’
' 39. An aqueous solution of 2% (wt/wt) non-volatile solute exerts Ks[Fe(CN)] (mol. wt. 329) in 100g of water i
a pressure of 1.004 bar at the boiling point of the solvent. (K; = 1.86 K kg mol™)is :

What is the molecular mass of the solute? @) =28 < 1052 (b) = 5.7x 107

(@) 0.3655 (b) 36.55 (©)41.34  (d)40.16 O 576 ()~ 1.2 x 102

(
7
LA s e gt

40. Water boils at 95°C in Denver, the mile high city. What is the " 0 . )
i : : 50
atmospheric pressure in Denver? 44. When 20 g of naphthoic acid (C;1HgO5) s dissolved in 50 g

[AH,., for HO = 40.67 kJ mol™ of benzene (K;=1.72Kkgmol™), a freezing‘ ‘point _
depression of 2 K is observed. The van't Hoff factor (/) is il

(a) 0.738 atm (b) 0.837 at
a m () 1 atm (d) None of these (8) 0.5 (b) 1 (©) 2 (d) 3

#1. At 310 K, the vapour pressure of an ideal solution g5 Tne clevation in boiling point of a solution of 13.44 g of ei
e o e noles o Aand 3 moles of 8 3 550 M eff kg CuC |, in 1 kg of water using the following information will !
have o At tb_e same pressure if one mole of B‘ is added to this be (molecular weight of CUCI, —134.4 and i
solution, the vapour pressure of ‘solution increased by K, = 0.52 K mol™)
10 mm of Hg. What is the vapour pressure of A in its pure - l B
Siien () 0.16 (b) 0.05 (©) 0.1 (d) 0.2 4 g
. (@ 460mm  (b) 610mm  (c) 360 mm  (d) 750 mm 46. 0.004 M Na,SO, is isotonic with 0.01 M glucose. Degree of ¥
i 42, 29.2% (WW) HCI Stock solution has density of 1.25g mL=". The dissociation of Na,SO, is ! i
molecular weight of HCl is 36.5 g mol~". The volume (mL) of (@) 75% (b) 50% () 25% (d) 85% |
R

AIEEE & JEE Main Archive f

47. The molarity of a solution obtained by mixing 750 mL of 52. 10 mL of 2M NaOH solution is added to 200 mL of 0.5 L M

oyl 0.5 M HCI with 250 mL of 2 M HCI will be : of NaOH solution. What is the final concentration? i
opey - [JEE Main Online 2013] [JEE Main Online 2013] '
(&) 1.00 M (b) 1.75 M (a) 0.57 M (b) 5.7 M i
- () 0.975 M (d) 0.875 M (c) 11.4 M (d) 1.14 M
2 used? 48. The density of 3M solution of 'soditlJm chloride is 53. The density of a solution prepared by dissolving 120 g of
= 1.252 g mL=". The molality of the solution will be urea (mol. mass = 60 u) in 1000 g of water is 1.15 g/mL. The
- o (molar mass, NaCl= 58.5 g mol™) [JEE Main Online 2013] molarity fo this solution is [AIEEE 2012]
@ 2.60m (b) 2.18 m (@) 0.50 M (b) 1.78 M (c) 1.02 M (d) 2.05 M
] o (c) 2.79m (d) 3.00m 54. K; for water is 1.86 K kg mol™". If your automobile radiator
r Y :
"‘Pe),aw«'ﬂ 49. Vapour pressure of pure benzene is 119 torr and thatl of holds 1.0 kg of water, how many grams of ethylene glycol
erﬂ “ toluene is 37.0 torr at the same temperature. Mgle fragtlon (CgH@Oz) must you add to get the freezing point of the
goV of toluene in vapour phase which is in equilibrium Wlth a solution lowered to - 2.8° C? [AIEEE 2012]
J solution of benzene and toluene having a mole frlacnon of (@729 (b)93 g c)39g (d)27g
Ll . JEE Main Online 2013] - )
liguid I" toluene 0.50, will be : 435[ (@) 0205 55. For a dilute solution containing 2.5 g of non volatile,
’ (a) 0.137 (b) 0.237 (©) 0. : nonelectrolyte solute in 100 g of water, the elevation in
taotw 5O ow many grams of methyl alcohol should be added to boiling pgint B atm pressure is 2°C. Assuming
;of;’ 2 |a)'”¢ 10L tank of water to prevent its freezing at 268 K? concentration of solute is much lower than the cancentration
t (k. for water s 1.86 K kg mol™) [JEE Main Online 2013] of so[vent,. the vapour pressure is much lower than the
66 a0 (b) 899.04 ¢ concentration of solvent, solution is (Kp =0.76 K kg mol“)
56”“ (c) 886.02 g (d) 868.06 g (a) 724 (b) 740 c) 736 d
¥ 991“» (©) (d) 718
| the”” 0"0 51. 12 g of a non-volatile solute dissolved in 108 g of \f/vgt::-r 56. A 5.2 molal aqueous solution of methyl alcohol, CHLOH, is
e ff Produces the relative lowering of vapour pressure of 9.1. - supplied. What is the mole fraction of methvl ale i
| The molecular mass of the solute is  [JEE Main Online 2013] solution? X ahf:;zzi;l:ot:’ 1e]
() 80 (b) 60 () 20 (d) 40 (@) 0.100 (b) 0.190 (c) 0.086 (d) 0.050
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!’\EAthylene glycol is used as an antifreeze in cold climate.
ass of ethylene glycol which should be added to 4 kg of
water to prevent it from freezing at — 6°C will be (K, for water

=;‘86K kg]] mol™" and molar mass of ethylene glycol
=62 g mol~

g mol™) [AIEEE 2011]
(@) 800.00 g
(c) 400.00 g

(b) 204.30 g
(d) 304.60 g

58. The degree of dissociation (@) of a weak electrolyte, A,B, is

related to van't Hoff factor (i) by the expression [AIEEE 2011]

(@) o= _"" 1 o)) 2
(x+y-1) X+ y+1

e vies )
©a=24Y (6o LR

=l i—1

59. A solution containing 2.675 g of COCI, - 6NH, (molar mass

60.

61.

= 267.5 g mol™") is passed through a cation exchanger.
The chloride ions obtained in solution were treated with
excess of AgNO, to give 4.78 g of AgCl (molar mass
=148.5 g mol™"). The formula of the complex is

(Atomic mass of Ag= 108 u)
(@) [CO(NH,);1CI4

(©) [COCI4(NH3) 4]

[AIEEE 2010]
(b) [COCI,(NH,),]C!
(d) [COCI(NH,):1Cl,

If sodium sulphate is considered to be completely
dissociated into cations and anions in agueous solution,
the change in freezing point of water (AT;), when 0.01 mole
of sodium sulphate is dissolved in 1kg of water, is
% , =

(K; =1.86 Kkg mol™) [AIEEE 2010]
(@) 0.0872K
(c) 0.0744 K

(b) 0.0558 K
(d) 0.0186 K

On mixing, heptane and octane form an ideal solution at
373 K, the vapour pressures of the two liquid components
(heptane and octane) are 105 kPa and 45 kPa respectively.
Vapour pressure of the solution obtained by mixing 25 g of

62.

63.

64.

65.

66. If o is the degree of dissociation of Na

JEE Main Chemistry inJust 40 Days

(molar mass of heptane
[AIEEE 2010}
(d) 144.5kPa

heptane and 35 g of octane will be A
=100g mol~' and of octane =114g mol™)

(a) 72.0kPa (b) 36.1 kPa (c) 96.2kPa

Two liquids X and Y form an ideal solution th 300 K, vapour
pressure of the solution containing 1 mol of X’ and 3 mg\eg
of Y is 550 mmHg. At the same temperature, if 1 mol of Y is
further added to this solution, vapour pressure of the
solution increases by 10 mmHg Vapour pressure
(nmmHg) of X and Y in their pure states will be

respectively [AIEEE 2009

(a) 200 and 300 (b) 300 and 400
(c) 400 and 600 (d) 500 and 600
The vapour pressure of water at 20°C is 17.5 mm Hg.If 1
glucose (CgH,05)is added to 178.2 g of we
vapour pressure of the resulting solution will be [AIEEE 2008]
(a) 16.500 mmHg (b) 17.325 mm Hg
(c) 17.675 mm Hg (d) 15.750 mm Hg

A 525% solution of a substance Is Isoionic

1.5% solution of urea (molar mass = 60 g mol

same solvent. If the densities of both the solutio
3 molar mass o

be [AIEEE 2007]

assumed to be equal to 1.0 g cm™,
substance will
(@)210.0gr
(c) 115.0 g mol

A mixture of ethyl alcohol and propyl alco
pressure of 290 mm at 300 K. The vag
propyl alcohol is 200 mm. If the mole frac
alcohol is 0.6, its vapour pressure (in mm) at the
temperature will be

AIEEE 2007]

[
(a) 350 (b) 300 (c) 700 (d) 360
SO,, the van't Hoft

factor (i) used for calculating the molecular mass is
[AIEEE 2005]

(@ 1-2a ) 1+2 o ©)1-a @1+a
Answers
1. (a) 2. (a) 3. (a) 4. (b) 5. (b) 6. (d) 7. (¢) 8. (a) 9. (a) 10. (b)
11. (d) 12. (b) 13. (d) 14. (b) 15. (d) 16. (b) 17. () 18. (b) 19. () 20. (a)
i 5ih 23. (o) 24. (b) 25. (a) 26. (b) 27. (b) 28. (d) 29. (b) 30. (b)
31. (d) 32. (a) 33. (a) 34. (a) 35. (d) 36. (b) 37. () 38. (a) 39. (o) 40. (b)
41. (a) 42. (c) 43. (a) 44. (c) 45. (a) 46. (a) 47. (d) 48. (c) 49. (b) 50. (c)
s 52. (a) 53. (d) 54. (b) 55. (a) 56. (c) 57. (a) 58. (a) 59. (a) 60. (b)
@ 62 6.0 6@ 6@ 66

61.
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Hints &

Olatile svolute NaCl in the beaker
aker B decreases and becomes

1. Dueto the presence of NON-v.
B, the vapour pressure of be
less than that of A

2. Minimum boiling azeotrope shows positive dey
Raoult's law due to the stronger solute interacti

3. 2K+ Hgl,—— K Hal,

iations from
ons.

Ot this reaction, number of ions decreases. So
in freezin i i QQ s
19 1 Teezing point is less or the actual freezing

(77}
Q

ton contains = 5.85 g NaCl= 0.1 mol NaCl
solution contains = 9.50 g MgCl, = 0.1 mol MgCl,
ice, weight of solvent (H;0)=100—(5.85 + 9.80) = 84.65¢g
Clionises 80%, NaCl=—=Na* + Q|-

I=1+(y —1) x

X=(1+x)=1+0.8=1.8

Here, y is the number of ions per mole of solute and x is
the degree of ionisation.

Hence, number of moles of NaCl from 0.1 mole due to
lonisation =1.8x 0.1=0.18 mol
MgCl, ionises 50%, MgCl, ==Mg?* + 2 CI”

=1+ (y - x=1+2x=1+2x05=2
Hence, number of moles of MgCl,, from 0.1 mole
=2%0.1=0.20
Total moles of NaCl and MgCl,, in solution

=0.18+ 0.20=0.38
(ny +ny)i =0.38 ,
Elevation in boiling point (A7) = £ K"’Mf':‘ )
1000 x 0.51 x 0.38
% 84.65
= 22576
Hence, boiling point of solution =100 + 2.29= 102.29° C
. Benzoic acid undergoes dimerisation in benzene.
6. Acid used in reaction = 50 — 30 =20 mL (N)HCI
Heigh of substance (in a)
Normality x volume (in L)

_ 1x1000 _

W

Equivalent weight =

50
1% 20
i 9 lute
’ 10x density x % by wt. of sO
at@caensily>x vo By s, S s
A e mol. wt. of the solute
360x98
ity 22 2 g/mL
Sl 10%29

8. When freezing starts, liquid solvent is in equilibrium with the
solid solvent (both have the same vapour pressure).

Since unknown compound is immiscible with water, hence
vapour pressure e moles.
Given, Dot =137 101

Py =707 torr,

Solutions

Pinkrown = 737 — 707 = 30 torr

kanown =75¢g

°

W,

Pinknown _ Munknown _ _ unknown XMyp
Dt M0 Wio X Mnknown
or 30 __ 75.0x18
707 00T e
or

Mynknown = 318.15 g mol ™

10. Boiling point of the solution depends upon van't hoff factor

(). NaSO5 possess larger value of j than other given
solutions.

11. Ba(OH), +2HCI — BaCl, +2H,0
M <V, M, xV,

1 2
Ba(OH), (HCI)
M, x25 0.1x35
or _— =
1 2
M, =0.07
12 640-600 _ 2.175/M,
" 640 2.175/M, + 39/ 78
or 0.0625 {2‘1 L2 + 0,5] = 2l
M, 2
or O.9375x2'175: 0.0625x 0.5
2
or M, = 65.3
13 p° = ps _ N _molalityx M
’ 0° N 1000
T
and  molality = e (AT, =Ky, xm)
b
14. Ba(NO;), = Ba®*+2NO;
Initially 1 mol 0 0
After dissociation 11— o a 20
Total number of moles =1+ 2¢;
i=1+2a
or a=’2;1=2'74_1=o.87=87%
15. HX s=—H"+ X"
Initially 1 mol @)
After dissociation 1-— 0.3 03 03

Total moles=1- 0.3+ 0.3+ 0.3=1.3

LT
i

AT =iK/m=1.3%1.85x0.2=0.481°C
T;=0-0.48°C=-0.481C
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E 16. Concentrations of particles of 0.01 M urea, NaCl and
| Na SO, are 0.01M 0.02 M, 0.03 M respectively i.e., they are
in the ratio of 1:2:3. Hence, depression in freezing point will
be in the same ratio.
NZs =AT/M=1.86/0.1=18.6
I 0.1xV + 0.3V =M, x2V
or M; =02,
AT =11816XI012 = 817226
T, =-3.72°C
18. 1 m NaCl solution = 1mol NaCl in 1000 g water
= 58.5+ 1000 g solution
=1058.5 g solution
=1058.5/1.21 mL
= &5 iall
Molarity = il x1000 = 1143
875
19. ¥, = XaPA and y, =2EEB
P 2
| XsPB _ Y8
’ XaPA Ya
o i IESV
or el ) e Vi
P°A Xa Ya
1 i)
or B,@£~~1}:L~-1)
Pa \ XA Ya
: pE o T
2 U Bietl ol R
Yoo (B ol R
1 ° L 2ialaP
: O
XA P Ya PB
This is the equation of straight line, where ‘;4 is slope and
P = P4 is intercept.
Ps
. For initial solution,
2b 500
= =
760
7 =283K
i 2.
§ ‘ o X/rmdl __[‘IXRX283 ()
1l 760
il After dilution
il —_—105'33tm,T=298K
i T
e 105 Vo =N X R %298 oAt
760

From Egs. () and (ii), we get
Viatial _ ! j g, solution was diluted to 5 times.

Vﬁnal

JEE Main Chemistry inJust 40 Dpays

21. 0.186:1,86><morm=0,1,
AT, = 0512x0.1= 0.0512°C
22. Suppose,

Dissociation  _ .~ f product ions
[Pt(NHj):C(J]»/n moles of produc

=Kl

But from the given data

AT, = IKgm
= 0.0054 =n x1.80x0.001
ok =8
Hence. the formula must be the one which gives 3 ions of
products
23. COO — (CH COOH ,
1 (04
or o _)=2(1-0.52)= 0.96
24. Sl X
10
= =)
U
O [ S50 mu
20
.‘-\E]\‘l:". = X,
[j
20
or = o =0
50
=1-04 =0
= =P m x M
25, — =
p 1000
_ mx18
0.01256=——— trncl. wi. i
1000
OO12F U0
s e =0.69
18

26. Glucose does not undergo ionisation
water whereas MgCl,

releases 3 ions g
dissolved in water. Thus uu‘Mou is 3whilet
is 0. Thus, depression of freezing point of 0.(
solution is about three

0
M glucose SOl

times than 0.01

27, 4A === (AL‘
o
-
4
(&
= -> 2 3
T SO GRS TR
1 4\.(

o =degree of dissociation = 1 = 100%

i=1-3-025
4

&

3‘ VA

K
e

R
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28. Solution M is the mixture of ethanal and water.
Mole fraction of ethano 509 = solvent is CoH-0H
Mole fraction of water ig 01= H:0 s solute :

Molality of H,0 =2
mM,

0,1
OQXTB X 1000 =2.415

= Kim=2x 2.415=4.83
and freezing point of solution = 1557 — 4.83

=1680.87K
29. Total vapour pressure, p = PAX4

P=40x%0.9= 36 mm Hg
Inthe paragraph, it has been directed to
nen-volatile, thus H,O do not contribute in t
pressure,

take solute as
he total vapour

30. X0 = 0.9 (solvent), X0 104 = 0.1 (s0lute)

Arh: Khm
= () 52 01,){1 OE{Q
0.9%18

=8.2K

Boiling point, 7,= 378+ 8.2 = 376.2 K
31. Vapour pressure does not depend upen surface area of a

volatile liquid.
pu = Xsolvent
p
In case of selution, X,guen <1
' p = p°
32 R=p _Nn
b pC) N
O 4 Q
or P 5 2 s Wsolute X 18
p° 60 x 180
ar Weoite = 120 @

33. Statement Il is the correct explanation of Statement |.

34, The changes abserved in these properties are very sm'c.alk
(e.g., 0.00001 K for substances having molar masses of the
arder of 10° g mol™), A little error in measurement of AT, or

AT, will cause abnormal values of molecular weight.
35. Vapour pressure s independent of surface area.
36. These are facts abaut superheating. .
37. Let X, be the mole fraction of benzene in solution

Applying Raoult's law

p = xp% + (1= x1)P%2
or 760 = x,(1875) + (1 - X;)(658)
760 — 558

b e D AT Ol
1~ 1375 - 558

or

Day 8 Solutions

Mole fraction of benzeng in vapour phase
P

_ 0247 x 1378

© 760

38. Letamount ofNa,CO; be 'x'g andNaHCO, will be (1 - x) g.

¥

=0.447

Nago, = MaHco,
K ey
106 84
= @ =0.6578 g, 1~ x = 0.4422 g
190
MNaCo, = MNaHCO,
05578
106
Na,CO; + 2HCl— 2NaCl + HQO + CO,
and NaHCO; + HCl— NaCl + HO + CO,

= 0.00526 mol

MY = MYy + MY
(HCI) (Na,CO,)  (NaHCQ,)
01xV, =2 x 0.00526 + 0.00526
Vi, =187.8mL

20)

3Y. p°=1018bar=1atm (at boiling point )
Wsonvent =100 —2 =98¢,
According to Raoult’s law

E;& _ Wsolute x Mscr.en:

DJ Msmuxe WSQ.‘\rem
1013-1004  2x18
1013 Maoie X 98

Msoite = 41.34gmol™

By _ 61 [5e ]

40. 2.303log 22 =
e P R T,
3 —
or 2303log P2 = 4067 x10° _ [373 - 368]
Py 8314 373 x 368

(At p, =76cm, T, =100° Q)
(py=2,T, = 950C)
log 22 = 0,077
Py
p; = 6365 = 0.837 atm
1. p=xp°4 + Xgp°5
(2 3

or 550 = p°, —)+ ° t_)

P LS Ps 5,
or 2p% + 3p% =2750 D
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42,

43.

44.

45.

= When 1 mole of B is added to it,

[ () 2
w2 ()

<_jx 2P% + 4p% = 3360
From Eqgs. (i) and (ii), we get
P =460 mm
Mass of HCl in 1.0 mL Stock solution
29,2
=1.25x——=0.36
100 29

Mass of HCI required for 200 mL = 0.4 M HCI

200
=—— %04 :
0% X x 36.5
=0.08x 36.5 g
~+ 0.365 g of HCl is present in 1.0 mL Stock solution

. 0.08x 36.5 g HCI will be present in

0.08x 36.5
B —= 8 mL stock soluti
e mL stock solution
van't Hoff factor (i) = 4 {3K* + [Fe(CN);*}
Molality = E?L OOQ = i
329 x 100 329
— AT, =iKm
56
329
=23%x1072

(As freezing point of water is 0°C.)

Actual molecular weight of naphthoic acid, (C;{Hg0,) =172

LQOO X KI KX Wsolute
Wsolvent %X ATf

_1000x1.72x20 _ 5,

50 %2

actual mol. wt.
i ctor () =———@@@
VAot 0 calculated mol. wt.

Molecular mass (calculated) =

= ﬂg =015
344
CuGl, =—=Cu?*" + 20
Initially 1 mol 0 0
After ionisation  (1- @) mol omol 2 o mol

Thus, number of particles after ionisation
=1-o+ a+20=1+20

van't Hoff factor (/) kil
Number of particles after ionisation

~ Number of particles before ionisation

1+2¢ ;n 100% ionisation, o=

I =

1+2x1=3
1

JEE Main Chemistry inJust 40 Days

ATb = lem
3x0.52x13.44
AT, =
134.4x1
=0.156
=(0.162C

46. 0.004 M Na,S0, solution is isotonic with 0.01 M solution f
glucose, so their osmotic pressure are equal to each othey,

Osmotic pressure of 0.01 M glucose,
=CRT = 0.01x0.0821x T

Tcg!ucose
= (nobs)NaZSotl = Tglucose
=0.01x 0.0823xT

Na,SO,~— 2Na* + SO3"
Initially 1 0 0
After dissociation 1— o 200 a
(meq) Na,SO, =CRT
=0.004x0.0821xT
By van't Hoff factor;
_ (Tops )Na SO,
(oa )Na SO 4

_ Number of particles after dissociation

~ Number of particles before dissociation

_l-a+20+a

Yo i
0.01x0.0821x7T 1+ 2¢
0.004x0.0821x7 1

1‘0 N EE20
4 1
10—4
= =
: 0.75
Percentage of o = 75%
47. MVi+ MV, = My (Total Moles)
M= MV + MoV,
V
M= 95X750 +2x250
1000
M =0.875
48. 3M solution means 3 moles of f
solute (NaCl) are present!
1000 L of solution. : e
Mass of solution = volume of solution x density
=1000 x 1.252
=1252 g
Mass of solute = No, of moles x molar mass of NaCl
=3x58.5¢g
=1755¢g
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Day 8 Solutions 775

Mass of solvent = (1250 _ 175.5)g
=1076.5 g
=1.076 kg

Molality = —_Moles of solute
mass of solvent (in kg)

3
= Tfé =2.79m
49. From Raoult’s law, for idea| solution,
P = :OgXB + prx;
[B=Benzene, T = Toluene]
=105 &7 205 (
=595+ 185
=78torr
Mole fraction of toluene in vapour phase
_ P
p
18.5
78
=0.237
50. Normal freezing point of water = 273,15K. In order to prevent

freezing at 268 K, let the amount of methanol added be x g.
X X

32x10 320
[ Molar mass of CH;OH=32 g mol~' and mass of
H,0 =V of H,0 because density of water = 1gm L]

S Xg =1=x7)

(XT )v

. Molality, m=

Lowering in freezing point = K, - m
X
273.15—268:1.86><§E
1.86x
>15="550
_ 5.16x320

o = 886.02 9

51. From Raoult's law
Relative lowering in vapour pressure

W=12g,W =108g, m="?
M=18g, Ap=0.1

52. Final Concentration, M = M
i+l
_10x2+200x0.5
I R00
_20+100
200
il 0.57 M
210
53. Total mass of solution = 10000 g water + 120 g urea,
=1120g
Density of solution =1.15 g/m
Mass _ 120g
Density 1.15g /ml
=973.91ml=0.974 L

Mass of solute = @ =2
60

Volume of solution =

Moles of solute
Volume (L) of solution

Molarity =

= o =2.05 mol/L
0.974 :

54. Coolant is glycol (C,Hs0,)which is non-electrolyte. i
AT, =2.8 C ‘

_ 1000 K; w; :

mw, b
_ 1000 x1.86% w;

62 x 1000

W, =93.33 g
55. The elevation in boiling point is
_ N, x 1000

NS = ISl i = e
T [ Wi J

AT,

2.8

AT~ 0.76 n, x 1000
100

Eto
19
From Raoult's law of lowering of vapour pressure
—Ap ny ny

or n,

(8m >>n5)

5x18
19x 100
P =760 = 36 = 724 mm of Hg
Moles of solute
Mass of solvent (in kg)
__ 52 mol CH,0H
1 kg (= 1000 g) H,O
n, (CH;OH) = 5.2

ny H,0) = %29 =566

- Ap =760 x =36 mm of Hg

56. Molality =

R.//AWWW. Novabd Ol1]
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A My + Ny =5.20+ 55,56 = 60,76 mo|
<+ Mole fraction of CH

Ny
Ny +n, 60.76

JOH, XCHA0H
= 0.086

- AT; = freezing point ofH,0 - freezing point of ethylene
glycol solution = 0 - (- 6° =163
Kt =1.86° kg mol™" kg mol~!
W; = Mass of ethylene glycol in grams
W, = Mass of solvent (H,0)in grams = 4000 g
my = Molar mass of ethylene glycol = 62 g mol™
I = van't Hoff factor = 1

(. ethylene glycol is non-electrolyte)
_ 1000 Ky wy(i)

From, AT,
: my Wop
il 1000 x 1.86 x w; x 1
62 % 4000
w; =800g
AB, = XxA" + yB*
Initially 1 0 0
After dissociation (1 — o) X0 yoL

i=n(AB,)+n(A")+nBX)
=1—0o+ xo+ yo=1+ o (X + y—1)

i =1
o

Gty )
2.675
l5-6NH; =——— = 0.01
. Mole of CoCl; i
AgNO,(ag)+ Cl (ag) — AgCI

(white)

4,78
Moles of Ag 1235

0,01 mol CoCl; - 6NH; gives = 0.03 mol AgCl

. 1 mol CoClj, -6NHj ionises to give = 3 mol CI™
Hence, the formula of compound is [Co(NH3)s]Clj.
, Na,80, —> 2Na* + SO%-

- van't Hoff factor (/) forNa,SO, = 3

AT, =i x Ky xm
From p / .=
=3x1.86x 0.01 [-.-m:_1_=
= 0.0558 K
61. p, =Xy Py + X0 Po
008 L egas
%= ¢
100 114

JEE Main Chemistry inus+ 2440 Days

Xo =1-0.45=0.55
pr = 0.45x 105+ 0.55x 46= 72 kPa

- Pr=p% Xa+ PB Xs

1 e
850=p% X7 Plp X7

Thus, 0% + 8p% =2200 w{i)
When, 1 mole of y is further added to the solution :

1 4
= o = P S
560 = p° +5+,05 5

Thus, P + 4p% =2800 B (]
On subtracting, Eq. (i) — Eq (i)
P =2800 — 2200
=600 mm Hg
Putting the value of p°g in Eg. (i)
P + 3% 600 =2200
P =2200 — 1800

=400 mm Hg
= ,Dc—ps =f7_2: WQ/MQ
. Mmoo WylMy + w, /M,
£ 7= 95 _ 18/180
p° 1782/18 + 18/180
o 7= o o A
74 99+ 0.
or Ps =17.326 mm Hg.

. Molar concentration of the substance

= IMolar concentration of urea
525¢ F N ]!
M 60 g mol™

(+.100 g solution =100 mL asd =19mL—1)
M=210g mol™!

. According to Raoult's law

P=pP°a Xa+ P°5 Xg
290 =200% 0.4 + p°x 0.6
P° s = 350 :

- Na,80, ~—2Na* + S02-

van't Hoff factor, i = [1+ (y -1 a]

Where, y is.the number of ions obtained from one MBS
solute, (in this case = 8), o is the degree of dissociation =

i =142

MWW . N0oVADC olnn
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RS-

Physical and Chemical
Equilibrium

Day 9 Equilibrium State

Outl | nes In a reversible reaction, the point at which there is no further change

in concentration of reactants and products, is called equilibrium state.

P © Equilibrium State Some important features of equilibrium state are

gk ] O Physical Processes (i) Equilibrium is attained in a closed container.

At equilibrium,

Rate of forward reaction = Rate of backward reaction.

O Reaction Quotient (Q) (iii) At equilibrium, concentration of reactants and products becomes constant.

O Le-Chatelier’s Principle (iv) Dyanamic Nature Equilibrium is always dynamic in nature i.e..the
reaction does not stop but goes on forward and backward directions with
equal speed.

O Chemical Equilibrium (1)

Example solid = liquid (physical equilibria)
H,0 (s)=—H,0(/) (273 K, 1 atm)
It indicates that at equilibrium, rate of conversion of ice into water
o mo|a = rate of conversion of water into ice
tio: N,04(g) =2NO,(g) (Chemical equilibria)

Catalyst helps in attaining the state of equilibrium quickly without
changing the state of equilibrium.
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Types of Equilibrium
On }'1}::* basis of physical state
equiit

of reactants and products,
brium may |

e of following two types
(i) Homogeneous equilibria,

: in which
prog

! reactants and
UGts are in same phase e.g.,

H,(g) + L(g)— 2HI (g)
N, (&) + 3H, (g)— 2NH, (g)
CH,COOH()) + C,H 0H(]) «

CH,CO0C,H,(]) + H,0(])
(i) Heterogeneous equilibria, in which

reactants
products are in different phase e.g.,

and
CaCO,(s) == Ca0O(s) + CO,(g)

NH HS(s) == NH,(g) + H,S(g)
the basis of processes involved equilibrium may be of
Jforlowing tvpes
(i) Physical equilibrium
(ii) Chemical equilibrium

(iii) Ionic equilibrium

JEE Main Chemistry .+ 40 Days

st i Physical Equilibl‘i“m

A physical equilibrium is a state at which two pha‘ses Of.a
compound can co-exist and an equilibrium s
i established between these two states.
This may be attained by the following ways.
| + Solid-liquid Equilibrium
; Ice ===Water
at equilibrium, rate of melting of ice
= rate of freezing of water

* Liquid-gas Equilibrium
: Water===Water vapours
at equilibrium, rate of evaporation of water

=rate of condensation of water vapours
Solid-gas Equilibrium

Certain solids on heating directly change from solid
into vapour state (sublimation).

Naphthalene === Naphthalene
¥ (solid) (vapour)

Law of Chemical Equilibrium

The rate of reversible reactions at which the concentration of the

time is known as chemical equilibrium.
Active mass =

Law of mass action states

Rate of reaction is directly proportional to the concentration of reactants witt

equal to the respective stoichiometric coefficient”.

reactants and products do not change with

molar concentration (mol/L)

aA+bB = ¢C + dD

. ( nb
Rate of forward reaction o [A]” [B]
: 110 b
Rate of forward reaction =k, [A]” [B]
S B ll
Rate of backward reaction o [C]® [D]
: : i
Rate of backward reaction = k;, [C]® [D]°

At equilibrium- k [4]*[B) = k,[C)* [D]*

ky (1 (py’
el i By
ks [4][B]
where,
K_ = equilibrium constant
k, = rate constant for forward reaction

k, = rate constant for backward reaction

This expression is also known as Jaw of chemical
equilibrium

2 . PE - pl
For a gaseous reaction, Kp = Yc¢  Pp
G

P4 pg

where, K, = equilibrium constant in terms of partial

pressure

S Gl

......................... ¢ ,Lz
e IfAn, =0,K, =K., no units for both K. and Ko
* If Ang >0, unit of K, is (mol L

(atm)A”g
+ If Ang <0, unit of K, is (L mol™)

Ang

A and that of Ko is

9 and that of Ke is
(atm) ‘

Print to PDE without this message b j ; .

W each concentration term raised to the power

»

Ohg
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Significance of K_ an¢ K,

« f K. >10° products predominate over
reactants. In other words, if K. is very large
the reaction proceeds almost in all the ways
to completion :

« lf K. <10™

c
products. In other words, if K, is very small, |
the reaction proceeds hardly at all ;

reactants predominate over |

« If K, is in the range 10™ to 10°, appreciable !
concentration of both reactants

are present

5 and products i

Relation between K, and K,

of products—gaseous

0, K, =K
+ve, K, > K,
=—-ve, K, <K,

» Equilibriurr nstar s of activities, K.
vyl
a% % dn
WE Activity = activity coefficient % molality tor radlarty)
€., a=y XN
Some Facts Related to Equilibrium
nical Constant
(i) Equilibrium constant (K, or K,) does not
depend on pressure, volume,
concentration and catalyst but depends
only upon temperature.
' (i) Equilibrium constant for a given
reaction is independent of the reaction
mechanism.
(iii) Equilibrium constant depends on
= stoichiometric coefficient €.8.,
P :

Ko
H,(g) + L(g) — 2HI(g)

Day 9 Physical and Chemical Equilibrium

= temperature in kelvin

K(:z
EHz[g) +=L(g)=—HI(g)
Kc2 =VK01
Koz q il
HI (g)=—=-H +=1
(g : ,(2) 5 ,(8)
K itz L
3 Kr Kr
“2 1

(iv) If a reaction is multiplied by n, the rate constant, K, becomes
(K,)".n can be fraction also (+ve only).
(v) If K, be equilibrium constant for P = Q and K; be equilibrium
constant for R == 8, equilibrium constant for P + R=—=Q + 5 is
KK,
Effect of Temperature on Equilibrium Constant (K;)
For exothermic reactions, K, decreases with increase in temperature.

For endothermic reactions, K, increases with increase in temperature.
For reactions having zero heat energy, temperature has no effect.

Relation between Kand AG°

Gibbs free energy change and reaction quotient are
related as AG°=-2.303 RT log K,

or AG°=-2308 RT log K,
Significance of are AG® given below
¢ If AG°<0,log K <0 = K <1

Therefore, forward reaction is spontaneous

o IfAG°>0,log K <0 = K <1
Therefore, backward reaction is spontaneous

o If AG°=0,log K =0, > K =1
Therefore, reaction is at equilibrium

Reaction Quotient (Q)

Reaction quotient is the ratio of the molar concentration or partial
pressure of the product species to that of reactant species at any stage in
the reaction.

For a general reaction,

aA + bB —cC +dD

[CF DY pé-ph
Q= Q,=-%

[AI[BP A

At any stage of the reaction

(i) if @, >K,, the reaction will proceed in the direction of reactants
(reverse reaction).

(ii) ifQ, <K, the reaction will move in the direction of the products.

(iii) if Q, =K,, reaction mixture is already at equilibrium.
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Relation between Degree of Dissociation and Density

Degree of dissociation () of a gaseous compound is related to its vapour density by
_ D=a
diy-1)

Here, D = molardensity before dissociation/initial density

d = density after dissociation/density of the gaseous mixture
y =number of moles of products

ight
Deiisity ot gas = e AL HOIEL

2
Molecular weight = Density of gas X 2
My =Dx2
or MC =d x 2

Here, M, = Observed molecular weight [Abnormal]

M, = Calculated molecular weight [Theoritical]

Formulae Used for Calculation

+ Pressure «moles (V, T constant)

« Volume ««moles (o, T constant)

*

Mole percentage = volume percentage

initial moles oy initial volume _ total density at equilibrium
total moles at equilibrium  total volume at equilibrium initial density

*

Partial pressure = Total pressure x mole fraction

lllustration ( @ ‘DI o ,p)
3 ¢ 1+ a 1+ a
If 1 mole of PCl; is kept in a container of volume = T o
\/ litre and at equilibrium, pressure is p atm, (1 e -D)
PCls(g) =—PCls(g) +Cl2(9) o2
e LD
Initial 1 0 0 P2
At equilibrium  1—a o o where, a. = degree of dissociation
Total moles =1—a +2a =1+ a KC:M
o 1—a [PCls]
PCI5"_—' s
T+o [PCls]= 1_\/_(1,
Prciz = Pcly o
o [PCl3]== =[Cl,]
= ,p V
1+a 5
A IR
K :MCIJZ % < (1 — a) x V
& Peais
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Le-Chatelier’'s Principle

§€ 1n any of the factors that determine the equilibrium conditions of a system, will cause the

It states that chan

evele 1 1 s :
system to change in such a manner o as to reduce or to counteract the effect of the change.

Different factors affecting equilibrium are discussed below,

1. Effect of Concentration Change

The concentration stress of an added react

ant or product is relieved by net reaction in the direction that consumes the
added substance. e.g.,

A+ B==(
(i) If we increase the concentration of either A or B (react
i.e., forward side.
(ii) If we increase the concentration of G (product), the equilibrium goes in the direction that consumes C, i.e., backward
side.
(iii) Ifve remove C (product)

ants), the equilibrium goes in the direction that consumes A or B,

, the equilibrium goes in the direction in which its concentration increases, i.e., forward side,
(iv) Ifny of the species is in solid or liquid state, its addition does not alter the original equilibrium,

-
! ¥ Sweet substances cause tooth decay because on fermentation these produce H™ ions which
I combine with OH™ ions and shift the equilibrium in forward direction

Demineralisation =
Ca5 (PO, );OH(s) =———= 5Ca’*(aqg)+ 3PO> (aq)+ OH™(aq)

Remineralisation

2. Effect of Pressure
At high pressure, reaction goes from higher moles to lower moles or from higher volume to lower volume and vice-
versa.

(i) If An, =0, no effect on equilibrium due to pressure change.

(ii) If An, > 0, the increase in pressure favours backward reaction.

(iii) If An, < 0, the increase in pressure favours forward reaction. ‘
(An 8 number of moles of gaseous products—number of moles of gaseous reactants).
2

Flash evaporation technique is used for concentrating some aqueous solutions which cannot be concentrated by normal
boiling. Concentration of this type of solution is carried out under reduced pressure below 100°C,

3. Effect of Temperature

At high temperature, reaction goes to endothermic direction while at low temperature reaction goes to exothermic
direction, The equilibrium constant for an endothermic reaction (positive AH) increases as the temperature increases.
K o T; if AH® = + ve (endothermic)

K < % ;if AH° = —ve (exothermic)

Freeze drying technique is used for drying heat sensitive substances. In this technique, water is made to sublime off at a
temperature below 0°C.

4. Effect of Catalyst
A catalyst increases the rate of forward reaction as well as the rate of backward reaction, so it does not affect the
equilibrium and equilibrium constant.

5. Effect of Inert Gas .
At constant volume, there is no effect of addition of inert gas. At constant pressure, when inert gas is added, reaction
goes from lower moles to higher moles.
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Applications of Le-Chatelier’s Principle

: ilibria. Some of its
The Le-Chatelier’s principle is applicable to physical as well as chemical equilibria f
aplications are mentioned below

1. To Chemical Equilibrium

N, (g) + 3H,(g) — 2NH, (g);AH =—ve

To get better yield of ammonia, required conditions are
High pressure as n, =—ve

Low

temperature as reaction is exothermic

High concentration of reactants
Removal of NH,

2. To Physical Equilibria

i

(i)
(i)

(iii)

(iv)

v)

Effect of pressure on melting point
Ice-water equilibrium
Ice (s) = water (I)
An increase in pressure favours the melting of ice into water because Vice >Viyater: Therefores
on increasing pressure more and more ice will melt. (melting point of ice decreases with
increase in pressure).
Solid- liquid equilibrium
Solid = liquid
An increase in pressure fa.vot}rs the ba‘ckward reaction because Veolid <V,iquid . Therefore, melting
point of solid increases with increase in pressure.
Effect of pressure on solubility of gases
e.g.,Gas + Solvent — Solution

An increase in pressure always favours the digsg

] waly ' lution of gas in the solvent. Therefore,
solubility of gas increases with increase in pressure,

The amount of gas dissolved per unit volume of
pressure (Henry’s law). i.e., m o p

Effect of temperature on solubility of solids
Solute + Solvent — Solution ; Afy — + ve
An increase in temperature always favours endothermjic reaction

solvent is directly proportional to its

3
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Practice Zone oy

1. A reversible chemical reaction IS having two reactants in

ilibrium. If the concentration of the reactants are
led then the equilibrium constant will

(a) be doubled

(c) be halved

(b) become one fourth
(d) remain the same

2. The ratio of K, /K. for the reaction

1
CO (g) + =0,(g)=—CO,(g), is

(a) 1 - (b) RT
(c) (RT)"< (d) (RT)™ "2
3. Consider the equilibrium reactions,
K,
HPO, ==H"* + H,PO;

H,PO; =—=H" + HPO?
K :
HPO5™ =—=H"* + PO3
The equilibrium constant, K for the following dissociation
HsPO, === 3H* + PO3", is
@K, /K, K, (0) K, KK
€K, /K.,K,: (d) Ky + K, + Kg
4. If K, and K, are the equilibrium constants of the equilibria (i)
and (ii) respectively, what is the relationship between the
two constants ?

Ki
() SO, (g) + ; 0,(g)==S04(g)

K.
(i)2 80,(g)==2 50,(g) + O2(9)
(@ (K,)2 = - (b) K = (Ky)?
Ut
T A (d) Ky =K,
K

2

5. The equilibrium constant for the reaction, .
Ha(g)+1, (g)==2HI(g)is 64. If the volume of the container
is reduced to half of the original volume, the value of the
equilibrium constant will be
(@) 18 (b) 32
(c) 64 (d) 128

6. Starting with one mole of O, and two moles of SO,, the

equilibrium for the formation of SO, was established at a
certain temperature. If V is the volume of the vessel and 2x
is the number of moles of SO; present, the equilibrium
constant will be

e 4x2
i N
(1-x)° "
oy e

7. The equilibrium constant, K,, for the reaction,

A=—2B
is related to degree of dissociation o of A and total pressure
p as

4 2 4 2D,
(a>1_"a’j (b) f (fg
40°p? 4o?
== e ==

— 1-a

8. Given the reaction,
2X(9) +Y (@ =2Z(g) + 80 kecal

which combination of pressure and temperature

gives the highest yield of Z at equilibrium?
(@) 1000 atm and 500°C

(b) 500 atm and 500°C

(c) 1000 atm and 100°C

(d) 500 atm and 100°C

9. For the following equilibrium,
N,O, == 2NO, in gaseous phase, NO, is 50% of the
total volume when equilibrium is set up. Hence, per cent of
dissociation of N,O,, is
(a) 50%

(c) 66.66%

(b) 25%

(d) 33.33%

10. The following reactions are known to occur in the body
CO; +Hy0—— H,COy =—=H* + HCO;
IfCO, escapes from the system

(@) pH will decreases

(b) hydrogen ion concentration will diminish
(¢) H,CO4 concentration will be altered

(d) the forward reaction will be promoted
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11. For the dissociation of POl
phase reaction, d is the obsde
theoreticg| vapour density wit
Variation of =~

e}

Into PCl,

with x is given by the following graph

el e

12. When hydrochloric acid is added to cobalt n
at room temperature, the following reaction t
the reaction mixture becomes blue. On cooling th
it becomes pink. On the pasis of this informa
correct answer, .

[Co (H,0)]3%* (ag) + 4Cl~(ag) == [C,CI, > (aq) + 6H,0 ()

pink

INCERT Exemplar]
(&) AH >0 for the reaction
(b) AH < Ofor the reaction
(c) AH = Ofor the reaction
(d) The sign of AH cannot be predicted on the basis of this
information.

13. Consider the following equilibrium in a closed container
NzO,4(@)==2N0,(g)

At a fixed temperature, the volume of the reaction container
is halved. For this change, which of the following
statements holds true regarding the equilibrium constant Ko
and degree of dissociation (o) ?

(a) Neither K, nor o. changes

(b) Both K, and a. changes

(e) K, changes but o. does not

(d) K, does not change but o changes

14. In a chemical reaction, the rate constant for thg bagkward
reaction is 7.5 x10 %and the equifibflurrl: constant is 1.5.
The rate constant for the forward reaction is
(a) 5x107 (b) 2><1O'374
(c) 1.125x1072 (d) 9.0x10

15. 56 g of N, and 6 g of H, were kept at 400°C in 1 L vessel.
The equilibrium mixture contained 27.54 g qf NH32. lbe
approximate value for K, for the above reaction inmol“L™~ is

b) 20
a) 10 ‘ (
((c) 30 (d) 40

3 and Cl, in gaseous
rved vapour density and D the
h x as degree of dissociation,

16. XY, dissociates as
XVo(g) = X¥(9)+Y()

When the initial pressure of XY, is 600 mm Hg, the totg
equilibrium pressure is 800 mm Hg. Calculate K for the
reaction assuming that the volume of the system remaing
unchanged.

() 50 (b) 100 (c) 166.6

17, 1.1 moles of A are mixed with 2.2 moles of B and the
mixture is kept in a 1 L flask till the equilibrium,
A + 2B == 2C + D is reached. At equilibrium, 0.2 molg of
C is formed. The equilibrium constant of the above reaction
is
(a) 0.0002

(d) 400.0

(b) 0,004 (c) 0,001 (d) 0.003

18. The concentration of CO, which will be in equilibrium with
2.5 X107 mol " of CO at 100°C for the reaction
FeO (s)+CO(g)=— Fe (s) + CO; (9); K, = 5.0 will be
(@) 0.5 x107" mol L~ (b) 1.25x107" mol L
(©) 2102 mol L*! (d) None of these

19. At certain temperature and a total pressure of 10° Pa
iodine vapours contains 40% by volume of iodine atoms.
K, for the equilibrium I (@)==2l(g) will be
(a) 0.67 (b)1.5
(c) 2.67x10* (d) 9.0 x10*

20. For the reaction, N2O4(@) == 2NO,(g) the degree of

dissociation at equilibrium is 0.2 at 1 atm pressure. The
equilibrium constant, K, will be

(@) 1/2 (b) 1/4 (c) 1/6 (d) 1/8
21. One mole of N, and 3 moles of H, are mixed in a litre flask.
If 50% N, is converted into ammonia by the reaction.
N2(@)+ 8H,(g) == 2NH,(g)
the total number of moles of gas at equilibrium is
(@) 1.5 (b) 3.0 (c) 4.5 (d) 6.0

22. For  2NOBr(g)s="2NO (g)+ Br, (g); at equilibrium

Pgr, = g and p is the total pressure, the ratio K_" will be

1 1 1 1
= b) — =l
(@) 3 (b) 9 (¢) & (@) =
23. At 30°C, K, for the dissociation reaction
S0,Cl2(9)==50,(g)+Cl,

is 2.9x107 atm. If the total pressure s 1 atm, the degree of
dissociation of SO,Cl, is (assume, 1 a? =1)
(a) 87% (b) 13% () 17%

24. The equilibrium constant K for the reaction,

(d) 29%

PCls ===PCl, +Cl, is 1.6 at 200°C.

The pressure at which PCl; will be 509 dissociated at 200°C is
(a) 3.2 atm (b)4.8atm () 2.4 atm (d) 6.4 atm
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25. Ammonium carbamate decomposes as
NHECOONH‘;(S)M 2NH,(g) + CO,(g)

For this reaction, K, = 29 x10™%atm?®, If we start with
1 mole of the compound, the total i

' ressure
would be p at equilibrium
(@) 0.0766 atm

e (b) 0.0582 atm
{c) 0.0388 atm

(d) 0.0194 atm

On decomposition of NH,HS, the following equilibrium is
established

26

NHHS(s) == NH,(g)+H,S (g)

If the total pressure is p atm, the equilibrium constant Ky is
eqgual to

(a) p atm (b) patm? () p* /4 atm® (d) 2p atm

27. Formaldehyde polymerises to form glucose according to
the reaction, 6HCHO — CeHi,04

The theoretically computed equilibrium constant for this
reaction is found to be 6x10% If 1M solution of glucose
dissociates according to the above equilibrium, the
concentration of formaldehyde in the solution will be

(@) 1.6x1072 M (b)1.6x107* M

(€)1.6x10° M (d) 1.6x1078 M

Directions (Q. Nos. 28 to 30) Concrete is produced from a
mixture of cement, water, sand and small stones. Cement consists
of calcium silicates, calcium aluminates formed by heating and
grinding of clay and lime stone. In the later steps of cement
production a small amount of gypsum, CaSO, -2H,0 is added to
improve subsequent hardening of the concrete.

The use of elevated temperatures during final production may

: 1
lead to the formation of unwanted hemihydrate, CaSO, EHZO.
Consider the following reaction, :
1 1
Cas0, -2H,0(s) —> CaSO,-5 H0(9)+ 17H,0(e)

The following thermodynamic data apply at 25°C, standard
pressure is bar.

Compound He/(kdmol™)(AHF) | S°/(JK 'mol™)
CaS0, -2H,0(s) -2021.0 194.0
- 1575.0 130.5
05804 - 'é HQO(S)
HLO (@) _041.8 188.6

- -1
Gas constant: R = 8.314 J mol " K™
28. AH= for the transformation of 1.00 kg of CaSO, -2H,0 (s)to
Caso, '-;—Hzo (s)is

(b) +484 kJ
(d) 484 kJ

(a) +446 kJ
(c) — 446 kJ

Day Q  Physical and Chemical Equilibrium

29. Equilibrium pressure (in bar) of water vapours in a closed
i
vessel containing CaSO, -2H,0 (s), CaSO, -EHZO (s) and
H,0 (g) at 25°C is

(a) 7.35 x107* bar
()2 .15x10™ bar

(b) 8.10x 107 bar
(d) 7.00x10™ bar

30. Temperature at which the equilibrium water  vapour
pressure is 1.00 bar, is
(a) 107°C (b) 38°C (c) 215°C (d) 240°C
Directions (Q. Nos. 31 and 32) The progress of the reaction,
== nB with time is shown below in the graph.

B
M 0.5
T 0.3 A
01
1 SIS

Time/hour —>

31. Stoichiometric coefficient of the product B is

@ (b) 2 (3 (d) 4
32. Equilibrium constant, K. of the above graphical study is
(a) 2 (b) 0.83 () 0.5 @ 1.2

Directions (Q. Nos. 33 to 36) Each of these questions contains
two statements : Statement | (Assertion) and Statement ||
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given below :
(a) Statement [is true, Statement Il is true; Statement Il is a
correct explanation for Statement |.

(b) Statement lis true, Statement Il is true; Statement |l is not
a correct explanation for Statement |.

(c) Statement | is true; Statement Il is false.
(d) Statement | is false; Statement Il is true.
33. Statement I In the dissociation of PCls at constant pressure

and temperature, addition of helium at equilibrium
increases the dissociation of PCl,. :

Statement Il Helium removes Cl, from the field of action,
34. Statement | The reaction,
2NO (9)+0, (g)==2NO0,(g)

is favoured in the forward direction with increase of
pressure,

Statement Il The reaction is exothermic.

35. Statement | The equilibrium constant for a reaction having
positive AH increases with increase of temperature.
Statement Il The temperature dependence of the equilibrium
constant is related to AS° and AH® for the reaction.
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36. Statement I'Haber's synthesis of NH

87. 1% CO, in air is suff

38. ForN, + 3H,~=— 2NHs,

presence of a catalyst.

Statement | The cat
equilibrium of reaction,

N2(@)+ 8H,(g)—=2NH, (g)
1o the product Side.

when M,CO, is heated at 120°C.
MoCO4(s) === M:O(s) + CO,(g),
Kp =0.0095 atm at 120°C. H

pressure of CO, have
120°C?

(a) Pgo, <0.0095
(c) Pco, >0.0095

(b) Pto, = 0.0095
(d) Cannot be predicted

4 atm. Equilibrium pressure s found to'be 3 atm, Hence, Kpis

(@) —————1——»_#; b J
(0.5) (0.15)°
3x3

(0.5) (0.5

: (0.5 (1.5)°
(d) None of these

3 IS carried out in the

alyst shifts the position of the

icient to prevent any loss in weight

ow much would the partial
to be to promote this reaction at

1 mole N, and 8 moles H, are at

JEE Main Chemistry i .+ 2440 Days

39. N,0, is 25% dissociated at 37°C andd133;1£rg v;jirlclazzure.
issociation at 0.1 atm an
gjr;: gl;ge drs?; 50% (c) 63.2% (d) 65.2%

40. When alcohol and acetic acid are mixgd together

. equimolar proportions, 66.5% are convertgd |nt9 egter. How

mquch ester will be formed if 1 mole acetic acid is hegfgy
with 0.5 mole of alcohol?

(@) 1.57
(c) 0.525

(b) 0.423
(d) 1.50

41. Reaction between nitrogen and oxygen takes place g

following
2 N,(g)+ 0,(@)==2N,0 (g)
If a mixture of 0.482 mole N, and 0.933 mole of O, is plageq
in a reaction vessel of volume 10 L and allgwed to form N0
at a temperature for which K, = 2.0 x 107, the equilibriym
concentration of [N,O] will be
(@) 7.06x 1072° mol L
(c) 4.82x 107 mol L

(b) 6.58 % 107" mol L
(d) 9.36 x 107" mol L

AIEEE & JEE Main Archive

42. In reaction A+2B===2C + D, initial concentration of B

was 1.5 times of [A], but at equilibrium the concentrations
of Aand B became equal. The equilibrium constant for the

reaction is [JEE Main Online 2013]
(a) 8 (b) 4
(c) 12 (d) 6

43. A molecule M associates in a given solvent according to the

44.

equation M === (M),. For a certain concentration of /\/l the
van't Hoff factor was found to be 0.9 and the fraction of

jated molecules was 0.2. The value of n is _
gl [JEE Main Online 2013]
(@) 4

(a) 3 (b) 5 igee

N5(g) + 8H,(g) == 2NH;(g), K;
o

N,(g) + O(@) = 2NO(g). K, (i)
Ha(0) + 3 05(g) == H,0(0).Ks

The equation for the equilibrium constant of the reaction
ONH,(g) + 20,(g) == 2NO(g) + 3H,0(), (K4)in terms of
2

Ky, Ky and K5 is [JEE Main Online 2013]
> 3

KK?
KKy (b) eval

@ F* K
d Kng

(©) KKKy @) K;

46. The

48. In aqueous solutio

K, :
45. The ratio — for the reaction,

C

CO(g)+ 20, (g) —= CO,(g)is

2
[JEE Main Online 2013]

(b) (RT)"? (d) 1

1
(@) T () RT
equilibrium  constant (K;) for the reaction

N»(@)+ O,(g)—s 2 NO (@) at temperature T is 4x10°
The value of K. for the reaction.

1 ;
NO (g) —> 5 N>(g) +% O, (g)at the same temperature s

[AIEEE 2012
(@) 0.02 (b)2.5% 102

(©)4x107*  (d)500

47. A vessel at 1000 K contains CO, with a pressure of 0.5 &l

Some of the CO
graphite. If the t
value of Kp is

(@) 1.8 atm

2 IS converted into CO on the addmontg
otal pressure at equilibrium is 0.8 atm, tﬂ
[AIEEE 201

(b) 3 atm (d) 0.18 8tm

(c) 0.3 atm
i

n, the ionisation constants for G?{?Om

K1=4.2x 107 ang K, =4.8x 10

2l
Select the correct Statement for a saturated 0.034 M soluton?
the carbonic aciq. [AIEEE ot

(@) The concentration of COZ" is 0.034 M
(b) The concentration of o5

acid are

is greater than that of Hcosual
(©) The concentration ofH* ang HCO3 are approximately
(@) The concentration of H* is double that of c05
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Day 9 Physical and Chemical Equilibrium

1=

" 9, The values of K d
49. peil Kpp for the reaction (a) whether K,, is greater than, less than or equal to K, depends
Xs=—=Yy,7 0 upon the total gas pressure
Pl
: and i > (b) Ky =K
Ul o (i) (c) K, is less than K,
O are in the ratio of 9 : 1. If the degree of dissociation of X and (d)"Kp 8 greaterthan s
g Aare equal, then total pressure at
at equilibrium (i) and (ii) are : = ' .
in the ratio IAIEEE 2008] 55. What is the equilibrium expression for the reaction,
8811 ©)1:9 (c)36: 1 (d)1:1 P4(s)+ 50,(g) ==P;010()? [AIEEE 2004]
50. For the following three reactions (1), (2) and (3), equilibrium @K, = L(:)_li () K, = [PsOyq]
h constants are given [AIEEE 2008] [P,1[0,1° 5 [R110,]
g 1
(1)CO@) + H0(g) == CO,(g) +H,(g):K Ok =10,F Bl E
(2) CH4(g) + |4O<g>=c0()+3H(g) op Zimaanl :
o (8) CH4(9)+ 2H,0(g) == CO,,(g)+ 4H,(q): K, 20, ‘ort> e reaction,
PiNg CO(g) + Cl,(g) = COCl,(g), the K, /K, is equal to
0 Which of the following relation is correct? : = [AIEEE 2004]
e (@) Ky =KiKy  (0) KeK2 = K2 (0) K,y = K () KoK, = K, g Ch {1l i
i ’ 57. For the reac equilibrium,
51. The equilibrium constant, K. for the reaction il
; ' NO4(@)==
SO3(g)==3S0,(9) + EO?(Q) the concentrations of N,O, and NO, at equilibrium are
102 an «10-2 i i
Is 4 9x1072, The value of K. for the reaction, 4.8x1072 and 1.2 x10~?mol L respectively. The value of K
for the reaction is [AIEEE 2003]
2 805(g)+ O,(g)==250;(9) s > s :
will be : [AIEEE 2006] e J,/ m e L (b,) MO« o L,w
(a) 416 (b)2,40><103 ©) 0.8 x102 (d)49x10’2 (¢) 3x10mol L (d) 3x10° mol L
52. Phosphorus pentachloride dissociates as follows in a  38. Consider the reaction equilibrium,
closed reaction vessel, 250,(9)+ O, (@)~ 5(g); AH°=-198kJ
PCls(g)==PCls(g)+Cl»() On the basis of Le-Chatelier's principle, the condition
If total pressure at equilibrium, of the reaction mixture is p favourable for the forward reaction is [AIEEE 2003)
013] and degree of dissociation of PCl; is x, the partial pressure (a) lowering of temperature as well as pressure
of PCl, will be [AIEEE 2006] (b) increasing of temperature as well as pressure
X 2 x X X ) (c) lowering the temperature and increasing the pressure
B2 o) o)
tion @ (x+ 1) RS [1 - x) P2 [x- 1) p. ) Z xJ (d) any value of temperature and pressure
0™ 53. The exothermic formation of CIF;(g) is represented by the 59. One of the following equilibria is not affected by change in
equation Cl,(g)+ 8F,(g) = 2CIF;(g); AH =-329 kJ volume of the flask. [AIEEE 2002]
06 Which of the following will increase the guantity of CIF; in an (a) PCls(g)===PCl4(g)+ Cl,(g)
017 equilibrium mixture of Cl,, F, and ClIF;? [AIEEE 2005]
(a) Adding F, ()N ( +3H,(9) =="2NH;(9)
(b) Increasing the volume of the container ()N 0,(g)===2NO (g)
atm () Removing Cl, (d) so Cly(g)==50,(g) +Cl,
n of (d) Increasing the temperature @) 2(0) 2@)
. e 54. For the reaction, 2NO,(g) = 2NO(@g) + O2(0) 60. For th? following reaction in gaseous phase
2011 [K, =1.8 x107 at 184°C, R = 0.00831kJ/(mol K)] CO + 50, ——>C0, K/, s
m Wh ompared at 184°C it is found that [AIEEE 2002]
Donic en Kp and KC are C p [AlEEE 2005] (a) (RT)V? (b) (RT)—HZ (C) (RT) (d) (RT)A
]
jon Answers
o 5. (¢) 6. (a) 7. (a 8
201 1. (d 2. (d 3. (b) 4. (a)  ( - - (a) . (©) 9.(d)  10.(b)
it Ed; B4 Ed; 13, (@) 14. (c) 15. (a) 16. (b) 17. (c) 18. (b) 18. (c) 20. (c)
21. (b) 22. (c) 23. (c) 24. (b) 25. (b) 26. (c) 27. (b) 28. (b) 29. (b) 30. (a)
0% 31 33. (d) 34. (b) 35. (b) 36. (c) 37. (a) 38. (b) 39. (c) 40. (b)
3 . (b) 32. (d)
equal 41, (b) 42. (b) 43, (c) 44, (d) 45, (a) 46. (d) 47. (o) 48. (c) 49, (c) 50. (a)
51, (a) 52. (a) 53, (a) 54. (a) 55. (d) 56. (a) 57. (¢) 58. (c) 59. (c) 60. (a)
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Hints & Solutions

Y upon the temperature,
n of reactant. Thus, on doubling
constant remains the same.

- Equilibrium constant depends on|
not upon the concentratio
concentration, equilibrium

2. Ang: “(1"‘)’1)::_1
2T D
1
K, =K, (RT) 2
K =4
or — L ey B
K. (RT)

4. Reaction (ii) is double and reverse of (i).

Hence, Ky = ;19‘ or K2 = [

1 2
5. Hp(9) + Ir(g)— 2Hi(g)
For this reaction, Ang =0
. The reaction and its equilibrium constant is not affected by

change in volume. Moreover, equilibrium constant depends
] only on temperature

6. 250, + 0, —= 250,
Initial 2 mol 1 mol 0 mol
At eq. (2-2x) (1= x) (2x)
=2(1— x)
Molar conc 2(1=x/V. (1= x)/V 2x/V
o @x/V)?
© RA-Xx)/VI2ZA=x)/V
»J X2V
(1-x)°
e S5=— 28
Initial 1 0
At eg. =t 20
Total moles = 1+ a
(S0
Pa= e
. 2o
f5 1+a

]
Al S
K _bs_\l+ta
4 Pa [j;g pJ
1+ a
4a’p 0 4o D
T(+a)(l-a) 1-of
8. Since, np <n, and the reaction is exothermic. So, high
pressure and low temperature favour forward reaction.

'él 9. NZO4 = 2 NOZ
!i 1 0
! (1—'X) 2%

Total moles = (1+ x)

2X
5 @ = X1OO=50
. % of NO, by volume T

1
- x=5=033

Hence, per cent of dissociation 33.33%
10. If CO, escapes, equilibrium will shift in the backwarg
direction so, that (H* ) will diminish.

1
d
D
whenx=0,—=1
d D
When, x increases, (1 + x)increases hence, = also increases
12. AH > 0 because on cooling the reaction mixture, the reaction

mixture becomes less coloured (pink) which suggests #
reaction is endothermic.

13. K, is constant at constant temperature. As volume is ha

pressure will be doubled. Hence, equilibrium will shift in

backward direction ie., degree of dissociation f(u
decreases.
14. K =Kt/ Kp,1.5=ki/(7.5x107%)
or ke =1125x1073
56
15. 56g N, =— =2 mol,
g Np 28
6
69 Hy, == = 3 mol
e 2
27.54g NH, = 2754 =1.62 mol
N, + 3H, ——2NHg
Initial moles 2 3 0
Ategq. 2-0.81 3-2,43 1.62
=119 =057
1.62)2
K0P 11.9x10
° (1.19)0.577 '
16. XY, ==Yy
Initial 600 mm 0 0
Ateq, 600-p Jo} P
Total pressure = 600 — P+ p+ p=600+p
or 600+ p=800 mm = P = 200 mm
and, p due to XYs = 400 mm
200 x20
K= \0 =100
400
17. A T
Initial moles 1.1 22[23 20C+€
molesateq. 1.0 20 02 01

K =021VP@1/v)

(V) @ V7 = 0.001

i

e

%
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Ky=1092] o o [CO,]
] 2.5x1072

or [CO,]1=1.25%x10"" mol -

(@) ==2l (g)

19. Partial pressure of iodine atoms o= gitf x10°
10

= 0,40 x10° Pa

Partial pressure of l;(p,,)

60 ; ¢
=—— x10"Pa = 0.60 x10° P¢
100 1= 0,60 x10° Pa
p,° (040 x10°)2
HpmEl. o 1 S o
/3\: 0.60 x10°
N,O, =2 NO,
Initial moles a 0
Ateq a-0.2a 0.4a

=0.8a

Total moles =1.2a

Pno, = o x1 atm =2/3atm,
T e
NO.- =2 x1 atm = 1/3atm
=20
o =L — 16
2/3)
N, + 8H,— 2NHj3
Initial moles 1 3 0
Ateq 1-0.5 3-15 2x0.5
=05 =)=l

Total moles=0.5+1.5+1=3
. 2 NOBr (g)===2 NO (g)+ Br, (9)

(2. P » A
4 (9 : 9J 9 9
o
9
s
x ;
9 P
FrorMD:(/JNO) X(szrg):__9’2’ -
(Pos:) [@9)
9
K 1
p 8l
S0,Cl, ===30,+Cl,
Iniitia 1 0 0
Aleq. -0 a o

Total moles = 1+ a

PeoLiy 1+a

Day © Physical and Chemical Equilibrium

26. Py, = Phys =

- o
1 @ OZ:———,ng

.Degree of dissociation =17%
PCl; = PCl3 + Cl,

Initial moles 1 0 0
Moles ateqg. 0.5 0}f5) (0)5)

Total moles = 1.5

Partial =—D; — D e
artial pressure 1[_,0 15,0 15,0

(where, p is the total pressure)

(5] /329

:%p=1.6(Given)

or p=4.8atm

25. At equilibrium, if partial pressure of CO, = p,

that of NHz =2p
Kp = PPusi; XPoo, =@P)°xp = 4p°
I = 20T =
P =0725x107°
p® =725x107°
p =1935x1072
Hence, total pressure = 3p
=3x1.985x 1072
=5.81x107

= 0.0581 atm
&
2
2

= e g
Hence, K, = P % Phiys —§X~2— iy

2. A very high value of K for the given equilibrium shows that
dissociation of glucose to form HCHO is very very small.
Hence, at equilibrium, we can take CgH,04 = 1M

K= CsH1zoe
[HCHOP®
ey ol
[HCHOP®
1
or [HCHO] = (6x11022J6 ~1.6x107*M

28. CaS0, -2H,0(s)~ Caso, -%H20(3)+ 1% H,0(q)

AHo= H[CaSO4 -%H?_O(s)} +H [1.5 H,0(q)]

NAWW. N0oVADC Ol1]

~H [CaS0, 2H,0 (s)]
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=(=1575-1.5x 241.8) - (- 2021.0)
=83.3 kd mol™

=+ 484 kJ for 1 kg
29. AS°=219.4 JK™" mol™'
(AS °is also calculated as AH®)

From, AG° = AH —-TAS
AG°=17920 J mol™"
Again from, AG°=—-2.808RTlog K,
AG®
logK, =——
9% = 5308RT

K, =7.22 x107= (B40)*2
(Pp)=8.1x10"*atm
30. pup=1 K, = 1AG° =0,

At equilibrium,

AH° =T AS®
s 83,02 1000
219.4
~ 380 K= 107°C

31. Concentration of A changes from 0.5 M0 0.3 M and that of B
from 0.2 M to 0.6 M in the time interval 1 hto 5 h.

—A[A]=02M
A[B]= 0.4 M
Thus, n =2
32. At equilibrium, [A]=0.3M
[B]=0.6M
B OB N

cT A 03

33. Both the statements, | and Il are incorrect.
34. With increase of pressure, equilibrium shifts in that direction
in which lesser number of gaseous moles are produced.

35. Increased temperature always shifts the equilibrium towards

endothermic reaction.

36. Catalyst does not affect eq!
chemical reactions by provi
for the forward and reverse re
amount.

37. M,CO5(s) — M,0(s) + C0O,(@9)

— 0.0095 atm ()

uilibrium. It increases the rate of
ding a new low energy pathway
actions by exactly the same

K, = Pco,

.+ COyis 1% in air,
1 __1 L 1=00%tm
P'c;OzZTO'(i’(pa"_100X1 &
tion of M,CO3 I8 carried out in the presence
1 atm and thus, practically there is no
of M,CO3. Thus, 1% CO, is sufficient to
If at all decomposition is

The decomposi
of pto, of 0.0

decomposition .
prevent any loss in weight.

desired, Pto, < 0.0095.

Print to PDFE without this me

JEE Main Chemistry inJust 40 D3YS

N, + S 2 NH;

38.
Initial 1 3 0
Equili. (1= X) (38— 3%) 2X
Initial moles, ny =4
Pressure, py = 4atm
At equilibrium moles, Ny = 4= 2X
At equilibrium pressure, Pz = 3 atm
Ny _ P2
n P
A= 3
T

A IS0 = 0.5

” i -(QE]
b =A—2r \ &

. _3-3 _15
T A—2n 8
g R X Eas)
b= 122 8
0.5
ION2: SX——S': 0.5 atm
PH, = 1.5 atm
and P, = 1 atm
e
Py, (B, (05 (15
39. N,O,(@)=— 2NO,(g)
Initial 1 0
Ateg. (1=x) 2x

Total moles = (1 — x) + 2x = (1 + x)

_[[ =X 2X
pN204 _[m]pv pNO2 = [m] P

Since, N,O,, is 25% dissociated
x=025 and p=1atm

¥ 1-0.25
PN0s =\ 15 025 x1=0.6atm

P (240250
%=\ 11 025 x 1=0.4atm

i« _Bo,)® 04x04
P A e
PN, 0.6

Suppose the degree of dissociation of N0 at 01 &™ ;

o, then
1-a
Tohie =
NgOy4 [1+q)><0.1

and pN02=(2a]x0,1

= (. 267 atm

Kp?

0.267-

percer

40. CHacOOH
100

Applyind [

For 0.5
have

or

On solyj
A=) 49
0.5 moj
Hen(:e,

41,
Initg)
Atequij,
ACflVe m

Magnn
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O e
e e — = S
(=) + a) (1- a?)

0402

1= @2

0I267 —

0.267- 0.2670,% = 0.4 .2

0.267= 0.6670.2
Percentage dissociation o — 63.2%

40. CH,COOH + C,HyOH—> CH.CO0C,H, +H,0

100 100 66.5 66.5
Applying law of mass action
:@3COOCEH5]M
°  [CH4COOH][CH-0H]
66.5 x 66.5

(100 - 66.5) x (100— 66.5)
FFor 0.5 moles of alcohol and 1 mole of acetic acid, we

have
2
%
Ke=4=——"—
< 0.5—x)(1 = x)
or X2 = (0.5— 1.5x+ x°) x 4

On solving we get :

X =0.4230r 1.57. The later value is not acceptable because
0.5 mole of aleohol can never produce 1.57 mole of ester.
Hence, the number of moles of ester formed = 0.423.

41. 2N, (@) + 0,(@) == 2N0(9)
Initial 0.482 0.933 g
At equil, (0:482—2x)  0.933— X 2x
: 0.482— 2x 0.933x] [J)
Active mass ( = ) ( 10 10
K. = 2.0 107

Magnitude of K is very very small such that at equilibrium
0.482—2x 0482 _ ;o480
10 10
[Nzleg = 0.0482 mol L

i [O]q = 0.0933 mol =

e

S [N2]2[02]

4x°

2.0x107% = 100

Day 9 Physical and Chemical Equilibrium

X =3.29x 107

2x3.292x 1072

2% =
[Ngo]_E = [NO]= 10

—BlbE IO ol
42. Let the degree of dissociation = x

A2 B —— S GE)

Initial concentration 1 il8 0 0
At equilibrium(i — x) (1.5-2%) 20X X
Given, (I-x)=(1.5-2x)
1=15-2x+ x
I=il/5=
X=15-1=0.5
Equilibrium constant for the reaction
k. _CEDI__ @xP()
“ TAIBE  (1-x){.5-2x?
X=1015
(2x0.52 (0.5
Ke=r————
(1-0.9 (1.5-2 x0.5*
e (05 R Oi5 0.5

= = =4
(0.9 (0.9 05x0.25 0.125
43. Let the degree of association be a.
M = M),
1 Initially

1—a

0
& At timet
n

n
; moles after association
R
initial moles

1+(1—1Ja
s N g

1

or (/~1)=(nl—1joc

We have,

Total moles after association = 1 — o R 2 1+ (1 ) o

=09 and a =02
On putting values,

0.9-1=(1_1)0.2
n

Sois npi e
n
=051+ OA2=E
n
0.2
nN=—7 =
0.1 .

123}

e

et B R

Sheiis—~

o L TN
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44. In the 'equired equation NH3 is on LHS, so invert the

€quation (j)

ENHs@) =N ,(0)+ 31,(0); -1 ()
1

g/loreover, there are three moles of H,0, so multiply Eq. (ii)
y 3

3 3
SH,(g) + 5 02(9) == 3H,0(g); K, = ke V)

(because when a reaction s multiplied by n, K becomes

KI])V
Ng@)+©g@);=*2NCWQ)Kz
On adding Egs. (iv), (i) and (V) we get

2NH4(g) + 502@) e 2N () 3H,0(g)

Ky =K, XKs xKg

[because equilibrium constants are multiplied, when two or

more reactions are added.]
On putting the values of K- and Ks, We get

1 ‘
Ke=Ky-— K3

A
o

- We know that,
K,U =/ (RT)MQ
Where, Ang =No. of moles of gaseous products
—No. of moles of gaseous reactants
For the given reaction,

0
m@:1-@+§):~05

On putting the value of Ang,
Ko =K, (RT)®

46. N,(g)+ O,(9)— 2NO (g)
——ﬂﬂﬂi~=4x1o”
fe [N;] [0,]
2NO(g)—— N,(9)+ O,(g)
1 _[N3][Oy [

/ “ K INOP 4xio? 4

7

1
NO(g) —> 21N2(g) 5 0:(9)

g 1/2 1or = ilelo)
' umwpﬂ:'z_q*ﬂo
., S T e i

JEE Main Chemistry i Just 40 Days

CO:(g) =+ G Elts T208 Q)
Initial 0.5 atm
Atequal. (0.5-p) ‘
This is a case of heterogeneous equilibrium
C(s) being solid is not considered
Total pressure of CO, and CO gases

Peo, + Peo = Protal

2p atm

05-p+2p=0.8
0 = 0.3 atm2
Pco, = 0.5- 0.3= 0.2 atm
Peo =2p = 0.6 atm
o 0.6x0.6 q &b

"ﬁg,’ 0.2

H*]= [HCO3]
el s 1208
Ko = s = -
[HCO3]

So [CO5 =K, =4.8x 10!

€ total pressure at equilibrium for reactions (i) and
re p, and p respectively, then

X =—= N i

Initialty 1 mal 0
At eq. -« 20

Total moles =1+ q

1-a 2a
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K 2
2P _ 40;;2 2 :i L9 (given) where,
o 2 P An, =(gaseous products —gaseous reactants)
or ﬁ=376=36:1 g
4 K, =1.8x107° x0.00831x 457
50. K, = [CO,][H,] ~ 6.836x107 >1.8x107 '
[COIH;0] Thus, K, > K,
:M 55. P4(s)+ 5 0,(g) == P4010(8)
[CH,][H.0] P
_ ICO,][H,1* el
[CH,][H,OF (For solid state, molar concentrations are taken as 1.]
Obviously, Ky x K, = K, 56. K, =K, (RT)*"e
51. Equilibrium Co?stant for the reaction, An, =sum of coefficients of gaseous products —sum of
N ffici tants.
S0,(9)+ 502(9)= S04(g) coefficients of gasec?;\lsore;c ants
1 57. K=
I = — [N,O,4]
4.9x10 \ (12510722
and fOFZSOZ(Q)+O2(g)= 2SO3(Q) —W ;
1 =5 e o i
Kc=( ) = — 416.490 = 31O maells !
4.9x1072 (4.9 _ ] . : g
58. An, = - ve; Reaction takes place with decrease in number of 1 4
52. PCls(g)=— PCl3(@)+Clz(9) moles or pressure; hence increase in pressure shifts the E
Initial conc. 1 0 0 equilibrium in forward side. 3
Eq. conc. 1 x X X AH° = - ve ; Reaction takes place with evolution of heat or By
increase in temperature, hence decrease in temperature '
Total number of moles at equilibrium = (1— x)+ x+ X =1+ X shifts the equilibrium in forward side. i
e, [4} 59. N;(9)+0,(g) = 2NO (9) 5
R (68 Change in volume of the flask does not affect the equilibria
53. Reaction is exothermic. By Le-Chatelier's principle, a because number of moles of gaseous reactants are equal to
reaction is spontaneous in forward side (in the direction of the number of moles of gaseous products.
formation of more CIF;, ifF, is added, temperature is lowered 60. K, =K. (RT)*"
and CIF; is removed. Ang =1-16=-0.5
54, 2NO,(g) == 2NO(g) + 0»(9) et (R ake
K, =1.8x107° at 184°C (= 457 K) K,
R = 0.00831 kJ mol~'K™" (RT)"2

Ke

Kp =Kc (RT)Ang = (RT)I/Q

>

o
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Outlmes

© Concept of Equilibrium
o} Degree of lonisation

O Acids and Bases

O pH Scale

O Salt Hydrolysis

O Buffer Solution

lonic
Equilibrium

Concept

The weak -aar'm//u
equilibrium is maint tain
umonlzad 'rmaru/gj ‘,; c

‘onk:EquHthnn

bez‘ween z‘he uni omzad m

Weak and Strong clectrol

Weak electrolytes dissoci
poor conductor of electri

Strong electrolytes dj ssociate
solutions are very good ¢
NaCl, KCl etc,

Separation of an electrolyt
called ionisation or dlssomatmn

NaCl + ag —s Na*(c g
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i

(Usually the term dissociation is used for weak electrol

The solution of weak e

() Ionic Equilibrium

yte and ionization for strong electrolyte).

lectrolyt i
> e : Seor P I T . 5 =
yt€s contain ions, which are in equilibrium with unionised molecules.

CH;COOH ~— CH,CO0~ +H"

NH,OH = NH;r AN

This equilibrium is known

as 1onic equilibrium and is dynamic in nature.

Degree of Ionisation

The fraction c . 5 e o i S IR :
frac of total number of moles undergoing Ionisation is called degree of ionisation or dissociation (o).

192

Alternately, the fraction of the amount of an electrolyte present in the solution as free ions is called degree of

ionisation (o).

L number of moles of electrolyte dissociated as ions

total number of moles of electrolyte dissolved

or
initial amount

Ostwald’s Dilution Law

It states that degree of dissociation of weak electrolyte is inversely
proportional to the square root of concentration.

1 k \/'——
o € ——, O =.|— =~KkV
Jeo Ve

o = degree of dissociation
V = volume containing 1 mole of weak electrolyte

where,

k = dissociation constant.
Ostwald’s dilution law is used to calculate the degree of dissociation, o
for weak acids & bases from the known value of K.

;
| » The value of k can be calculated for only weak electrolytes.
» Ostwald's dilution law is applicable only to weak electrolytes because for SuRie

electrolytes,

o=l e, Ky =>®

Applications of Ostwald’s Dilution Law
This law is used
1. To calculate the value of dissociation ¢
and weak bases, by determining the de
urement %‘L at any concentra

o0

onstant (K) of the weak acids
gree of dissociation (o) from
tion C.

conductance meas

: i b
2. To calculate the degree of dissoci_atlon, o of weak acids and bases by

knowing the value of K.
For weak acid, put [A*] =[H'] and K =Kq

Similarly for weak bases,
(B-]=[oH] and K=K

A amount of electrolyte dissociated

Limitations of
Ostwald’s Law

+ This law holds good only in case of

weak electrolytes. Even  weak
electrolytes do not obey this law in
concentrated solutions.

The value of K can be calculated only
in dilute solutions of weak electrolytes.

Factors Influencing Degree
of lonisation/Dissociation |

For strong electrolyte, a. =1 at normal
dilution while for most of the polar
covalent compounds ie, weak
electrolytes, o <<< 1.

Degree of ionisation of an electrolyte
increases with polarity of the solvent.

The degree of ionisation of an
electrolyte decreases with increase in
concentration of the electrolyte.

The degree of ionisation rises with
ralse in temperature of the solution.

The addition of species possessing a
common ion to that of weak
electrolyte causes a decrease in the
degree of dissociation of weak
electrolyte.

R.//AWWW. Novabd

W

T
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Acids and Bases

An acid is that whose aqueous solution tastes sour, turns blue litmus red, neutralises bases ‘and so on. On the
other hand, the aqueous solution of a base tastes bitter, turns red litmus blue, neutralises acid and so on.

Arrhenius Theory

When dissolved in water, the s

: ubstances which release H*
10ns are called acids and which release OH -~ ions are
called bases,

Limitations of Arrhenius Theory
1. Free H* and OH™ ions do not exist in water.
2. The concept is limited. to aqueous solutions only.

3. It cannot explain the acidic character of certain salts
like, AlCl;, BF; and basic character of NH;, PH,.

4. It cannot be applied to compounds which do not
contain free H® or OH™ ions.
Bronsted-Lowry Concept

Acids are proton donors while bases are proton acceptors.

Conjugate base
[ B
HCI+H,0 —> H,0" +Cl~

acid bage I

Conjugate acid

NH; + H,0 —> NH} + OH~

base acid
The substances which behave like both as an acid and a
base are called amphiprotic. e.g., H,0, HSO, , HS~ etc.

Conjugate base of weak acid is strong or vice-versa.

» The strength of acid depends upon the nature of solvent. eg,
H,SO,4, HCIO,, HNO; and HCL, all have same strength in

water due to levelling effect of water.
» In acetic acid solvent, the order of their acidic strength is
HCIO, >H,SO,4 >HCI>HNO;.

Limitations of Bronsted-Lowry Concept

1. The protonic definition cannot be use.d to explain the
reactions occurring in the non-protonic solvents such
as COCl,,S0,,N,0, etc.

2. This concept cannot explain the reactions betwee'n
some acidic oxides (such as CO;, SQZ,Soa) and basic
oxides (such as CaO, BaO, MgO) which take place even
in the absence of the solvent, e.g.,

CaO + SO; —> CaSO,

3. BF,, AlCl, etc., do not have any hydrogen and he.nce,

cannot give a proton but are known to behave as acids.

Lewis Concept

Acids are the substances which accept a pair of electrop
to form a coordinate bond and bases are the substang
which donate a pair of electrons to form coordinate bong,

Following species can act as Lewis acids

(i) Molecules in which central atom has incomplete
octet e.g., BF;, AlCl;, FeCl; etc.

(ii) Molecules in which the central atom is either
non-metal cation or metal cation with empty
d-orbital (d-block elements)

e.g., 51X, GeX,, PX;, TiCl,,H", Ag etc.

Lewis bases should satisfy following conditions

(i) Octet should be complete and central atom
should be more electronegative.

(ii) Lone pair/pairs should be present e.g.,NH;, H,0,
R—OH, R—OR etc. .

(iii) Negatively charged species e.g., CN7, O Gls
ete.

Limitations of Lewis Concept

1. The strength of Lewis acids and bases is found to
depend on the type of reaction, it is not possible to
arrange them in any order of their relative strength.

2. It does not explain the behaviour of protonic acids
such as HNO,, HC], H,S80, etc.

3. Catalytic activit
because the cat
to their tenden
do so.

y of Lewis acid can’t be explained
alytic activity of many acids is due
Cy to furnish H*, Lewis acid does not

j 0 acidic bases ic acids!
of equimolar concentrations O PR

Strength of base BOH), [k,
\ = 1
Strength of base (BOH), \'T =
by 2
Strength of acig (HA), )E
Strength of acig (HA), ~ VK\ T
a

=
Bt B B e

b
b
b
K
9
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Day 10 Ionic Equilibrium

e

Ionic Product of Water (x )

Pure water i 5
Tls a weak eleCU'Olyte and is ionised according to following equation.

H,0 +H,0 ==H,0* + OH"

At 25°C, for pure water [H;O*]=[0H e 10~ woll

K
(G

where, K = ionisation constant.

Value of K, depends upon temperature, If

=[H,0°][OH =107

5
A\

| =

W

55.55

temperature increases, value of K,, also increases.

pPH Scale

It is used to express and compare the acidic and basic strength of a solution. It is defined as the negative
logarithm of H;0" ion concentration (in moles per litre) present in it.

Thus, pH = -log [H,07]

Similarly,

PH Scale Range

pH scale range is 0 to 14 and it depends upon the value of
K. As temperature increases, value of pH decreases at
25°C. pH scale range will be

0 7 it
= ; =

4

=

acidic neutral basic

(i) pH of very dilute (~10~® M or lower) acids or l?ases
is nearly 7 but not 7 (i.e., not simply — log [acid or
base]) due to ionisation of water.

(ii) pH of strong acids with concentration > 1 M is
never negative, it is zero only.

pH of Mixtures of Acids and Bases

The rules for determining the pH of mixtures of acids and

bases are as follows

i i ins unused, calculate
(i) If strong acid or strong base remal 4

fH® ions and O H ions

; r molarity o
the concentration o late the pH or pOH

left in the solution and then calcu
accordingly.

(ii) If weak acid or weak base
unused, a buffer (acidic or b
the concentration of salt
formed/volume of solution)
weak acid or weak base le
equation to calculate the pH o

is left behind or remains
asic) is formed. Calculate
formed (mmoles of salt
and the concentration of
ft behind. Use the buffer
f the solution.

pOH =-log [OH ]
pH + pOH =14

(iii) If acids or bases are completely neutralised, then salt is
formed. Calculate the concentration of the salt formed
and use the hydrolysis equation to calcualte the pH of
the solution.

1 pH decreases by one unit, H ion concentration increases

by a factor of 10. Similarly, when pH dec

It states that if to the solution of a weak electrolyte, a
solution of strong electrolyte is added which furnishes an
ion common to that furnished by the weak electrolyte, the
ionisation of the weak electrolyte is suppressed

e.qy; NH,OH == NH} + OH~

If NH,Cl or NaOH is added to NH,OH solution, the above

equilibrium will shift to the left due to high concentration of

common ion and therefore, the ionisation of NH,OH is

further suppressed. :
In I group of qualitative analysis, H,S is passed in the
presence of HCI. This is due to the fact that HCI suppresses |
the ionisation of weakly dissociated H,S. Due to this only |
sulphides of Il group radicals are precipitated. Sulphides |
of Ill, IV etc., groups are not precipitated because of their |
high solubility product. i

AMWW. N0
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Th(-;v Process of sqj hydrolysis ;s actu
Cation wip water accompanjed py, cle

‘ avage'ofi@=—rpj
Salt hylv‘dI‘OJj’SiS affects the PH of the solution,

Neutpraj Salts
Salts ()fst]‘o!lg acids and Strong hases (i

Dot undergg hydrolysis e.g., NaCl, CaS0, etc,

If such say Is dissolveq in water, PH of the solution

remains 7.

Acidic Sajts
Sa'lt of a strong acid apg weak base €.8,NH,Cl are called
acidic salts.
Such salts undergo cationig hydrolysis.

PH of acidic sal solution wil] he less than 7.

For such salts. [H;0%] = VK, x C

K, = X, or pH=7_1 [pK;,
K,

2

+log CJ
where, G = hydrolysis ( onstant

K, =ionisation constant for weak bage

C =molar concentration of salt.

Basic Salts

Salt of strong base and weak acid e.g, NaNO,, NaCN,
CH;COONa are termed as basic salts,

Such salts undergo anionic hydrolysis.

PH of basic salt solution wi]] be more than 7.

AT ~ a ]\/U
For basic salts, [OH™]=.,/K, xC or K L=l

pH =7 + % [pK, +log C]

Salts of Weak Acid and Weak Base

The salts other than halides, sulphates, nitrates of metals fall
{ into this cotegory, e.g., CH4COONH, etc.

: Ky L
For such salts, K/’ :/_%a XVK/}, DH— 7+2 [pKa p b]

. Saturated solution

88804 (S}

Ba?* (aq) + S04(aq)
S

in water

» There is no effect of dilution on the hydrolysis of salts of weak
acid and weak base because h, pH and Ky, are all independent

of concentration, C.

1.e., neutra] salts) do

Salt Hydrolysis

ally the Teverse process of neutralisation. The reaction of an amon or

bond, is called hydrolysis.

Solubility Product

It is defined as the product of molar concentration gf its
ions in a concentrated solution, each concentratiop terms
raised to the power equal to the number of ions Produgeg
on dissociation of one molecule of electrolyte.

AB,

XA” + yB~
Ky =[A*F [B7P

e,
BaSO, ~=Ba** 4502
Ky =[Ba®*][S027]
K =5
or 5= V ]\,:
where,
S solubility,
= solubility product
e.g., ApX3 —5 243 | 352~

28 3S
Ko =[A* Px2-p
K =(25)*(3s)?

K, =108s°

Ionic Product (@)
(at any stage of reaction)

It is the Product of
reaction,

IfQs Ko Precipitateate will be formed.
If Q<k

IfQ=k

ions and give the direction o

sp» PT€Cipitateate does not form.

spr T€action g a4 equilibrium,
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The solution, which maintains jts

Buffer Solution

g PH constant or reserve acidi 1 iti
amounts of acid or base, is call e acidic or basic nature even upon addition of small

d

addition of acid or base is called buffer action

buffer solution. The ability of buffer solution to resist changes in pH on

Acidic buffer

Types of buffer solutions

Characteristics of a Buffer Solution

A buffer solution should exhibit following characteristics
(i) Buffer solutions posses a definite pH value.

[pPH <7]

Basic buffer
[pH>7]

(ii) Their pH value remains constant on keeping long or dilution.

(iii) The pH value is not changed on the addition of a strong acid in acidic buffer and a strong base in basic buffer.

1. Acidic Buffer

A buffer solution pH of which is less than 7 is called acidic
buffer.
Weak acid + salt of the acid with strong base
e.g., CH;COOH + CH,;COONa;
HCN + NaCN

2. Basic Buffer

A buffer solution having pH more than 7 is called basic
buffer.

Weak base + salt of the base with strong acid.
e.¢., NH ,OH +NH,Cl, G¢HNH, +C HNH;Cl~

Henderson’s Equation for ...
Buffer Solution

For acidic buffer; pH= pK, + log -
»  Pri=PAa [acid]

[salt]

For basic buffer; pOH= pK; + 109 [base]

pH+ pOH= 14

Buffer Capacity

Buffer capacity is quantitatively d
moles of acid or base added in 1L 0
PH by unity.

Buff, i
er capacity dded to 1 L of buffer

< Dumber of moles of acid / base a
change in pH

efined as the number of
£ solution to change the

Buffer capacity is maximum when
(a) [salt] =[acid], pH = pK, for acidic buffer
(b) [salt] = [base], pH = pKb for basic buffer

Greater the buffer capacity, larger is its capacity to resist
the change in pH value.

Acid-Base Indicators

An acid-base indicator is a substance which possess one
colour in acid solution and altogether different colour in
alkaline medium. i.e., its colour changes with pH.

Ostwald’s Theory e

According to this theory
+ Indicators are either weak acid or weak base.

+ Their unionised molecules possess different colour from i
those of the ions which they give in the solution.

+ An acidic indicator yields a coloured anion while a basic
indicator yields a coloured cation in solution.

+ Since they are weak electrolytes, they are not sufficiently
ionised in solution. But in presence of strong acid or
alkali, their degree of ionisation is considerably increased
and they produce a large number of coloured ions.

+ An indicator changes colour when the concentration of
hydrogen ion (in mol per litre) solution is equal to the
ionisation constant of the indicator, i.e., indicator is 50%
dissociated.
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1. The ionic product of water at 310 K is 2.7 x10™"%. What is
the pH of neutral water at this temperature ANCERT Exemplar]

(@) 7.0 (b) 5.98 (c) 6.78 (d) 4.58

2. Of the given anions, the strongest Bronsted base is
(@) ClO™ (b) ClO3 (c) ClO; (d) ClOg

3. Which of the following salts undergoes anionic hydrolysis?
(a) CuSO, (b) NH,CI (c) FeCly (d)Na ,CO4

4. The best indicator for the detection of end point in the
titration of a weak acid and a strong base is (bracket value =
pH range of indicator)

(a) methyl orange (3 to 4)

(b) bromo thymol blue (6 to 7.5)
(c) methyl red (5 to 6)

(d) phenolphthalein (8 to 9.6)

5. For the titration of a dibasic weak acid HyA
(PKa(2) —PKa() 22) With a strong base, pH vs volume of
the base graph is as shown in the figure pK, 4 and PKa(2)
are equal to the pH values corresponding to the points

D

A

[ e e
Volume of NaOH added

(b) Aand Brespectively

spectivel :
(a) Band D resp y (d) Aand C respectively

(c)CandD respectively

6. The pH of the neutralisation point of 0.1 N ammonium

hydroxide with 0.1 N HClis
() 8 (b) & @7 (d)9

7. The solubility of AgBrOg in an agueous solution of NaBrOg

(as compared to that in water) is
(a) the same

(b) more

¢) less

Ed) unpredictable due to a new chemical reaction

Zone

DAY

10 /

8. The acid having the highest pK, value among the following

is
(a) HCOOH (b) CH,COOH
() CICH,COOH (d) FCH,COOH
9. Species acting both as Bronsted acid and base is
() HSO,~ (b) Na ,CO4
(@)iNilg (d) OH™

10. How do we differentiate between Fe** and Cr®* in group i?
(a) By taking excess of NH,OH
(b) By increasing NHj ion concentration
(¢) By decreasing OH™ ion concentration
(d) Both (b) and (c)
11. The solubility of a sparingly soluble salt, AB, in water s
1,0 x 107> mol L=, Its solubility praduct will be
(@) 4x107"° (b)1x1071®
() 1x107" (d) 4 x 10715
12. The pH of 0.1 M solution of a weak acid is 3. What is the
value of the ionisation constant for the acid?
() 0.1 (o) 1078
(e)10 (d) 1077
13. A solution which is 107 M each in Mn2+ Fe2* zn?* and
Hg®* is treated with 107 M sulphide jon. If Kp Of MnS:
FeS, ZnS and HgS are 107'° 108 4020 gpd 10
respectively, which one will precipitate first?
(@) FeS by M
gs
(c) HaS (d) ZnS
14. 1 M NH4OH and 1M HCI are mixed to make total volume of
300 mL. If pH of the mi i +
p . mixture is 9.26 and PK, [NH4]=926
then volume ratio of NH,0H and HGI will be
(a) il (b) 1:2

15. At the equilibrium of the reaction N,O ,(g) == 2NOz(¢!
the observed molar mass of N
percentage of ionisation of N0, is

(288 (b) 46.7
(0224 g

0, s 7770 1
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16. What will be the pH at which an agj

d indi i
K, =1x 105 changes dicator with

colour when the indicator
concentration is 1x10-3M?
@5 (b) 7 ()8 (d) 6.5

17. The solubility product of a sparingly soluble salt AB at room
temperature is 1.21x107°. Its molar solubility is
@) 1.21x10°° (b)1.21x 1078
©)1.1x10™ d)1.1x103

18, The solubility of Agl in Nal solution is less than that in pure
water because

(a) Agl forms complex with Nal

(b) of common ion effect

(c) solubility product of Agl is less

(d) the temperature of the solution decreases

19. For the reaction, Hg®* + 2 CI- ==HgCl,; k =1.65x10"
concentration of Hg?* at the equivalence point in the titration
of 2.0 m mol of Hg* with CI~ when final volume is 100 mL, is
(a) 8.25 x10'* M (b) 1.65 x 10'3 M
(c)2.87 x10° M (d) 6.72 x10° M

20. A50.00 mL sample of acetic acid was titrated with 0.1200 M

KOH and 38.62 mL of base were required to reach the
equivalent point. What was the pH of the titration mixture
when 19.31 mL of base has been added? [pK, (acetic acid)
=4.74

(a) 2.94 (b) 3.54

21. The pK,, of a neutral solution at 50°C is 13.36, that would be
the pH of the solution at this temperature? [NCERT Exemplar]

() 4.74 (d) 5.74

(a) 7.63 (b) 7.00 (c) 6.68 (d) 7.96
22. The pH of a107° M solution of HCI in water is
(@8 (b) -8

(c) between 7 and 8 (d) between 6 and 7

23. What will be the degree of ionisation of 0.06 M acetic acid if
its pK, value is 4.74 ?
(@) 0.019%  (b) 1.9% () 3.0%
24, The molar solubility (mol L") of a sparingly soluble salt MX,
is ‘'S’. The corresponding solubility product is Kgp. ‘S" is
given in terms of Ky, by the relation P
(@) S =256/(K,,)"° (b)S = (128 Kyp)
©)8 = (K, 1128)* (@) S = (Ksp/256)"°

(d) 4.74%

8 -4 e
25. Dissociation constant of a weak acid is 1x107". Equilibrium

constant of its reaction with strong base is

= 4
(a)1 %1074 ©)1x10°  (c)1x10 10 (d)1x10

26.The solubilty product of BaSO, is 15x10. The
precipitation in a 0.01 M Ba2t solution will start on adding
H,S0, of concentration
@10° M

©10°M  (©107M  @10°M

Day 1) Ionic Equilibrium

27. The precipitate of CaF, (Kep =1.7 % 107'%) is obtained when
equal volumes of the following are mixed
@10* MCa% + 10 MF (b)102MCa? +10° MF
(c) Both (a) and (b) (d) None of these

Directions (Q. Nos. 28 to 30) Following titration method is
taken to compute stepwise ionisation constant of a weak dibasic

acid. COOH

OH
p-hydroxy benzoic acid

A has two ionisable proton and there can be stepwise
neutralisation by NaOH.

25 mL of a dilute aqueous solution of A is titrated with 0.02
M NaOH (aqg) and pH is measured.

Step | Volume of NaOH added pH
| 8.12 mL 4.57
Il 16.24 mL 7.02 (at equivalence point)

28. WhichH* is removed in step I?
COOH

(@)

=0

.
=
(@)
1
&
(@)

+

COOH COO™

@© :@
OH OH

(c) Both (a) and (b) 50% in each part
(@ HO0+ HO0= H;0" + OH" (autoprotolysis of H,0)

29. pKa1' (=—log K, )of p-hydroxy benzoic acid is

(a) 4.57 (b) 9.47 (c) 4.90 (d) 7.00
30. pK,, (=—log K, ,)of p-hydroxy benzoic acid is
(a) 4.57 (b) 7.00
"(0)9.47 (d) 4.90

Directions (Q. Nos. 31 and 32) Acid rain is an environmental
concern all over the world. In assessing the acidity of rainfall, it is
important to have an idea of the acidity of natural rain water.
Assuming that natural rain water (that is, rain water
uncontaminated with nitric acid or sulphuric acid) is in
equilibrium with 3.6 x 10~ atm CO, (the Henry’s law constant is
1.25x 10° torr).

(K (HCO5)=4.3x 1077]
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31. What is
(a) 5.64

the pH of natural rain water?
(b) 5.70 (c) 7.00

( (d) 7.40
32. 1t S0, content in the

atmosphere is 0.12 ppm by volume,

pH 01‘ fain water (assume 100% ionisation of acid rain as
monobasic acid)

(@) 5.7 (b) 5.6 (©) 5.4 (d) 2.0

Directions (Q. Nos. 33 to 36) Fach of these questions contains

wo statements statement | (Assertion) and Statement ||
(Reason). [Fach of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below :

(@) Statement | is true, Statement Il is true: Statement Il'is a
correct explanation for Statement |,

(b) Statement lis true, Statement Il is true; Statement Il is not
a correct explanation for Statement |,

(c) Statement | is true, Statement Il is false.

d) Statement | is false, Statement Il is true.

33. Statement | When HCI gas passes through saturated
solution of NaCl, a solid NaCl separates out from the
Statement [l HCI decreases the solubility product of NaCl.

[NCERT Exemplar]

34. Statement | In

pase and a weak

an acid-base titration, invelving a strong
acid, methyl orange can be used as an

Statement Il Methyl orange changes its colour in the pH

range s 10 o

35. Statement | According to the principle of common ion
effect, the solubility of Hgl, is expected to be less in
aqueous solution of Kl than in water. But Hgl, dissolves in
an aqueous solution of Kl to form a clear solution.
Staterment Il lodide ion (I7) is highly polarisable.

36. Statement | The addition of Ag® ions to a mixture of an
aqueous solution of NaCl and NaBr causes precipitation of
AgBr, instead of AgCI.

Statement Il Solubility product of AgCl is less than that of
[NCERT Exemplar]

AgBr
37. A solution of monoprotic weak acid hgs ioni;ation constant
K.. What is the minimum concentration C in terms of Kz,
f»,ljr,‘u that the concentration of the undissociated acid can
be equated to C within a 10% [imit of error. ”
[Assume that activity coefficient correction are negligible.]
(b) 10K,

a) 45K,
ot (d) 80K,

(c) 90K,
38.In a excess of NHs(ag),Cu?* ions form a deep blue

b i i nstant
complex ion, [Cu(NH3)A]‘ having formation co

K,756x10”4 If a solution is prepared by adding

JEE Main Chemistry inJust 40 Days

to 0,50 L of 0.40 M NHj, what
2+ in this solution?

(b) 6.26 % 10""3

(d)5.82 %107

6.0 x 107 moles of CuSOy,
will be the concentration of Cu
(8) 5.82 x10"°
(c) 58,2 x107°

39. The degree of ionisation of 1.0 M weak acid, HA Is 0.5%, If
mL of 1.0 M HA solution is diluted to 32 mL, the Qeg(ee of
ionisation of the acid and HgO" ion concentration in the
resulting solution will be respectively f
(a) 0.02 and 3,125 x 107 (b) 0.02 and 1.25 x 10
(©)1.25 x107 and 0.02 (d) 0.02 and 8.0 x 107

40. What will be the pH of a buffer solution prepared by
dissolving 30 g of Na,COz in 500 mL of an aqueous
solution containing 150 mL of 1 M HCI?

[K, for HCO3 = 5.63x107""]
() 10,197 (b) 8.089

41. What is the minimum concentration of NHj required to

prevent AgClI (s) from precipitating from 1.00 L of a solution
containing 0.10 mole of AgNO5; and 0.010 mole NaCl?
[Kep(AgCl)=1.8x 107°, K; [Ag(NHg)5] =1.6 x107]

(a) 0.936 M () 0.789 M  (c) 0.588 M (d) 0.347 M

42. 2.5 mL of 2/5 M weak monoacidic base (K, =1x1072 at
25°C) is titrated with 2/15 M HCI in water at 25°C. The
concentration of H* at equivalence point is (K,, =1x107"
at 25°C)

(@) 3.7 x10713M
(©) 3.2 x107°M

(c) 9.858 (d) 6.400

(b) 8.2 x 107"M
(d)2.7 x1072Mm

43. Solubility product constant (Ksp) of salts of types MX, MX,
and MsX at temperature ‘T' are 4.0 x10~8 3.2 x10-"* and
2.7 x107'® respectively. Solubilities (mol dm™®) of the salts
at temperature ‘T are in the order
(a) MX >MX, >MgX (b) My X >MX, > MX
(0) MXy >M3X >MX (d) MX > M, X >MX,

44. Ag™ + NHa == [Ag(NH,)]*, k, = 35 x 103
[Ag(NH3)] © +NHg == [AQ(NHa)g] i iy =l 7o
then the formation constant of [Ag(N Ha)alfis
(a) 6.08 x 107 (b) 6.08 x 10°
() 6.08x107° (d) None of these

45. 0.1 mole of CHyNH, (K, =5 x10%)is mixeq with 0.08 mole

of HCl and diluted to one litre. What will be e
concentration in the solution?

(a) 8x1072 M
©1.6x107"" M

(b) 8 x 10711
(d)8x1075 M

46. HXis aweak acid (K, =107°). It forms a salt Nax (0.1 M) of

reacting with caustic soda. The degree of hydrolysis of
NaX'is

(a) 0.01% (6) 0.0001%  (2) 0.1% (d) 0.5%

N/ WWW.NO

47

44

o
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()
Na(@) + ?;(g)r& 2NO(9), K, ()
Ha(9) + 509('9)*:‘- H:0(9), K4 .. (i)

he equation for the equilibri Q .
1 : 6 equilibrium constant of the reaction

5
2NH3(g) + L'D'O.?(Q)n\ 2NO(g) + 3H,0(g)
Ky K, and K5 is

(K4)in terms of

[JEE Main Online 2013]

KK, 2

(o) =2 ORALE
3 y

3

(©) KiKaKs (@ Kefs
K\

48. What is the pH of a 10™*MOH" solution at 330K, if K, at

330K is 1071367
(@) 4 (b) 9.0

[JEE Main Online 2013]

(© 10 (d) 9.6

49. Bond distance in HF is 9.17 x10™"" m, Dipole moment of

HF is 6.104 x 107°° Cm. The per cent ionic character in HF
will be (electron charge =1.60 x 107'° C)

[JEE Main Online 2013]
(b) 38.0%
(d) 41.5%

(a) 61.0%
(c) 35.5%

50. How many litres of water must be added to 1 L of an

agueous solution of HCI with a pH of 1 to create an
aqueous solution with pH of 27 [JEE Main Online 2013]
(@ 0.1L (b) 0.9 L
(€) 20L (d) 9.0L

51, What would be the pH of a solution obtained by mixing 5 g

of acetic acid and 7.5 g of sodium acetate and making the
volume equal to 500 mL?

(K, =1.75x107°, pK,, = 4.76)
(@) pH=4.70

(b) pH< 4.70 =l
(c) pH of solution will be equal to pH of acetic acid
(d) 4.76<pH<5.0

[JEE Main Online 2013]

52. Which one of the following arrangements represents the

correct order of solubilities of sparingly soluble salts

CrCl, respectively ?
HgZC]Z‘ Cra(80,)s,Ba504 AR []FEE Main Online 2013]

/& ’ 1/3
5 (E& 1/ Kﬂ 1/4 K )1/2 (f_(ﬂj
dogilitl a7 ) 4

‘ K 1/3 K 1/4 [
) / sp =P
o wr(2] [z)
K 1/5 K 1/4 (Ksp)
/2 Sp sp | ==
owrfz) () [

Kep Y12 Kep )1/5 o
=8 Az K, )
@ ( 7 J ,[108 (Kep)

JEE Main & AIEEE Archive

47. Ny(@) + 3Hy(g) = 2NH;(9), K

53. NaOH is a strong base. What will be pH of 5.0 x107°M

54,

55.

56.

57

58.

59

60

NaOH solution ? (log2 = 0.3) [JEE Main Online 2013]

(a) 14.00 (b) 13.70
(c) 13.00 (d) 12.70
Values of dissociation constant, K, are given as follows
Acid Ka
HCN 6.2 x1071°
HF (i)
HNO, 4.0%x 107"

Correct order of increasing base strength of the base
CN™, F~ and NO3 will be [JEE Main Online 2013]
(@) F~ <CN™ <NO3 (b) NO; <CN™ <F~
(c) F~ <NO3 <CN- (d) NO; <F~ <CN~
In reaction A+2B===2C + D, initial concentration of B

was 1.5 times of [A], but at equilibrium the concentrations
of Aand B became equal. The equilibrium constant for the

reaction is [JEE Main Online 2013]
(a) 8 (b) 4
(c) 12 (d) 6

Solid Ba(NO,), is gradually dissolved in a 1.0x107* M
Na,CO; solution. At which concentration of Baes

precipitate  of BaCO; begins to form? (Kspfor
BaCO; =5.1x107?)

(a) 5.1x107° M

(b) 7.1x107° M
(©) 4.1x10° M

(d) 8.1x1072 M

The pH of a 0.1 molar solution of the acid HQ is 3. The value
of the ionization constant, K, of the acid is [AIEEE 2012]

@8x10"  (B)1x10°  (c)1x107 (d)1x1077

The K, for Cr(OH)4 is 1.6x107. The molar solubility of
this compound in water is

(a) §1.6x107%
©) 41.6x10°% /27

An acid HA ionizes as

[AIEEE 2011]
(b) ¥1.6x1072

(@) 1.6x107%0 /27

HA —Ht + A=
The pH of 1.0 M solution is 5. Its dissociation constant
would be [AIEEE 2012]
@1x10™ () 5.0 ©5x107%  (d) 1x10°®

Three reactions involving H,PO7 are given below
() HPO, + H0 —> HO* + HpO:

(i) HPOG + H,0 — HPOZ- + H,0*

(i) HoPOZ + OH™ — H,PO, + 02"

|
i
it
|
?
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61.

62.

63.

64. 17

65.

66.

67.

68.

In which of the above does H,PO; act as an acid?
: PO;
(b) (i) and (i)

a) (i) only [AIEEE 2010]
(d) (i) only

(¢) (i) only

138

Solubility product of silver bromide is 5.0x 10 The
quantity of potassium bromide (molar mass taken as
120 g mol™") to be added to 1 L of 0.05 M solution of silver
nitrate to start the precipitation of AgBr is [AIEEE 2010]
Vg () 1.2x 107

g
g (d) 5.0x10™ g

40

2 X

o

(a)

o) a5y
c) 62x1

o

At 25°C, the solubility product of Mg(OH), is 1.0 x107'" At
which pH, will Mg?* ions start precipitating in the form of
Mg(OH), from a solution of 0.001 MMg*" ions?(ajgee 2010]

(@ 9 (b) 10 (©) 11 (d) 8
Solid Ba(NO4), is gradually dissolved in a 1 0x10™" M
Na.CO-. solution. At what concentration of Ba<" will a

precipitate begin to form? (K ¢, for BaCO3 = 51 oy
[ALEE 2009]

(a M (b) 5.1x10

C (d) 8.1x 107" M

The pK, of a weak acid, HA is 4.80. The pK, of a weal
base BOH is 4.78. The pH of an aqueous solution of the
corresponding salt BA, will be [AIEEE 2008]
(@) 7.0 b) 9.22 (c) 9.58 (d) 4.79

Four species are listed below

|. HCO™ [I.HzO"

1. HSOZ IV. HSOF 4

Which one of the following Is the correct sequence of their
acidic strength? [AIEEE 2008]
(a) Iv<li<lii<i (b) <!l <+ IV

(c) I<lil< 1<V (@) li<l<iv<ll

The pK, of a weak acid (HA) is 4.5. The pOH of an aqueous

buffered solution of HA in which 50% of the acid jonised is
[AIEEE 2007]

(a) 4.5 (b) 2.5 (c) 9.5 (d)7.0

In a saturated solution of the sparingly soluble strong
electrolyte AglOg (molecular mass =283, the equilibrium
setsas  AglO;(8)= Ag (agq)+103(aq)

If the solubility product constant, K s, of AglOj, at a given
temperature is 1 0x10~8, what is the mass of AglO,
contained in 100 mL of its saturated solution?  [AIEEE 2007]
(@)28.3x107° g (b) 2.83x1€)4‘3g
©1.0x107g (d) 1.0x107* g

The solubility product of a salt having general formula MXj,
in water is 4 1072, The concentration of M?* ions in the

aqueous $olution of the salt is [AIEEE 2007]

a)4.0x107"°M

( (b) 1.6 x10™ M
() 1.0 x107* M

(d)2.0x10°M

JEE Main Chemistry inJust 40 Days

69. What is the conjugate pase of OH(;? TAIEEE 2003,
25 (b)
((22 (i—)l (6) (d) Oz
‘ i . in mol/L in a solution of
. Hydrogen on concentration !
70 p& = sg. 4will be i AIEEE 2005
(a) 3.98 x107° (b)3.68x108
(c) 3.88 x10° (d) 3.88 x10
71. The conjugate base of H,PO3 1S [AIEEE 2004
(a) PO3" (b) P05 i
(©)HaPO4 (d)HPO4

9. The molar solubility (in mol L") of a sparingly soluble sal
Mx, is S. The corresponding solubility product is K¢, 8 is
given in terms of K 5. by the relation TAIEEE 2004]
@S = (K /128)"* (b)S = (128Kgp)"
©)S = 256K )" (@) = (Ksp /256)"°

73. Which one of the following statements is not true?
[AIEEE 2003]

(@) The conjugate base of HPO7 is HPO% .
(b) pH+ pOH= 14 for all aqueous solutions.
(c) The pH of 1x107® M HCl is 8.
(d) 96,500 C of electricity when passed through a solutionof
CuS0,(aq) deposits 1 g equivalent of Cu at cathode.
74. Which one of the following substances has the highest
proton affinity? [AIEEE 2003]

(@) H,0 (b)HoS (c) NHg (d)PH3

75. The solubility in water of a sparingly soluble salt AB; S

10x10° mol ™. Its solubility product will be  [AIEEE 2003
(@ 4 xm“"? (b) 4x1071°
() 1x107™® (d) 1x1071®
76. pH of 0.005 M calcium acetate (pK,, of CH{COOH= 418
e AIEEE 2002
(@) 7.
b) 9.37
S8R0 ((d)) e

45 Which one of the following species act as both Brons?
acid and base? AIEEE 200

(@) H,PO;

b) HPO3™
() HPO? i

(d) All of the above

i

78. Solubility of Ca(OH), is S mol L~ The solubilty produc‘

((K)Sp : ‘;ﬂder the same condition is [AIEEE o
a) 4S
4
0 o
79.

An aqueous solution of 1 M NaCl and 1 M HClis ol
' [AIEEE2

a) not a buffer byt pH<7

)

b) not a buffer but pH >7
©) a buffer with pH<7
(@) abuffer with pPH>7

(
(
(
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(7
o

2004]

2003]

(C \ «» (d) 4. (d) 5 1\
# . { > ) 3. (Q)
11. (d) 12 13. (c) 14, (¢) 15. (d)
2 5 : ke
21. (c 22. (d 23. (b) 24, (d) 25. (b)
31. (a) 32. (a) 33. (b) 34. (d) 35. (b)
41. (b) 42, (c) 43. (d) 44, (a) 45, (b)
51, (d) 52. (d) 53. (d) 54, (c) 55, (b)
61. (b) 62. (b) 63. (b) 64. (a) 65. (a)
71. (d) 72, (d) 73. (¢) 74. (c) 75. (a)
1. X =R |{OR
But [H 1
[t
2. HCIO is the weakest

ClO™ is the strongest Bron
3. Anionic hydrolys sans anion reacts with water
Na,CO- + 2H,0== 2NaOH+ H,COy4

10.

. NaBrO, gives BrOj; ions. Hence, (BrO3]

. Weak acids consist of highest PKa

. HSO; can accept proton to form H,S

or 2Na* + CO2 + 2H,0= 2Na* + 20H™ + H,CO;4

~A

or CO% + 2H,0== 20H™ + H;CO4

pH =pK o when [A“]=[HA]
The points Aand C represent half stages of the reactions
(HHA+ OH™ — HA™ + H,O

(i[iyHA™ + OH™ — A% + HLO

., NH,.OH + HCI forms NH,Cl, which gives acidic solution with

pPH< 7.
increases. To keep

K,, constant, [Ag* ]decreases.
value and strong acids

consist of less pK,, value .
0, and also give a

~ i oth as Bronsted acid
proton to form SO2~ therefore, it acts b

is well as base.
In group Il of analysis, ad

concentration and decreases OHO
produced from NHOH dug to comm

dition of NH,Cl increases NH ion

- jon concentration
n ion effect.

Answers

6.
L6

N =
(<))

15,

()

. (@)
(o))
v (o)
. (a)
. (@)
B(E)
« (d)

7..\(c)
17. (d)
27. (b)
37. (¢)
47. (d)
57 (c)
67. (b)
77, (c)

Hints & Solutions

8. (b) 9. (a)
18. (b) 19. (d)
28. (b) 29. (a)
38. (d) 39. (b)
48, (d) 49, (d)
58, (c) 59, (a)
68. (c) 69. (a)
78. (a) 79. (a)

B —— A R
(, =[AZ*][B P =(10x10°)@2 x10 x10™
=4x107"
HA=—= H" + A~
H*]=107 M
o5 . CHINATLI0E Gioe
Hence Ra= e
4

0.1

ates [NH,OH] > [HCI] and thu
ince HCI will react with equivalent amount of NH .
C

HCI = x mL = xmillimol

NH,OH = (300 - x) mL = (300— x) millimol
NH ,Cl formed = x millimol

NH,OH unreacted = 300 — x — x = (300 —2x) millimol
POH=14-9.26=4.74
pKp = 14— 9.26=4.74

or

o

4.

[NHZ]
OH=pK, + log——=—
a1 o=
745 4. 7adipg = 2n i
300—2x

X

R
300 —2x

x =100 mL = volume of HCI

10.
20.
30.
40.
50.
60.
70.

=187°

S MIXIUr
!

(300 — x) =200 mL = volume of NH,OH
Hence, volume ratio of NH,OH and HCl =2 : 1.

ks M, — Mops
Nbbs (n s 1)

Molar mass of N,O, = 92 gmol™

AMWW. N0

(d)
(©
(©)
(@)
(d)
(@
@

c

}i
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Here, n=o 5

23. CH,COOH=— CH4C00™ +H m

o = w =0.184 P 0 0

77.70 (2— 1) T 1 s

Hence, percentage dissociation = 18,45 pK,=—logK, = 4.74

16. An acig indicator dissociates at equilibrium as i 2 0.F
Hins=—H* ; |- D

o f = e (I-ax
K, <[H 0] g
[Hin] Kae [B2300T —oe S
At the mid point, [In~] = [Hin] o e =
: K,,‘:[H—]:1/1D‘{ 24. ) 4+ . AX Hen

. ' 3.
[H ]=1x10"° orpH = - 2 1SS o _ 9565 :

(6]

17. - ABis a binary electrolyie b K.
S = [Kep =V1.21x 105 = 1.1x 103 : > =| 556
18. Solubility is decreased due to com mon ion effect 25. HA==—H" + A .
Agl=— Ag* + I H™][A
Nals=— Na~* + HA
I” is common ion in both the reactions HA+ NaOH —=A H.C
19. [Hg* 1= 2.0 millimol in 100 mL solutior HA+ OH™ =—A" + HQ
_g/1O’E mg‘!;/:rﬂr‘_“:” -
0.1L [HA][OH™] Molarity
Since, stability constant of HgCl, is large (1.65 x 10'3), the A" TIH™1
value of [Hg®* ] should be sma HAIIH 1[OH
Atthe end point, [CI"]=2 [Hg®] B E
[HgCl,]=0.020— [Hg*] e B . - =N
~0.02 M C[HIOH] K., 1xi0™
[HaClo] _ 4 6x . 10 26. K_, 0fBaSO, = 1.5

[Hg**][CIF
L LR R B spe- . TEaipt Ll
[Hg**] (2 [Hg*"]P - 0.01 |

(98]
|

(@)

54 3 0.02 = 5:’ 8
Had P — 1 ¥ . 2.0 4n
g 1.65x10™ 27. When ionic product S greater than K_.. then precipiiaio? 2'"‘5@
[Hg*]1=6.72x10° M Oceurs x 7 '

20. For equivalent point KOH required = 38.62 rﬂl__ri*efia f ; S
this volume (19.31 mlL) has been added 50% acid is s e
neutralised and at this stage sl

[CH,COOK] = [CH,COOH] 28. 1 Vs o i -
pH=pK, = 4.74 A . C :

21. pK,, =pH+pOH | 2 ! ﬂ
But [H*]=[OH"]= pH =pOH, e K B
7 pKw =2pH - 29, In Ste 1! o |

sy Y, R sl 1 Ky, o

et 2 |HO '*”N,—::r_,_& wo— N\ _cool % Hgfg%m

2. As the solution is acidic, pH< 7. This is because [H"] from | Ny ot ] '%‘%e

22. o 0~ Mjcannot be neglected in comparisonto 10 M. ol L %B,' .
2
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Day 1() Tonic Equilibrium

Thus, 50% of acid Ais neutralised. At this point, 37. HAL H.0 L@ A
? P ==2ilo
¢ 5 0 0

pH= pK, + qu[A ]
! A C(1-a) (©f, (Gl

PKq, =4 .57 i IHEOIAT] Ceol
(1 30. For amphiprotic ion, 2 [HA] Cl-o)

Q &y
ok =P + PR, Within an error of 10%,
2 Cll-a) or C-Ca=090C
Bifs, = 2R = Py, or Ca=010C
PKa, = (2% 7.02) - 4,57 = 9.47 Y 2 @:100)2 5 2 o O
31. By Henry's Law, ? a~ 090C 90 - a
Peo, = %00, 38. OU2* + ANHq(l)— [Cu(NH3),[*";
e r Pco, _(8.6x 107 atm) x 760 torr atm Initial moles 0,005 0.5x0.4 0
Ki .25 x 10° torr -0.2
05 7 _ co, K,;=5.6% 10"
el Mgt ;‘ K, is large and thus, most of the Cu®* will give [Cu( NH3),T.
T Let the Cu* left is a, then
Xorsr= (=212 1077) !
) Niotal [Cu( NH,),J** = 0.005— a= 0.005 mole
nco » 2.2 x1077 - :
—2 = R e 0 = 0000, (- 0.005 >> a)
Daor 1—2.2%107" 0.5
Molarity of CO,, solution [Cu?*] :aaEM
22 x107" x1000 |, G )
D 18 =12 x107> M Let NHj leftis b, then
H.CO. — H* + HCOZ [NH,]=0.2— 4x0.005+b
R . ~0.2-0.02+b(0.18>>b)
’ _[HY][HCO5] _ [H']
10 =T T 0.18
o @ [HLCO5]  [HxCOs) =0.18 moI:EM
H* =K, - [H2CO4] 0.005
e 2+
= 45 107 1. 2x10°> K= Ee sl N R
2.3x10°M [Cu® JINHeI' & [o0a8]"
= < 2 X 3
aig @5 || @
: pH= 5.64 0 4
' Lyl . L 0ee5xO5)E 8 8 18
32. 0.12 ppm =0.12gin10° mL a= 018 x56x107 5.32 x 107" mol/L
:‘“:!L_{:‘E-,iﬂf:: [H ]: l.SOg] 39, oly= 0.005 = \/}—(; ( C1 =1 mol L—l)
[H.SO4] 296152 x107° M Molarity of the diluted solution,
G i
33, The ionization of NaClis suppressed du_e tQ the common ion K
effect of I~ which results in the precipitation of NaGl. Gl 0:005V16 =0.02
§ ? 2
34, In case of titration of a weak acid with a strong base, theie is -
an inflection point near the equivalence point only from /616 ORI Gy = sy
to 10, so we can use only phenolphthalein as a suitable
indicator. 40. Na,C0j5 + HCl—> NaCl + NaHCO,
gl 35. Hgl, combines with KI to form the soluble complex K Hglj. Mea befre %% L Tl
> 10 36. The value of solubility product of AgC! is greater than thalt .of reaction . e ’
AgBr. Since, compounds Wwith lower value of solubility Neaaiar o : 9 15%

/COO' product is precipitated first, therefore AgBr precipitates out B on

more easily than AgCl.
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BSOHO\(\Hai SN( ( C
i ) A o L)g' @ COx & ( 8
) i | 2| (_ 3 and t us, acts a

+ log 1CO8"]
HCO3]
l0g(133/150)

pH =~ logkK,

PH=-logK, +

PH=-10g5.63x 10" + log(133/150)= 10249 — 0. 052
pH=10.197
41. If no precipitate is to oceur
Here [Ag*] [CIT] <K,
[CI"]=0.01 M

[Ag*] (0.01)< 1.8x 10710
[Agt]<1.8x 1078 M
The maximum concentration of free,
permitted in solution is 1.8 x 108 M This means that almost
all the Ag™ (0.10 M) must be complexed.

~Ag" (@q) + 2NH4(aq)==[Ag(NH,)s ]

uncomplexed Ag’

[NHg]="?
[Ag©]=1.8x107°M

ng;"NH Ji]1=0.10 M

K =
[/—\g |‘|JH
010 L
- - 6x 107
1.8x 1078 [NH,
[NH,]? = 0.347
[NH5] = 0.589 M

The concentration calculated above is that of free,

uncomplexed NHj
[NH,]required by O 1 M Ag* in the formation of [Ag(NH3)5 ]

=02M

Hence, total [NH3]=0.589+ 0.2 M = 0.789 M

= N2V2

42. NV
(Acid)

(Base)
5 2 15

215 xS = 5. xVp OF Vo=—=T7.5mL
Ao A NG D

BOH + HCl—> BCl+ Hz0

2
2.5 mL of % M base contains, base = 2:5 ><g= 1 mmol

-, Salt BCI formed = 1mmol

Volume of solution = 2.6 mL+ 7.5 mL=10mL

- Concentration of salt [BCI] in the solution
-1 M=01M
10

For salt of weak base and strong acid

14
= I 10,6}0—1 32x102 M
b

JEE Main Chemistry .+ 40 Days

43. Salt Solubility product Solubility
MX S2=4.0x107"° $y=2x107"
MX, 453 =32 %107 ol
WX 2784 =2ixi0Re Sy=1x10""
Thus, order of solubilities = MX > MsX > MX?
44. () Agt + NHy == [Ag(NH3)I"i K1 =35x107°
) PraNHT & Ny e (AN Rt = R
On the basis of above reactions,
[Ag(NH3 i ()
" [AgTIINHG]
Aﬁgﬁt‘ll’,m (i
® [Ag(NH3)]" [INHs]
For the formation of [Ag(NHg) 21"
Ag® + 2NHg == [Ag(NH3) o]
Formation constant, K = [A9 (N,HA”L]_, (i)
[Ag* ] [NH,
From Egs. (i) and (ii)
K =Ky xKy=385x10" x17 x107°
=595x107°~ 6.08x 107°
45. CHaNH, (base) on reaction with HCI (acid) give a salt of
weak base and strong acid as CH;NHZCI™.
CHaNH, + HCl—> CH NHECI
Att =0 0.1 mol 0.08 mol 5
Aisgzelion (Ql=0108) 0 0.08 mol
= 0,02 mol

So, it acts as basic buffer s e to presence of weak
, buffer solution due to p

o ‘ _ olution due to pres

base and its salt in solution of one litre fW

POH=-logK, -

{o 02]
=-log 5+ 4log 10 + log 4
=-0, 6994—44 0609 3903
PH=4= POH = 14 3.903
:10.097:\409 [H’]
[H*]=8.0x 101 ‘.
46. NaX+HOﬂNaOH+ HX ﬂ

HX is a weak acid,

SO Nax |
base. IS & salt of weak acid and strond

Hydrolysis constant of Nax

K,,:’Lw_ Lo ik

—1)('10“9

Ka 105

48.

49.
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Again, i
%
(where, h = degree of hydrolysis)
1x107° = 0.1 xh?
-9
j2 =i x0
0.1
% of degree of hydrolysis of NaX salt

=1x107* x100 =1x1072 = 0.01%

47. In the required equation NHj; is on LHS, so invert the

equation (i)

2NHy(@) === N ,(g) + 3H(g); Ks = —

Ky

Moreover, there are three moles of H50, so multiply Eq. (iii)

by 3

3
8H2(9) + 505(g) = 3H,0(9); K¢ = K3

(because when a reaction is multiplied by n, K becomes

K™,

N5(g)+ O,(g) == 2NO(g), K>
On adding Egs. (iv), (i) and (v) we get

2NH(0) + 20,(g) == 2NO() + 3,0(g)

Ky =Ky xKs xKg

[because equilibrium constants are multiplied, when two or

more reactions are added.]
On putting the values of K and K, we get
3
K4 =K2'l~K33 :%
K K4
48. At 330 K,
H*]OH 1=K, =1x107"%6
[H+](10—4 M)=1 X1o-—136

pH =-log H"] = —log (107°6)=9.6

49. % ionic character = Hobserved 400
M oalculated

Hopsaned = 6.104 %1077 Cm

Healculated =€ X0
=1.6x107"°C x9.17 x10™"'m

=1.467 x107%° Cm
6.104 x107%°
1,467 x 1072
50. pH=1 . H']=10"=0.1M
pH=2 . [H'1=102=0.01M
For dilution of HCI, MV, = MV,

..% ionic character = x100 = 41.6%

Day 1() lonic Equilibrium

=1%x10%= h=1x10™*

0.1x1=0.01xV,
V2 = 10 L
Volume of water to be added =10 —1= 9L
mass

51. Concentration =

molar mass xV (mL)
ix_ 1000
60 x 500

[Molar mass of CH;COOH = 60 g mol~']

= 0.166 M

= a
Similarly, [CH.COONa]= 2221090 _ ¢ g5
82 x 500

For the buffer of CH,COO0H—CH,COONa,

[CH,COONa]
H= bk, e logh 2 nat O
gl v eeee o

[CH,COOH] =

=4.76 + log [LWEJ
0.166

=4.76+ log (1.10)
=4.76 + 0.042 =4.80

476 <pH < 5.0
52. () Hg,Cl, == Hg3" + 2CI
sy mol L~ Sy sy

Ksp =IHg3 1[CI"F

= (81)@5¢)F = 5¢-45% = 4s?
K.\13
~.Solubility, s, = (%’J

(i) Cry(SOy4)s = 2Cr** + 3503
S, mol L~ S2 3so

Kep = [Or** P [SO51° = (25,)%(8s,)°

= 4s5 x27s5 = 108s3

1/5
. Solubility, s, = (%%J

(i) BaSO, == Ba® +80%"
Samolils °3 Sg

Kp =[Ba* 1[S04 1= (s, )
.Solubility, 55 = (Keq)"'?

(iv) CrCl; =——Cr® + a0
4 mol L~ S48y

Ksp = [Cr3+] [ClR= (S4) (334)3 = 2753

K 1/4
. Solubility, s, = [%J


http://www.novapdf.com/
http://www.novapdf.com/

152

53. 50 x102MNaOH = [OH =5 x10"M
Hf ] OH 1=1x107"
H']-5x102 =1x107"
H]= 1_},,1,,0, 2 %10~
5x10™
pH = -log [H ]=-log @ x10 18y
=12.69~12.70
54, We know that acidic strength «< K, value
Thus, on the basis of K, value, order of acidic strength is
HCN < HNO, <HF
Conjugate base of a strong acid is weak
Therefore, the order of base sirength of conjugate base is
F~ <NO3; <CN~
55. Let the degree of dissociation = x
A+ 2B=—=2C + D

Initial concentration 1 11453 0 0
At equilibrium (1-x) (1.5-2%) 2% X
Given, (1=-x)=0.5-2x)
1=1.6-2x + x
1=1.5-x
Xx=1.5—1=0.5
Equilibrium constant for the reaction
ko CED]__ @xf()
[Al[B (@1-x)(1.5-2x)
X =009

(2x 0.5 (0.5)
(1-0.5) (1.5— 2x 0.5
_ (1)x(05) 05 0.5

= = = =4
05)(0.5Y 05x025 0.125

KC:

56. Concentration of CO?~ ions =1.0 x107* M
For precipitation K, < [Ba®*] [COZ%"]
Given, Ky =511%107
Hence, minimum concentration of Ba2* ions should be
__ K _51x10°
€051 1loixio
57.HQ=H" +Q~
[H*]=4K,C by Ostwald's dilution law
[H*]=10"" =102 M
C=01M
Thus, 107 = K01 or10® =K, x 0.1
: K, =1x10"®

=51x1075 M

JEE Main Chemistry

|
1wt 40 Days |

58. Ca (OH);;(S)“?’:’" Cre* (aq)+ 30H" (aq)
s 3s
Kep =[0r¥ JIOHT
1.6x107% =(s)(3s)°
1.6 x 4107 =27(s)*

]

59 HA == H + A~
Att=0 1 s D12
A{,,,wm ) (1072} (10F)

[AT]=[H"]
= K. - [HJA"]_ [107°][10°°]
4 [HA] =110
Since, 1>>> 1075, therefore, (1-107°) = 1
K, =1x1071°

a

60. Only in reaction (i) H,PO7, gives H™ toH,0, thus behaves as
an acid.
—~ . I E N =18
61. Ky, = [Ag™][Br™]=5.0x 10
[Ag"]=0.06 M
Moles of KBr=1x 107" x 1=1x 107"
Weight of KBr=1x 107" x 120=1.2x 107 g
62. Mg(OH), === Mg?" + 20H"
Ksp = [Mg® J[OH" PP
AT
QNI ‘\ —P_ _ 10~
V[Mg=*]
POH=4 and pH= 10
63. Kspaco,) = [582*][605" ]

[BaZ'r ] = ;ﬁp‘, = ii@f
[COZ T  1x10™
[Ba® ]=51x10"5 M

64. For salt of g weak acid and weak base

]
H=74+2 1
p 74Z[DKd—pKD]:7+5[4,80~4.78]

1
= 5 (0.02)=7.01

65. Acidity order is as follows
I : i I
HO—ﬁ—F>H~C|)~H>HO—iS|—-O >HO-IA”‘O‘
4 ! Il

(Conjugate anion)
decreases acjdity

|
=
L
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Day 10 Ionic Equilibrium

66. From the aqueous buffered solution of HA, 50% HA is
ionised.
[HA]= [A7]
Buffer solution of weak acid
HA— acidic buffer
pH= pK, + log l[::é\]]
= pK, + logi
pH= pK, = 4.5
pOH= pK,, — pH
pOH= 14— 4.6=9.5
67. AglOgs==Ag"(aq)+103(aq)
K =[Ag"][105]
1.0x1078 = (5)(s)
10x1078 = ¢?
s =10x107°
s =10x10"*mol /L
In 1000 mL, moles of AglO, dissolved = 1x10™* moles
In 100 mL, moles of AglO, dissolved = 1x107° moles
Mass of AglO in 100 mL =1x107° x283 =2.83x107% g

68. MX; = M2 + 2X
Kep = M ][XTF
K =(8)S)? =48°
48l d =107’
S =1x1074 M
MP* =8 =1x107 M
69, Loss of H" from an acid results in the formation of conjugate

base.
OH — jork +H*
canjugate base
70. pH = ~log[H"]

[H* ] =antilog[-pH] = antilog[5.4]
= antilog [1x107>%]
; =398x10°M
71. HPQ?2" is the conjugate base of H,PO}.
H,PO; == H* + HPOZ"
72. For the solute, A8, == XA+ yB
Ko = X*y¥ ()"
Thus, Mx 4===M"" 4 4x~
Xi=li=4

73

74.

76,

7

78.

79.

Ko = ()" @)* ()" =256 G

oo
256
In 1x10% M HCI solution, H,O is also present and
undergoes self ionisation.
HoO == H + OH~
[H*]=10"" M at 26°C
H* from HCI decreases self ionisation which decreases [H]

concentration, hence net concentration must be smaller than
1077 M.

1/6

Basicity of a substance refers to their proton affinity.

The N-atom of NHj4 being smaller in size and more electron
negative than P and $ it can easily donates their electrons to
the proton. Whereas QO-atom of H,O cannot donate their
electrons easily, therefore, NH; possesses highest proton
affinity.

. AB,==A%" 128~
K oo 2 [AREBRIE
=(s) (2s) = 4s®
= A(l%1@r58
=4x107"®

0.005 M (CHCO0) ,Ca

(CHJCO0) ,Ca — Ca?" + 2CHCO0"
(0,005 M) (2% 0.,0065= 0 .01)

[CH,COO™ = 0.01 M
CH4CO0™ + H,O == CH;COOH + OH™

alkaline
pH: Tk E_,S*i.f, '9_99
2 2

= BB T
=7+ 237-1=837

HPO3™ +H,0 s==H,PO?" + OH"

HPO3™ + H,0 == PO}~ + H,O"
= H,PO3 is a conjugate base of HsPO4 which does not give,
H*. is a conjugate base of H,PO3 and does not undergo
further ionization.
(@) Ca(OH), ===Ca®" +20H"

K =[Ca?" J[OH"]% = (s) @s)° = 4s°

NaCl is the salt of strong acid and strong base. It is not a

buffer as aqueous solution of NaCl is itself an exact neutral
solution.
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4.

Unit Test

DAY
11

(Physical Chemistry-I)

. The free energy for the following reactions are as follows

CoHa(g) + gog<g> — 2C0, (g)+ H,0(l), AG°= —1234kJ
C(s)+ %Oz(g)—> H,0 (1), AG® = -394 kJ
H, (@) + %ogg)% H,0(), AG® = —237kJ

The standard free energy change for the following reaction
is [NCERT Exemplar]

Hx(g)+2C(s) - C.H,(g)
a) —209 kJ

@ (b) —2259 kJ
(¢) +209 kJ

(d) +2259 kJ

. In a closed insulated container, a liquid is stirred with a

paddle to increase the temperature. Which of the following
is true?

(@) AE+W #0,g =0
() AE=W =g #0

(b)AE=0, W =g =0
(AW = 0AE =q 0

. The internal energy change when a system goes from state

Ato B is 40 kJ mol™". If the system goes from A to B by a
reversible path and returns to state Aby an irreversible path,
what would be the net change in internal energy ?

(2) 40 kJ (b) > 40 kJ

(c) <40 kJ (d) Zero

Which species possesses negative value of specific heat?
@)lce (b) Water

(c) Vapours (d) Saturated vapours

. An ideal gas heat engine operates in Carnot cycle between

227°C and 127°C. It absorbs 6x10* cal of heat at high
temperature. Amount of heat converted to work js

(a) 1.2 x10%cal (b) 4 .8x10%cal
(c) 6x10%cal (d)2 .4x10%a]

. In evaporation of water, AH and AS are :
@ +, + ({8)) 45, =
(© - + @)~ -

i
7. A—— B, AH =+ ve. Graph between log;, p and Tisa

straight line of slope e Hence, AH is
(a) 1 (b) 2
(c) 4 (d) -

8. The heat of atomisation of PH 5(g) is 228 kcal mol~" and that
of P,H,(g)is 355 keal mol™'. The energy of the P—P bonds

(in keal)is
(a) 102 (b) 51
(c) 26 (d) 204

9. The difference between heats of reaction at constant
pressure and constant volume for the reaction,
2CHs(!) +150,(9)—12C0, (g) + 6H,0()
at25°C, in kd, is
(@) -7.43

(b) +3.72
(6)-8.72

(d) +7.43

10. 1 mole of non-ideal gas undergoes a change of stai
(20atm, 8.0L, 95K) — (4.0 atm, 5.0 L 245 K) with@
change in internal energy, AE = 30.0 L atm. The changein
enthalpy (AH) of the process in L atm is

(a) 40.0

(0) 44.0 (b) 42.3
d o

() not defineq because pressure is not constant

11. i >
AHvap = 30 kd mol 1 and AS\,ap s ] molq K“’,

Fin
d temperature of Vapours, at one atmosphere.

(@) 400 K
2
12. The  polymeri

sation of eth i hene 15
r'epresenteq by the raabtion, ene to linear polyth

N(CH, —
2 CHZ)\) +CH2—CH2—)H

Given

L t;w:(tj tge average enthalpies of bond dissociation fc—)g
respectivel ; C at 298K are +590 and +331 k! mO*f
ethene at 238 Kh‘eisenthalpy of polymerisation per molé ©
(@) 72 ky
()1 144 Ky

(b) 27 kJ
(d) 172 kd

Sep:
pres
relat

(@) p

() p.
19. The «
at 15

{a) 3.
(c) 5.

20. Whict
when
(a) Ure
(@) Al
21. A5%
1% SO

(a) 34.
(c) 13
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13. When 1 mole of an ideal gas Is compressed to half its initial
volume and simultaneously heated to twice its initial
temperature, the change in entropy (AS)is
@Cy, In2
BC,In2
©)R In2
d)Cy -R)In2

14. The enthalpy changes of formation of the gaseous oxides of
nitrogen (N,O and NO) are positive because of
(a) the high bond energy of the nitrogen molecule
(b) the high electron affinity of oxygen atoms
(¢) the high electron affinity of nitrogen atoms
(d) the tendency of oxygen to form 02~ ion

15. 1.0 g of pure calcium carbonate was found to require 50 mL
of dilute HCI for complete reaction. The strength of the HCI
solution is given by
(@ 02N
(c)20N

(b) 0.4 N
(d)4.0N
16. What is the molarity of H,S0, solution that has a density
1.84 g/cc at 35°C and contains solute 98% by weight?
(@) 4.18 M
(b) 1.84 M
(c)8.41 M
(d) 18.4 M

17. The lowering in vapour pressure caused by the addition of
100 g of sucrose (molecular mass =342) to 1000 g of
lowering in water, if the vapour pressure of pure water at
25°C is 23.8 mm Hg, is
(a) 0.012 mm Hg
(c) 1.15 mm Hg

(b) 0.125 mm Hg
(d) 1.25 mm Hg

18. Two solutions of KNOz; and CH,COOH are prepared
separately. Molarity of both is 0.1 M and their osmotic

pressures are p, and P, respectively. The correct
relationship between the osmotic pressures is

@ p =p, b) p >p,
Py P

©) p, > o e

%4 PP pi+p,

19. The osmotic pressure of a 5% (W) solution of cane sugar

at 150°C is
(a) 3.078 atm (b) 4.078 atm
(c) 5.078 atm (d) 2.45 atm

20. Which will show maximum depression in freezing point
when concentration is 0.1 M?
(a) Urea (b) BaCl,
(c) Al,(SO,), (d) KBr

21. A 5% solution of sugar cane (mol wt. = 342) is isotonic with
1% solution of x.The mol. wt. of x is
(a) 34.2 (b) 68.4
(c) 136.2 (d)171.2

Unit Test 2

iaa]

22. In a saturated solution of the sparingly soluble strong

23.

24,

25.

26.

27.

28

electrolyte, AglO; (molecular mass = 283) the equilibrium
which sets in, is

AglO4(s) — Ag(aq) +0;(aq)

If the solubility product constant, Ky, of AglO; at a given
temperature is 10 x10 %, what is the mass of the AglO,

contained in 100 mL of its saturated solution ?
(@)28.3x 1072 g (b)2.83x 107 g
(©)1.0x107 g (d)1.0x10* g

An amount of solid NH,HS is placed in a flask already
containing ammonia gas at a certain temperature and
0.5atm pressure.  Ammonium hydrogen  sulphate
decomposes to yield NH; and H,S gases in the flask. When
the decomposition reaction reaches at equilibrium, the total
pressure in the flask rises to 0.84 atm. The equilibrium
constant for the decomposition of NHHS at this
temperature, is
(@) 0.11

(c)0.18

(b) 0.17
(d) 0.30

For the reaction,

2NO,(9) ==2NO(g) + 0,(g); K, = 1.8x 10°® at 184°C
(R = 0.00831 kJ mol~! K-y

When K, and K, are compared at 184°C, it is found that

(a) whetherK,, is greaterthan, less than orequalto K., depends
upon the total gas pressure,

(D,} K_v, = K,:

(€) K, is less than K,

(d) K, is greater than K.

The pK, for acid Ais greater than PK, for acid B. The strong
acid is

(a) acid B

(c) Both Aand B

(b) acid A
(d) Neither A nor B

Given pH of a solution A is 3 and it is mixed with another
solution having pH 2. If both are mixed, resultant pH of the
solution will be

(a) 3.2 (b) 1.9
For the reaction,
CuSO, -5 Hzo(s)v‘—*CuSO,, 3 HO(s) + 2 H,0 @)

K, at 298K is 1.086 x 10~4 atm? and vapour pressure of

water is 23.8 torr. The salt CuSO 4 5H,0 will be efforescent
when the relative humidity is
(a) 80%
(c) 50%

(c) 3.4 (d) 8.5

(b) 60%
(d) less than 33.3%

The species, which acts as a Lewis acid but not a Bronsteq
acid is
(@) NH7
(c) BF;

(b) 0%
(d) OH~
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29. pK,, of acetyl salicylic acid (aspirin) is 8.5. The pH of gastric

30.

31.

32.

33.

34.

35.

36.

37.

juice in human stomach is about 2-3 and the pH in the

small intestine is about 8. Aspirin will be

(@) unionised in the small intestine and in the stomach

(b) completelyionised in the small intestine and in the stomach

(c) ionised in the stomach and almost decrease in the small
intestine

(d) ionised in the small intestine and almost unionised in the
stomach

A weak acid HX has the dissociation constant 1x107™° M. It
forms a salt NaX on reaction with alkali. The degree of
hydrolysis of 0 .1 Msolution of NaX is

(a) 0.0001% (b) 0,01%
(c) 0.1% (d) 0.15%
A sample of Na,CO5- H,0O weighing 0.62 g is added to

100 mL of 0.1 N (NH,),S0, solution. What will be the
resulting solution?

(a) Acidic (b) Neutral
(c) Basic (d) None of these

At infinite dilution, the percentage ionisation for both strong
and weak electrolyte is

(@) 1% (b) 20%
(c) 50% (d) 100%
A litre of solution is saturated with AgCl. To this solution if

1.0x107* moles of solid NaCl are added, what will be the
[Ag™]assuming no volume change?

(a) More (b) Less
(c) Equal (d) Zero

Which hydroxide will have lowest value of solubility product
at normal temperature (25°C)?

(a) Mg(CH) , (b) Ca(OH) ,

(c) Ba(OH) , (d) Be(CH),

When solid potassium cyanide is added in water, the
(a) pH will increase

(b) pH will decrease

(c) pH will remain same

(d) electrical conductivity will not change

Heat obtained due to expansion of 1 mole of H, gas at
1000 K from 10 L to 100 L under isothermal reversible

condition is absorbed by an engine having a sink at 300 K.
Useful work obtained is

(a) — 1382 cal (b) — 3224 cal
(c) 1382 cal (d) 8224 cal
The enthalpy of hydrogenation of 1-pentene is + 126 kJ mol ™.

The enthalpy of hydrogenation of 1,3-pentadiene is
+ 230 kJmol™. Hence, resonance (delocalisation) energy of
1,3-pentadiene is

(@) 22 kJ (b) 104 kJ

(c)252 kJ (d) 11kJ

JEE Main Chemistry inJust

40 Days

UGS S TS IR

. ‘quid * X [mol. weight 56] 28% by Di
lution of liquid . ir
38. An aqueous S?/apour pressure 150 mm- Find the vapoyr S
yelghihasSe ur pressure of water is 165 mm of Hg. Eact
e ©220mm  (@125mm W ofw
(a) 110mMm (b) 150 mm ——— @, (
; Kk acid [HA] is loniseé o | ]
39. A monoprotonic wea ( i '
aqueous solution. What IS equilibrium - constant. for s
ionisation? ¥ b
HA(ag) + H,0) = HO"(@q) + [az)
(3) 95 x 1072 biztda
()2.303 x 107 (d) 510
40. A buffer solution with pH 9 is to be prepared by mixing 46.
NH,Cl and NH,OH. Calculate the number of moles of NH,0l
that should be added to one litre of 0.1 MNH,OH.
K, =1.8x107°]
(@) 3.4 (b) 2.6 )15 @19 47.
Directions (Q. Nos. 41 to 43) Aqueous calcium ‘Chloride
solution is mixed with sodium oxalate and precipitate of calcium
oxalate formed. is filtered and dried. Its saturated solution was
prepared and 250 mL of this solution was titrated with
0.001 M KMnO,, solution, when 6.0 mL of this was required.
41. Which is the indicator in the above titration? 1.
(a) Methyl orange (b) Phenolphthalein 1
(¢) Sulphuric acid (d) KMnO, itself 21.
42. Number of moles of KMnO,, required in this titration is 131:
(@) 6.0x107° (b) 6x107° 2
(c) 250 (d)2.5x107!

- Number of moles of oxalate present in given saturated
solution of calcium oxalate is
(@) 6x10™ . (0)8x10° () 1.5x10°° (d) 15108 1

Dlrectiqns Q. Nos. 44 and 45)
commercially by reducing iron (I1)
monoxide as follows

Iron metal is produced
oxide in iron ore with carbon e

Fe,0,(s)+ 3CO(g)—2Fe(s) + 3 CO,(g) .
. Ac
AH, (kd/mol) 0 _‘C_OS;SQ/E’) g
AS® (J/Kmol) 27.3 21sé 3. In

44, The standard f il
B fee energy change for the reaction at 25°C; i8 b 2:4
(©)— 15.0 kJ oy | o
(d) —24.8 kJ st

45. Mark out the correct statement(s

(@) The leverse regg : 0

i
2 temperature 10N becomes spontaneous at a lower
) The reverse s
react ;
temperature on becomes spontaneous at a highe
() Thereverser,
(d) None of the

eaction is not
above

SPontaneous at any temperature
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Day 11 Unit Test 2

Directions (Q. Nos. 46 to 50) Fach of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(a), (b), (©) and (d) given below

46.

(@) Statement | is true, Statement Il is true: Statement Il is a
correct explanation of Statement |,

(b) Staternent | is true, Statement Il is true: Statement Il is not a
correct explanation of Statement |.

(c) Statement | is true; Statement Il is false.
(d) Statement | is false; Statement Il is true.

Statement | On mixing equal volumes of 1 M HCI and
2 M CH4COONa, an acidic buffer solution is formed.

Statement Il Resultant mixture contains CH,COOH and
CH,COONa which are parts of acidic buffer.

47. Statement | The pH of a basic buffer mixture is given as

48.

49.

Statement Il The pH of an acidic buffer mixture is given by
[salt]

[acid]

pH =pK, + log

Statement | The pK,, of a weak acid becomes equal to pH
of the solution at the mid point of its titration.

Statement |l The molar concentrations of proton acceptor
and proton donor become equal at the mid point of titration
of a weak acid.

Statement | Heat of neutralisation is always less than zero.

Statement Il Neutralisation involves reaction between an
acid and a base.

. Statement | The molality of the solution does not change

with change in temperature.

Statement Il The molality is expressed in units of moles per
1000 g of solvent.

. [base]
pH =pK, + log;{salt]
Answer

1SN (E) 2. (a) 3R (d) 4. (d) 5. (a) 6. (a) 7. (a) 8. (b) 9. (a) 10. (b)
() 12. (a) 13. (d) 14. (a) 15. (b) 16. (d) 117/ (o) 18. (b) 1928 (©) 20. (c)
21. (b) 22. (b) 23. (a) 24, (d) 25. (a) 26. (b) 27. (d) 28. (c) 29. (d) 30. (b)
31. (a) 32. (d) 33 (1) 34, (d) 35. (a) 36. (d) 37. (a) 38. (a) 39. (b) 40. (d)
41, (d) 42. (b) 43. (d) 44, (b) 45, (c) 46. (a) 47. (d) 48. (a) 49. (b) 50. (a)

Hints & Solutions

1. (a) C,H,(g)+ goz(g>—>2002 (9) +H,0(), AG®=—123kJ

(b)C(s) + O,(g) —> CO,(g), AGP® = — 394kJ

(c) Hz(g)+%Oz(g)——+H20(/), AG® = — 237 kJ

Add Eg. (b) + (c) and then subtract from (a), to get,
2C(s) +H,(g) —>CoH,(9), AG® =~-209kJ

2. For insulated container, g = 0.

3. In case of cyclic process, AE =0,

4, Specific heat of a substance reflects its ability to absorb heat

energy. A negative value of specific heat shows that there is no
absorption of heat. Therefore, specific heat of saturated vapours
is negative.

T,—-T, 500-400 1

e e R

7. 500 5
W=nxQ=%x6x104

=1.2 x10*

6.

7.

8.

For evaporation of water energy is supplied to the system. Thus,
it is an endothermic reaction. Hence, AH will be positive. But
when water changes to vapour, its randomness increases. Thus,
AS will be positive.

By Clapeyron — Clausius equation

logp=———
gp 5303 AT + constant
AL
2.303R 4.606
2.303x 2
Al ===t oo
AT

Bond dissociation energy of
PH;(g) = 228 keal mol ™!

P- Hbond energy = 2—? = 76kcal mol™!
P2H4
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Bond energy of
4 (P—H)+ (P—P) = 355 kcal mol™
4 x76+(P—P) = 855 kcal mol™
P—P bond energy =51 kcal mol™'
9. AH = AE + An, RT
Ang =12 -15 = -3
AH-AE = -3x8.314 %298 = ~7.43 kJ

10, AH = AE + Ang RT

Ang =1 mol,
AT =245-95 =150 K
R =0.0821 L atmK~" mol™
AE = 300L atm
AH = 30+ 1x0,0821x150= 42.3 L atm

11. AH,, =30 kJ/mol =80x10° J mol™
A8y =75 Jimol™

AG = AH-TAS
AG =0,
AH'=TA'S
30x10® =T x75
O I08 ok
75
12, In this polymerisation reaction, every molecule of ethene involves
breaking of one C = C (double bond) and formation of two C—C
single bonds.

The amount of energy required to break one mole of
>C=C< (double bond) into C— C (single bond) = 590 kJ.

The energy released in the formation of two moles of C—C
single bond =2 x 331 = 662 kdJ
Net energy released per mole of ethene = 662 — 590 = 72 kJ
Enthalpy of polymerisation per mole of ethene at 298 K,

AH =72 kJ mol~!

13. When there is simultaneously change in temperature and volume
(or pressure)

AS =nC,, In[%} + nRIn(TV/%)

1 il
=C, |n(3) +Rlin.
1 2
=CyIn2 - RIn2=(C, - R)In2

14. The enthalpy changes of formation of the gaseous oxides of

nitrogen are positive due to high bond energy of the nitrogen
molecule.

15. Meq. of HCI = M eq. of CaCO,
1
Nx50=— x1
X %5 x1000

JEE Main Chemistry inJust 40 Days

= 04N

i 1x1000
~ 50x50

16. (d) 98% H,SO, means 98 g H,SO, in 100 g solution.

100
Volume of solution = T cc =548 ce

1
54.3

%1000 = 18.4 M

Molarity =

. Molecular mass of sucrose = 342

fend
~J

100
Moles of sucrose = e = 0.292 mol

1000
Moles of water (N) = e = 55:5Mmel

Vapour pressure of pure water p°=23.8 mm Hg

el ]
° n+ N
Ap 0292
238 0292+ 555
A = 20000 200 e Hg
55.792

18. KNO, dissociates completely while CH,COOH dissociates to a

smaller extent, hence p, > Dy
10 ~ _ 5x1000 50
1, C=——-—— = ——

=—2 2 2 ol
342 x100 342

o= ~50~ x0.082 x 423 = 5.07 atm
342

20. KBr=K* + Br™ = 2 jons
BaCl, = Ba®" + 2" = 3ions
Alp(SO4); = 2A1%* + 3502~ = 5 jons
Urea is not ionise.
Hence, Al5(80O, )4 shows maximum depression in freezing point.
21. For isotonic solutions,

Moo
my  m,
ol
342 m,
m, = 684

« AglO4(s) == Ag' (@q) + 103 (aq)

Let solubility of AglO, be S.

Ksp = [Agw] [|O§]

10x10" =82 or § = 1% 10~ Mol
I 1000 mL, moles of AQIOy dissolved = 1x10* mol.
In 100 mL, moles of AgIO; dissolved = 1x10™° mol
Mass of AglO4 in 100 mL

=1x107° x283 = 2,83 x 10
=N H,S(g)

=D

23

NHAHS(S)

Initially

1
At equilibrium (0%5+ X) S

2

25.

26.

wa
alw
the
torr

Rele

Thus
than
28. BF, ¢
29. Aspir
in aci
30. X +1
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lotal pressure at equilibrium
*NH, T By, 5 = 0.5+ x4+ x =0.84

x =017 atm
Phits 0.50 + 0.17 = 0,67 atm
R4, e = 0,17 atm

Kp FNH, * Piss
= 0.67 x0.17 = 0,114 atm
24. 2NO,(g) s== 2NO(g) + 0,(g)
Ko =1.8x107° at 184°C (= 457 K)
R = 0.00831 kJ mol~" K-
Ky = Ko (RT)

where, Any, = gaseous products - gaseous reactants
S|
Ko =1.8x107° x0,00831 x 457 = 6.836 x107°
Thus, K/) > K,
25. Bis strong because those acids which have lower pK,, value, are
strong.
38 10 a 26. pH of the solution A = 3
I = et
pH of the solution B=2
[HE]a =107 M

[H*] =107+ 1072 = 11x 103
PH=-log (11x107?)
=8=logiil=8-1.04=1.9

27, An efflorescent salt s one that loses water to the atmosphere.
This will oceur if in the equilibrium water vapour pressure, with the
saltis greater than the water vapour pressure in the atmosphere,

For the given hydrated salt, equilibrium is

CuS0, : 5H,0 (8)===CuS0, - 3H,0(s) + 2H,0 (g)
Ko = B0 = 1.086x 107 atm?

R0 = 1.042x 107 atm = 7,92 torr

g point.

Since, Py Is less than the vapour pressure of
water in air at the same temperature, CuSOQ, - 5 H,0 will not
always effloresce. It will effloresce only on a dry day, when
the partial pressure of moisture in the air is less than 7.92
torr.,

Relative humidity = 239—2 = 0.333= 33.3%

Thus, this salt will effloresce when the relative humidity is less
than 33.3%.

28. BF; acts as Lewis acid but not as a Bronsted acid.
29. Aspirin is a weak acid. Due to common ion effect, it is unionised
in acid medium but completely ionised in alkaline medium.
30. x- +Hy Os==HX + OH-
ifop

e

oj

8 1 Unit Test 2

1388

Ky = fo®

i =y Vi
=100x107* =102 = 0,01

0.01%

100 ,,1. % 66= 0.66

1000 10

U020

62

=107

So, degree of hydrolysis =

31. Gram equivalent of (NH,),80, =
Gram equivalent of Na ,CO; -H,0 =

Left (NH,),80, = 0.66- 0.01= 0.65

Since, (NH,),SO, is a salt of strong acid and weak base
therefore solution will be acidic in nature.

32. According to Ostwald’s dilution law.
degree of ionisation e dilution

at infinite dilution, strong and weak both electrolytes will be
100% ionised

33. AgCl— Ag* + ClI
X X
after adding NaCl X X+ 1xq0™

[Ag” ] decreases due to common ion effect

34. Be(OH), has lowest solubility and hence, lowest solubility
product.

35. KCN 4 H,O = KOH + HCN:
KOH is a strong base and HCN Is a weak acid, due to which

solution will be basic in nature Therefore, pH of the solution will
increase

36. -W =q=2303 nRT Iog—\\;@

1

=2.308 x1x2 x 1000 IOQ%J = 4606 cal

ne2li oy e 08

r2 q2 2 QQ
or b i b BO08 G
T o 1000 ~ 4606

g, = 13818 = 1382 cal
W=q, ~q,= 4606 - 1382 = 3004 cal
37. CH, =CHCH,CH,CH, +H, HCHSCHPCHZCHECHy
AH =126 kd mol~!
CH, =CHCH =CHCH; + 2H, ~—>CH3CHECHZCH2CH3;
AH = 230kJ moj~!

Theolret[cal value of hydrogenation oftwo [C=(]
mol~

Thus, resonance energy =252 — 230 =22 kJ

bonds = 252 i

38. According to Raoult's law for liquid mixtures,
R =P + pg

Wy [ Wg ]
= p° "A
R = p% x A

¢ M
8
w7 X
e
i

We A

B
My Mg My Mg
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101

em

160

Given that, wy =289, wyo =72gp,; =7
”’{ o =165 /WA = 56q MHD s |8g

and A =150 mm
[ 28 ] 7
P el e e P e
160 = p, |28 7 ‘ 155 58 .. 75 |
L56" 18] 56 18]

o Jf [
@i
| N

Py =110 mm
38, H,0(/)is taken as pure liquld, hence Is not included in equllibrium
HA@q) + H,0(/)e==H.,0" (aq) + A" (aq)

Initia 01 M 0 0
Equilibriurr UL L 01x%6 04 x5
' 100 100 100
Conc 0.006M 0,006M 0.005M
_ HO" J[A7]
~ [HA]
_ 0,005 x 0.006
0.095
=2.63x10™
40. pOH = -logK, + og‘(idii-!
K Lacld ]

POH= - log[18 x 107°] + ‘OUH]Q ’
65=47+ log b‘l“ }
L 1.0
log| "f’g - 5-4,7=03
"bd” i antilog 0.3
L1.0] HEd Bis

[salt] = 1.9

41. MnO, (after complete oxldation of C,,0% ") imparts Its own colour

i S
JEE Main Chemistry inJust 40 Day

= «Bx107° = 6x10°°
42. Millimoles of KMnO,, = MV = 0.001x6x10 %

e 24
48, SO, + BC,05 # 1BHT == 108E3 oMn* + 8H,0

2-_5 X *
Moles of C, Oj =5 moles of MnOy

b b»&'(j:15x1075
=6x10 5

44, AHO= [ZAHO g +3AH o,y 1= [BH ire 040 * 3AHS60y
= [2(0)+ 8(-393.6)] = [1x(~824.2) + 3(-110.5)]
24,8 k
and A8 %= [25%¢4y+385 %00, 1= [ (ro 04 +55 60 ]
= [(2 %27.8)+ (8 x213,6)] - [(1 % B7.4)+ (3x107.6)]
- 4 15,00/K =15 %1070 kd / K
AG?= AH~TAS"
24,8208 x15%107°
< 29,8 kJ

45. On reversing the reaction, AH® becormnes positive ard AS®
becomes negative. Therefore, AG°becomes positive. Haree, the
reaction Is not spontaneous at any temperature.

46, Staternent Il Is the cortect explanation of statement |,

47, For baslo buffer, pOH pK), + log [salt]
[base]

and for acldic buffer, pH PK, + log [s;vmr}

- [acid]

48. Statement Il Is the correct explanation of ataterment [,
49, Heat of neutralisation refers to the amount of heat liberated nthe

combination of H* and OH" ions In the solution to form one molé Y 2
of water, y ;

50. Statemert || (g the corract exple olalle A
e ) st explanation of statement |, Out“ nE
) Conhcept
Reductio
O Oxidatioy
) Redox Re

&

O Types of
O Balancing
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Oxidation and
Reduction

v th
ot

Concepts of Oxidation and
: Reduction

ated

| one m

Qutlines ...

) Concepts of Oxidation and
Reduction

Loss of electron by an atom (s called oxidation or de-electronation
while gain of electron by an atom s called reduction or electronation.

e Oxidants or Oxidising Agents are the substances which
)y Oxidation Number i 2

(i) oxidise other,

(i) get reduced,

» Types of Redox Reactions (iii) gain electrons (i.e., their oxidation number decreases during a reaction)

) Redox Reactions

) Balancing of Redox Reactions Reductants or Reducing Agents are the substances which
(1) reduce others,
(i1) get oxidised,

(iif) loss electrons (i.e., their oxidation number increases during a reaction)

Some Important Oxidants
1. Molecules of most electronegative elements such as 0;, 04, halogens.

2. Oxides of metals and non-metals such as MgO, CaO, GrOy4, H,0, CO, etc.
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3. The compounds hav er of an elem(;ant 1;1 tslglr .
lowest oxidation state such as H,C,04 FesU,, |
3¢ !

Hg,Cl,,Cu,0, SnCl, etc.
ghts of Oxidizing Agent (OA) or

3. The compounds having either of an element in their ing eith
highest oxidation state such as K,Cr,0,, KMnO,,
HCIO0,, H,S0,, HNO,, FeCl,, HgCl,, KCIO, etc.

Penmanganate ion acts as strong oxidising agent and in Equivalent wei
acidic medium it always produces 5 electrons per formula  Reducing Agent (RA)
unit irrespective of the reducing agent. Molar mass of OA / RA agent

~ Number of i 'mula
Number of electrons lost or gained per formu
e i e
QR rhchante unit of RA / OA (ii)

1. All metals such as Na, Al, Zn etc., and some
non-metals, e.g., C, S, P, H, etc.
2. Metallic hydrides such as NaH, LiH, KH, CaH, and

halogen acids such as HCI, HBr, HI.

H,0, is both oxidising and reducing agent but its equivalent
weight as either oxidising or reducing agents are the same,

ey AW

Oxidation Number

: (
The real or imaginary charge, which an atom appears to have in its combined state is called oxidation number
of that atom.
» Valency of an element is always a whole number. It can neither be zero nor fractional. While oxidation number may be positive 2. Inti
0 tive. It can be zero or fractional. é
W Fractional oxidation state is only the average oxidation state of an element when two or more of its atoms are present in Whi
different oxidation states in a given compound, IE;S ]
ecc
Rules for Assigning Oxidation Number react
The oxidation number of an element or atom can be calculated with the help of following rules of tl
R s Sl e state.
(i) The oxidation number of an element in its (vii) Two oxidation numbers of N are —3 and +3, when it
elementary state is zero. is bonded with less electronegative and more
(ii) Oxidation number of an ion is equal to the electrical electronegative atoms respectively. 3. A
charge present on it. (viii) Oxidation number of oxygen is -2 except in $
(iii) Oxidation number of a compound is zero. OF, (+2), O,F, (+1), peroxides (1) and superoxides Whic
(iv) Oxidation number of fluorine is always —1 in all of (=1/2). 6.8,
its compounds. (ix) The oxidation number of halogens is always —1 in
(v) The oxidation number of alkali metals is always +1 metal halides.
se of alkaline earth metals is +2. x) In i
and‘ th?sc of al ahne‘oar me d. 2 ) (x) : lnterh.alogen compounds, the ote
(vi) Oxidation number of hydrogen is +1 except in ionic electronegative of the two halogens gets the
hydrides, where it is —1. oxidation number of —1. h
¢
Jxidation number of metals in amalgams and carbonyls for e.g., [Fe(CO).]is zero. titre
Types ¢
°
Redox Reactions | Thyp ;
The reaction, which involves oxidation and reduction as its two half reactions is called e differe
change occurs simultaneously. alled redox reaction. A redox 1. Potas:
. In whic
Types of Redox Reactions e
These are of three types as follows mediix 1211

1. Intermolecular Redox Reactions
Which involve the reaction between two substances, one of them ig oxidant and ofh
other
10FeSO,, +2KMnO,, + 8H,80,—2MnSO0), + 5Fe, (30

reductant  oxidant

is reductant, eg., ;
s +K,50, + 8H,0 B
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These are further divided into two

(ii) Displacement reactions

lypes
(i) Combination reactions in which two a
(in their zero oxidation state) combine together and one gets
oxidised while the other gets reduced.
0 0
C } 18

reductant

toms o1 Hl(),(‘,llllj(,‘ﬂ

)
—-CO0,

oxidant

in which an atom or ion in a

- 5 Y& W - s ™ v
compound 1s replaced by an atom or ion. These are further of

two types

Metal displacement reactions in which metal is displaced,
CuSO, + zn

oxidant

>Cu + ZnS0O,

reductant
Non-metal displacement
displaced.

2Na

reductant

reactions in which non-metal is

2@

oxidant

—— 2 ANEIO)EL AT

2. Intramolecular Redox Reactions

w

Which involve oxidation of one element of a compound as well

element of the
reactions are

as reduction of
Decomposition

other same compound

also intramolecular redox

reactions, but to be a redox reaction. it is essential that one
of the products of decomposition must be in the elemental
state. e.g.,

(NH,),Cr,0, —N, +Cr,0, + 4H,0

- Autoredox or Disproportionation Reactions

Which involves oxidation and reduction of the
e.g., Cl, +20H"— ClO™ +C1™* +H,0

same element,

Dag 12 Oxidation and Reduction

163

Balancing of Redox Reactions

i Redox reactions can be balanced through

1. ion electron method
2. oxidation number method.

1. lon Electron Method

The method involves the following steps

W

Write redox reaction in ionic form.

Split redox reaction into oxidation half and
reduction half reactions,
Balance atoms of each half-reactions by using
simple multiples.
For balancing H and O, add H* ion and H,0 to the
appropriate sides, similarly add OH~ and H,0 to
the appropriate sides
Balance the charge on both the sides and multiply
one or both half-reactions by suitable number to
equalise number of electrons in both equations.
Add the two balance half-reactions and cancel
common terms.
2. Oxidation Number Method
The method involves the following steps
Assign oxidation number to the atoms in the
equation and write separate equations for atoms
undergoing oxidation and reduction.
Find the change in oxidation number in each
equation and make the change equal in both the
equations by multiplying with suitable integers.

After adding both the equations complete the
balancing (by balancing H and 0)

Redox Titrations

The redox titrations is a type of titration based on a redox re

action between the analyte and titrant. Redox

titration may involve the use of a redox indicator andjor a potentiometer.

Types of Redox Titrations
The different types of redox titrations are given below

%

Potassium Permanganate Titrations

In which reducing agents like FeSO ,, Mohr's salt

[(NH,),50, -FeSO, - 6H,0], H,0,, As,0;, oxalic acid (COOH)
medium, e.g,

2 etc, are directly titrated against KMnO

4 in acidic

5Fe™™ + MnO; +8H' — 5Fe™ 4 Mn?* 4 4H,0
ferrous permanganate ferric
on ion ion

In these titrations, k MnO 4 Is self-indicator.
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2. Potassium Dichromate Titrations di
, ; o e = ic
: In which, the same reducing agents listed above are directly titrated against K,Cr,O; in aci

e medium, e.g.,
24 ~ + e 3+ 3 7
N JBRe™ & OnOY +14H' — 2Gr°" + 6Fe’ +7H,0
3a ferrous ion dichromate ferric ion
10

1C
£ In this case, diphenylamine is the indicator.
e 3. Ceric Sulphate Titrations
A In which, the reducing agents are directly titrated against Ce(SO,),, e.g.,
S Fe e i aiiGetin i Fodt o B Gt
at ferrous ion ceric ion ferric ion cerous ion
S The indicators used are diphenyl amine or diphenylbenzidine.
P 4. Sodium Thiosulphate Titrations

In which sodium thiosulphate is a reducing agent and titrated against iodine. These are of two types

(i) lodimetric Titrations which involves direct use of iodine as the oxidising agent, using starch as an

indicator, e.g.,

¥

L + 2507 — 21" + S,0%
thiosulphate tetrathionate
ions ions
(ii) lodometric Titrations in which oxidising agents sucl
In this reaction, I, is liberated quickly, whict
using starch as an indicator, e.g.,

1as KMnO,K,Cr,0, etc are treated with KI.

1 1s titrated against sodium thiosulphate solution

2MnO; + 16H' +10I" — 2Mn?" + 51 + 8H.,0
permanganate indix_m =
ion

| » The equivalence point (end point) refers the condition where equivalente ¢ S
‘ Ihe equivaience point (end point) e dition wnere equivalents of one species react with

equivalents of other species

» [f oxidation of Kl with H,O, (in acidic medium) is carried out in presence of

o Flimited amount of Na,$, 0. the prod
gives blue colour with starch like an alarm. The reaction is known as clock reaction e

H,0,(aq) +217(ag) + 2 H" (ag) — 1,(aq) +2 H,0 ()) 5

2Na;5,0; +1; — NayS,0; + INal
These reactions are used to study the rates of redox reactions.
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Practice

1. The oxidation numbers of phosphorus in Ba(H.PO.,). and

xenon inNa ,XeOg are respectively
(@) +3and +4
(c) +1and +8

(b) +2 and +6

(d) —1and -6

2. In which of the following pairs, there is greate
the oxidation number of the underlined e

@N O, andN,0, (b) P,O- a
(€) N,O and NO (d)SO

3. Nitric oxide acts as a reducing agent in the reaction
(a) 4NH, + 50, — 2NO+ 6H,0

(b)2NO+ 8l, + 4H,0— 2NO3 + 61 + 8H*
(©)2NO+ H,S0, — N,0+ H,S0,
(d)2NO+ H,S— N,O+ S+ H,0

4. The oxidation number of an element in a compound is

evaluated on the basis of certain rules
following rules is not correct in this respect?

[NCERT Exemplar]

The oxidation number of hydrogen is always +1
The algebraic sum of all the oxidation
compound is zero.

oxidation number zero
In all its compounds, the oxidation number of fluorine is —1.

5. Which of the following is not a reducing agent?

(@) SO,
(¢) CO,

(b) H,0,
(d) NO,

6. Amongst the following, identify the species with an atom in

+6 oxidation state.

(@) MnO; (b) Cr(CN) &~

(@) NiFZ- (d) Cro,Cl,

7. In standardisation of Na,S,0;3 using K,Cr,O-, by iodometry,
the equivalent weight of K,Cr,O is

(a) (molecular weight)/2
(b) (molecular weight)/6
(€) (molecular weight)/3
(d) same as molecular weight

st difference in

Which of the

numbers in a

An element in the free or the uncombined state bears

{ v

8. The oxidation number of sulphur in Sg. S,F and H
respectively are
b) +2, +1and -2
d) -2, +1and -2
tic
+ H" — Mn“* + CO, + H.,O

10.

11.

12.

13

the reactants for the balanced

nN

o N

16

CoHg(g) + nO.

—> CO,(g)+ H,0O(/)

In this equation, ratio of the coefficients of CO.- and H.O s

b)2:8
(d)1:8

(@1:1
() 8:2
Which of the following is a redox reaction?
(@) Formation of glucose from CO, and water
(b) Reaction of potassium cyanide with silver
(c) Hydration of rubidium

(d) Reaction of barium chloride with sulphuric acid

Cyanige

In which of the following, the oxidation number of
has been arranged in Increasing order?

(@) BaO, < KO, < 04 < OF,

(b) OF, < KO, < BaO, < 0O,

(©)Ba0, < 0, < OF, < KO,

(dKO, <OF, <0, < BaO,

oxygen

In the reaction,

3Br, + 6CO3™+ 3H,0 —s 581~ + BrO; + 6HCO;
(@) bromine is oxidised and the carbonate radical is reduced
(b) bromine is reduced and the carbonate radical is oxidised
(c) bromine is neither reduced nor oxidised
(d) bromine is both reduced and oxidised .

AWW NoVAD(0
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14. In a reaction, 4 mole of electrons are transferred to 1 mole
of HNO,. The possible product obtained due to reduction is
(a) 0.5 mole of N, (b) 0.5 mole of N,O
(¢) 1 mole of NO, (d) 1 mole of NH;

15. The oxidation numbers of phosphorus varies from
(@) -1to +1 (b) -3to +3
(c) -3to +5 (d) =5to +1

16. Reaction, 2Br~(aq)+ Cl,(ag)—> 2CI" (ag) +Br,(aq),

is used for commercial preparation of bromine frc
salts. Suppose we have 50 mL of a 0.06 M solution )
What volume of a 0.05 M solution of Cl, is needed 10
completely with the Br™ ?

(@) 50 mL (b) 1200 ml
(c) 30 mL (d) 60 mL

17. The equivalent weight of Na;S;04 in the reaction
2Na,S,05 + |, —> Na,5,04 + 2Nal

is
(@) M (b) M/8
(c) M/0.5 (d) M/2
18. What will be the value of the equivalent weight of KBrOz in

velgnt Ol

the following equation
2BrO3 + 12H" + 10e” — Br, + 6H,0

() M/4

(c) M/10

(o))

(b) M/E

(d) M/5

19. The compound that can work both as an oxidising as well
as reducing agent is
(@) KMnQO,
(c) Fe,(S04) 5

(b) H,0,
(d) K,Cr,0,
20. In which of the following reactions, hydrogen is acting as an
oxidising agent ?
(a) With iodine to give hydrogen iodide
(b) With lithium to give lithium hydride
(c) With nitrogen to give ammonia
(d) With sulphur to give hydrogen sulphide

21. In which of the following compounds, an element exhibits
two different oxidation states? [NCERT Exemplar]

(@) NH,0H (b) NH,NO,
() NoH, (d) NaH

22. When SO, is passed through an acidified solution of
potassium dichromate, the oxidation state of S changes

from
(a) +4to0 O (b) +4t0 +2
(c) +4to +6 (d) +6to +4

23. In which of the compounds does manganese exhibit
highest oxidation number?
(@) MnO,

A (6) Mn;0,
() K,MnO,

(d) MnSO,

JEE Main Chemistry

in Just 40 Days

24. When the following half-reaction is balanced
CN™ —= ENO"

Which of the following statements is true regarding the
balance half-reaction?

(a) carbon is losing two electrons per atorr’l
(b) oxidation number of carbon increases from + i
(c) oxidation number of nitrogen remains constant

(a) and (c) both are

(d) statements

MR in an acidi a1 neutral an

95 Tho equivale s of KMnO, in an acidic, a neutral and
" A T

in alkaline are vely z H

WA ARO)
KMnO, =

31 60. 79
31.60, 5
< ~r ~d rain watar hae & sl 0
26. A particular acid rain water ha ple o
this wa res 34.08 mL S
atior at is the molarity of oU3 air
€ ) (b) O.(
39 d) 0.669

ulphate and

potass

Imo

Nium sulp

a ermaganate required per mole terrous
ate, is
(a) p
Directions (Q. Nos. 28 to 30) Oxidation involves loss of
electrons while reduction involves gain of electrons. In a redo

reaction reductant is oxidised to lose electrons
are taken up by an

oxidant to get
Oxidation-reduction occur simultaneously. The re
are of three types.

These are intermolecular, intramolecular and
reactions. In a conjugate pair of redox,
oxidation number acts as oxidant and
reductant.

28. The reaction

Ol

e A OV .
10FeSO, + 2KMnO, + 8H.SO

i .
2MnSQ, + 5Fe,(S0, ), + K.SO, + 8HO

IS an example of reaction of

(a) disproportionation (b) inter
o LR

() intramolecular redox (d) None of i
(G) Noneg of these
29. Two
. 0 Mole
oles of NH, loses twenty moles of electrons to foff

2 moles of a new compound X If
present in

oxidation

all the nitrogens 8¢
'new compound and there is no change @ N
number of hydrogen, the oxidation Stale &

nitrogen in X will be
@) -7 :
(c) +3

G i i

3¢

37
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30. The oxidation number of four sulphur atoms in tetrathionate

jon are
(8)2.5,2.5,2.5,2.5 (b)5,0,0,5
(G) 82,2 8 @il

Directions (Q. Nos. 31 and 32) KMnO, and K,Cr,0, are

widely used as volumetric reagents for analytical estimation of
iron, hydrogen peroxide, iodide, ozone, sulphite, nitrite etc.
Reaction is carried out in acidic medijum.

31. Equivalents of MnOj and Cr ;05 per mol of the ion in acidic
medium are in the ratio of
(@1:1 (LIRS (©)i6Hl (d)5:6

32. 55 g of a mixture of FeS0O,-7H,0 and Fe,(SO,)s- 9H,0

required 5.4 mL of 0.1 N KMnO, solution for complete
oxidation. The mole of hydrated ferric sulphate present in
the mixture is

(a) 9.5 x 107 mol (b) 9.7 x 107 mal
(€) 0.53x107° mol (d) 19 x 1072 mol

Directions (Q. Nos. 33 to 36) Each of these questions contains
tWo statements : Statement [ (Assertion) and Statement |l
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given below
(a) Statement | is true, Statement Il is true; Statement Il is a
correct explanation for Statement |.
(b) Statement | is true, Statement Il is true; Statement Il is not a
correct explanation for Statement |.
(c) Statement | is true; Statement Il is false.
(d) Statement | is false; Statement Il is true.
33. Statement | Oxidation number of chromium in CrOg is + 6.

Statement |l Oxidation number of each oxygen atom is —1.5.
34. Statement | 1 mole of FeC,0, is oxidised by 0.6 mole of

MnOy in acidic medium.

Statement Il MnO; oxidises both Fe** as well as C,05".

35. Statement | Bleaching action of SO, is temporary. whereas
bleaching action of Cl, is permanent.
Statement Il Bleaching by SO, and Cl, is due to oxidation.

36. Statement | Conversion of black lead painting is made to
white by the action of H,0..

Statement Il Sulphur is oxidised to SO~

37. Six moles of Cl, undergo a loss and gain of 10 moles of

electrons to form two oxidation states of Cl in an autoredox
change. What are the two oxidation states of Cl in this

change?
(@) +5, -1 (b) +7, -1
(€)+3,0 (d) +3, -1

38.

40.

41.

42.

43.

44.

45.

46.

167

0.5 g sample containing MnO,, is treated with HCI, Hbaeratmg
Cl,. The Cl, is passed into a solution of KI'and 30 gm of 0.1
M Na,S,0, are required to titrate the liberated iodine. What
is the percentage of MnO, in the sample ? (At. wt. of
Mn = 55

(a) 38.3% (b) 52.2%

(c) 13.05% (d) 26.1 %

. It requires 40 mL of 0.5 M Ce*" to titrate 10 mL of 1 M Sn?*

toSn**. What is the oxidation state of cerium in the reduced

product ?
(@) +4 (b) +3 (c)+2 (d) +1
A 1.1 g sample of copper ore is dissolved and the Cu®*(aqg)

Is treated with excess KI. The liberated I, requires 12.12 mL
of 0.1 M Na,S,0; solution for titration. What is percentage
of copper, by mass in the ore?

(@) 5% (b) 10%

(©) 7% (d) 8%

0.56 g of lime stone was treated with oxalic acid to give
CaC,0,. The precipitate decolourised 45 mL of 0.2 N
KMnO, in acid medium. Calculate % of Ca0 in lime-stone.
(a) 57% (b) 45%

(c) 80% (d) 90%

Which order of compounds is according to the decreasing
order of the oxidation state of nitrogen?

(@) HNO4, NO, NH,CI, N, (6) HNOg, NO, N,, NH,CI

(¢) HNO,, NH,CI, NO, N, (d)NO, HNOg4, NH,CI, N,

Reaction of Br, with Na,CO; in aqueous solution gives

sodium bromide and sodium bromate with evolution of CO,
gas. The number of sodium bromide molecules involved in
the balanced chemical equation is

@ (b) 3

()5 @7

The difference in the oxidation numbers of the two types of
sulphur atoms inNa,S,0y is

(@) 4 (b) 5

(c) 6 (@7

Consider the titration of potassium dichromate solution with

acidified Mohr's salt solution using dimethylamine as
indicator. The number of moles of Mohr's salt required per
mole of dichromate is

(@3 (b) 4
()5 (d) 6
Oxidation states of the metal in the minerals haematite and

magnetite, respectively are

(@) Ii, ll in haematite and Ill in magnetite
(b) I, Il in haematite and I in magnetite
(©) Il in haematite and II, Ill in magnetite

(d) lll in haematite and I, [Il in magnetite
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47. Which one of the following cannot function as an oxidising

,Aru

agent? [JEE Main Online 2013]
(@ I (b) 8(s)
(©) NOj3(aq) (dy Cr,O2

48. Given, xNa ;HASO, + y NaBrO, + z HCI ——

p [ e

il \3

ain Archive

53, The oxidation state of chromium in the final product formed

by the reaction between Kl and acidifled potassium

dichromate solution is [AIEEE 2005]
(&) +3 (b) +2
(c) +6 (d) +4

. Among the properties (A) reducird, (B) oxidising and (C)

NaBr 4 H;As0 4 + NaCl complexing, the set of properties shown bYA';’E;U‘&H
The value of x,y and z In the above redox reaction are towardls metal §pecies IS i ] 2.
respectively. [IEE Main Online 2013] (€ )/\ 5
(@ 2,1,2 b) 2,18 "> €
© 3,1,6 () 8,1, 4 e
49, Oxid & 8,0 645
9. Oxidation state of sulphur in anlons 805, 5,04 and 8,08
. el ?UK e PG00y 1 & i s 55. F:J(.:vuml blocks of magnesium are fixed to the bottom of a ‘
increases In the order [JEE Main Online 2013] ship tc F [AFEEE 2009] o
(@) 8,05 <8,05 <805 () 805" <6,05" < 8,05 (@) l«(!nj) away the sharks i i
(©) 8,05 <805 « 8,07 (d) 8,07 5,05 <805 (b) make the ship lighter :
(c) prevent action of water and salt ;‘
50. Consider the following reaction: (cl) prevent punecturing by under sea rocks
- Ba  oig4 B LA e AN 4. O
xMnOG 4 yC,07 4 ZH" — xMn*" +2yCO,, + 5 H20. 56. Oxidation number of Cl In CaOCl, (bleaching powdet) is Wi
The values of x, y and z I the reaction are respectively o “‘m' LRI e [AIERESSES 1
[T JEE Main 2013] (b) <1, since It contains Cl me
(@) 2, 6 and 8 (b) 2, b5 and 16 (c) + 1 since It contains CIO™ he
(©) 5. 2 and 8 (d) 5, 2 and 16 (d) +1and <1, since It contains CIO™ and Cl 6. Oxi
51. Amount of oxallc acld present in a solution can be 57.MnO; Is a good oxidising agent in differrent rmediu 2
determined by Its titration with KMnO, solution In the changing to 7. O
presence of H,80,. The titration glves unsatisfactory restlt MAO) S s A P Bu L ¢%lg
when carried out in the presence of HCI, because HCI s i e “+ MnO, ~—Mizes Itis
[AIEEE 2008) Chianges in oxidation number respectively, are [AIEEE 2002] ~Eq
(&) oxidises oxallc acid to carbon dioxide and watet (&) 1,8 4 6 i
(b) gets oxldised by oxalic acld to chlorine ()5, 4, 3 2 0
(©) furnishes H' * ions in addition to those from oxalic acid (g 51,8, 4 8. 8,
(d) reduces permanganate to M (d)2.6 4,3 Here
ol 38. Which of the following Is 4 | are 0
52, What products are expected from the disproportiohatior g 1s a redox reaction? [AIEEE 2002]
reaction of hypochlorous acld? [AIEEE 2006] (@) NaCl + KNOd — NdNO + KCI L
g O s s 4 o
2 4 (® Cd(OH NI o
(6) HCl and C1,0 (d) 2K Ag()w ];;C' “ C“C' . °NH + 24,0 2MnO
Clo N—— 2Aq +
(d) HCl and HCIO, 0+ K, [Zn(CN)L‘] Ths, 1
balance
") )
AHSWGI‘S | 10. The bale
1, © 2, (d) 3. (b) 4. (a) 5. (c) 6. (d) :
3, 1) 15 Zlte) 8. (a) b) '
11. (a) 12. (a) 13, (d) . (b) ey 16. (c) 17. (a) % 9. (a) 10. () Ratio of 1
21. (b) 22. (¢) 23. (¢) 24, (d) 25, (c) 26. (a 27, (2) 8. (d) 19. (b) 20. (b) | &
81. () 32 (8 33, (c) 34.(a) 35 (o) 36. () 37, (s 28. (b) 29. (c) 30. (0
41, (b) 42, (b) 43. (c) 44, (b) 45, (d) 46. (d) 47- (a) 38. (d) 39, (b 40.©) 5
51, (d) 52, (d) 53. (a) 54. (c) 55. (c) 56. (d) i 48, () - 49, (o 50. (0)
. T B8, ‘

Since, oxit
in the aboy
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002]

b)
b)

©)
(b)

Hints

b8 41 x ~2
1. BaH,PO,) ,
24+2[2X (N4 x+2 x(-2)]=0
of 2+ 442X ~-8=0 or x=+ 1
and I\Ju’,I Xe O,
4% 14 X+ 6x(<2)=0 of x 8
‘ (L\)N"()..nuflid‘,.ﬁ, Difference = 0

o

) POy and P01 : Difference = o

| {1

(©) N,O and NO; Difference = 42 - { = 41
+4 +G

(@) 8O, and SO, Difference = +6 - 4 b

YENO + B + 8+

o

L 2NO+ 81, + 4H.0

Hence, NO oty as faducing agent and reducas 1. fo |
sihee the oxidation number of fitrogen changes from +2 in

NO to 465 InNO

RN

« Oxldation rnumber of hydrogen 1s 41 excopt I o hydrides,
where It is 1

« In CO,, the oxidation number of G, o, 44 I already the

maximurm anc it cannot Increaso its oxic fation numbBer further

hence, doos not act as a feduicing acent

6. Oxldatlon number of Cr in Cro,0l, i

X422 X(=2)+2x(=N=0 or x -4 2a() OF x =46
7 CrO%" 4 14H" + 6e » 0™ & 7TH 0

It1s & slx electron chanee

|
(molecular weldhl)

3

S ECL wh of K,Cr0

0 1 ,7 11 _f‘
8.84,8,F,H, §

Here, oxidation number of 8 in Sy, SoF and H.8 raspectively
are 0, +1, =2

9, MnOy + 8H" + 5e ™~ -—s Mn?* 4 4H,0] % 2
Co05 —— 2C0, + 267 |x 5
2Mn_O_\j- .';('J,,():,'A» 161" 5 2Mn 4 rmr\:r(‘)‘,’ + 8H.0

Thus, the coefficients of MhO,, C.0; and H* In the above
balanced equation respectively are 2, 5, 16.
10. The balanced equation is
20 Mg 40 80y ~—s 4605 + 6.0
Ratio of the coefficient of CO., and H,0is4: 6and2: 3

115 ! Oxidation _‘1

44 -2 qunlight 0 0
800, + 8H, 0 ——"3C, H.s04 60,

Reduction f
Since, oxidation and reduction both ocours simultaneously

in the above equation, so it is a redox reaction.

Solutions

05 0 2

12, BaO, < KO, < Oy (O

13. 3Br, + 6 CO5™ + 3 H,0— 5Br~ + BrO3 + 6 HCO3

Br, is reduced to Br (oxidation number decreases from
zefo to 1) and Br, is oxidised to BrO; (oxidation number
increases from zero to +5)

b5 k1
14. Reduction half - reaction HNO,, + 4e” ~—»--—>;N,¢; o)

I5. Highest negative oxidation state for p-block elements =

fiumber of electrons in valence shell -8 and highest positive
oxiclation state for p-block elements = group humber =10

0=81015-10=~38to+5
16, 2B »Br, + 2e” (Valence factor for Br -~ 1)
Cl, + P8 » 201" (Valence factor for Cl, = 2)

Meq. of Cl, = Med. of B

0.05%2 %V =50 % 0.06 x 1

V = 30 mL

M

)

« M

18, 2BrO,~ + 12H" + 10e 2 Bry + 6H,0

/ mol. wi 2BrO~
i ho. of electrons galned 10
Broy KBrO, M
5] 8 8

19, The oxidation number of O in H.O, is <1 It can eithier

increases to zero in 0, or decreases to -2 in H.O. Theretfor
H.0, can act both as an oxidising as well as a redugin:
agent

(0] | |
20, 2L1P 4 Hiy sy B[ [

21, NHNO , is an lonle Compound exist in the form ofNH; :NO
IONH X4+ 4= 410f X = -3

W

INNO; ; x ~6==16r x = 45

22. K,Cr0, + 4H,80,, + :480,. iy

K80, + Cr(S0,), + 380, + 4H.0

Oxidation number of S char 1ges from +41n SO., to +6in S0O..

. Highest oxidation number of Mn in K Mn(
Orx =+ 6, while in all other compound
Mn is lower than 6.

04182+ x = 8=

$ oxidation number of

24. In the given redox reaction, C- =N — O —C=N
Oxidation number of nitrogen is remainir
Oxidation number of carbon is incre
Hence, (a) and ©)

14 unchanged at - 3
asing from + 2 to +
are the only correct response. Th

e

erefore

option (d) is correct.
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= Acidic 3 V [
25. KMnO, ——s M2+, g = M 158 _ 4. o
§ 15
Neutral +4 =
KMnO, A0 E M o 158, 52.67
8- i3
¢ slightly Alkaline  +6
KMnO, —MnOj E =M =158

26. 2MnO; + 5502 + 6H » 5807 + 2Mn?* + 3H,0
Meq. of SO? Meg. of KMnO

N x25=34.08x 0.01964 x )

N 2- =0.1339
S(
A 0.1339 ) ; 5 <
M, 5 00660 St 85 0
27, Fe** 4 Ce™ > Fe™T 4 Ce®t
SFe™ + MnO; + 8 H' — 5 Fe® 4+ M2+ + 4H,0
Moles of cerice immonium %ulphate 1 0
Moles of potassium permanganate /5
28. Thereaction s an example of intermolecular redox reactions.
10FeSO, + 2KMnO,, + 8H,50, —

2MnSO, + 5Fe,(S0,) 5 + K,S0, + 8H,0
2Fe™" — (Fe3t), + 2~
Mn™ + 56~ — 5 Mn2*
RO PR ox ona™
Nahll ——— % 10

\S two atoms of nitrogen lose ten electrons j.e,, 5 electrons
each. Hence, oxidation state = -2 + 5=+ 3

(@] (@)
| » 0 0 H‘
30. O ﬁlsJ —8—8—8"-—0r
|
B

[Structure of tetrathionate ion]
31. MnOz;— Mn?* O.N. change
5

+7 +2

B0 0@
112 +6 6
1 mole of MnOj = 5 equivalents of MnO7;

1 mole of Cr,0%" = 6 equivalents of CrZO§‘

32. Redox reactions : Mn + 5e"—— Mn
Fe?*—sFe® +¢-
It must be known that only FeSO,-7H,0 will react with
KMnO, to bring in redox change.
= Meq. of FeSO,.7H,0=Meq. of KMnO,
w w
— X =54x010r — x1000=0.54
or 3 x 1000 = 5.4 x 578

or w=0150g

<~ Weight of Fe,(SO,) ;-9H,0 = (6.5-0.150) g = 5.350 g

50
and mole of Fe, (SO, ) ;- 9H,0 = %:*&— = 9.5x10~mol

33.

34,

36.
37

38.

39.

40.

n —1oxidation state. f,
In CrOs, four oxygeﬂ storms arel L
y
I |
< |
|
X+1(_2)+4(—1):O ‘(
X=+6 |
Statement Il is the correct reason of statement |. )
Cl, + H,O0—> 2HCI+ O |
SO, + 2H,0— H,S0, + 2H |
PbS+ 4H,0, —> PbSO, + 4H,0 ‘
. 5+ 9
Oxidation Cl, — 2Cl+ 10e |
Reduction 5CI, + 10e - —— 10 CI~ ‘
5+ |
Total redox reaction 6 Cl, — 2 Cl+ 10 CI~ | 42,
K NasS 03 I
MnO, ol Clp— I, ——— 5 Nal+ Na,S,04 I
The reactions suggest Ir
Meg. of MnO, = Megq. of Cl, formed Ir
=Megq. of I,, liberated ' Tt
= Meg. ofNa,S,0, used ‘
MM;(;?xmoo 01x1x 30 43, By,
[+ Valency factor for Na ;5,05 = 1] 3B
Oy, = 20X 1X30xM _ 01 307 S 44 e
2 x100 2000 ‘ stre
or Wino, = 0.1305
: 0.130
. Percentage ofMnO, = 28 100 = 261%
Sn%* —, Sn* 4 g-
ne” + Ce*™ — cal4-nj | Thec
| =5
Meq. of Ce#+ =Meg. of sp2+ 45. Haen
or 4Ox0‘5><n=1><2x10 e
p AR [ Magn
= | (FeO.
4 =
Ao Ced* | oxidati
GliaNE= — Rl 46, 2Mno;
2I—\>'2+26— ;7.“’”,
257 S S,02 | Further
Meq. of Cu?* = S  whyits
eq. of hberatedl . function
=Meq. of useq Na,S,0, 18. 3Na,HA
M/1 T X1000=12,12, ¢ 1 4 }9 Let the o3
| S02
W =12:12x01x 63 6 |
1000 § ’
We et -wCu =0 077 g . S:0%
% = O ol |
6 of Cu ?xmo 7% J
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Day 12 Oxidation and Reduction

5 Oxalic acid KMnO,

41. CaCO, ——C CaC,0, —2 decolourises
Redox changes :

3+

Co——2C*" 4 2¢

, 7+ .

ForKMnO, 5~ + Mn——, Mn=*

* Meq. of CaCo, = Veq. CaC,0, Meq. of KMnO, and
Meq. of CaCO, = Meq. of Ca0 (since Ca0 is present in
CaCO,)

ForCaC,0,

Meq, of CaQ = Meq. of KMnO,
w
== %X1000 = 45% 0.2
56/2 g
Weap = 0252 g

0252
% of Ca0 in lime stone = 5 (( x 100 = 45%
20

42, Let oxidation number of N be x
InHNOJ-+ 1+ x + J(=2)=0lorx =45
INnNO — X=2=00rx=+2
INN, — x=0
INNH,Cl — x + Yo=l=0.0f x.=~3
Thus the order of oxidation states of nitrogen is
HNO; > NO > N, > NH,CI
43. Br, is disproportionated in basic medium as
3Br, + 3Na,CO, — 5NaBr + NaBrO; + 3CO,
44. Na,S,0, is a salt of Hz8,05 Which has the following

structure
0 ¢
il .l
HO ~ﬁ~8—8 —SH‘~OH
O O
The difference in oxidation number of two types of Sulphur
=5

45. Haematite is Fe;03, in which oxidation number of ion is (In).

Magnetite is Fe,0, which is infact a mixed oxide
(FeO-Fe,0,), hence, iron is present in both (Il) and (lIl)
oxidation state.

46. 2MnO7 + 16H* + 10CI" — 2MNn2* + 8H,0 + 5Cl,.
47. InT", iodine is present in its lowest possible oxidation state,
Further reduction in oxidation state is not possible, That's

why its further reduction is not possible. Hence, it cannot
function as oxidising agent.

48. 3Na,HAsO, + NaBrO; + 6HCl— NaBr + 3H3AsO, + 6NaCl
49. Let the oxidation state of S be .

S0%- X+ (-2)x3=-2
X-6=-2
X=+4
S,0%” 2X X+ (-2)4=-2
2x-8=-2

2X=6 or x=+3

8,08 2X + (~2)6=~2
2x=10= x=+5
~ The increasing order of oxidation states is

;07 <S0% <S03
50. 2MnO; + 5C,03™ + 16H* — 2Mn2* + 10 CO, + 8H,0
X=2,y=57=16
51. Mohr's salt [FeSO, -(NH,),S0, -6H,0) is a reducing agent
change while K,Cr,0, is an oxidising agent
Involving 6e ~ change, /.e,,
6Fe* + Cr,02" + 14H*— gFgt & 2Cr®** + 7H,0
Thus, 1 mole of Cr,0%" ion will oxidise 6 moles of Mohr's salt,
52. 3HOC|—s 2HC|+ HCIO,
53. Cry0%™ + 14H* + 61" —320r%* 7H,O0+ 3l,
Cr,0%" s reduced to Cr3*

Thus, final state of Cr is +3

54. CN™ is a better complexing agent (C) as well as g reducing
agent (A)

Thus, properties (A)and (C)are shown.
Property (C): Ni?* + 4CN- —s [Ni(CN), P~
Property (A):

] |
CuCl, + SKCN ——K 4 [Cu(CN), ]+ 21 (CN), + 2KClI

Involving 1e~

N, 24

(CN reduces Cu?* to Cu™)

55. To prevent action of water and salt, a number of blocks of
magnesium are fixed to the bottom of a ship.

56. CaOCl, is written basically as Ca(OcliyCl
OCI" — Cl has +1 oxidation state
ClI" — Cl has -1 oxidation state

+7
57. MnO3 — Mn?* change in oxidation number 5
——>MnO3" change in oxidation number 1

+4
—>MnO, change in oxidation number 3

+3
—>Mn,0; change in oxidation number 4
F1 =1 41 -1 +1 - 1-1
58. (a)NaCl+K NO, —>NaNO, + KCl

change in oxidation number.

+2 -2 +1 ~1 +2 -1 +1 =2
(b)CaC,04+2HCI—sCa Cl, +H,C,0,

+2 -1 -3 41 1 o s B +1 =2
(¢) Ca(OH), + 2N HyCl—Ca Cl; +2NH, +2H,0

in all these cases during reaction, there is no change in

oxidation state of jon or molecule or constituent atom,
these are simply ionic reactions.

(d) 2K[Ag(CN)2]+ Zn—s; 2Ag + KQ[Zn(CN)‘,]
Ag* — Ag gain of e ", reduction
Zn— Zn?* loss ofe~, oxidation.

1728
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Concepts of Electrochemistry
Conductors

Electrolysis

Kohlrausch's Law
Electrochemical Cell

EMF of Cell

Nernst Equation

Batteries

Fuel Cells

Electrochemistry

Concept of Electrochemistry

The study of the chemical reactions whi
the interface of an electron conduc
considered under the branch of chemi

ch take place in g solution at
tor and an ionic conductor is
stry namely gs e[ectrochem[stry,

Conductors

The substance which can conduct el
basis of species that conduct el
metallic conductors and electr

ectricity are called conductors. On the
ectricity (current), conductors ape of two tvpes viz,
olytic conductors.

(i) Metallic or electronic conductors ¢

an conduct cuppe
electrons.

nt by transfer of free

(ii) Electrolytic conductors can ¢

onduct current by the
process is known as electro

lytic conduction.

Conductance in Electrolytic Solutions
The power of an electro]

vite to conduct electrig current i or
! i) S called conductance
conductivity. Just like metallic conductorg i
) » electroly S ions bey
- Vtic solutions also o ;

mobility of ions. This

i
1
i
!

2 Ea
Th

inv

whe
17

wher

cond
The 1

3. Mola

Ras ¢
mole (

Thus,

Theun:

4. Equiv
It is th

Thus..,

S. Effect

Equival

Electrol
electrol;

| Where, B = sta;
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) at
r (s
try.

. On the
[ypes \’iZ.
sr of free

ons. This

ctance OF
lso obey

where

1. Conductance (C)
Reciprocal of resistance ig called conductance, ¢
- l 1

Eee o= liSunit isimhod© Y
Resistance R [

or Siemens (S).

2 Conductivity or Specific Conductance ()

The resistance of any conductor varies directly as its length (/) and
: : " ; / e
inversely as its cross sectional area (a) i.e., R <~ or A =p

a a
where, p is called the resistivity or specific resistance

Ifl=1cmandaq-= lcm® then R = P

K =—=— X conductance (C)

p’ a

/
where, — = cell constant, it is determined with the help of
a

conductivity bridge, where a standard solution of KCI is used.

The unit of specific conductance (x) is ohm™ cm ! or § cm

3. Molar Conductivity (A )

It is the conducting power of all the jons produced by

one gram
mole of an electrolyte in

a given solution.

_ K X1000

Thus, -
molarity

Theunits for molar conducti ity

1

2 1 N 2
=ohm ‘ecm?mol orScm- mol

4. Equivalent Conductivity (@

It is the conducting power of all the ions produced by one gram e

Thlls.//m 15203000 . The units for equivalent (Tt)lldllt‘li\'ii_\‘
: normality

S. Effect of Dilution on Conductivity

Equivalent as well as molar conductivity o d

Electrolysis

Electrolysis is a process in which electric energy 1s used to brin

Electrolytic cell

Day 13 Electrochemistry

Juivalent of an electrolyte in

ilution and Specific conductivity e —

g some chemical change
electrolytic cell which involves conversion of electric energy to chemical energy.

173

Conductivities with Concentration

In case of strong electrolytes, electrolytes, like
KCI, have high value of conductance even at low
concentration and there is no rapid increase in

their equivalent or malar conductance on dilution

A

AV Ny

l

L

CH;COOH
KClI (weak electrolyte)

(strong electrolyte)

Molarity Molarity

N case of weak electrolytes electrolytes, like

acetic acid, have a low value of conductance at

nigh concentration and there is a rapid increase

1 the value of equivalent conductance (molar

condauctance) with dilution

Limiting Molar Conductivity
or Infinite Conductivity (A" or AL)

+

S the molar conductivity of electrolyte when
concentration of electrolyte approaches zero
(.e., at infinite dilution)

a given solution,

=ohm ™ cm? (g eq)™" orScm? (geq)™

1

dilution

s. It is carried out in an

@ Anode e Cathode
e (Oxidation ® Reduction
® More E,,;, gets s

oxidised easily

+ Boxi = standard oxidation potential i.e., at standard conditions (

1 atm, 298 K and 1M) tendency to lose elec

More £, gets
reduced easily

trans.
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E:,q = standard reduction potential i.e.,
Decreasing order of oxidation potential;

I~ > Br-> ClI"> OH > F">NO; >NOy >S02"> SO%
« Increasing order of reduction potential;
All  metal, more reactive than
[Ereq = less than zero] < Hydrogen [Ereq = zero] < metals
ve] like Cu, Ag etc.

hydrogen

less reactive than hydrogen [Breg =+

« During electrolysis when two or more ions complete at
the electrodes, the ion with higher reduction potential
gets liberated at cathode while the one with lower
reduction potential at the anode.

e Besides the ions of electrolyte, if some other ions

(cations or anions) are present in the solution, then
which of the two or more ions gets discharged at each

The quantitative relationships based on the electroc
These two laws given by the Faraday are given below
First Law

Deposited mass of the substance is directly proportional to
passed charge in a voltameter.

wo<Q
w=Z2Q
w = Zit

where, w = mass,
Q = charge (in coulomb)
i =ocurrent (in amperes)
t = time (in second)
7 =electrochemical equivalent.

atomj__c wt. |

_equivalent wt. [Equivalent W= ——

" 96500 C valency

1 Faraday = charge of one mole of electrons
1F = 6.022 102 x1. 6x107"°

=96500 C (approx.)
No. of gram equivalents = No. of Faradays of electricity,

i.e., 1geqofany substance = 1F of electricity

at standard conditions (1

Faraday’s Laws of

hemical researches published by Faraday.

JEE Main Chemistry in Just 40 Days

atm, 25°C and 1M) tendency to gain electrons.
electrode depends upon their relative discharge
potential. Usually ions with lower discharge potential
are discharged in preference to those which have high
discharge potential.
« For aqueous solution of salt:
(i) If metal is less reactive (like Ag, Cu) than hydrogen,
metal will be deposited at cathode.
(ii) If metal is more reactive than hydrogen, H, gas will
be liberated at cathode.
In aqueous solution containing any of the cation
Li* Na*,Ba2*,Ca®*, Mg® or Al**, it is water which is
reduced at cathode and not the metal cations. In agueous
solution of the SO%™ and NOj, anions are not oxidised, it is

water which is oxidised.

ctrolysis

Other forms of Faraday first law expression are

w=ZQ=— xQ

e
| One Faraday of 96500 C or | mole of & cause the reduction

of | mole of monovalent cation or |/2 mole of divalent cation
or 113 mole of trivalent cation.

Second Law

The number of equivalents of any substanee produced by a
given quantity of electricity during electrolysis are same.
Wa _Ea
wg Eg
where, w, = deposited mass of substance A,
E, = equivalent wt. of A
wp = deposited mass of substance B,

Ep = equivalent wt. of B

It s
con

e.g.,

Applic:

(i) For
COI!
(ii) For

(iii) For

wea.

Here

Ane
elect

Electrocher

1. Elect

It is a c
involvir
using e
energy I

H,S0, (

2. Galval

It is a de
chemica

Cu

The twt
other.
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Kohlrausch’s Law

It states that molar conductance a
constituent ions 1.e., anions and cations.

el

t infinite dilution for any electrolyte is the sum of contribution of its

A,CH,CO0H = N CHL OO N

AmAly(S0,), =2 x A%, AL + 3 x NESO=

Applications of Kohlrausch’s Law
(i) For the determination  of
conductivity at infinite dilution.
(ii) For the determination of degree of dissociation,
Degree of dissociation (o)

_ molar conductance at a given concentration

B olar conductance at infinite dilution

A(‘

= m

A%

T11!

equivalent/molar

(iif) For the calculation of dissociation constant of a
weak electrolyte.
(Clor”

K= = G
il =07

[ For weak electrolyte, o < < < 1]
Here, K, = equilibrium dissociation constant
C = molar concentration of weak electrolyte

(iv) For the determination of solubility of sparingly
soluble salt.
K X 1000

o

Solubility =

m

» Transport number is the fraction of current carried by an ion.
i

It decreases with increase in concentration,

» Transport number of cation

) current carried by cation U
n = =
C
total current W 4Rl
; Ug
» Transport number of anion (n,,) =
U, +u,

Absolute ionic mobilities is defined as the speed of ions in
c¢m per second at infinite dilution under a potential
gradient of 1 V/cm. Its units are cm s *N cm .

Flectrochemical Cell

An electrochemical cell or simple a cell a system or arrangement in which two electrodes are fitted in the same
electrolyte or in two different electrolytes which are joined by a salt bridge.

Electrochemical cells are of the following two types

1. Electrolytic Cells
It is a device in which electrolysis (chemical reaction
involving oxidation and reduction) is carried out by
using electricity or in which conversion of electrical
energy into chemical energy is done.
Ht
(acidified/dil)

H,S0, (I) H,0(g) + O,(g) + dil H,SO,

2. Galvanic or Voltaic Cells
It is a device in which a redox reaction used to convert
chemical energy into electrical energy.
Cu(s) + 2Ag* (ag) — Cu**(aq) + 2Ag(s)
The two types are therefore the reverse of each
other.

Electrode and Half-Cell

When used in electrochemical studies, a strip of metal, M
used is called electrode. The metal strip is immersed in a
solution containing the metal ion M™*, The combination of
the metal electrode and solution is called a half-cell.

Three kinds of interactions are possible between metal atom
on the electrode and metal ion in solution.

(i) A metal ion M™" may collide with the electrode and
undergo no change.

(if) A metal ion M™* may collide with the electrode,
gain n electrons and be converted to a metal atom M.
The ion is reduced. M™(aq) + ne- —— M(s)

(iif) A metal atom M on the electrode may lose n
electrons and enter the solution as ion M"™ . The
metal atom is oxidised.

Oxidation

M (s) M"* (aq) + ne~

Reduction
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Electrolytic cell : Voltaic or Galvanic cell

S L,,,_A'_‘,‘,’,d_?,,, Cﬂhode {  Anode Cathode
Sign 4 = T +
Electron flow | out {in | out in

Hal‘i-r[r::arc_tlpgv‘ QX‘F’@“QQ reduction | oxidation | reduction

Salt-br

t is a U-shaped tube contains a gel permeated with a
ich as Na»S0,. The ions of
with the other ions in the

d or reduced at the

solution of an inert electrolyte
the inert electrolyte do not
solutions and the re not oxic
electrodes. The salt-bridge is necessary to complete the
electrical cireuit and to maintain electrical neutrality in both
compartments (by flow of ions).

2acl

Representation of a Cell

» The anode is written on the left hand side and cathode
on the right hand side.
A vertical line (1) or semicolon (;) indicates a contact
between two phases.

The anode of the cell is represented by writing metal first

and then the metal ion present in the electrolytic

solution.

The cathode of the cell is represented by writing the

cation of the electrolyte first and then metal.

» The salt bridge which seperates the two half-cells is

indicated by two parallel vertical lines.

Sometimes molar concentration or signs are
indicated on the electrades.
Consider the Daniell cell with following cell reaction :

Zn(s) + (@ (aq)—— an'(m/] + Cu(s)

also

JEE Main Chemistry inJust 40 pays

1l diagram, following points are considered,
cells

The anode TPg cathode

Reducttr.;n takes place
Cu?t(ag)+ 28~ —

In writing a ce
We divide the cell into two l}él_f;

Oxidation takes place
Zn(s)— Zn®* (aq)+ 2e

Reaction

cu(s)
Terminal | Negative Eosﬂtve
Side LHS RHS
e 3
Diagram | Zn (s)Zn~" (aq) Cu_ (dL7)/C£|_(51~m

Complete cell diagram may be represent as follows

Salt bridge Cathode half-cell

Anode half-cell

ey ,
Zn (s) | Zn** (aq) || Cu?T (aq) | Cu (s)

— Electrons flow this way

"
Phasée houndary Phase boundary

If oxidised or reduced part is a gas, use Pt electrode
saturated with that gas
e.g., H,(g) — 2H" (aq) +2e”
(anode)
Pt(H,) |H" (ag)
2H"(aq) + 26 — H,(g)
(cathode)
H™(aq) | Pt (H,)
¢ If oxidised and reduced parts are in ionic state, use Pt
electrode. ¢
e.g., Fe*(aq) — Fe’* (aq) + e
Pt|Fe**(aq),Fe'* (aq)
MnO; + 8 H" + 5¢ — Mn?* + 4 H,0O
MnOy, (ag) Mn*" (aq) | Pt

Difference between Electrolytic and
Electrochemical Cells

The main points of difference between these two cells are

1, The device in which electrolysis (chemical reaction involving oxidation and reduction) is carried thb |
138 : - : : i . : ed ou i

electricity or in which conversion of electrical energy into chemical energy is done is called electrolyt lyl u;_‘;s i

; : 2 : . 3 olvti ile

galvanic or voltaic cell is a device in which redox reaction is used to convert chemic VR

al energy to electrical energy. ;

2. In ‘electrolytic cell’, anode is positive electrode, while cathode is negative electrode. On the other hand, in ‘galvanic cell’ !
, in ‘galvanic cell’

anode is negative electrode and cathode is positive electrode. 1
In both the cells anode is always the site of oxidation and cathode is of reduction, .

¥

3. In electrolytic cell, ions are discharged at both the electrodes, while in galvanic cell ions are discharged only at cathode )
only at ca 4
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4. In electrolytic cell, both the electrodes are fitted in same compartment, while in galvanic cell both the electrodes are
fitted in different compartments,

|
\\\ ///

Anode Cathode
(a) Electrolytic cell
(emf is applied to cell)

Anode Cathode
(b) Voltaic or galvanic cell
(emf is generated by cell)

5. Besides salt bridge in both the cells, both the electrodes are connected externally with the help of a wire connected
through a voltmeter, Flow of current and electrons occur through this wire.

EMF of Cell-
In electrochemical cell, the electrodes in different half-cells have different reduction potential. As a result of this, different
flow of electrons is seen from the electrode with higher tendency to lose electrons to other electrode, This difference in

electrode potential of electrodes is called electromotive force or cell potential of a cell. This is the driving force for all cell
reactions,

| Standard Electrode Potential and emf If £y, = XV, then £y =~ xV

| If we connect two different electrodes, electrons will flow {540 el
 from the electrode of higher negative electric charge R
i density to the electrode with a lower negative electric
charge density. A property closely related to the density
i of negative electric charge is called the electrode

, =0.834 V, then ECUQQ o 0,34V

Ee OF E,oy is the potential difference between the |

two half-cells. Since the potential difference is the
driving force for electrons, it is also called the !

! potential, Potential difference between the metal and the
metal ion in which electrode is dipped, is called electrode
i potential denoted as E.

'§ln the standard state, when pressure is 1 atm, (latest
i IUPAC correction use 1 bar) and concentration is 1 M,
! electrode potential is called standard electrode potential
i denoted as E°, Temperature is generally taken as 298K
ji(l.e., 25°C)

i According to international convention, standard redgction
potentials are now called standard electrode potentials. If
 the standard electrode potential of a half-cell is 034V, it
means it is the standard reduction potential EM,,+ W of the

electromotive force (emf) of the cell or the cell

potential or the cell voltage,

This driving force pushes the negatively charged f
electrons away from the anode (~ve electrode) and

pulls them towards the cathode (+ ve electrode)

The S unit of cell potential is the volt (V) and the |
potential of a galvanic cell is defined as the positive |

quantity.,
Ecaell = Ec:x 7 Eroed

Ecey = Eox + e
For such cases take values according to the reaction

g i e aion 7 ¢ e M Electrons should be equal in both half-cel| reactions,
le e
11 » Standard Hydrogen Electrode, SHE used as a reference electrode. Its reduction potential is taken as zero, It s

represented as Pt Ha(1 atm) | H* (I M) or H* (IM)|H, (I atm), Pt depending upon whether it acts as
anode or cathode respectively.

e » The difference between the potential required for the evolution of gas and the standard electrode potential of
that gas is called over voltage/over potential.
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Electrochemical Series

The arrangement of metals in decreasing order of tendency to lose electrons
series in which the elements are arranged on the basis of the values of their stan

chemical series 0T it is the

-~ is called electro
(e”) is called e | at 25°C.

dard reduction potentia

Electrode reaction Standard electrode

Element (reduction) reduction potential EZ
(volt)
Li L™y @ === -3.05
K e e K —=2925
Ca Ca’" + e —> Ca -2.87
Na Na' e —> Na — 2714
Mg Mg®* +2¢° —> Mg 2.37
Al ARt £ 3er—> Al & B s
Zn Znet 2 —> Zi ?.Jv g 5 —0.7628
Cr clt+38 —Cr O '3% -0.74
Fe Fect + 26 —— Fe é T 6 —0.44
cd Cd*+26-—»Cd 3| 8 —0408
Ni & NP +o2e—> N 8|22 -025
Sn 2 ) 5N ° 2e —> Sn § ?% -0.14
S |8 oH t2e—>H; 2 S f; 0.00
el S5 le Gt oer—CUN o2 + 0.337
Ll S B | 2|9 4053
23 |2 . O | @ s
Ag = 2 qu - ef—> Ag g Qa 0799
Hg 2 Hge" + 2 —> Hg = + 0.885
Br, [N Bry + 6~ —> 2Br +1.08
Crp Cl, +2e—> 2CI + 1.36
Au AWt + 3e”—> Au +1.50
Fo o e == 2F + 2.87
Li Li" + e —> Li - 3.05

Nernst Equation

The relationship between electrode potential and concentration of solution is called nernst equation

S 2.303RT
ECC”()I' EMF = E(.e“ = ﬁT log Q
where, n = total number of e];ctrons lost or gained Applications of Nernst Equntioh
1F = 96500C, T = 298 i e ek
A portant applications ion
R =8.314J/K Aicleenibelose. pp of Nernst equatio
Q = reaction coefficient of overall reaction = [[22]] (i) Tofind equilibrium constant
: 1o, i At equilibri
where, [0.S.] = concentration of oxidised state equilibrium, E . = zero
[R.S.] = concentration of reduced state ° 0.0591 |
Eean = 1
E _Eo 0.0591 log Q cell og K §
cell = Leell Where, K= equilibrium DR §
i i R :
» The emf of a standard cell does not change with temperature. (i) To find Gibb's free energy change ;
Weston cell is a common example of standard cell. Al 2 o 5
5 u &
» The standard electrode potential of a half-cell has a fixed NG ' ce
value. It does not change, if the half-reaction is multiplied Standard Gibbs free energy change ¥

with an integer.

Th
(AC

as
whi

the
the

o B, = B T - |
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Some Important Relationship in
Electrochemistry

Relationship between Cell Potential and Gibbs
Energy Change (AG)

In an electrochemical cell,

given by AG = nF x E.on

maximum work done (AG) is

where, F = Faraday's constant

n = number of moles of electrons transferred,

A galvanic cell does electrical work by

transferring
electrical ¢ harge throug

h an external circuit. When small
amount of current is drawn from the cell then
AG =W,

(1) If AG of the system is positive then the process

would be possible only if the surrounding do

electrical work on the system (as in electrolysis).
(ii) If AG of the system is negative then the system does
electric work on the surroundings (as in galvanic
cells). For a voltaic cell, the work is done on the
surroundings, thus given a negative sign, Hence,

AG = W« =~ nFE

and the standard free energy (AG®) is given by,

AG® == nFE°

2. Relation Between Cell Potential (Ecey ), Free Energy
(AG°®)and K

The relation between cell potential (E®cen ), free energy
(AG?) and equilibrium constant (K) is given by,
AG® =~- 2.303RT log K,

2.308 RT

as AG® = nFE°,,, and E°,= R log K.
nF

where, n1 is the number of moles of electrons transferred in
the balanced equation for the process to which you apply
the Nernst equation.

Qay 13 Electrochemistry

A

3. Relation Between Standard Potentials of Half-cells
Containing a Metal in different Oxidation State

If two half-reactions having potentials E,° and E,° are
combined to give a third half-reaction having a potential
E,°, then

AG;° = AG,° + AG,°

or - mFE,° =~ n,FE° - n,FE,°
or mE;° = n,E\°+ n,E,°
mE,° +n,E,°

1,

3

or E.°=

Lead Accumulator;
In lead accumulator the electrodes are made of lead and
the electrolyte consists of dilute sulphuric acid. The
electrodes are usually cast from a lead alloy containing
/-12% of antimony (to give increased hardness and
corrosion resistance) and a small amount of tin (for better
casting properties) i

The electrodes are coated with a paste of lead (Il) oxide
(PEO) and finely divided lead; after insertion into the !
electrolyte a ‘forming’ current is passed through the cell i
to convert the PbO on the negative plate into a sponge of
finely divided lead. On the positive plate the PbO is
converted to lead (IV) oxide (PbO,). The equation for the
overall reaction during discharge is :

PbO, + 2 H,S0, + Pb—— 2 PbSO,, + 2 H,0

The reaction is reversed during charging. Each cell gives
an emf of about 2 V and in motor vehicles a 12-V/ battery :

of six cells is usually used. The lead-acid battery |
produces 80~120 kJ per kilogram. :

Batteries

A cell or a battery (arrangement of 1 or more ce.
where the chemical energy of redox reaction is conve

1. Primary Batteries

The primary batteries are those in which the cell reaction occurs only once and the battery becomes dead after
period of time and cannot be reused again, e.g., dry cells like Leclanche

not rechargeable. e.g., dry cell, mercury cell.
(i) Dry cell or Leclanche cell is also called primary
voltaic cell,
In it the electrode reactions are
At anode Zn () — Zn** + 2¢”

At cathode
M, 0, + NH} + e"— MnO(OH)+ NH,

The cell potential is 1.6 V.

Ils connected in series) is basically a galvanic cell and used
rted into electrical energy. There are two lypes of batteries

use over a
cell, mercury cell etc. Hence, primary batteries are

(ii) Another type of dry cell is mercury cell.
The electrode reactions for the cell are
At anode Zn(Hg)+ 20H —— ZnO(s)+ H,0 + 2¢~
At cathode HgO + H,0 + 26— Hg(l)+ 20H"
The overall cell reaction is
Zn(Hg) + HgO(s) — ZnO(s) + Hg(l)
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2. Secondary Batteries

These are also called reversible galvanic or voltaic
cell. Secondary batteries are rechargeable because on
charging reaction becomes reverse e.g., lead storage
battery, nickel cadmium cell etc.

In lead storage battery, a solution of sulphuric acid
surrounds the plates and acts as electrolyte. The
battery consist of 6 cells, each contains lead anode and
lead oxide cathode. The cell potential is 12 V. The
half-cell reactions, when the battery is being used

up are At anode Pb(s) + S()"_fl —— PbSO,(s) + 26~

Fuel Ce

inJust 40 Days

At cathode PbO,(8) + 50, + B T
— > PbSO,(s) +2H,0

Overall reaction
Ph(s) + PbO, (s) + 4H" +2803” — 2PbS0,(s) + 2H,0

During charging follows following reactions

At anode 5 i 5
PbSO(s) + 2H,0—— PbO,(s) + SO; +4H" +2e

S0
At cathode PhSO ,(s) + 2e"— Pb(s) + SO

Overall reaction
2PbSO () + 2H,0 ——> Ph(s) + PbO, (s) +4H" + 280%"

1is

Fuel cells are another means by which chemical eneigy may be converted into electrical energy. Energy can be

obtained indefinitely from a fuel cell as long as outside supply

This cell was used as a primary source of electrical energy on the
moon flights. The overall cell reaction produces water, which
was used for drinking by the astronauts.

The half-reactions are

At anode
2H,(g) + 40H (ag)—> H,0() + 46~

At cathode
0,(g) +2H,0(l) + 4e" — 40H (aq)

Overall cell reaction
2H,(g) + 0,(g)—> 2H,0(])

Efficiency of the Fuel Cell

The efficiency of the fuel cell is the ratio of change in Gibbs
energy AG to the heat of combustion AH and mathematically can
be gi\:en as,

_AG

n= % 100
AH

where,
1 = thermodynamic efficiency of a fuel cell

AH = heat of combustion
AG = work done
= — nFE,y,.

7 of fuel is maintained. e.g., H, — O, fuel cell.
Corrosion and its Prevention

Corrosion is basically an electrochemical phenomenon.
A metal is oxidised by loss of electrons to oxygen and
form metal oxide. e.g., conversion of iron to rust
[Fe04 - xH,Q] the tarnishing of silver (due to formation
of Ag,S), development of a green coating on copper and
bronze.

Corrosion of iron, known as rusting, occurs in the
presence of water and oxygen.

At anode 2Fe (s)

— 2Fe®" (aq) + 46~

At cathode O,(g)+ 4H"(ag)+ 46— 2H,0 (/)
The overall reaction,
2Fe (8)+ 0,(g)+ 4H" (aq) — 2Fe?* (ag) + 2H,0 (/)

H Fe:z;

: =" lons further oxidised by atmospheric oxygen to
‘ Fe.ja

ions and form hydrated ferric oxide [Fe O - xH,0l
2
4Fe™ + 0+ 4H,0— 2Fe,05(s) + 8H" (aq)
Fe 05 + xH,0— Fe 05 xH,0
hydrated ferric
oxide (rust)

Rusting of iron can be prevented by the following methods

i * Barier protection through i ;
; coat
electroplating. 9 Ing of paints or.

i+ Galvanisation or coating of surface with tin metal.

¢ * Bythe use of antirust solutions. A

SR
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Practice

1. Acurrent of 2 A is passed for 5 h through a molten tin salt to
deposit 22.2 g tin. What is the oxidation state of tin in salt ?
[At. wt. of Sn =118.69¢)

(a) +2 (b) +5
(c) +3 (d) +4

2. The reaction,
%Hz(g> + AgCI(s) — H* (ag)+ Cl~(ag)+ Ag(s)

oceurs in the galvanic cell

() Ag|AgCl(s) |[KCl(aq) || AGNO4(ag) [Ag(s)
(0) PtIH,(g)|HCI (aq) || AGNO, (ag)| Ag(s)
(€) Pt|H,(g)|HCl(ag) || AgCl(s) | Ag(s)

(d) Pt|H,(g)|KCl(ag) || AgCl(s) | Ag(s)

3. A solution of sodium sulphate in water is electrolysed using
inert electrodes. The products at the cathode and anode
are respectively
(@ H,,0, (b) O,,H,

(c) O, Na (d)0,,80,

4. When a lead storage battery is discharged,

(a) SO, is evolved
(b) lead sulphate is consumed
(c) lead is formed
(d) sulphuric acid is consumed

5. Of the following metals that cannot be obtained by
electrolysis of the agueous solution of their salts are
(a) Ag and Mg (b) Ag and Al
(c) Mg and Al (d) Cu and Cr

6. The standard reduction potential values of the three mgtallic
cations X, Y and Z are 0.52, —3.03 and —1.1 8V.respect|ve!y.
The order of reducing power of the corresponding metals is
@Y>Z>X byX>Y>Z
(SNZ > > X (dZ>X>Y

Zh, gas X at 1atm is bubbled through a solution containing a
mixture of 1MY~ and 1MZ~ at 25°C. If the order of
reduction potentials is Z > Y > X, then
(@) Y will oxidise X and not Z
(b) Y will oxidise Z and not X
(€) Y will oxidise both X and Y
(d) Y will reduce both X and Y

8. For the electrochemical cell, M| M*
E‘(M*/M) = 0.44 V and E"(X/X™) = 0.33 V.
From this data, one can deduce that
(@) M+ X—— M* + X~ is the spontaneous reaction.
b) M* + X~—— M + X is the spontaneous reaction

cell = 77V

) E
ey = =077y

(
(c
d

9, A(/J77(NH4OH is equalto .......... [NCERT Exemplar]
(a) A%, (NH40H) T A, m (NH,4Cl) A (Hal)

(b) AY, NHac?)+ A% (Naory= A (NaCl)
(©) A v,y A ey AO(NaOH)
(

) A
d) A m(NaOH ACT (Nacy= &° (NH,,Gl)

10. When the sample of copper with the zinc impurity is to be
purified by electrolysis, the appropriate electrodes are
Cathode Anode
(a) pure zinc pure copper
(b) impure zinc pure copper
(c) impure zinc impure sample
(d) pure copper impure sample
11. For the reactions,
C+0,—>CO,,, AH = — 393 kJ
2Zn+0,—>27n0., AH = —412 kJ
(a) carbon can oxidise zine
(b) oxidation of carbon is not possible
)

(c) oxidation of zinc is not feasible
(d) zinc can oxidise carbon

12. The standard reduction potential for Fe?*/Fe and Sn?*/Sn

electrodes are —0.44 and -0.14 V. respectively. For the cell
reaction; Fe®* + Sn—s Fe + Sn2*, the standard emf | is

(a) +0.30 V. (b)-0.58V  (c) +0.58 V. (d)-0.30 v
13. For the reaction,
Zn(s)+Cu®* (0.1M)—s Zn?* (IM)+ Cu(s)
taking place in a cell, £, is 1.10 V. E cell for the cell will be
(2 303% =0 0591)

(@) 1.80V (b) 1.07 v/

(c)0:82 v

(d) 214V
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14. The Edison storage cell is represented as
Fe(s)|FeO(s) | KOH(ag) | NisO4(s) | NiO(s) | Ni(s)
the half-cell reactions are :
NisO5(8) + H,O(/) + 26~ == 2NiO(s) + 20H;
E° =+ 0.40V
FeO(s)+ H,0(/)+ 2e ==Fe(s)+ 20H;E° = - 0.87V

What is the maximum amount of electrical energy that can

be obtained from one mole of Ni,O4 ?

(a) 127 kJ
(b) 245.11 kJ
(c) 90.71 kJ
(d) 122.55 kJ

15. The standard reduction potentials at 298 K for the following
half reactions are given against each

Zn®**(aq)+2e~ —Zn(s); —0.762V
Cr¥ (ag)+ 32~ —Cr(s); —0.740 V
2H(ag)+2e” =—H,(g); 0.00\
Fe**(ag)+e~ —Fe®**(ag); 0.770 V
Which is the strongest reducing agent?
(@) Zn(s) Cs (s)
(c)H, (g)

16. The electric charge for electrode deposition of «
equivalent for substance is
(a) one ampere for one second
(b) 96500 C per second
(c) charge on one mole of electrons
(d) one ampere for an hour

17. Conductivity (unit siemen’s) is directly proportional to area
of the vessel and the concentration of the solution in it and
is inversely proportional to the length of the vessel, then the
unit of constant of proportionality is

(a)S m mol™ (b) Sm’mol™

[}

(c) S m’mol (d) S®m°mol”
18. What will be the emf for the given cell?

Pt|H,(py)|H™ (@g)iH,(p,)| Pt

(@) AT\ P (b) RTn by
F. B 2F p

© Blin22 (d) None of these
Fa

19. In the cell reaction;
Cu(s)+2Ag* (aq) — Cu** (aq)+2Ag(s), £, = 0.46V
By doubling the concentration of Cu®*, £_ is
(a) doubled
b) halved

(
{c) increases but less than double
(d) decreases by a small fraction

20. In the electrolytic

2415

22
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cell, flow of electrons is from

(a) cathode to anode in solution |
(b) cathode to anode through _external supply
(c) cathode to anode through internal supply
(d) anode to cathode through internal supply

Which of the following statement is correctINCERT Exemplar]

(@) E.,y and A, G of cell reaction both are extensive propertjes
(b) E\f’f‘ and A,G of cell reaction both are intensive prqpe(tles
(c) Efj is an intensive property while A,G of cell reaction is an

extensive property ‘ o
(d) Egey is an extensive property while A, G of cell reaction Is an

intensive property

Standard electrode potential data are useful for
understanding the suitability of an oxidant in a redox
titration. Some half cell reactions and their standard
potentials are given below

MnOj(aq)+ 8H* (ag)+ 5 e~ ——Mn**(@g)+ 4H0 (1);

{51
Cr,02 (aq)+ 14H* (aq)+ 66~ ——2Cr>* (ag)+ 7H,0 (/)
E = 1.384

Fe3* (aq)+e~ —>Fe*'(ag); E = 0.77 V.

Cly(g)+2e™ ——2CI (aq) E =140V

ty the incorrect statement regarding the quantitative
estimation of gaseous Fe(NO3),

(a) MnOj; can be used in aqueous HCI

(b) 0(335' can be used in aqueous HCI

SO,
H,SO,

(6) MnO; can be used in aqueous |
(d) Cr,O5™ can be used in aquec

S

- Electrolysis of molten NaCl leads to the formation of

24,

25.

26

27

(@) sodium and hydrogen
(b) sodium and oxygen
(¢) hydrogen and oxygen
(d) sodium and chlorine

NaCl is manufactured Dby the electrolysis of brine solution:
The products of the reaction are

'\:a‘/ Cl, and H, (B) Cl, and Na —Hg
(¢) Cl, and Na (d) CJ and O
iB-iro_\’/: many Faradays are required (o reduce 1mol of BrO3 0
(@) 3 (
(b) 5
(©)6 (d) 4
The unit of ionic mobility is
(@) m2ys~! B) =it |
(©) m~2VS~1 Ed; I;EZx‘QS ; ]
251 |

The value of the reaction
Zn(s)| Zn?* (0,01 M) ||

(@) 156

(¢) 1.25%x 102

qQuotient, Q for the cell ;
AQ"(1.25 M) | Ag(s)is

(b) 125 g
(d) 6.4x 102 4

el

Direct
shown |
M
M2+
(0.00001
The emf
M?* jons
0.059 V.

31. The

bas
con
(a) 1
(©)1

32. The
1F =

(@ -

Directio

two  state;
(Reason),

choices, o

select one

(@) S

ol

(b) St

cO

(c) St

(d) Ste

&
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Directions Q. Nos. 28 1o 30) Chemical reactions involve
interaction of atoms and molecules, A large number of
atoms/molecules (approximately 6.028x10%) are present in a
few grams of any chemical compound varying with their
atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept has
implications in diverse areas such as analytical chemistry,
biochemistry, e/ecrrochemistry and radiochemistry.

The following example illustrates g typical case, involving
chemicallelectrochemical reaction, which requires a c./eé}'
understanding of the mole concept. A 4.0 M aqueous solution of
NaCl is prepared and 500 mL of this solution 1S electrolysed. This
leaas to the evolution of Chlorine gas at one of the elec lrodes

(Atomic mass : Na =23, Hg:200;1F:96500C)

28. The total number of moles of chlorine gas evolved is
(@) 0.5 (b) 1.0 (c) 2.0 (d) 8.0

29. Ifthe cathode is a Hg electrode, the maximum weight
(in gram) of amalgam formed from this solution is
(a) 200 (b) 225 (c) 400 (d) 446

30. The total charge (in coulomb) required for complete
electrolysis is

(a) 24125 (b) 48250 (c) 96500 (d) 193000

Directions (Q. Nos. 31 and 32) The electrochemical cell
shown below is a concentration cell.

% (saturated solution of a sparingly soluble salt, MX.) || M?*

(0.00001 mol dm=>Mm).

The emf of the cell depends on the difference in concentration of
M?* ions at the two electrodes. The emf of the cell at 298 K, is
0.059 V.

49

31. The solubility product (K °) of MX, at 298 K
based on the information available for the given
concentration cell is (take 2.303 x R x 298/ F= 0.059 V)
@0 (b) 4 x 107"

(€)1 x 10712 (d) 4 x 10712

mol® dm

32. The value of AG (kJ mol™) for the given cell is (Take
1F = 96500 C mol™")
(@) - 5.7 (b) 5.7

() 11.4 (d) - 11.4

Directions (Q. Nos. 33 to 38) Each of these questions contains
two statements Statement | (Assertion) and Statement [/
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c) and (d) given below :

(a) Statement | is true; Statement Il is true; Statement Il is a
correct explanation for Statement I.

(b) Statement | is true, Statement |l is true; Statement Il is not a
correct explanation for Statement I.

(c) Statement | is true; Statement Il is false.

(d) Statement | is false; Statement Il is true.

Day 13 Electrochemistry
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33. Statement | The staridard reduction potential of M™*/ M
electrode increases with increase in activity of M"*ion.
Statement Il The standard reduction potential is given by

Ered™ End +—QQ&g log [M"*]
n

w
&=

Statement | Galvanised iron does not rust.

Statement Il Zinc has more negative electrode potential
than iron.

35. Statement I For the Daniell cell Zn| Zn?*||Cu?*|Cu with

Esey= 1.1V, the application of opposite potential greater
than 1.1V results into flow of electron from cathode to
anode.

Statement Il Zinc is deposited at anode and Cu is
deposited at cathode.

36. Statement | Anode is the electrode at which oxidat

occurs and cathode is the electrode at which reduction
oceurs.

Statement Il Anode and cathode in electrochemical cells
and electrolytic cells have opposite polarity.

37. Aninaccurate ammeter and silver coulometer is connected
in series in an electric circuit through which a constant
direct current flows. If ammeter reads 0.6 ampere
throughout one hour, the silver deposited on coulometer
was found to be 2.16 g. What % error is in the reading of
ammeter ? [Assume 100% current efficiency]

2l (b) 0.54%
c) 0.06 % (d)\ 10%

(
(
38

Same quantity of charge is being used to liberate iodine (at
anode) and a metal M (at cathode). The mass of metal M
liberated is 0.617 g and the liberated iodine is completely
reduced by 46.3 mL of 0.124 M sodium thiosulphate. What
is the total time to bring this change if 10 A current is
passed through solution of metal iodide?

(@) 65.4 s W25
(c)5.54 s

39. What is the current efficiency of an electrodeposition of Cu
metal from CuSO, solution in which 9.80 g copper is
deposited by the passage of 5 A current for 2 h ?

(a) 50% (b) 82.8%
() 41.4 % (d) 100%

40

.

X g of silver is plated out on a serving tray by electrolysis of
a solution containing silver in +1 oxidation state for a period
of 8.0 h at a current of 8.46 A. What is the area of the tray if
the thickness of silver plating is 0.00254 cm?
[Given, density of silver = 10.5 g cm 3]
(@) 10.7 x 10* cn?
(b) 1.02x 10* cm?
“(c) 4.1x 10° cm?
(@ 10.2x 10* cm?
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41. An aqueous solution of NaCl on electrolysis gives
H,(@), Cl,(g) and NaOH according to reaction,
2CI"(aq) + 2H,0— 20H"(aq) + H,(g@) + Cly(g)

/.

A direct current of 25 A with a current efficiency of 62% is

passed through 20 L of NaCl solution (20% by weight). How

long it take to produce 1 kg of Cl, ?

(8) 30.20 h (b)12.17 h (c) 48.71 h (d) 14.61 h
42. AgNO; (aq) was added to an aqueous KCl solution

gradually and the conductivity of the solution was
measured. The plot of conductance (A) versus the volume

of AgNO; is
A %&\f A 5
Volume (P) Volume (Q)
§ ; *Hf-x-j
Volume (R) Volume (S)
(a) P (b)Q ©) R (d)S

46. Electrode potentials (E°) are given below
Cu™ /Cu=+ 0.52V
Fe®* [Fe?" =+ 0.77V

% Ip(s)/ 1" =+ 0.54V

Agt /Ag=+ 0.88V
Based on the above potentials strongest oxidizing agent will
be [JEE Main Online 2013]
(8) Cu (b) Fe’* (©) Ag (@ 1

47. A solution of copper sulphate (CusO,) is electrolysed for

10 min with a current of 1.5 A. The mass of copper

deposited at the cathode (atomic mass of Cu = 63u) is
[JEE Main Online 2013]

(a) 0.3892 g (b) 0.2938 g
(c) 0.2398 9 (d) 0.3928 g
5 0 2 0 =l
48. Given, E12ce2/0| LBV = 0.74V,
0 = 0 2
ECrzoi“/Cr“ =1.33V, EMnOZ/MnQ" = (|51 W/
The correct order of reducing power of the species
(Cr, Cr®*, Mn?* and CI") will be [JEE Main Online 2013]

(@) Mn?* <CI-<Cr** <Cr (b Mn?* <Cr** <CI” <Cr
() Cr* <CI” <Mn** <Cr  (d) (i <Gl = Gl = Vi

43, Electrolysis of dilute aqueou

44. The rusting of iron takes place as foll

s NaCl solution was carried out

by passing 10 mA current. The time required to liberate

0.01 mole ofH, gas at the cathode is
(1F =96500 C mol™)

(a) 9.65x 10" 5
(c)28.95% 10" s

(b)19.3x10" 8
(d) 88.6x10" s

owWSs
oH* + 26" ‘i—% 0, —>HO(); E=+1.23V
Fe?t + 26 —Fe(s); E =-044V

Calculate AG ™ for the net process
() -322 kdmol™

(b) ~161 kdmol™

(c) =152 kJmol™

(d) =76 kJmol™

45. Zn|Zn2* (a= 0.1M) ||Fe?* @@ = 0.01M) | Fe.

The emf of the above cell is 0.2905 V. Equilibrium: constant

for the cell reaction is

(Cl) 1 O() 32/0,0591 b) 100 32/0.0295
1 0.26/0.0295 0.32/0.295

(c) 10 (d) 10

in Archive

dive 0 =_074V: E° =
49, Given, B Sy = =00 V,[M”U‘)/Mn:,,, =151V
= 2 0 I
E(:r-()‘f.’ (O 1.83V; E(‘,: Gl 1.36V

Bgsed on the data given above, strongest oxidising agent
will bew L [T JEE Main 2013]
(a) Cr (b) Mn<* (c) MnO; (d) CIF

- ]
50. Four successive members of the first row transition

elements are listed below with atomic numbers.

Wohich one of them is expected to have the highest
Eyjar o+ Value?

[T JEE Main 2013]
(@)Mn(2 =25) (b)Fe (Z =26) (¢) Co(Z =27) (d) Cr(Z =24)

51 : - 2
The standard reduction potentials for Zn2* / Zn, Ni®*/Ni and

24
Ir:éaact/ii;i ;re »20.76, - (2)423 and - 0.44 V respectively. The
+ Y5 —— X% + Ywill be spontaneous when

@ X=Ni V= Fo e Sk [AIEEE 2012]
(2 NSRS Sy @ X=7nY N

52. The reduction i a0
if potential of hydrogen half-cell will be negative

[AIEEE 2011]

a)p(Hz)=1atmand| H" = 2.0M
(b)p(H2)=1atmand| H* ]= 1.0M
(©) p(Hy)= 2 atm and| H* = 1.0M
(@ p(Hy)=2atm and| H* |= 2.0 0

53.

54.

55.

T8
217
Syl o
41.
ST

1. Ec

or

Tht
2. Ho
The
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53. Resistance of 0.2 M solution of an electrolyte is 50 Q. The

specific conductance of the solution is 18 8m=", |

f

resistance of the 0.4 M solution of the same electrolyte is

260 Q, its molar conductivity is
(@) 6250 Sm? mol~"

(b) 6.25% 107* Sm?2 mol~!

(c) 825% 107* Sm? mol~"

(d) 62.5 Sem? mol-!

[AIEEE 2011

54, Consider the following cell reaction,
2Fe(s)+ 0,(9)+ 4 HY (aq) —so Fe**(ag) + 2 H,0(),

IE S LB
At[Fe**]1=103 M Ro,) = 0.1 atm and pH = 3, the cell
potential at 25°C is

(@) 1.47V (b

f
(©) 1.87V (d
55. The correct order of E: . Values with negative sign for the

four successive elements Cr, Mn. Fe and Co is [AIEEE 2010]

(@ Mn > Cr > Fe > Co
(¢) Fe > Mn > Cr > Co

@GIENIER =~ 0086V E2 5, =~

) 1
) 1

=3 S

vV
Y

(SN

(b) Cr > Fe > Mn > Co
(d) Cr> Mn > Fe > Co

]

5

57. Given,

185

0
ECr 3 Jcr

The potential for the cell
Cr|Cr**(0.1M)||Fe?*(0.01M) | Fe is [AIEEE 2009]

(@)-0.339V (b)- 026V (c)0.26V (d) 0.339 V

8. Resistance of a conductivity cell filled with a solution of an
electrolyte of concentration 0.1 M is 100 Q. The conductivity
of this solution is 1.29 S m™!. Resistance of the same cell
when filled with 0.2 M of the same solution is 520 Q. The
molar conductivity of 0.2 M solution of the electrolyte will be

[AIEEE 2006]

(b) 1240x 107* S m* mol™

(d)12.4x10™" S m? mol™’

=-0.72V: EF” =-042V

e 24 /Fe

(@) 124x10™* S m? mol™!
(€)1.24x10™* S m? mol™!

9. Aluminium oxide may be electrolysed at 1000°C to furnish
aluminium metal (atomic mass = 27u;
I'F = 96500 C). The cathode reaction is

AlFE L 865 2

To prepare 5.12 kg of aluminium metal by this method
required electricity will be [AIEEE 2005]
(@) 5.49x10'C
(c)1.83x10°C

(b) 5.49 x IO‘TC
(d) 5.49x107C

60. The standard emf of a cell, involving one electron change is
The value of standard electrode potential for the charge, found to be 0.591V at 25°C. The equilibrium constant of the
# o =y o E — QAR { AIEEE onnal
Fed* By a2t (aq)will be [AIEEE 2009] reaction ‘5‘ (1F = 96500 C mol™) s [AIEEE 2004]
(@1.0x10 (b) 1.0x10
(@ -0072V (©)1.0x 10" (d) 1.0 x 10%
(c) 0.770 V
A = 5
ANSWers
1 () 25(6) 3. (a) 4. (d) 5. (c) 6. (a) 7. (a) 8. (b) 9. (b) 10. (d)
11. (a) 12. (d) 13. (b) 14. (b) 15. (a) 16. (c) 17. (b) 18. (b) 19. (d) 20. (d)
200(c) 22. (a) 23. (d) 24, (a) 25. (c) 26. (b) 27. (d) 28. (b) 29, (d) 30. (d)
31. (b) 32. (d) 33. (a) 34. (a) 35. (a) 36. (b) 37. (d) 38. (a) 39, (b) 40. (b)
41. (c) 42, (d) 43. (b) 44. (a) 45, (b) 46. (c) 47. (b) 48. (a) 49. (c) 50. (c)
51. (d) 52. (c) 53. (b) 54. (d) 55. (a) 56. (c) 57. (a) 58. (d) 59. (d) 60. (c)

Hints &

it
1. Equivalents of tin =
quivalents of ti 96500
222. 2x5x60x60
i Eq.wt. 96500
Eq. wt. = 595
69 .
- Valency of tin = b e et 5 (@n integer)

Eq.wt. 595
Thus, Sn** +2e"——8n
2. H, undergoes oxidation and AgCI(Ag*)undergoes reduction.

Therefore, cell may be represent, as
Pt | Ha(g)| HCl(aq) || AGCl(s)| Ag(s).

Solutions

3. At cathode, H* is more easily reduced than Na* to give H,

4. When a lead storage battery is discharged H.S0,

and at anode, OH™ oxidised to give O

is
consumed.

5. Mg and Al have lower reduction Potentials than H,0. Hence,

g S

®

H:0 is reduced more easily to give H, gas at the cathode
- Greater the reduction potential, less is the reducing power

- Greater the reduction potential, stronger is the oxidising

agent. Hence, Yis stronger oxidising agent than X but weaker
than Z.

- EMF for (b) is +ve =E£2, M)+ E, (x)
=044+(-0.33) = 0.11V
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9. According to Kohlrausch's law

,O 0 = \
et Mo = A

N
1(Na

0
NHa0HT AmNach)

NaOH) ~ "\'v:\NnL

0 0
ORAmNH,0H) = AmNHacn A

10. Impure sample is made the anode and pure copper acts as

the cathode.

11. Zinc can lose electrons to form Zn?* and carbon can gain

electrons to form carbide ion (C*)

Thus, zinc is oxidised by carbon

12. E.i= E,i(Sn)+ Eog(Fe) = +0.14+(-0.44)= -0.30 V

0591 zn2
13. E,=E Ao log| I

C cell ™~ }7 \ éug.
1
- 1.10-9059J|mg oi'f 1.07 V.

14. Given, Ereo/pe =— 0.87V; and  Eyio.nio = 0.40V
Erejre0 =+ 0.87V
and EN“ NiOx == 040V

Since E

o forFe / FeO > E_,; for NiO / Ni,O4
.. Redox changes

At anode Fe + 20H™—— FeO(s) + H.O(l) +2e

At cathode Ni,O5(s)+ H,O()+ 2™ —— 2NiO(s) + 2
Overall reaction
Fe(s) + NiOs( 2NiO
Hence, Ecop =
= 0.87 - (- 0.40)
or Ecqn=1.27V
and AGR = nFEE)

=2x 1.27 x 96500
= 245110 J=245.11 kJ

15. Less the reduction potential, weaker is the oxidising a

stronger is the reducing agent.

16. One gram equivalent is deposited by 1F ie. charge on

1 mole electrons

areax conc
length

Sxm

17. Condugctivity = Kx

conductivity xlength
or K= —— y “*':‘}'* U e Y
area xconc. m*< xmol m™

= Sm*mol™!
18. RHS, 2H" +2e” ~—=H,(p,)

LHS, Ha(p))=2H" +2¢

Overall reaction  H,(p) == 2(D>)
e I s

nF  p

R iDs ﬂ

=0-—Ih=2= |Pl
oF " p, F”p2

9. E = Ees

Doubling (Cu®*) decreases

20. In electrolytic cell, flow of el
cathode through intern

is an intensive pro

Th 0 =
be
Pt O
TN
Sinc
sp

. Numt
lonic e
lonic veloc
ol ‘\“ {8
‘Yr\‘\«‘ \\\\\\
N(S) + 2A
Q=

. 40 M NaCl, 50
Moles of NaCl =4 x0 5

2mol NaCl = 2

29, Na + Hg — Na

2 mol

2 moles of amalgam =
‘ gam =2
30. 2 CJ —>Cl, +2

Total charge -

31. The

Sol

or
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31. The solubility equilibrium for MX, is

MX5(s)==M?* (aq) + 2 X"(aq)
Solubility product, K, = [M**] (X"
=10 5 X (2 % rlO—!v>L’
=4x107"
(- In saturated solution of MX,, [X™]=2 [M?*])
v — 2x 0,059 % 96500
82, AG=-nFE=———_—"" """ )= 1 mol™’
1000 1.4 kd mol

33. Both the statements are true and statement Il is the correct
explanation of statement |.

34. Galvanised iron/.e., iron coated with zinc does not rust easily
as zinc has more negative electrode potential (- 0.76 V) than
iron.

. Ina Daniell cell, Zn| Zn®*|| Cu®*| Cu

IE 1.1V
The reaction of oxidation half-cell is

o
(214

cell

Zn——— 7Zn<t L2

The reaction of reduction half-cell is
CuiFt e —==l

So, i AnCUE T —— A 11Ol
because Zn is oxidised, it is deposited at anode and Cu is
reduced, so it is deposited at cathode. If the opposite
potential is greater than 1.1 V, then the electrons flow from
cathode to anode. So, both the statements are true and
correct explanation.

36. Statement Il is not the correct explanation of statement |, but
both are facts

37. W LD
Eq. wt. 96500
or 216 _ 1 x60x 60
108 96500
or i=054A

Error in reading of ammeter = 0.60 — 0.564 = 0.06 A

0.06
% =—— x100=10%
% error 0,60

it
= iodine = Eq. of hypo =-——
38. Eqg. of metal = Eq. of iodine = Eq. of hyp 96500
0.617 _ 463 _ h104x1
Eq. wt. 1000
2 = Mol. wt.
[2S,05” —»S5,05 +2e and Eq. wt. = h
-~ Eq. wt. =107.47]
& 0617 _ 10xt
e 107.47 96500
t=56i45
wi. it
39. e ——
Eq.wt. 96500
98 j %2 x 60 x 60
or =

635/2 96500

Day 13 Electrochemistry

[ =414A
theoretical value of/
practical value of

. Current efficiency = x 100

=419 100 = 82.8%
3
Wi 1
40. e e o S
Eq.wtag 96500
107.8 % 846 % 8x 60 x 60
or Wpg = e
96500
or Wag =272.18 g
2l ilts) ‘
Volume of Ag = 1; == 25,92 cm®
5 0F \
. Surface area =—222%_ = 1,02 104 cm?
0.00254
41. The redox changes are
At anode 2CIT—Cl, + 2e
At cathode 2e~ + 2H,0—— 20H™ + H,
Now . Wes oh it
Eq.wt. 96500
Given, wg, = 10°g, Eq. Wtg, = 35.5and
|~
fLee Ry
100
. 10% x 96500
Hence, = oz
(C131(515 1l15) /o)
=175874.83 s
=48.71h

42. As AgNO, is added to solution, KCI will be displaced

according to following reaction.
AgNQO4(aq) + KClag) — AgCI (s) + KNOz(aq)

For every mole of KCI displaced from solution, one mole of
KNO, comes in solution resulting in almost constant
conductivity. As the end point is reached, added AgNO,
remain in solution increasing ionic concentration, hence
conductivity increases. Hence, option (d) is correct.

43. 2H,0 +2e —> H, +20H"

For 0.01 mol H,, 0.02 mole of electrons are consumed.
Charge required =0.02 x 96500 C =/ xt

. ) 0.02 x 96500
Time required =—————
10%x10™

=19.8x10%s

44, Reactions,
(i) Fe(s) > Fe? +2e™ E" =+ 0.44V

and AG{=-nEF=-2x044xF

(i) 2H" +2e~ + -;-02 —H,0 (1), E" =+1.23V

and AG, =-2x(+1,28)xF
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Net reaction

Fe(s)+2H' + 10, —Fe?* +H,0()

AG; =AG, + AG,
=-2% (+0.44) +(-2x1.23)
=-0.88-246
=-3834 F =-334x96500 J
= -322.31 kJ
=— 322 kJ
45. For cell Zn|Zn**(a = 0.1M)||Fe**(a = 0.01M) |Fe
The half cell reactions are
(i) Zn(s)}—> Zn**(aq)+2e

(i) Fe?*(ag)+2e — Fe(s)

Zn(s)+ Fe?* (ag)— Zn?* (ag) + Fe(s)

On applying Nernst equation,

£ g 001 (2]

T i
Boomop o D0oe,, 01
By 001

0.2905 = F_y; — 0.0295%l0g;, 10
0.2905 = £ — 0.0295x 1
E = 0.2905+ 0.0295= 0.32V
At equilibrium, (E.¢ = 0)

el

10c

0.0591
lo

10 Ko

10

0=Eoy -

or Ecey = = logg K.

0.0591

0.32=

46. More positive value of electrode potential represents that Ag*

is the strongest oxidizing agent

4'7. From Faraday's first law,
Mass of Cu deposited,
E
96500
68
" 2 % 96500

= 0.2938g

w=Zit= /-t

x1.6A x10x60s

48. More the negative value of reduction potential, higher the
reducing power. Thus, the correct order of reducing tendency

s

< Cr3+ <

Mt < C
(1.51V) (1.36V) (133V) (<0.74 V)

logs Kok = 10322/2.029

‘.E
S t oxidising agent 1
49. As per data mentioned MnO, is strongest oxidising agentas ;
it has maximum SRP value |
B0, ED 4o, s =157V, EL G SR v
E(’ 310 ‘:197\/‘/‘:17';‘:-"":‘0'41 ’
51. A cell reaction is spontaneous if AG® <0 |
Since AG® = — nFEq
Thus, Ee >0
Ecel :E:- + Ereq
B red 53. S
X+Y2 5 X2+ Y {
- ) '
(@) If X =Ni, Y =Fe
Ni+ Fe?* — Ni®* + Fe
E" <o =4 026 i
E gy =— Q44N
Thus Ecor =Bz Eegze o
=—0.21V
A0 | 54. The
(b) If X =Ni, Y = Zn '
Ni+ Zn%* — Ni?* + Zn
Egpnizs =023V \ 2
EZ::"’ Tn B 0.76 V 4
2 == |
SLSERY | 55. Usual
Eri<0 | for ste
(c) X =Fe, Y = Zn ,‘ o stal
Fe+ Zn?" — 5 Fe?* 4 71 | Sk
; 7 | 56. Given,
E(.E:H :EC)'F B ARl o ]
e e 0= /Zn ]
B 0'44:“ 0.76=-0.32V | We ne
Eal=<0 "f
(d) X=2Zn, Y = Ni | We car
Zn+ Ni#* — 72+ o N not ob
Bt 4 4 intensiv
gl EZn/ZnE* = ENIZ* /Ni 4
e 0.76-0.23=0.53 V d
: Ecei > 0 (spontaneous) i
2. i
Reduction hydrogen half-cell is
=13

JEE Main Chemistry i» s+ 240 Days |

H+(XM)| Pt(H,)

Half-cel| reaction is
2t @) +2e™ —5H,(g) 3

Reaction quotient = ) = Py, /[H*Bon =2 i
> ) -4
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53. Specific conductance -

Day

- - 0.0591
/;rm! o f,‘,m’ J log Q
n

0.0591 -
0 /: log @

P,
(@) 1 atm
(b) 1 atm
(©) 2 atm
(d) 2 atm

conductance x cel| constant

: 1
1.83=— % cell constant

50
Y
Cell constant = 1.3x 50 m~! - (&Y5) fpptis L 2 ‘a‘m "
100
D00 x ¢ Jtance X cell conste
Molar conductivity = 1000 c onductance x cell constant
molarity
1000 | 65
= — ¢

5
0.4 260 100
=6.25 Scm? mo|-!

=6.25X% 107" Sm2 mo|!

« The half reactions are.
[Fe (s) — Fe®* (aq) + 2e ]x2
Ox(@)+ 4H + 46~ — 50 H,0
2 Fe(s) + O,(g) + 4 H — 2 Fe2+ @q) +2 H,0()
5 352
E=fge 0059 ”9,,? =157V
4 (IR0
- Usually across the first transition series, the negative values
for standard electrode potential decrease except for Mn due
to stable d °-configuration.
So, correct order of £° isMn > Cr > Fe > Co
- Given, Fe* + 3e~ —; Fe: ES =-0.036 V. (i)

Feftioe= Fe E% =~ 0439V .. (i)

We need to calculate
Fe™ +e~ — Fe2*; o, =9 )
We can obtain then (iii) be subtracting (ii) from (i) but we can
not obtain £; that way because electrode potential s
intensive property. That's when we determine £, calculating

AGj = AG; - AG,
(AG is an extensive property)
AG; =3x0.036 -2 x 0.439
NFE®; =(0.108 - 0.878)F
= IEXE =—0.770
E°% =0.770F

3 Electrochemistry

57. A = 0 ) (=0.72)=0.30V
The cell reaction is
2Cr + 3Fe**— 20r%* + 3Fe.n =6

o 00591 [Cr3t)2
Ecell :Ece!l =t 6 lo [F92+]3
5 O.30—~O'O591Iog (0.1)3
6 (0.01)
= 0302 20091 e e 0.26 V
58.  Where, R =100Q
o /)
]\ — | e
R (a

! (cell constant) = 1.29x100 m~" = 129 m~"
a

R=520Q; C=0.2M
v (molar conductivity) = ?
M= KxV

u:—ix129x1000
520 0.2

Hence, x107%m3

=12.4x10™ Sm2 mol~
59. APt + 3e- 5 A
w=2Q
where, w = amount of metal
= 5.12kg = 5.12x10%g
Z = electrochemical equivalent
_ equivalent weight
9500
L atomic mass
" number of electrons x 96500
e
~ 3% 96500

5‘12><103=Lx
3x 96500

Q = 5:12x10° x3x 96500
==_—C = 79x°0000
27

Q

C=5.49x107C

o

60. Relation between Keq @nd £ is
o 2.303RT

Eceli= PE log Keq

Enim (27591 log K., (at 298K)
0.0591

0.591 = -T log Keq
log Keq= 10
Keq= 1x101°
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Chemical Kinetics

Concept of Chemical Kinetics

Chemical kinetics is the branch of chemistry which addresses the rate
of chemical reaction. It include the (nvestigations of how different
experimental conditions can influence the speed of a chemical

reaction and yield information about the reaction’s mechanism and
transition rates.

Rate of a Reaction

The rate or speed or velocity of a reaction is the rate of change
of reactants or products in unit time. When a reaction o(:cur: th
of reactants starts decreasing while the
increasing.

of concentration
1€ concentration
concentration of products starts

A—>B
Rate of reaction can be defined in two ways

(i) Average rate of reaction,

At At

The units of rate of acti e
ate of a reaction are mo] L™ s™! or mol 1! min ",

1
i
J]
i

(ii)

Eéctl

The ra

such a

O
Th
Zero (
Reaction

change

through

where,

{ &

where, k
For a
proportic
units of
mol L' s~
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(ii) Instantaneous rate of reaction (r,.) can be

calculated from z, in the limit At — 0 and is represented

as

I st = - d\[A] = @

& dr dt
In general for a reaction, g4 + bB — cC +dD

hte 14141 __1dip)
a dr b dt
il el
G (6l d dr

Béctnrs Affecting the Rate of Reaction
The1 rate of chemical reactions depends upon a number of factors
such as

(i) Concentration (1i) Nature of reactants
(iii) Temperature (iv) Presence of catalyst

(v) Exposure to radiations

Rate Constant and Rate Law

i According to law of mass action, The rate of a chemical
i reaction is directly proportional to the product of effective
concentrations of reacting species, each raised to a
i suitable power may or may not be equal to the respective
i stoichiometric coefficients. For a general reaction,
{ @A+ bB — Products; Rate = K[AF[BIP

i where, k is rate constant or velocity constant or specific
i reaction rate.

{ The above expression is called rate law as it describes the
i functional dependence of the reaction rate upon
concentration of various reactants. Rate law cannot be
! deduced from balanced equation. It is obtained
i experimentally.

i Unit of k in terms of concentration, Rate =k[A]*
5 ‘ 1 §

i Where, x = order of reaction »—mi— =g e

: L-time L

/ "
Wit of k = (mol) = * - X~ Ts~!

JOrder of Reaction

The sum of the coefficients (or powers) of the reacting species that are involved in the rate law expression for

the reaction represents the order of the reaction.

For the reaction, aA + bB — ¢G + dD

dx
dt

According to law of mass action,

According to rate law (rate equation),

Overall order of reaction = o + 8
The order of reaction can only be determined by experiments,

"Zero Order Reaction

Reactions in which the concentration of reactants do not
change with time and the concentration rates remain constant
throughout are said to be zero order reactions.

__[cl-1Cd
iy t
where, C;, = initial concentration of the reactant
C, = concentration of the reactant at any time ¢

— CO
LT =
where, k = rate constant, £, = half-life period
For a zero order reaction, halflife period is directly
Proportional to the initial concentration of reactant.and
units of rate constant and rate of reaction are same, i.e.,
mol 17! 571,

E-:

= k[A]"[BP

k[A]“[Bf

First Order Reaction

The first order reaction is defined as “The reaction in
which the reaction rate is determined by the change of
one concentration term of the reactant only”, e.g., In the
reaction
.A/: 2303 logs a
k (a= x)
where, = time, a = initial concentration
k = rate constant,
(a—x) = concentration of a after time ¢+’

& ‘lfﬁ 1/, = half-life period

‘#or any reaction, half life period t;,, o %1.
a

where, a = initial concentration, n = order of reaction

=
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Rate equation for first order gas phase reactions

2.3(
e L Ch I o
t Po= Pt
where, p, = initial pressure
p; = pressure after time

1 /4 a sequence of reactions A oy P e [B] is
I maximum when,
2303 Ka ]
t= —— ogg | —
(kp —ka) \ Kg )

Second Order Reaction

The reaction is said to be of second order if its reaction rate
is determined by the variation of two concentration terms
of reactants, It can be represented as

1 X
f = ~| ——— |, when both the reactants are same.

t| ala- x)
Transformation of O, into O, is an example of negative
order reaction order w.r.t, O, is ~1.

Third Order Reactions

A reaction is said to be of third order if its rate is
determined by the variation of three concentration terms,

2 P
—a or i k[AT (For 3P — product)
At Al
s
or = of or of =k [A][B][C] (For A + B + C — product)
Al At

When the concentration of all the three reactants is same or
three molecules of the same reactant are involved, the rate
expression is given as

A + B + C — Product
a a a 0 (initially)
(a-x) (a-x) (a~- x) X (after time t)

The rate constant, k for the reaction is given by

1, x(ka-x)

Tt 2di(a- x)P
The units of rate constant for third order reaction are
I* mol™ time™
Reactions of third and higher orders are rare, but some
examples of 3rd order reactions are definitely seen. This is
due to the fact that the chances of three molecules of
coming to a single point simultaneously, i.c., probability of
trimolecular collisions is much less as compared to
unimolecular or bimolecular collisions.

TEE Main Chemistry iJus+ 40 Days

Examples r)/'[lu'r{l order reactions are

(i) 2NO + 0, — 2NO;
(ii) 2NO + cl, — 2NOCI
(iif) 2NO + B, — 2NOBr
(iv) chuliunv

formate i.e.,

2CH,COO0Ag + HCOONa

between silver acetate and

+ CH,COO™Na*

Negative Order Reactions =

reaction
constituent

i Sometimes the rate of
concentration of one of the

transformation of ozone into oxygen, i.e., 203 — 80,
i @
rate=——— [Q,]=K =2 =K[03][O5]
Bt T @]
Because the reaction involves two steps as
- Fast :
0, + 0 —— 04 voofi) &
A Slow N
05 + 0 =% 20, (i) |
i Reaction (ii) gives the rate law as it is the slow step !
Rate = k [05][0] (il |

i Since [O] is an intermediate species and takes part in the fast |

reaction, so
S [UJ,’ or [O]= ,,Ct‘,
[0,][O] K'[0;]
On putting the value of [Q] in rate law, we get
"\[ ) H 0 A]
k‘l 0,]

Raie =k [04 P[0T

Effect of Temperature on Rate
of Reactions

It has been found that for a chemical
in temperature by 10°, the rate
constant is nearly doubled, The
temperature dependence of the

reaction with rise

rate of a chemical reaction can
be accurately explained by
Arrhenius Equation '

/k:/\v liq/RT )

Here,
k = rate constant

A = Arrhenius constant or fre

B quency factor

a = activation energy

sodium

__» 2Ag + CO, + CH,;COOH

decreases as the |
is increased, €.g., i

(where k, = kK171

Te

(ii

In ¢
mole
repre
(i)
(i)
(iii)
In ca
one
mole
e.g.,

This ;

Hence
bimoly

|
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On taking log on both sides in Eq. (i), we get

_.E' . 2 v r‘ —
10k =5y 108 Arfog = (T 2T )
30; ki~ 28USRY B

0 Pl . e <
%w Photosernsitisers are the substances which when add

ed to a reaction mixture helps to initiate the
photochemical reaction withou

t undergoing any chemical change,
Arrhenius equation s |

k=Ae™Ea/RT g

ased on two theories of reaction rates, collision theory and transition state theory. Since,

, IS always positive, thus, k always increases with temperature. Due to this rate always
Increases with temperature whether the rec tion |s

» When T —— oo k = Ae?

s exothermic or endothermic

or rate constant becomes equal to Arrhenius or frequency factor. (For free radical
reaction £, = 0, thus k = A and k becomes independent of temperature)

Temperature Coefficient

(i) It is the ratio of two rate constants differing by a temperature of 10 K,

(1i) For most of the reactions, if temperature rises from 298 K to 308 K, the rate constant almost gets doubled.

(iiif) The value of temperature coefficient for most of the reactions lies between 2 to 3.

Molecularity

Molecularity is defined as the number of ions or molecules or atoms taking part in an e

lementary process of the
reaction mechanism.

In case of simple reactions, known as elementary reactions, the
molecularity is simply the sum of molecules of different reactants as

s
S

represented by balanced equation, e.g., Pseudo Unimolecular

(1) Unimolecular reaction N, ,(g)— 2NO,(g) Reaction
(ii) Bimolecular reaction 2HI(g) — H,(g) +1,(g)

When one of the reactants is present in large
(iii) Trimolecular reaction 2NO(g) + O, (g) » 2NO, (@) excess, the second order reaction confirms to the
' . : first order and Is called pseudo unimolecular

In case of complex reactions, i.e., the reactions involving more than reaction, e.g., hydrolysis of ester in acidic
one step the rate determining step is slowest step, The atoms, medium

molecules or fons participating in this step decide the molecularity, CH,CO0C H, H ’»"'~Q»~>CH,COOH + CoHOH
0.8, HBrO, + 6HI—> HBr + 3H,0 + 31,

This is also known as pseudo first order reaction
This reaction takes place through following steps

HBO, + HI 25 HB1O,, + HIO

(rate determining step)

Rate = k|ester]

e Collision Theory

y AR 4+ 2H,0 + 21,

HBrO, + 4HI pEIBE+ 2 i + The collisions among the reacting species
HIO + HI Sl LGSR i which result in the products are known as the

effective collisions,

Hence, two molecules participate in slowest step, the reaction is

+ The species taking part in the chemical reaction
bimolecular type.

must have a certaln minimum energy known as

A : i  threshold energy (E° ).
» Molecularity is always a whole number. It can never be zero, negative or i

fraction whereas order of a reaction may be whole number, fractional, zero Threshold energy = activation energy (E, )
: : + average energy of molecules.
or even negative. i
W Order of reaction may change with the condition Such @S Dressure, vwersssnsssesssrvesssstumodsnavsanstistasstsuntn

temperature etc, whereas molecularity does not change.
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Activation Energy

reaction. Activation energy does not

o ‘ : el o . articular
Activation energy is represented by E,. It is constant jor a p

depend on temperature, volume, pressure efc.

 the presence of catalyst.
, but gets affected by the presence f !

Jath of lower activation energy to the
é

Catalyst increases the rate of reaction by providing alternati I

s BAH <0, i.e.,

reactants. A

>

Energy ——

Calculation of

Activation energy can be calculated by knowing the rate
constants at two different temperatures, assuming that £ :
and A remains constant
Taking log of both the sides in Arrhenius equation. we get
E
Ink=InA~-—=2
RT

Now, if the values of rate constant at temperatures T, and
I, are k; and k, respectively then

Ink;=In A- £q (i)
1

In k):!nA—rbi‘i (ii)
: R

Subtracting the Eq. (i) from (i), we get

EO(REL) SE. “E
Inky ~In ky = - [ g (O

BRSLYRT ) AT AL
nfefafl_ 1] & =y
VRS [ e ‘

log

R [’z"T'J [Here, T, > T,

ki~ 2808R\ TT,
This relation is used when rate constants at two different

temperatures are given

This reaction is also written as g ‘O_*(_J & ~rad
dr RT*

exothermic reaction

- |n presence of catalyst

Time —

nably good representation of

sented by Arrhenius equation as

The intercept of this line is equal to log A
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[NCERT Exempla

2,
H+ NaClis given by,
of the reaction will be
g the concentration of sodium hydroxide
ng the concentration of alkyl halide to one
on Increasing the temperature of the reaction
reasing the temperature of the reaction
3. The chemical reaction, 20, — 30,, proceeds as follows
Oz == 0, + O (fast)
O+ 05 —20, (slow)

The rate law expression should be
@ r=k[0,F

(b) 7 = [0, O,

(©)r = K[0,](0,]
(d) Unpredictable

4. For an endothermic reaction, where AH represents the
enthalpy of the reaction in kd/mol, the minimum value for the
energy of activation will be
(@) less than A H
by zero
() more than A H
(d) equal to A H

5. The rate of reaction is doubled for every 10°C rise in
temperature. The increase in the reaction rate as a result of
termperature rise from 10°C to 100°C is
(&) equal 10 the ener 'y of activation of products
{b) 112 times
(c) 512 fimes
(d) 814 times

6. The rate for the decomposition of NHz on platinum surface
is zero order. What are the rate of production of N, and H,
respectively, if k =2.5 x 10~ mol L's™ 2
(@1.25x 107 mol " s7": 8.75x 10~*mol L s
(0) 8.75% 107* mol L' s7"; 1.25x 10 *mol L5~
(©)2.5x 107 mol L' s7%; 8.75x 107*mol L's™
(d)1.25% 107* mol L s7": 2.5x 10~*mol s~

7. The rate of chemical reaction is doubled for every 10°C rise
In temperature because of

(a) increase in the activation energy

(b) decrease in the activation energy

(c) increase in the number of molecular collisions

(d) increase in the number of activated molecules

_ﬁ./ln a reversible reaction,
2NO, == N,0,
the rate of disappearance of NO is equal to

(@) 27‘: [NO, 2 (b) 2k [NO, 2 ~ 2k, [N,O, ]

(0) 2K, [NO, TP — k,[N5O,] (d) @k — k,)INO, ]

9. The half-life period for first order reaction having activation

energy 39.3 keal mol™ at 300°C and frequency constant
1.11x10"s™" will be

@1h (b) 1.68h
(c)1.28h (d)111h

10. Half-life of a hypothetical reaction is found to be inversely

proportional to the cube of initial concentration. The order of
reaction is

(a) 4 (b) 3 (c) 8 (@2
11. The half-life for the reaction, N,Os5 — 2NO, + 2102 IS 24 h at

30°C. Starting with 10 g of NzOs, how many grams of NzOs
will remain after a period of 96 h 2

(@) 1.25g (b) 0.63 g

(©1.77¢g (d)0os5g
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12. Which of the following graphs represents exothermic
reaction? [NCERT Exemplar]

Activated complex Activated complex

0 B (i) B
(4} [}
& i
Reactants Products
Products Reactants
Reaction coordinate —> Reaction coordinate —»
Activated complex
(ii)) B
(V)
=
im|
Reactants Products
Reaction coordinate —»
(@) Only (i) (b) Only: (ii)
(c) Only (iii) (d) (i) and (ii)

13. The units of second order rate constant are
(@) mol dm3s~" (b)s™
(c) dm®mol s (d) None of these

14. In the sequence of reactions,

K ko k3
A—B—C—D

ks > ko > ky, then the rate determining step of the reaction is
(@ A—B (b)B—C (¢)C =D (dA—>D
15. The hydrolysis of methyl formate in acid solution has rate
expression : rate =k [HCOOCH,][H"]
The balanced equation being
HCOOCH; + H,0 —— HCOOH + CH,OH
The rate law contains [H*] though the balanced equation
does not contain [H* ] because
(@) H'ion is a catalyst
(b) H*is an important constituent of any reaction

(e) more for convenience to express the rate law
(d) all acids contain H*ions

~ 16. Consider the interconversion of the ‘boat’ and ‘chair
conformations of cyclohexane.

Chair

Boat
The reaction is first-order in each direction with an
equilibrium constant of 10*. The activation energy for the
conversion of the chair conformer to the boat conformer js

11765

18.

19.

20

215

22

JEE Main Chemistry inJust 40 Days

42 kJ mol~". Assuming an Arrhenius pre-exponentigl factor
of 102s~" what is the expected observed reaction rate

constant at 298 K if one were to initiate this reaction starting

with only the boat conformer? .
(@) 8.01x 10° s~ (b) 4.34 107 s
(c)2.56x 107s™ (d) 3.63x 10" s

1
-1

1

Consider the Arrhenius equation given below and mark the
correct option.

K = [NCERT Exemplar]

(a) Rate constant increases exponentially with increasing
activation energy and decreasing temperature

(b) Rate constant decreases exponentially with increasing
activation energy

(c) Rate constant increases exponentially with decreasing
activation energy and decreasing temperature

(d) Rate constant increases exponentially with decreasing
activation energy and increasing temperature

A first order reaction is half-completed in 45 min. How long

does it need for 99.9% of the reaction to be completed?

(@) 20 h (b) 10 h 2
@721n (@ 5h

Rate constant k varies with temperature as given by

equation

log & (min~1) = 5 2200 K
e 7 .5
onsider the following about this equation
. Preexponential factor is 108
Il E, is 9.212 kcal
IIl. Variation of log K with l is linear
i
Select the correct statement
g lll, |I|[,||n (b) 1, 1 Dir
: (o) M| Stud,
Velocity constant of a r C
¢ a €action at 290 K was
i =S 0 K was found to be
il =2
(@)1.28x10 (b) 32 times
(¢)6.4x10°3 (d) 3.2 x10* P
H,0 and O : ‘
foorm . Oﬁt?,:c: reelict N Upper atmosphere bimolecularly t@ o
ICals. AH for the reacti
] on s
?gcci er;grgy of activation s 77 kd mol™! EIS fZ)f E:Jmac;lgcoga,: " :
Mmbination of t i 5 ‘ .
Nk WO OH radicals to form H,0 and O atom ¥
(@) 5kJ mol~! | -
(©) 77k rr?(ljl“ {ORER b e |
y () 149k oy~ B
e half-life periog f °
or cat it 3
mm is found to be 4ha Z'Y“C i e bty g
reaction is MG 8L10 mm, itis 2 b, The order - ((g;
03 ® 1 ] &
@0 3 2
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54. For the reaction following data is given

[ -2000

A Bk = 10"exp' 7
(=1000)

6= Dk, =10%exp' T /

At what temperature, k; and k, will be same?

(a) 434.22 K (b) 868.43K (c)217.10 K  (d) 130.26 K
24. The rate constant for a zero order reaction is
(@) k=0 by k=20"C
2t t
(©) k= lnci& (d) k = Co
t ¢,

25. Calculate the half-life of the first order reaction,
CH,0(g)— CH4(g)+CO(Q)
if the initial pressure of C,H,0 (g) is 80 mm and the total
pressure at the end of 20 min is 120 mm.

(@) 40 min (b) 120 min (c) 20 min (d) 80 min

26. For a first order reaction, the time required for 99.9% of the
reaction to take place is nearly
(a) 10 times that required for half of the reaction
(b) 100 times that required for two third of the reaction
(¢) 10 times that required for one fourth of the reaction
(d) 20 times that required for half of the reaction

27. A drop of a solution (volume=0.05 mL) contains

610~ mol of HfIf the rate of disappearance of HTis
6.0x10° mol L's~', how long will it take for the H* in the

drop to disappear?
(@) 8.0x107° s
(©)6.0x107° s

() 2.0x10° s
(d)2.0x107% s

Directions (Q. Nos. 28 to 30) The following reaction was
studied at 25°C in benzene solution containing 0.1 M pyridine.

CHLOH + (C4Hg) :CCI—> (CeHs) sC-OCH; + HCI
(A) (8) ©)

The following sets of data were observed

“ Initial concentration Final r
Set Time, At | concentration
[Alo [Blo [C]
1. 0.10 M 0.05 M 25 min 0.0033 M
1. 0.10M 0.10M 15 min 0.0039 M
i, 0.20 M 010M | 75min | 0.0077 M
28. Rates, d—ég in sets |,1l and Il are. respectively (inM min~")
t -
| Il 1]
@)1.30x10°%  26x107%  1.02x107°
(b) 0.033 0.0039 0.0077
©002%10%  004x10°* 0017

(d) None of the above

14 Chemical Kinetics

L

29. Rate law of the above experiment is

(a) KLA][B] (b) KIAF[B]
(c) KIA][BFP (d) KA [BI°
30. Rate constant of the above experiments is (in M2 min™)
(@1.3x10™ (b) 2.6 %107
(©)2.6x10" (d)1.3x107

/ﬁirections (Q. Nos. 31 to 33) For the overall reaction between
~ A and B to yield C and D, two mechanisms are proposed
. A+B = AB > C+D, ki =1x10° Ms™
Il A= A = [, k, =1x107*s™"
E+B—C+D, Ky = 1x10'0 Ms™

(species with ~ are short-lived)

31. Rate law for mechanism | when concentration of each is 1
M, is
@ 1x107 Ms™" () 1x107° Ms™

©) 1x107° Ms™ (d) 1x 107 Ms™

32. Rate law for mechanism II, when concentration of each 1 M
is

(@) 1x107* Ms™ !
(©) 1x107% Ms™

() 1x10'° Ms™
d)1x107"° Ms™"

33. At what concentration of B, rates of two mechanism are
equal ?
@ 1M (b) 5 M

(c) 7 M (d) 10M

Directions (Q. Nos. 34 to 37) Fach of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(@), (b), (c) and (d) given below.
(a) Statement | is true; Statement Il is true; Statement Il is a
correct explanation for Statement .
(b) Statement | is true, Statement Il is true; Statement Il is not a
correct explanation for Statement |.
(c) Statement | is true; Statement Il is false.
(d) Statement | is false; Statement Il is true.

34. Statement | Rate of hydrolysis of methyl chloride to
methanol is higher in DMF than in water.
Statement |l Hydrolysis of methyl chloride follows
second order kinetics.

35. Statement | Every collision of reactant molecule is not
successful.

Statement Il Every collision of reactant molecule with
proper orientation is successful one. j

36. Statement | Order of the reaction can be zero or fractional
Statement Il We cannot determine order from balanced
INCERT Exemplar]

chemical equation
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37. Statement | Activation energy always increases the

potential energy of reaction system.

Statement Il The minimum kinetic energy that molecule
must possess in order to react on collision 1S called its
activation energy.

38. During nuclear explosion, one of the products is *Sr with

half-life of 28.1 yr. If 1ug of 0gr was absorbed in the bones
of a newly born baby instead of calcium, how much of it will

remain after 10 yr and 60 yr if it is not lost metabalically ?

[Nuclear explosions follow first order kinetics]

(@) 07814 ug and 0227 ug (b) 0227 pg and 0.7814 ug
() 0.9338 g and 0.3323 ug (d) 0.500 pg and 0. 300 pg

39. The hydrolysis of sucrose into glucose and fructose,

O, + H0—> CgHi206 + CeH120g

C..H

fallawe
ollows

first order kinetics. In a neutral solution

27°C. rate constant is 2.1X 10~ s~! and at 37°C, rate

« 10~ 57!, The rate constant at 47°C will be
(b) 3.155% 107"
(d)1.785% 107!

constant is 8.5
(a) 4.04
(c) 8.5% 10 A

40. The gas phase decomposition of dimethyl ether follows first
order kinetics CHSOCHS(Q)——>CH4(Q) + Ha(@) + CO(Q)

AIEEE & JEE

The rate constant of a zero order reaction is
2.0x107 mol L s~ |If the concentration of the reactant

after 25 s is 0.5 M, what is the initial concentration?
[JEE Main Online 2013]

43.

(@) 0.5M (b) 1.25M
) 125M (d) 1.0M
44. The reaction, X — Y is an exothermic reaction. Activation

energy of the reaction for conversion of X into Y is 150 kJ
mol~". Enthalpy is 135 kJ mol~'. The activation energy for the
reverse reaction, Y —— X will be [JEE Main Online 2013]

(a) 280 kJmol™ (b) 285 kJmol ™

(c) 270 kdmol™ (d) 15 kdmol™

The instantaneous rate of disappearance of MnOj ion In the
following reaction is 4.66 x 1073 Ms™

2MnO; + 1017 +16H" —52Mn* +5l,+8H0

[JEE Main Online 2013]

45.

The rate of appearance |, is
(a) 456x107*Ms™
(o) 1.14%107Ms™
() 1.14x107° Ms™'
(d) 5.7 %107 Ms™

46. Which one of the following is the wrong assumption of
kinetic theory of gases? [JEE Main Online 2013]
(@) Momentum and energy always remain conserved

42.

Y/

48.

o

JEE Main Chemistry inJust 40 Days

The reaction is carried out at constant v»qlume contgxnerhat‘
500°C and has & half-life of 14.5 min. Initially only dlmethy
ether is present at @ pressure of 0.4 atmosphere. What is the
f the system after 12 min ?
0.693 atm

A hydrogenation reaction is carried out at 500 K. If the same
m;'uf,mn is carried out in presence of a catalyst at the same
rate. the temperature required is 400 K. What will be the
activation energy of the reaction if the catalyst lowers the
~v barrier by 20 kJ mol” &

(b) 80 kJ mol ™'

(d) 20 kJ mol L

total pressure ©

(b) 0.1744 atm (¢) (d) 0.249 atm

(a) 0.564 atm

activation energy

(a) 120 kJ mol”

(c) 100 kd mol

The vapour pressure of two miscible liquids Aand B aré 300
500 mm of Hg respectively. In a flask, 10 moles of Ais
mixed with 12 moles of B. However, as soon as B is added,
A starts polymerising into a completely insoluble solid. The
polymerisation follws first order kinetics. After 100 min 0.525
mol of a solute is dissolved which arrests the polymerisation

completely

and

The final vapour pressure of the solution is 400 mm of Hg.
Estir rate constant of the polymerisation reaction.
Assume negligible volume change oOn mixing and
polymerisation and ideal behaviour for the final solution.
(a)1.005x 10~* min™" (b) 0.78x 107* min™"

(c) 8.003x 107* min™" (d) 10.05% 107% min~

mate the

Main Archive

(b) Pressure is the result of elastic collisi f
) felas ollision of molecul i
container's wall L

(c) Molecules are separated b :
y great dis
their sizes d istances compared to

(Cﬂ All the molecules move in straigt n n an
t line be isi
e = iy g tween collision and

122 (;zitsefrgf a3ogeaction doubles when its temperature

nge m K to 310 K. Activation e

; . : energ

reaction will be [R =8.314 JK~" mol™! log 2 = ngfo(;; e
[UT JEE Mai

(b) 58.5 kd mol™! : 0 28

(d) 53.6 kJ mol™!

An organic com ;
5 pound undergoes fi b
The time taken for its decomgpositngrswt toor o decompc S

initial - concentration are tys and ¢ 1':‘{?,:;?32 1‘”? of i
8 10 respectively.

(logp2=0.3) |

[HT JEE Main 2012}

(@9 o

(@) 48.6 kJ mol ™
(¢) 60.5 kJ mol™"

- 3
What is the value of Lvsl x10?

110

reaction when the concentration of /'?\A ismotJO1 TA'TS i Gf‘

: AtEEE 2012
(b) 3.47x 107 M/nliin

(D 1.73x% 10™* M/min

(&)1.73x 10° M/min
(C) 3.47 x 10‘5 M/mln
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50. The rate of a chemical reaction doubles for every 10° C rise

of temperature. If the temperature is raised by 50°C, the rate
of the reaction increases by about [AIEEE 2011]

(@) 10 ﬁmes (b) 24 times
(c) 32 times (d) 64 times
51. The time for half-life period of a

certain
reaction, A — products is 1 h. When the initial concentration

of the reactant “A', is 2.0 mol L™', how much time does it
take for its concentration to come from 0.50 to 0.25 mol L=
if it is a zero order reaction?
(@ 4h

(c) 0.25h

[AIEEE 2010]
(b) 0.5h
d) 1h
52. Consider the reaction,
Cly(ag) + HyS (ag) — S(s)

)+ 25" (ag) + 2CI (ag)

The rate equation for this reaction is,
rate = K[Cl,][H,S]
Which of these mechanisms is/are consistent with this rate
equation? [AIEEE
(A)Cl, + H,S — H' + CI” + CI* + HS (slow)
ClIF + HST —— Hf + CI© + Si(fast)
| (B) H,S =—H" + HS™ (fast equilibrium)
Cl, + HS™ — 2CI” + H" + S (slow)
(a) (B) only
(b) Both (A) and (B)
(c) Neither (A) nor (B)
(d) (A) only

53. The half-life period of a first order chemical reaction is 6.93

e min. The time required for the completion of 99% of the
i chemical reaction will be (og 2= 0.301) [AIEEE 2009]
i(¢] (@) 230.3 min  (b) 23.03 min  (c) 46.06 min  (d) 460.6 min
e 54. For a reaction %A———> 2B, rate of disappearance of ‘A’ is
)
related to the rate of appearance of ' B’ by the expression
[AIEEE 2008]
ure dlA] _d[B] d[A]_ ,dB]
e S o)) Al e
h @ e e e
d[A] _ 1d[B] _d[A] _ J@
3] (o) eale e (@ -22
01 dt 2 dt dt 4 dt
55. Under the same reaction conditions, initial concentration of
A 1.386 mol dm= of a substance becomes half in 40 s and
;‘; its 20 s through first order and zero order kinetics respectively.
Y- Ratio [k ) of the rate constants for first order (k;) and zero
: 0
20121 order (k) of the reaction is (IIT JEE Main 2008]
- (8)0.5mol 'dm® (0) 1.0mol dm™®
i (€) 1.5 mol dny® (d) 2.0mol'dm®
tré ;
1 ate f 56. Consider a reaction aG+bH — products, when
@ concentration of both the reactants G and H is doubled, the

Chemical Kinetics

rate increases by eight times. However, when concentration
of G is doubled keeping the concentration of H fixed, the

rate is doubled. The overall order of the reaction is
(IIT JEE Main 2007]

(@) 0 (b) 1 (©2 (@3

57. The energies of activation for forward and reverse reactions
for A,+B, — 2AB are 180 kJ mol™" and 200 kdmol™

respectively. The presence of a catalyst lowers the activation
energy of both (forward and reverse) reactions by 100 kJ
mol”".  The enthalpy change of the reaction
(A, + B,—— 2AB) in the presence of catalyst will be (in kd

mol™) [AIEEE 2007]
(a) 300 (b) 120 (c) 280 (d) 20
58. The following mechanism has been proposed for the

reaction of NO with Br, to form NOBr
NO (g) + Bry(g) == NOBr»(g)
NOBr,(g) + NO(g) — 2NOBr(g)

If the se

ond step is the rate determining step, the order of
the reaction with respect to NO(g) is [AIEEE 2006]
(@) t (b) O
(c) 3 (d)2

59. A rﬂam‘on involving two different reactants can never be
(@) bimolecular reaction [AIEEE 2005]
(b) second order reaction
(C 1CUON
(d) unimolecular reaction .

60. (A) follows first order reaction, (A) — Product

Concenuration of A, changes frum 0.1 M to 0.025M in
40 min. Find the rate of reactions of A, when conecentration
of Ais 0.01 M. [HT JEE Main 2004]
(@) 3.47 x 107*M min™" (b) 3.47 x 10°°M min™"

(€)1.73x107*M min™! (d) 1 78%107°M min™

67%. In a first order reaction, the concentration of reactant
decreases from 800 mol/dm?® to 50 mol/dm® in2x 10* s
The rate constant of reaction ins™' is [T JEE 2003]
(a)2 x 10* (b) 3.45% 107
(c)1.386x 107" (d2x107*

62. For the reaction system,
2NO(g) + O,(g) — 2NO,(g)

volume is suddenly reduced to half its value by increasing
the pressure on it. If the reaction is of first order with respect
to O, and second order with respect to NO; the rate of

reaction will [AIEEE 2003]
(a) diminish to one fourth of its initial value

(b) diminish to one eighth of its initial value
(c) increase to eight times of its initial value
(d) increase to four times of its initial value
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S ()]
11, (b)
21, (a)
31. (a)
41, (¢)
51. (¢)
61. ()

2. (b)
12, (a)
22 (G
32. (a)
42. (a)
52. (d)
62, (b)

3. (b)
18, (c)
23. (a)
33, (d)
43. (d)
53, (c)

Answers
4. (c) 5, (c) 6. (a) 7. (d)
14. (a) 15, (a) 16. (b) 17. (d)
24, (b) 25, (c) 26. (a) 27. (b)
34. (a) 35, (¢) 36, (b) 37. (b)
44, (b) 45, (b) 46, (d) 47. (d)
54, (d) 55, (a) 56, (d) 57, (d)
Hints & Solutions

1. A catalyst lower the activation energy of reaction.
9. Asrate =k [R Cl], on decreasing the concentration of RCIto

half. the rate will also be halved.
3. From the step (i),
Rate, r = k [0][03]
For fast reaction,

[0,][C]
K, = =S
i [O4]

or [0O]=

Ko[Os]

(0]

-

On putting the value of [O] in Ec (i), we get

or

Rate, r = k-

K. [O;

l() ] [O |

= kK[ [@5]

'=k'[04 lp {O;]]w

5. Increase in steps of 10°C has boen made 9 times, hence rate
of reaction should, increase 2° times, /.e., 512 times.

6. 2NH,— N +3H;
_1dNHg]
o8 it

or

dt 3 dt

Rate = k[NH;
M 25% 107 mol L' s~

d[N?]

1 x25%10™
2

_dINz] _ 1dIH,]

=125%107 mol L™' s~

diHal _ 8, p5x 107
G e

=375x10*molL™' s

7. Rate of reaction increase due to incre

8, (b)
18. (c)
28, (a)
38, (a)
48, (d)
58, (d)

activated molecules.

8.
' [NO l_ ’
Rate = k{NO, ¥ =Kks[NO
e = KINO, P =ka[N2O4]
. Rate of disappearance of NO,
: d[NO; ,
tr, =20l o kNG B ol INCO]
@
9. Given A=111x10"'s™": £, = 393 x 10° cal mol™
R =1987 cal; T = 573K
k = Ag~EalAT
Ink =InA - F"
RT
_ E,
or logyg k =logyg A = ==t
2.308RT
or logyo k =10g;, 111x 10" - |__89.8x10°
| 2:303%1987 x 573
or k=114x107" g
s 0693 0693 .
) el ~aly S = ~
F = 785 =168h

K
2NO, = e

l()' f]/ » U“d” |

Hence, ty/, «<a'®

11 k = 0.693 h-

or

Alternatively, 96 h

24

9, (b)
19. (a)
29. (b)
39. (b)
49, (b)
59, (b)

4 only when n = 4
2. 4
~2:803 10

96 a-x

10
fofol =i
g P 1.2036

1-log (a - x)= 1,2036
l°g(a o~ X) = - 0,2086
=+ 1.7964 - 2
(a-x) =antilog (17964 - 2)
=0.6258=063 g
= four half-lives,

10. ()

20. (¢)
30. (c)
40. (b)
50. ()
60. (a)

ase in number of

14

17.

18,

19,
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80
7% 573)

168h

12. Graph (i) only represents exothermic

- reaction because
products have lesser energy than reactants (AH < 0)

olx ;
13. For second order, ~ = k(cong, )
dt :
conc 1 i
Hence, k = e = (cone. )" time™!
lime (conc.)
dm® mol's~!
ki ko . Kk
14. A— B —5C 5D
" Kn >k, > k,
As ki is smallest (slowest). hence A » 3 is the rate
determining step of the reaction
15. H* ions act as catalyst for the given reaction
18 kg = Ap~5/FT = 1012 o ~42000/8314x 208 _ 4 24 44 o1

Also, K. =104

rate constant of forward reaction
and K, = ‘
rate constant of backward reaction
i K
10" = ~2&
Kg

Ka =10% kg = 4.34% 10°% g~
Expected observed reaction rate constant = k, + kp
4.34% 10% ¢!
17. Rate constant increases exponentially with decreasing
activation energy and increasing temperature.
0.693 2303
18, k=—min'= log
45 ¢

90.9% ¢

é
1~ (0,999

2.303x 45 3 ; =l
or tag o log 10 448 min =7 - h
wE 0.693 2
2000 K
19, log k (min™"y= & /
[xl
logy k =logy A 5 303”1

l.log A=5 A=10" true
I, Eg_ . 2000
2.303R
E, = 2000 2,303 0.002 keal
= 0,212 keal, true
lIl. Equation represents straight line, hence, true.
20, For 10°C rise, the velocity constant becomes nearly double,

21. H,0 + O 25 20H; AH = 72Kl
20H 25 H,0 + O;AH = - 72k
Also E, - E, =AH

or 77 - E, =72
: E, =5kJ mol™

22.ty, o Ci Hence, it is a reaction of second order.
0

Day 14 Chemical Kinetics

23, Ky =k,
~ (~2000) (=1000)
101%\ T J=qpldg\ 7
6 L2000 Ly 0 NORGNS
T x2.303 T x2.303
1000
T x2.303

or

or

I'=434,22K
Z4. For a zero order reaction,
_dIA)

dt

K

0

[Zdtar=k]""

Gy ~C; =il
t
25, CoH40(@ )~ CH, (g)+ CO(g)
AL ¢ Jolt 0 0
Al ty; Py =P P P
Initial pressure, p, = 80 mm
l'otal pressure after 20 min,
Protal = Po = P+ P+ p

Protar = Po + P
120 = 80 + p
or P =120 - 80 = 40 mm
I 2.303 80 2.303
{ = s =

: log 2 log 2
20 40 20
K 2.303x 0.3010 0,693
) y
20 20
193
We know that, t,, = 0 E)r =
i

By putting the value of k in this equation we get,

0,6983% 20

12 * = 20 min

0.693
96. k= im0 L 1100
s 100--99,9 ¢ 0,1
b, ,
or n2_ s 10"
1/2
or log2 'vxl()g 108 = 3
tya
log 2 i &
(yy <I02 080108

3 3
Ty /

27, )= 2210 mol_ 4 5 0o
0.06%10 L

or r=éx~ or At=éx-=~——-—_1'2><1olM
At r 6x10°Ms™

t=2x108g
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28.

29. On con

v
Q

Concentration of the product has been given

(dlCT) _ 00033 \

=1.32x10™* M min~

. )
at 2

(o) |

;
at Jy

=2.6x10™* M min
{ .‘il("\l | {

| 4 M min

=1.02x10

paring rates, order wit A= 2 and writ B=1 Thus, rate
KIAFIB]

((dx

Q
=
o | —

nechanism |

R0
anism 11, step Il is fast, thus rate law is
— k,JA] = 1x107 x1 Ms™ 4 Ms™

2

0d=1x107"Ms™

=110

=1341l0

23 Rates are equal, k [Al[B] = k[Al

o

mary alkyl halides undergo S\2 mechanism and not Syl

mechanism. Hence, hydrolysis of CHyCl is favoured by

non-polar medium or polar non protic solvent in which proten

generated (like DMF) whereas Sy mechanism are

d by polar solvents like water.

. A ;uucumul collision leads to a chemical reaction, when the
eactant molecules collide with proper orientation and attain

threshold energy level
86. The order of reaction can only be determined by
exp&nmcms
. Statement | and
Since, nuclear explosion follow the first order kinetics

ty, Of 90gr = 28.1yr

IS Not

favour

statement |l are true but both are the facts.

e
=3

38.

T fro = [Herea=1
Now, p g(a—x) uel

2.303%28.1, 1
0.693 @-x)

- Amount of Sr left = (@ - x)= 07814 ug.
2.303x% 28.1

2 . :____,__--|0 LA

Att = 60 yr; 60 0,693 g Fa

@-x=

j,[T TwJ
~2303R\ T,

gsxde . K [10
log = j0- 2,308 8314 300% 310

Att =10yr; 10=

0.227ud.

Kz
39. log P

Print to PDE without this message by purchasing novaPDFE (http://www.novapdf.com/)

JEE Main Chemistry inJust 40 Days

E, =108.1kJ :
log k =109 A= >—=5aRT,
108.1x 10°
log 2.1x 107" =10g A’mm
A=13.87x 107

E
log (K)arc =109 A= 5203 S AT
108.1x 10°

7o e ety SR
= log 13.87> 10" =5 353 8.314 820

— 31555 107 SisH

40. CH,OCHg(g)— CH4(@) + Ha(@) + CO(9)
Att =0 Po 0 0 0
Att Po— P yo} jo} Jo}
Total pressure att = p° +2p
Rate expression for first order kinetics :
\og&;p-:— - k )f:—(%)t
o \2.303 2303
) 093/ 14.5 min e
o308
or . log Ro=R i pao oo 2 gl o
Po Po
or p=py— 0.564p, = Pyl = 0.564)
=(0.40 atm ) (0.436) = 0.1744 atm

41. Let E, = activation energy in presence of catalyst
E,’ = activation energy in absence of catalyst
Then, k = Ae~Fa/AT
In presence of catalyst : k; = Ag ~Fa/(fx500)
In absence of catalyst : k, = Ae ~Fa /(R x400)
Given, the rates are same, i.e., =1,

o ~Fal(Rx500) _ o ~E."/(R x 400)
or Es = _Eal_
Rx 500 R x400
Or _Ei — —Ea " 20 [' £
500 400 y
or E, = 100 kdmol™

has
() (10 = n,)moles of A
(ii) 12 moles of B
(i) 0.525 moles of solute added
X, (mole fraction of A after polymerisation)
10 —ny
(10 M)+ 12+10:626
12
22.525 - ny

o
(22525- 1)

XaPa + XgPp = 400

A and xg =

A
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(10 —n,) 300 + 12 x 500

B s, W
Ny =0.10
Thus, number of moles of A after polymerisation
=10-0.1=9.9

K= 21:03 log [ A 1

Sl

2.303 10

RES -t oy —— = 1,005% 10~ min
100 g 99 005 107" min

43, For zero order reaction,
ax Xl =X
fate =— =k =212 —9 0 x107%
at gt x 10
B2 1072
25

(Here, x; = initial concentration)
X, —0.5=05=05+05=1.0M
44, An exothermic reaction can be represented as
X —— Y + energy
i.e.,energy of ¥ << X
So, the energy profile diagram is

>
-3’6

g (Ep
]
VYV

Process of reaction

(En)r + AH = (Eq)p
150 + 135 = (E,)»
(E,), =285kJmol™"

1
45. Rate of reaction = — -; MnO,]= 5 (121

.. Given, Rate of disappearance of MnO7}

E,’ =20] 3 d MnOg] _ 456x107
at
5 -3
. Rate of appearance of I, = = % 4.56x10
il solution 2 ]

—11.4%107 =1.14x107*Ms”

46. According to kinetic theory of gases, the gaseous molecules

are so far apart that the actual volume of the molecules is
negligible as compared to the total volume‘of the ’gas. .

The gaseous molecules move in straight !lrjes wnh uniform
speed and change direction Of collision with other
molecules or the walls of container. :

Ali the collisions are perfectly elastic, hence there IS no loss
of kinetic energy during the collision. The pressure of the
gas is caused by the hits recorded by molecules on the
walls of the container.

Print_go_ PDFlwithout this message by purchasing novaPDF (hit
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47, As per Arthenius equation
g = =Eal S

£y {_L = _i_} E, = 536kJ/mole
8314310 300

For a first order process,

kt =In [-AJQ
[A]
where, [Al, = initial concentration.

[A] = concentration of reactant remaining at time't.
[Aly

2.303 log 2 =

48.

kityg =In =|n8 ()
18 =" A /8
kq,m=|n—[ﬁ]0—=|n1o ()
[Al, /10
Therefore, Yye LANG log 8=3log2
tio N0

o
18 —3%0.3=09
/10

Tar
8 %« 10=0.9x 10=9.0
ti1o

49, By first order kinetic, rate constant

k =§@ log (_a ]

i a— X
gre= 0.1 Wi
(2= x)=0.025 M
t =40 min
k =2898 j0g 01 _ 00847 min
0 °°0025M

Rate = (%) =k [A]' = 0.0347 x 0.01

= 3.47x 107 M min™"

50. For every 10°C rise of temperature, rate is doubled. Thus,

temperature coefficient of the reaction =2.
When temperature is increased by 50°, rate becomes
&
=210/ =25 times = 32 times

51. For a zero order reaction,
_ Al
2tyz
Since, [A]o =2 M,t1/2 =1 h
SO, ko = 1
AX
and kO = T
or PR N

://www.noval
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52. Slowest step is the rate determining step. Thus, in case A),
rate law is given as rate = k[Cl,][H,S]
While for the reaction given in case (B), rate law is given as
rate= k[H,S][Cl,][H T

Hence, only mechanism (A) is consistent with the given rate
law.
=
53. Half-life = 693 min k, = 0

6.93

We know, k; for per cent completion

2:308 N E00
ky=——log| ——
i L 100x
2 303 g 2
Bl i ‘%9 = éf@ log 10°
{

2.303% 2

t=———=46.06min
0.1

2elial i

54. Rate of reaction = -

g 25
el ¢15]
at 4 dt
55. First order kinetics,
0.693 0.693 _4
k1 =  =—8
iy 40
Zero order kinetics, k; = B SoE 10080
Ditvry 2020
Hence, R0 50
k, 1.386

56. aG + bH — Product
Suppose order of reaction =n
When concentration of both G and H is doubled, the rate
increase by eight times.
rate =k (reactants)”

®) =k @)
@)° =k @)
n=3

when concentration of G is doubled keeping the
concentration of H fixed, the rate is double.
Rate o< [G]
then, Rate =< [G]'[HF
5%. A, +B,~—2AB
E, (forward) = 180 kJ mol™!

£, (backward) = 200kJ mol™

In the presence of catalyst
E, (forward) = 180~ 100 = 80 kJ mol™

E, (backward) = 200 ~ 100 = 100 kJmol™"

AH = E, (forward) — E, (backward)
=80~ 100 = - 20 kJmol™

y Just 40 Days

JEE Main Chemistry in

58. Rate = k [NOBr,][NO]
But NOBr, is in equilibrium
o INOBrel
®1 "~ [NOJ[Bra]
[NOBr 5] = KoqINOI[Br 2] (i)
putting the [NOBr ,]in EQ (i)
Rate = k Koy [NOJ[Brp][NO]
Hence, Rate = k+Kgq[NOI[BT2]
Rate = k' [NOF[Br2]
where, =il
59. There are two different reactants (say A and B). ‘
A+ B —— Product |
Thus, it is a bimolecular reaction. |
I K _ k[AlB)
at
It is second order reaction
60. A—— Product (first order reaction)
For first order reaction,
Rate constant (k) = zlsogxogm [Aly
t [Al;
At, t =40 min,
2 ?)—Q—?’!o* Ol 2808
=do UGz dg o
S e =00
=~ 200102 == == x2x0.3010 = 0.0347min™
At concentration of A = 0.01M = [A]
ax ]
Rate | — | = k[A 1
Bl |
ax
— =0.0347
o x0.01 |
= 3.47 x10™*mol L min""! é
61. For first order reaction, "
218 A |
k :7770,3\09 707 ‘
1 Ay ‘
_2303 800 |
2x10* ~ 80 !
=1.386x10s™! ;
62. ax ) _ 5 -
Ldt | =KINOF[O,]

:k(nﬂf Mo, |
e %
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