Chemical Equilibrium

ELEMENTRY

Q.1

Q.2
Q3
Q4
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Q.U

Q.12

&)

When rate of forward reaction is equal to rate of
backward reaction the reaction is said to be in
equilibrium.

@
@
)
Q)

@
H,+1, 2HI; [HI]=0.80, [H,] =0.10 , [I,] =0.10

__[HI]* _0.80x0.80 _
° [H,I[l,]  010x0.10

@

Forreaction A+2B ——=C

[C] 0.216

= s = =250
[A][B]® 0.06x0.12x0.12
@
&)
®
NESH .
K _INO,P° _ _10° s
[N,O,] H 10"
2

@

ForA+B # C+D

_[C][D] _ 04x1 _
" [A][B] 05x0.8

@
Given, CaCO,(s)—2—Ca0(s)+CO,(g) T

C(s)+CO,(9) = 2CO(g)

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

[pCOJ*

Kp, = ; PCO=[Kp, xKp,]
[pCO,]

PCO=4/[8x102x2] =+/16x102 =4x10" =04

@

CaCOs) == CaQy, + COy,,

K, =Pco,

Solid molecule does not have partial pressure so in

calculation of K, only Pco, isapplicable.

@
CH30H — CO + 2H,
[Hp1%[CO] _ 0.1x0.1x1_0.01 _10x10

= =5x107°
[CH,OH] 2 2 2

@
n,=n, then K, =K,
where n, = no. of moles of product

n, = no. of moles of reactant.

)
K, =K (RT)"; An=2-2=0

©)

For thereaction H,+1, — 2HI
An=0

So K,=K \50.0

)

Forreaction 250; — O, + 2SO0,

is+veso K, ismorethan K,
By K, =K (RT)"™

)
An=2-1=1

K, =K, (RT)

©)
If An=0then K, =K,
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28
Q.29

Q.30

Q.31

Q.32

@
©)

For this reaction there is no change in equilibrium
constant by change of volume.

(©)
Equilibrium constant is independent of original
concentration of reactant.

©)

[SOs] _[SO,0,] ( -1

=— - "3 = K
1T[S0,][0,7 A4 2T TspF 2T K?

@
1
K'=K"; Hence n=5

LK =KY2=JK

©)
)

K for dissociation of HI =?
H, +1, — 2HI

<

@

E>< 3.2=0.704
100

at equil. molesof HI =3.2—0.704 = 2.496

@

0" o0
K :[PC13][C12]: 100 100
T IPCl] { 80 }

100

_02x02_ 004 ~005

0.8 8

Q)

NH,HS == NH;, +H.S
a 0.5atm
a—x 0.5+x X

Total pressure = 0.5+ 2x =0.84
i.e, x=0.17

K, =P, Pus =0.1139 = (0.67).(0.17) =0.1139

Q33 (@
Q3 (3
According to Le-chatelier principle when
concentration of reactant increases, the equilibrium
shift in favour of forward reaction.
Q3 @
Equilibrium constant changes with temperature,
pressure and the concentration of either reactant or
product.
Q36 (@
Q37 @
According to Le-chatelier’sprinciple.
Q38
JEE-MAIN
OBJECTIVE QUESTIONS
Q17 (A
N,(@ + 0,(0 == 2NO(9
Imole 2mole 3mole
2 (9
e ()
€ 1x2 2
Letamoleof O, isadded, Then,
N,(@ + 0,( == 2NO(9
Imole 2mole 3male
t=0 1 (2+a) 3
(1) (2+a)—x (3+2x)

_13+2x | _ . _
[NO]—[ 2 }_0.04, 3+20)=4.

2x=1, x=05.

B+t 9
Ke= o) @ra—x) ~ 2

(4)° 9

“=osas a2

__ 16 9
T 0515+a)  2°
35

25 =[15+4q



Q.18

Q.19

Q.20

711=15+a.

—E_Sﬁl
a-= 18 >

D)

Given:—When N, O, is heated T, its dissociates
N,O, = N,0,+O,:K_=25

4-x X X

and

Nzos S N20+ Oz; Kc

X-y y yHX

X+y=2.5

_(x+y)(x-y)

Ke 4-x

2.5(x-y)
4-X
=Xy =4-X

= @

= from (1) and (2)

3X=65

x=217

from(1)

217+y=25

y=25-217

y=0.334

Equilibrium concentration of N,Ois0.334.

= 2.5 [from eq. (1)]

D)

1 N
wg(g) + E Oz(g) ~ 3(g) Kp = 4)( 10_3
— 1 o1
SO, == SO,(9) + EOZ(g) K= Kp

1
K' =
P (4><10_3J

K= (K

2S00, = 2S0,+0,(9g)

2 2
=[ 1_3} =[@} = 6250 = 625x 107
4x10 4

6.25x10* atm.

D)

Given: NH,HS = NH,(g)+ HS(g)
S)] @ (9)
amole 05am O
a eq. 05+x X

Q.24

Q.25

Chemical Equilibrium

am am
total pressure=0.5+x+x=0.84
=034
x=.17

Py H, =0.5+X

=05+.17 = 67
©
Given: -

Kp =12x10%am for reaction
2H,0(g) +2Cl (g) = 4HCI(g) + O,(9)

2am 2atm 2atm
380 _1 2-2 244X 2
760 2 << XX
K=12x108; K, >>1
= X=1
4
(3)x(6)
= 12x108= —5—— 5
y? x(1/2)?
12x108 1

= 3x36x36x4 y2

~ 36x2 _ 0
= y——2X104 =2x18x1l

y =36x10"*atm
y=3.6x102am

(A)

Given - Equimolar mixture of two gaven

A,and B,
A,(9) = 2A(9) Kp,
Ategq. 1x P
B,(9) = 2B(9)
Ateq. 14 24
Now  A(9)+B,(9) = 2AB Kp,=2
initally  1-x 14 0
Ateq. 1x—z 1-y-z V74

Pev = PAZ ‘}‘PB2 +PB +PA +PAB

= 1-x—z+1-y—z+2x+24+2z

Peq_ = 2+X+y

24x+y=2.75

x+y=0.75 [as Pe, =2.75]
x+y=0.75 (D)

As partia pressure of AB(Q)

Ps=05

27=05

7=025 (2
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Q.32

VO (0.5)2
P PA2 X PB2 (0.75-x)(0.75-y) (3

« JPaf (%2

P Py, (0.75-x)

K _ (PB)2 — (ZY)Z
P2 P,  (0.75-Y)

2(9,,2
G, xK,, = (2X)°y?)
1 2 (0.75-x)(0.75-Y)
16x2y2 2
= 0.75-x)(0.75-y) (&)
Now equatewith eqg. (3)
Kpl ><K|D2 = Kp3
1
= 5=4xy = Xy=1g
1
X+y=.75 [puty = 8—X]
= 82—6x+1=0
1 1
"4 7
1
y=5 [x>y]

Ke, _(1/4)(1/2) _1

Now, i 11/4) 8

P2

(A)
Given :- Heat of reaction (at constant V) = 1200 cal
(at constant pressure) = T = 300K

K
_p:’7
Ko
K, —2H
— = eRT
NGN, KC e

-1200
= 2300 _ g2

1
= e_2 = 1.648x 10°

Q.34

Q.36

Q.37

Q.46

®)

Givenrxn —

A(9)+2B(g) = C(9)+D(g): K =10"
05 1 05 35
K.=10%

_ IA]IC] 0.5x3.5
%= [AIBP T T 05

Q.=35
= Q. <K,
Forward shilt
Now, A(g)+2B(g) . C(g)+D(9)
A —
y 2y 1 4
Let
K. isvery high
. x~05
as = y=05x and 1-2x=2y
[C][D] 1x4

T [AIBE T axay?

4
4y3
whereK _=10%

4
. 12— — 5
. 10%= 4y3
y=10*
conc"of B=2y = 2x10*

=

(A)

S(s)+ S (ag) == S,* (aq)
K,=12

2S(9) + S (ag) == S (a0)
K,=132
Now, S?*(ag)+S(s) == S;? (aq)

Ke (182 _

K = =11

w Ky 712

®)

() 2NO+0, ==2NO,
(i) NO,+SO, ==S0,+NO
(iii) 250, == 2S0,+0,
Now, 2 (ii) = (i) + (iii)

so, Kg, x K¢, =1/K?c,

©

Given - A Q) = B,9) +C(9



Q.53

Q.54

At eg. P—x X X
Total pressure=P—-x+Xx+x=P+X
= P+x=7 [astotal pressure=7] ...(1)

[P, 1[PC,]

Now, Kp = [PAZ ]

X2

T (P-x)
9(7-x—x)=x% [fromeq. (1)]
= x2+18x—63=0

9

(as Kp=9)

x=3
then p+x=7

p=4
asweknow

PM. =dRT (volume cont.)

1
= PXM & initially only A is present
R _Meq
= Peq M,
4 Mg
~ 7770
= Meq=40
(A)

Given:- V =250lit

S0,S,(S) +3H,(9) = 2(S) +3H,(9)
After equilibrium

H,S treated with excess of Pb**

= H,S+PB* — PbS+H,

1.195
239
moleof H,S=5x103
moleof H, remaining = 0.01-0.005=0.005

C[H,S1 [0.005)3

moleof PbS= =5x103

Ke="n,7 ~L0.005
= K.=1
(A)
Given: -
H@) + S(s) = H,S(9)
K,=7x10?
as given— .50 moleof H,
1.0moleof S
Now, H(g + S(s) = H,S(9)
05 10
05 1x X

Q.55

Q.58

Q.60

Q.61

Q.69

Q.70

Chemical Equilibrium

X
as Ke=Ke=10.5-x)
2—-———5——— = 2
7x10?2 = (0.5-x) (ask,=7x107?)
Xx=0.035-0.07x
_0.035
= X=1.07
(0'035]x0.0821x360
PHZS = 1.07 (asP\/:nRT)
1
=0.966am.
()

H,(9) +1,(9) == 2HI(9)
Kp o an 1 1
log Ki T2303R|T1 T

10966.9 = 2303R
After calculation negative value of AH isobtained.

623 721

50 AH[l 1}

)

H,(9) +1,(9) = 2HI(9)
IfAn,;=0 = (2-2)=0

then no effect of Pressure change

D)
Cl,+3F,(9) = 2CIF,(9) AH=-329K]
CIF, will beinceased when reaction shifted forward.
= Exothermiclow temperature
Addition of reactant
A%<O
= Increasein pressure
lower the volume.

©

C(diamond) = C(graphile) AH=1.9Kj/mole
Itisexothermicreaction

so it favours low temperature

density of graphiteislessthan diamond = low pessure.
but for formation of diamond Reverse condition high
temperature & high pressure

®
Addition of inert gas at constant volume has no effect
on equilibrium concentrations.

(A)
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AB=—A'+B~ AB+B —AB,

ax-y y (yx) (axy)yx X
y(y —x) X
Kiflax—y)y KT @ax—yy—0
{ y(y —x) }
K (a=x-y) K
LA X =LY 2
G = ax-yy-xn K = x O
Q71 (@
-AH
Kp
In RT — +InA
ExothemicAH<0
sope+Ve
Q73 ()
AB ——A"+B- AB+B ——AB,
A*|[B” AB,"
« - A « = AR
' [AB] ? [AB][B]
[A*]B"] [AB]BT]  [A"]
K/K, == - = - -[B?
vz [AB] [AB, ]  [AB; ]
A"l K, _1
=T .=
(4B, 1 K, [pf
Therefore, (D) optioniscorrect.
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (A
X, + Y, =— 2XY
E—X E—X 2x 2x=0.6
3 3 e
= x=03
1 2
[x,]= 5-0.3 ly,l= 3 -0.3
Therefore, (A) optioniscorrect.
Qz (D
Ni*2 + B6NH; —— [Ni(NH,)]"6 K, =6x108
t=0 0.01mole  0.1mole 0

Q3

Q4

Q5

Q.6

Ni(NH3)+6]

0.1
K +2 NH3 W
=6x 108, [Ni*q] = 4% 10°8,
©

2NH,(g) ==>N,(g) +3H,(q)

o Po |30 Po)®
2(1+a) | 2(1+ )

1 e 3a
o 2 5
" _ 27
lo ~landl+a =1 = 27 x 10 pzo_E
Po? x ot
a=2x10?
(A)
2AB,(g) =A,(0) +4B,(9)
Z n = 1+ 3_(1, 1
= > =
1 L X l-a=1
o > o ~
4
5715 )
sz —— = 8P%a®
(P)
®)
20,(g) ——30,(0) K =4x 10
Po, > Po,
Pe,
Kp_ ch)3 Po, * Pos =8
= P02 ~ 8atm.
83
4x10%= _p2 P5,=11.3x107  Therefore,
03

(B) optioniscorrect.

®
0) N,O, == 2NO, K_=4



Q7

Q8

Q.9

an

()
B)

Given:

at point — A
B [Product] B

Q= Reactant =0

So, Q haveminimumvalue at pointA.
atpoint[N,O,] =[No,] =0.1m

— [N02]2 _ 0.1x0.1 _ Q.10
Q_ N204 - 0.1 —01
Q<K,

So, reaction proceeds |eft to right
K.,=Q atpoint[D & F].

1

2H,(Q)+0, ==2H,0(0) i,

2C0O,— 2CO(g) +2()0,K,

K2
2H,(g) +200(g) == 2H,0(g) +2CO(Q)

H,(g) + CO,(g) == H,0(9)+CO(g)

®

1
SO,(9) == SO,(9) + 2 0,(9)

_ 0.9x0.082x1000 _

mix 1.23
L a Qu
-0 A 2
o
oMy + E'Moz +(1-)Mgyq
M. =
mix 1+ g
2
1. &80 a_2
2 60 2 60
_2
473
D)
CaCO, == Ca0(s) + CO,(g) Q.12
K,= (Pco,)

Chemical Equilibrium

(Pco,) isequal to equilibrium constant which only

change with canging only K,
But equilibrium constant only depends on temperature
Ss0.

®

P,=15am; T, =300K.
Equilibriumtemperatureis300°C that is573 K.

So first of all we have to calculate pressure of NH, at
573K.

ﬂ P, 15 P,

T, T, 300 573
P,=28.65atm at 300°C.

1
NH3(g) # ENz(g) +

5 H(9).
t=0 28.65am 0 0
_ X 3
t=t, [28.65-] 2 am 2 X
But according to question.

_ x 3
Pm—28.65—x +E+EX
=28.65=x=40.11.
x=11.46.

D f dissociati fNH—%—O4

egree of dissociation o 3= 5g 65 ~ 04

®
CuSO, . 5H,0(s) <~—— CuSO, . 3H,0(s) +2H,0(g)
K,=225x10*

Ko=p?,0 =225%10*

P,.o =15%10?

H0

Vi Pr 228 3x 10?2
= — = X B
apour 760

P
RH.= 22 % 100=50%
V.P.

Therefore, (B) optioniscorrect.

(A)
SICl, . 6H,0(9) —— SrCl,. 2H,0(s) + 4H,0(q)
K, =16x 1012
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Q.13

Q.14

Q.15

(PH,0)*=Kp Q16

Pr,0 =(Kp)¥=2x10%am
H,0 () ==—=H,0(9)

7.6
PHo =5z5 = 1.0x 10

5 Q.17

o

PV 1072x1

“RT T 0082x27a O

NH,0
_ 2x107°
©0.082x274
=356x10*

. wt absorbed = 6.4 mg. Therefore, (A) optionis
correct. Q.1

N0 =89x10° .. Ny absorbed

D)

Asweknow

| [K_P] AH° (L_LJ
n Ko, ] T R \Ty T,
AH°

11
~8.314 (298 313
AH° =716k

In4

(A)
2A,B(g) = 2A,(9) +B,(9) K,=P

D n=4+2q Q3

4o “ 2 20 o
4+ 20 P 4+ 20, P

K =
P 41-0) o\
4+ 20

Q.2

41-a) 4o 20

Q4

= 203=(1-w)?(4+20)
203=(1+02-2a) (4 +20)
203 =4+ 200 + 4o + 203 — 8o — 4o®

2
4= 3

D)

Onincreasing temperature though reaction equilibrium Q5
shiftsin the backward direction but for rate of reaction

to be higher, higher temperatureisrequired and particle Q6
500°C isfound to be optimum temperautre.

Q7

©

H,(0) == 2H(9)

reaction isendothermic
AH>0= High temperature
An g>O low pressure

®

H,0() == H,0(g)

K.= (Pu,0)

When neon is added at constant pressure, we have to

increase volume of the container. So more water will
evaporate to mantain equilibrium.

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

(A.Q)
AB#A+ + B~
K1
y y—=X

AB+B —AB,” K,

y—X X
=K, =(y-x)yK,= y—x

k
=10 = X
(A.Q)
(A,B)

_C_ |0g i
log 1 =9 (RT)
jkp:kc(RT) = An=1
(AB,C)
Fromgivenreactions.

1

(i) =—(iii); 5 0 ==(v);
1.
E(III)——(II)
(CD)
B0
(ACD)



QS8

Q9

Q.10

Q.u

Q.12

Q.13

Q.14

(CD)

Addition of solids have no effect on equilibrium and
temperature favours endothermic direction while
increasing pressure will shift equilibriumin backward

direction asAng is+ve. Q.15

(AC)

Given:

NH,COONH, () == 2NH, 9+ CO,(9)
2 X

(2¥)2(x) =2.92x10° Q.16

x107°

02292
T4

P_,=3x=0.0582

total

(CD)

B0
Exothermic = low temp
forward reaction favoured

Q.17

High temp backward

(CD)
Asgiven:
HgO(s)+4l~(ag)+H,0(¢) == Hgl ,*(aq)+20H" (ag),
_[HgIZ J[OH P
B
as, OH®T Hglz |
H,0(/) T OHe T

Q.18

(BD)
AG=AH°+AST .. (@)
AG=RT/mk .. )
from(1) & (2)
/nk = A + A5
" RT R
slope of theline equal to AHYR Q19
(AC)
Asgiven:
H,0(s) == H,0()
At O°C density of H,O (s) <H,0O (¢)
As Pl & Vv "

Q.20

Chemical Equilibrium

formation of more H,O (s)
and increasein melting point of H,0 (s)

(CD)

Introduction of inet gas at constant Pressure will in-
crease T & volume | the Pressure of gases of equilib-
rium

= equilibriumshifted forward

(CD)

NaNO, (s) == NaNO,(s) + O,(9)
AH >0 endothermic

High temperature

.. forward reaction favoured
1000 pressure

High pressure — Reverse reaction

(A,CD)

(A) Asreaction is endothermic therefore it will go in
theforward direction hence moles of CaO will increase.

(B) With the increase or decrease of volume particle
pressure of the gaseswill remain same.

(C) Duetothe addition of inert gasat constant pressure
reactionwill proceed in thedirect in which more number
of gaseous molesareformed.

(B.CD)

Pecl, (g) ¥ Pel, (g)

AccordingtoK = Ppcl. (q)
5(9

(Npci, (g))eq. X (Ncl, (g) Deq.
- Vx (Npci, (g)Jeq.

and on adding inert gas at constant pressure effect on
equilibriumwill besimilar to asif volume of container
has been increased.

(AD)

For endothermic reaction, AHispositiveso, if T,> T,
thenK,>K..

For exothermic reaction, AH®isnegative so, if T,>T,
thenK, <K..

(CD)
Asfew moles of CO(g) areintroduced into the vessel

9
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

second equilibrium shifts backward, decreasing the
concentration of Cl,. So, first equilibrium will go for-
ward.

(A,B,CD,E)

H,(9) +1,(9) == 2HI (9)

(A) For changing pressure volume has to be changed,
though number of moles of HI(g) do not get changed
but its concentration will get changed.

(B) Temperature change will change K, and hence
concentration.

(C) Volume change will change concentration, not the
number of moles.

(D) Same equilibrium will be attained from either
direction.

(E) Catalyst does not change equilibrium
concentrations.

(B.D)
(A) Backward shifting will take place.
(B) Forward shifting will take place.

(C) Backward shifting will take place.
(D) Forward shifting will take place.

(A,B,CD)
Addition of inert gas at constant volume has no effect
on equilibrium concentrations.

(A0

Addition of solids have no effect on equilibrium and
temperature favours endothermic direction while
increasing pressure will shift equilibriumin backward
direction asAn is+ve.

(A,B,C)
Addition of inert gas at constant volume has no effect
on equilibrium concentrations.

(B,CD)

FromK, = (PNHS(Q))Z (Pco,(g))

and sincereaction isexothermic.

Comprehension#1

Q.27

10

®)
CO,g) + C(s) = 2CO(g)
t=001 t=t, 0l-x

(0.1-x)44 +(2x x 28)

0.1+x 36
_1
= *= 730
Total mol —01+i——
otal moles =0. 30 = 15
Q.28 (A)
Molesof CO, ateq. =0.1 _—
olesol ,ateq.=0. T
Molesof CO at —2x—i— 1
oleso eqg. = = 30 = 15
5 0.082 x 900
co, =715 x 0.2 -odm
P= = x 222 o0=6a
o~ 15 X g.gp XFTOAM
_ 6 X6 B
- KP— 6 =6am
Q29 (B
nc=0.1
C(s + CO,(g) == 2CO(g)
t=0 01 n
t=t, - n-01 02
_0.2x0.082 x 900 18
o = 0.82 =18am
(18)?
KP= 6= Pcoz ;PCOZ =54 atm
(n—0.1) (0.082) (900) -
0.82 -
n=0.7
Comprehension#2
Q30 (B

Asweknow, K, =K_ (RT)Ang
An=2-2 =0

= 49x(.0802 % 700)°

K, =49
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Q31 (© Q.36 (AB)
H, + I, — 2HI Number of moles will remain unchanged but due to
05 05 decreased volume pressure will get increased and & so
05 05-x X the concentrations.
Total number of moles _
05—x+05—x+2x=1 Comprehension#4
Q37 (A
pe 1x0.0821x700 Best drying agent reduces the moisture more effec-
7 tively means reduces the
P=82lam Pi,0 totheminimum
Q32 @® for SrCl,2H,0 Ph0 = (K )**
from above question = (5x10712)¥4=1.49x10°
a2 for NaHPO, 7H,0
K= 0.5-x)72 Pi,0 = (2.43x10%%)%5 = 3x10°
forNa,SO,
2x Y’ Pr,0 = (1.02x1027)410= 2x10°3
7
0.5-x)0.5-x) =49
(05> 25=x] Q® @
Na,SO, 10H,0 will release moisture
2X —7 —x=0388 when pH20<2><1(T3
0.5-x ' 3
VPy,0=6x10""atm
remainingl,=0.5-0.388=0.112
Pio 2x1073
Q33 (A Relativehumidity = yp == 5 =3333%
At equilibrium moleof HI =2x H0 O
=2x0.388 if relative humidity < 33.33%
3
(2% 0.388) x 0.082 x 700 = PHO<20
Prr = 7 itwill releasesthemoles
=6.38
P < P . ;Abc))ve 33.33%
P, <8.21only caseP,=6.385 N _
from previous question
Comprehension #3 )
03 (D) Comprehension#5
Solublity of gasisfavourable at high pressure and this
processis exothermic hence solubility will be more at ®)
low temperature. oo _AHP 230 ™
OP®= 23R T 23x2
Q3 (©
Sincedensity of gold decreases after melting therefore
Q41 (B)

itisfavourable at low pressure and high temperature.

11



Chemical Equilibrium

. : _ AR AS®
Using equation, logK = 23RT | 2.3R

Q42 (B
Iong AH° [1 1)
Us ation, 097 — = T
Sing equation, =X T 2 30R( T, T,
Comprehension#6
Q43 (©
Givenas: Q.46
H,(9) + 1,(9) == 2HI(9)
initally 1 3
Atequilbrium 1xR2 3x2 x
addition of 2moleH,,
g X X g X X .
272 Y272 ¥ Q4
=3-X 3x 2X
(x)? ,
S SO U PR - Q48
2 2 (3—X)(3—X)
2x=3 X—E
= o= >
x=15
Q44 (©
K = (2x)? 9
CE-0G-x) (9 Q.49
4
K=K, because An =0
K=K.=4
Given:
280,(g) + O,(9) == 2S0,(9)
2 15
_2-2x 1.5-x 2x
conc. = —¢ 5 5

12

SO,—— SO, (nf of SO,=2)
m.eq of KMnO, = m.eqof SO,
0.4x5=(2.2x)x2

2=2(1-x)x2

1
= 1—x:1/2:>x:§

(A)a,s, (B)p:(C)p;(D)r
(A)An,=2-4=-2and K=K (RT)*g
(B)Anyg=2-1=1 and K=K (RT)*g
(©)Ang=2-1=1 and K=K (RT)*g
(D) Kpisnot defined.

A—p; B—(q; C—s, D-r

Ky =Ko (RT)™™

(A=1);(B-r;(C-q);(D-p)

(A) An, is+ve so as Pisincreased, backward shifting
will take place. Total pressure even after shifting will
remain same.

(B) An, is—veso asV isincreased, backward shifting
will tekeplace. ButP, <P, .. .
(C)NochangebutP, <P, . asvolumehasincreased.
(D) Forward shifting will takeplaceand P, _, <P, .. ..
A-pt;B-q,r; Cqs

(A)An =0

(B) An =-1

(© An =2

(A)—>PRS;(B)>PQRS;(C)>PQRS; (D)—>Q

Asweknow
K
p
K = RO

K.& K_ratiodependon T & An,
if wetake T=0°C than
(RT)>1



K

; P
(A) |fAng<0 K, <1l=>K <K,

Kp
|fAng>0K—C >1=KP>K_

if wetake T=0°C than
PR,S
(B) Addition of inert gas at const pressure means
pressure of equilibrium gases will decrease
equilibrium shift where mole of gasesare high due
to the conc of reactant means equilibrium shifted
toforward

=An, > 0

But pressure is constant = volume T

= conc. of reactants
PQR,S

(© K;awaysdimensonlessP, Q,R,S
(D) T4 forward shift=AH>0

NUMERICAL VALUE BASED

Q.1
Q.2

Q3
Q4

Q5

Q.6
Q.7

Q.8
Q.9

Chemical Equilibrium

Molar conc. of H,S= % mol L' =0.25mol L™

Suppose degree of dissociation of H2S = o, then

2H,S=2H,+S,
0.25M
0.25(1—a), 0.25 a, 0'—2250L
=0.1250 = 0.125a
_[H,)[S]
Ko=—5—~=
[H.S]

10° = (0.2501)%(0.12501)
~ [0.25(1-2))?

Neglecting

in comparison to 1 we get

10° = (0.2501)%(0.125¢1)
(0.25)°

% age dissociation = 0.02 x 100 = 2%

=0.02

[7]
As NaCl is salt of strong base + strong acid, it does

not undergo salt hydrolysis

PREVIOUS YEAR'S

2] Q.10
(7
13 KVPY
[2 Q.1
« [POLIICL]_ @597 ) o

[PCL] 1.26

K _"Cl,x"PCl, X[ET
P "PCl, =n
1
= 2X§><|:g:|
Q.2
1lam
(3] Q.3
[a]
AG® = -2.303RTlogKp
If Kp=1,AG’ =0
Q4

(2]
(2

(A)

Reaction quotient

[HI'  04x04
[H,][1,] 0.1x0.2
Q=8
Q<K
So reaction will proceeds in forward direction.
Hence amount of HI increases

Q=

®)

Reaction movein forward direction

®)
2P(g) +3Cl(g) = 2PCl(9) K,

2PCl (g) + 2Cl(g) = 2PCl (9) K}?
Net reaction : 2P(g) +5Cl.(g) = 2PCl(g) K=K K}?

(D)

13



Chemical Equilibrium

Q5

Q6

Q.7

QS8

14

t=t 0.03 0.06

ac=0.03
noc=0.06
n=2

2 2
(006 _(0.08° .,

¢ 003 0.03

©
AG°=—-2.303RT log,, K

AG°

logK =———
2.303RT

So lower value of AGP higher will belog K
F—=—=G, AG°=-150kJ mol™(lowest)

©

H, +1,——=2HI; K. =50]
N, +3H,——=2NH,; K, =1000

N, +6HI=—=2NH,+3l,; K, =&02
(50)
Q9 (A
X==2Y k, Z==P+Qk,
1 0 1 0 O
l-a 2-a 1-a a a
(20)°
K _(ro) 42
T 7= =4
K, o a
(1+a)
Q.10 (D)
According to Lechatelier principal on increasing
volume of closed vessel equilibrium will shift towards
right.
Qu (A
CaCO, (s) = Ca0(s) +CO,(9)
AG’=AG"(Ca0) +AG’(CO,)—D,G° (CaCO,)
=-603.501—-394.389+1128,79=130.9kJnol
AG’=-2303RTlogK |
130.9x1000
= =-22.94
109K, = 25 308+ 2988314
K,=antilog(-22.94)=1.13x 10
Q.12 (D)
e Equilibrium constant is dependent on temperature.
e Equilibrium constant do not tell us about the rate of
reaction.
e At equilibrium, the forward and backward reactionsdo
not stop but they have same rate.
JEE-MAIN
PREVIOUS YEAR'S
Q1 [7]
o 1x1 @
AByg =A@ *+2B(Q) FI="1x "
1 - - =1
1-x X X
2
P, x (PB)
1+2x=19 KP="p —
AB,
9x9x9x%x20
=09 KP= 20 %100 x 11
x=0.45



Chemical Equilibrium

Q2

Q.3

Q.4

Q5

9%x9x9 =In10

K, = = 0.6627 x 101! —
P 100><11 x SO Keq - 10
Now A(g) - B(9)
t=0 22 0
© . t=t 22
Cl, == 20l = X X
Moles  x X B _ X 10
at eq” KaTlc 2%~
1 1 orx=20
PP = = _
2 2 So millmolesof B =20
Kp— Pe, Q.6 (875
) Q7 (18
1
(2) 1 Q8 (1400
P= T = E =05
2 Q10 (5
=5x101
x=5 QL1 (2
Q12 (17
)
Using formula Q.13 [187
ArG® = —RTInKp
25200 =-2.3 x 8.3 x 400 Iog(Kp) Q1 (6
K, = 1033 =102 x 0.501
=5.01 x 10 Bar JEE-ADVANCED
=5.01 x 10° Pa! PREVIOUS YEAR'S
Q1 (ABD)
__ K (A) AH,—AH, =C, . (T,~T,) and C, depends on
8.3x400 temperature. Hence enthal py also depends ontempera
K. =166 x 10° m*¥mole ture.
21'6_6; 10°* L/mol B) Cacos(s) ~— CaO Coz(g) Kp=( Pc02 )aequlibrium
ns= For agiven reaction.
Ke depends only on temperature.
(3%4) (C) Ke depends only on temperature.
0,(9) =2NO,(g); Ang=2-1=1 (D) Enthal py of reaction |smdt'aper.1dent of the catalyst.
Now, Kp =K. . (RT)Ang Catalyst generaly changes activation energy.

or, 600.1 =20.4 x (0.0831 x T)*

- T=35399K = 354K Par agraph for Questionno. 2to3

Q2 (B
(20) N
AG®=-RTInK_ X;(9)==2x(9)
Given AG® =-9.478 KJmole 1 _g B

T=495K R=8.314 Jmol™.
S09.478 x 108 =-495x%x8.314 %1 n Keq
In Keq =2.303

15



Chemical Equilibrium

B | .y
[1+§j B
K, = = 2
P ]-__Alzr __Afifi X
2 x 2 4
l+£
2
K, = 8°
4- pB*
Q.3 ©
AG’ =(+)ve

S —RTInK, =AG® =(+)ve
K,<1
Also f cant be 0.7 otherwise K, will haveto be (+)ve

16

Q4

Q5

(8.92 or 8.93)
Fe? o+ S%y — FES(9)

0.03M 0aM
(0.03—x)(0.1-x)
=Y = 0.07
K. >10°=0.03-x =0 =y
=x=0.03
1

K=16x107= 1 007

10V
T 1.6x0.07
y=8093

y =8.928x 1077 =Y x 10

[0.25]

o L8]

oA

10 100

Ko = =108nd K zgy === =100

1000

AGY, (RTky)  1000x/n10

NOW, AGl, (-RTfnky),  2000x/n100

2000

=025



lonic Equilibrium

ELEMENTRY
Q1 @
Q2

Q.3

Q4
Q5

Q.6

Q7

Q8

Q9

Q.10

Q.U

Q.12

Q.13

Q.14

Becauseit isaelectron pair acceptor it's central atom
have a vacant d-orbital

@

The basic character of hydride decreases down the
group.

Q)
@

BF; isalewisacid because‘B’ hasincomplete octet.

@
According to Bronsted principle HNO; is acid they

give y+ in agqueous solution and form NOj .

(O

103N KOH will give [OH"1=10%M
pOH =2

“pH+pOH=14, pH=14-2=12

@

For purewater [H*]=[OH"], K, =10""s

@

Because pure water hasa 7 pH.

©)

H,S0, == H* + HSO;

©)

It is a conjugate base of the strong acid.

@
Conjugate acid is obtained from the base by gain of

H*-

@
HCl isastrong acid its conjugate base means ¢j- is
aweak base

@

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

H,PO; —»H"+ HPOZ

Conjugate acid Conjugate base

©)

pH =4 means; [H*]=10"* mol

&)
H,SO, ionized in two step

@

[H*]1=2x10%M

-:pH = -log [2x107%] ;

pH=1.7 i.e.inbetweenland2.

@

)
0.01IMHCI=102M[H"], pH=2.

@
Because the degree of dissociation is inversely
proportional to the concentration of the electrolyte

@

K=9C 00 ) g Zc_[ﬂr 1
—a’ 100 100

=1x10%-

©)

o)

In weak electrolyte the degree of dissociation isvery
small. Soitincreaseswith increasing dilution

@

In agueous solution following euilibrium is exist.
HyS =—— H* +HS"
While adding the dilute HCI solution
(HCl == H* +Cl") equilibrium is shift to the left
sidein H,S — H+ 4 HS~
(1)

30

H = —01 ——003
[ ] cCXa X M
1;



lonic Equilibrium

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

18

@
[H"]=+vKc =v10®° x0.1 =107, pH = 3

@
Salt of astrong base with aweak acid

&)
(@ Fpe3+ions are hydrolysed to develop acidic na-
ture

€

0.001 M of NaOH means [OH]=.001
=10°M = pOH =3
pPH+pOH=14 = pH=14-3=11

@
MgCl, + 2H,0 il Mg(OH), + 2HCI

@

It contains replacable H atom.

©)
CH3COONH, isasimplebuffer and called salt of weak
acid.

(O]
NH,OH is aweak acid and NH,Cl is a strong base
salt.

@
[Salt] ) 10x1
H = pK, +log———- = —log2x107 +1 =4
PH = PR, +log ) = 710g2x107 +log z7o =4,
@
. Ca™+2F . _
CaF, == "§ "izsp 1Ky =4S’

@

Dueto common ion effect.

@
K, for CaF, =4s® =4x[2x10)® =3.2x107".

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

Q.10

Q.11

4

HCl (ag) + CHSCOOH (ag) —_

Cl-(ag) + CH3 COOH2+(aq).
base-1 acid-2

Acid-1 base-2

(4)
HC O, (a0) + PO *(aq) —>
HPO 2~(ag) + C O 2(a0)
4 2 4
Acid-1 acid-2

base-2 base-1

@

NH ~+H* —

)

Amphiprotic : can accept and
ReleaseH*

Only H2P04—& HCO3—

@
Fact based

@

[OH] = inpurewater.

So as temperature increases KW decreases [OHT]
decreases.

@
[H*] = =55x 102M.
. pH=2-074=1.26

)
Factual.

@

In this solution, source of OH~ iswater
Ca=[OH]

o==18x101M

%ionisation=1.8x 109 M

)

[H],=102; [H*],=10° =10¢

(2)
(1) At 25°C, [H*] in a solution of 108 M HCI > 107
M

(25 [H*] =108 M.
(3)[OH] =4x105M = [H*] =2.5x 10°M.



Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

(4) [H*] = 10° M.

(3)
[H*] = 0.016 M
[H][OH] =10 = [OH] = =6.25x 10°¥M

@

Inital Find

pH=12 pH=11
[H1=101M [H]=10"11Mm
[OH] =102M [OH]=103M

Inital No. of mole of OH~ = 102 Final No. of mole of
OH-=103
So no. of moleof OH~removed =[.01—0.001] = 0.009

@
(1) HCINaOH
No. of mili eq. = x100=10x 100=10

So solution is Neutral
(@ x55=55x45=45

[H]==102M,pH=2
(3 x10=1x90=9Basic
(4 x75=15x25=5

[H*]1=0.1M,pH=1

(©)
AsV—, effect of water dominates so pH become 7.

©)
CH3COOH (ag) H* (ag)+CH 3CO(T (a0)
t=0 0.01
t=eg0.01 —xx X

[H*]=x+0.01~0.01M

Ka= =1.69%x10°=

[CH3COCT] =1.69x10°M
So, degree of dissociation of CH 3COOH =
=169x103

@

RNH + H O RNH *+ OH-
2 2

0.01—XX X+104

=2x10%(Neglect x)

X2 + 10%x—-2x108=0

x=10"*

[OH] =x+10%=2x 10"

salt
pH =pKa+ log {ﬁ}

50% ionised = [Salt] = [Acid]

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

lonic Equilibrium

= pH =pKa=45 = pOH =95

(1)

M of HCl =25 x 0.5 = 125

M of NaOH = 10x 0.5=5

M™ of HCI remaining 12.5 -5 = 7.5

[H = =015
pH =—1log 0.15
= 0.8239

(1)

(4)
As concentration of solution decreases, degree of dis-
sociation of weak electrolyte increases.

)
HF— H*+F
pKW = pKa+ pr [For conjugate Acid-Base]
=pK =14-10.87=3.17
a
Ka: 6.76x 104

@

HA—— H*+A-
1-x X X
x=1%
=[H*]1=0.01
=>pH=2

€)
Ostwald dilution law is valid for weak acid and
CHacOOH istheweak acid.

)

NaCl Solution: pH isthe, pH of water.
AsTT KwT &[HT

pH at 25°C <7

@

Volumeof resulting solution =100 ml

[H]==103

=>pH=3.

©)

HCl NaOH

N=04 N=0.2

V=50ml V=50ml

No. of milieg= 0.4x50=200.2x50=10

[H]=01M, pH=1

19



lonic Equilibrium

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

20

(2)

% Hydrolysis does not

depend on the conc. in case

of “Weak acid + weak base : Salt”

(1)

Weak acid + Strong base : Salt
CN-+ HZO HCN + OH-
XXX

X can be neglected

=X =31x10"

% Hydrolysis = x 100

=248 %

(4)

Salt of weak acid & strong

Base

CH3COONa—> CH3COO— + Na"
CHSCOO— +H OCH3COOH + OH-
Basic Solution

4
Factua

(1)

h=.03C=01M

Kh:Ch2:9><10‘5

K ==9x10° K ==111x101%01
h a

x 10710

(2
Solution of HCl & NH CI will be acidic, solution of
NaCl neutral whereas solution of NaCN will bebasic.

@

NaCl + HCI : Not the Buffer

and Solution isacidic dueto HCI.
=pH<7.

@

m. equivalent of KOH =8

m. equivaent of HCOOH = 16
Remaining m. eq. (HCOOH) =8
Formed m. eg. (HCOOK) =8
= Acidic Buffer

pH =pKa=4-log2

=37

pOH=10.3

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

(2)

CHsCOOH +OH — CH3COO‘ + HZO

t=0 20 20

t=eq— - 20

So, [CH,CO0T = =01M

pH=7+ pK_+ logC=7+237+ log 101=7+
237-05=887

(3)

pH =8.7 = pOH =5.3
Basic Buffer

= pOH = pr +log

= =4

If volume of salt =V ml
= =4

(4)
Factud

(3)

K =5x loflopKa =10log5=9.3
pH =pr +log

9=9.3+log—0.3 =log

0.3=log =2 le =2ml

@

pH =pKa+log

=55=5+log

= =316

Supposex m. mole NaOH was added
Acid +Base—— Sdlt

10x 10

10-x 010+x

= =3.16= x=5.2m.mole

= NaoH (mass) =x 40=0.208 g

@

HCOOH + KOH HCOOK+H20
milimole20—10

10 - 10

pH =pKa + log =3.74+log pH=3.74

@

CHSCOOH + NaOH CHSCOONa + H20

timet=0 40mmole  20mmole

timet=t 20mmole  —20mmole

EH = pKa+ log =pH = pKa: [HY] = Ka =18x10"
M



Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

(3)

Mole of NaOH is required for 1 lit solution = x
Moleof NaOH isrequired for 100 ml of solution

=0.1x

Now, 0.1x=1xV ,V =0.1x It = 100x ml.

(4)

A2X3 2A%* + 3X%
2y 3y

K= @)@y
K, =108y°

@

HgSO, Hg? + SO42—SS
Ksp=S?
=64x10°5=%2

= S=8x103mole/L
S=8x103x 10 mole/m?
= S=8mole/m?

(O]
Calculate the solubility ‘s’ for each option,
Higher thevalue of ‘s’ Higher the solubility.

@
ForpptQ >K
CaF —> Ca?*1oF
2
Q_ =(Ca?) (F)*
(DQ =125x10™
) Q" =125x 100
(3 Q" =125x103
4) Q" =125x 1075
OnIyTZ) option will get precipitate.
(4)
WA Vs SB end point > 7 Phenolphthalein

(1)
Same as problem Number = 28

(3)

Q,(AgBN =[Ag'] [Br]
=0Q =

=2x10-1e

Q <K

=No psrpeci pitation
[Ag]==10"M

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

lonic Equilibrium
(3)
pH =pKa +log =6=5 +log =1=log
=10
(1)
MX4 M#* +4X-S 4S
K= [SI[4s]*

K_ VU5
_ _ | %
:>Ksp—25685 38_[256)

(4)

(@D} LiSNa3(AIF6)2 3Lit+ 3Na" + 2[AIF6]3‘
3s 3s 2s

KSp =(39)°% (39)% (29)% = 2916 .

(2)
K,,0f Mg (OH), = 2556 x 1042

4 313:2.56 x 10713 s, = 4x10°M

K _of Al (OH)3=K =4.32x10"%
P P
275#=432x10%s =2x10°M ==2x 10*

©)

NaF Na‘+F

0101 0.1

CaF, Ca+2F
(2x+0.1) 0.1

KSp =x(0.1)2=34x1011x=34x10"°

@

Ag,CO, 2Ag" + COSZ—

2ss

Here [Agf] =2s=2%x10*M=>s=1x10"*
K,,=48=4(1x10%)2 =4x 102

©)

Na2C03 2Na"  + COSZ—
2x0.010.01

AgZCO3 2Agt + C032—
2x(x+0.01)0.01

KSp =4x2(0.01)

K$:4§:4x 1012=4x2(0.01) x=10"°

©)
Let K of AgCl =x
p

21



lonic Equilibrium

Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

22

(1) solubility of AgCl in pure water = s = (2)
solubility of AgCl in 0.01 M CaCI2= s,=

(3) solubility of AgCl in 0.01 M NaCl = s, = (4

solubility of AgCl in 0.05 M AgN03= s, =

So s >s >s >5s
1 3 2 4

(1)

K_(BaCrO) =24x101°M?2

SP 4

[CrO 2= 6x10*K __(BaCrO)=[Ba? [CrO 7|
4 SP 4 4

2.4 x 10710

=[Ba']x6x10% =24x1071°

[Ba']=4%x107"M Ans.

@

PH = 4 =[H*] =10“M = [OH] = 10°M
Al (OH), AI"S + 30H-

K_ (Al (OH) ) = [AI*?] [OH]3

[AT3] [OH]3=1x 1033

[AI3] (10193 =1 x 10733 = [AI*3] = 103 M

@

Higher the concentration of H* , higher isthe solubility
of Fe(OH)S.

solubility of Fe(OH)3 ismaximumin0.1M H2504

@
MnS(s) Mn?* (ag) + S*(aq) ;S* (aq) + 2H* (aq) H,S
(a0)

@

order of solubility : Complex formation > Purewater >
Commonion effect.

AgBrformcomplex [Ag (NH3)2]+ in NH35030I ubility
ismaximum in NHs(eq).

@
pHof 0.1M HZSsqution can bederived by :
H.S H*+HS"; K = 1x10~7

1

- [H]=Ca=C= =

(€)
HA H*+HA-
10°5=
HA- H* +A2
5x1010=
HA2H"+A-
2
K =5x 1019 x%x 10°

overall

=5x 101

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

(D)

(Kw )sooc AH{ 1 1}

= - +
109 (K, )psoc ~ 2.303| 323 ' 298
0 5ATA_ AH 25
= %9708 " 2.303x8.314  323x290

(AH), .o OF H,O = 51.963 KJmol
(AH), aismon = — 51.963 KJ/mol

©
2Ag(s) + 21~ + 2H,0 = 2Ag(s) + H,(g) + 20H-

_[HloH P
P
For H.(s)
PV =nRT,
P=CRT
P 0.6

C = RT T 0.082x208 ~ 2024

From eq(1)

1.2x1072 x (0.1
0.0245

[OH] = 0.0699

[OH?=

1.2x1072 x (0.1

o= 0.6

= 1.650

(D)
Fe* +H,0

Fe(OH)? + H*

1-0.05 0.05 0.05 0.05
\% v V V

conc at eq"

have K —65><1cr3——(0'05lv)2
WERAVE R = o = 1-0.05/V)

_ 100
T 19x13

0.05
(H)= =~ =01235

P, =—log(H*) = 0.908



Q.4

Q.5

Q.6

Q.7

QS8

(B)
HCl — H* + CI-

(x+x) (¥
H,0 = H* + OH-
(x+x) (x)

lonic product = K, = (2x) (x) = 10
= 2?¢=10%=x= /50 x10°

(A)
Order of basic strength O > S* > S > Te>”

(A)
pH of amphioprotic salts and weak acid-weak base
salt is independent of its concentration.

©
CHNH, +H* —— CHNH,'

t=0 5 2.5t,2.5-25
pOH=pK, =14-8=6
pK,=6

Now for the solution of [C,H,NH,*] = 0.01 M

H=7 z K 1| c=7 8 i| 0.01)=5
p__zpa_z Og __2_209( )_

(A)

Na,PO, — 3Na"+PO,*

PO>+H,0 HPO,> +OH-
-14

Kg = Kw 10

Ks 45x107%3

0.1(1-0,)0.10,(1-0)0.10, + 0.1 oy, + 0.1 ot 000,

HPO,> +H,0 ———= H,PO> +OH-
. K, 1071
Ky,  6.3x10”

0.1(1-,)0.10,0,(1-0,)0.10 0, +0.1 0, + 0.1 ot 00,

H,PO,” +H,0 H,PO,+ OH-

Q.9

Q.10

lonic Equilibrium

. K, 1071
Ki  7.1x10

0.1 a,0,(1-o)
0.1 o0,

0.1 o000, 010,000, + 0.1 0, +

Now 1-a,~1
1—a3z 1
or [OH] =0.1a,

[OH][HPOF]  0.1oyx0.10y
[PO3] 0.1(1-0y4)

We have K3 =

= 0.022
0.1 o,2= 0.022 - 0.022 o,
0.1a?+0022a,-0022=0
a,=373x 102 M

[OH] =0.1a,=373x10% M

+_ [OH][HoPO4]

Ky =2 =4l
[HPOZ ]

As, [OH-] ~ [HPO,7]

We have, [H,PO,] = K,!= 1587 x 10" M

, [OHf][H3PO4]
K, == L3 4l
0 T T ,PO;]

1074 . 1.587x 10~/

H.PO] =
[H,PO, 7.1x10°%  3.73x1072

=6x108 M
©

= oK+ loq [C6H5C00"]
PH = PR 199 1c nscoon]

V2 \
= 45=42+log 71 = 71 =2

volume of C;H,COONa required =V, = 200 ml
volume of C;H.COOH required =V, = 100 ml.

(B)
For the buffer solution of NH, & NH,*

[NHs]
pH = pK_ + log INHZ "] = 8.26 = 9.26 + log

23



lonic Equilibrium

Q.11

Q.12

Q.13

Q.14

24

(500 0.01)
m.moles of NH, "

= m. moles of NH,* = 50.". moles of (NH,), SO,
required = 0.025.

(A)
CH,COONa+HCI ——> NaCl + CH,COOH

t= 020 m eq. 20 meq.t,,—20 meq.
Q.15
CH,COCH] = 2 =0.1M
[ 3 ]_ 200 - Y
1 1
pH = > [PK,—log C]= > [5-log2 + 1]
1
=3 [6—log2] =3-log .2
©
meg. of acid=meq of base=20xM =20x0.2=4
Molarity of HA=0.2M 0.16

HA +OH ——> A-+ H,0

5 2m. mole

3- 2m. mole

H=pK_+lo [A—_ 58=pK_+lo (EJ K

pH=pK, Q[HA]D-—IOa g |3 ) =PK,
=5.98

D)
CH,COOH +OH- ——> CH,COO" +H,0

1 2
Difference in pH between 3 & 3

2/3
K4 +log| ——
{p at 9[1/3j:|—

stages of

neutralisation =

K4 +lo 1/—3
PKa + 109 5/3 )| =2log2.

B)
m. molesof HA taken =27x0.1=2.7

HA +OH- —— A— +H,0

t=02.71.2
t, 1.5-1.2

eq

pH = pK, + log Al

_ | (Ej
[HA] =5=pK,+log |15

4
= pK, + log 5

pK,=5.1 = K, =8x 10%.

(B)

m. moles of HCI = 0.1 x 20 = 2

m. moles of CH,COOH = 0.1 x 20 =2
After titration of HCI by NaOH

2 1
[CH,COOH] = 20 - 20 M

1
- pH = 5 (K, ~log C)

N |~

[5—IogZ—Iog(2—10)] =3.

(B)

BOH + HCI — BCI+H,0
Initially 4 0.16 xV 0

no. of milli moles

After Rxn 004

=016xV=4

.. Concentration of BCl = 25120

4
- 2
65 6.15x102M

1
SPy = E[pkz —pkp —logC] =5.23

= pk,=4.75

Now,

BCl +NaOH — BOH + NaCl
Initially 41.800

no. of milli moles

After Rxn4-1.801.81.8

=2,2=0=18

Themixtureisbuffer of BOH and BCl



Q.17

Q.18

Q.19

Q.20

Q.21

[BCI]
[BOH]

P, = pk, +log

N

2

=475+ log 1

(o]

Q.22
P, = 9.16

(B)
(A) pH of NaHCO, isindependent of dilution.

(C) pH of buffer solution is approximately ramains
constant with dilution.

(D) pH of salt of WA & WB isindependent of dilution.

Q.23

©
CaF,(s) = C&" +2F s2s

48 =K_=4x10"=s=215x10"*M
So, amount of F~in 20000 It of water
=2sx20000=8.6mol.

©
[FeT[OHT] = K
[OH] 2 3.7 = pOH = 3.7 =pH > 10.3.

B) Q.24
Ca(OH)2 — Ca&" +20H~

t—oﬂ =0.02
B 7

so, pOH=2-log4=1.4
so pH=126

00t,,00.020.04

D)

CH,COOH +NaOH — CH,COONa+H,0
Initialy

no. of milli moles20.10
Afterrxn1.9000.1

[Salt]
[Acid]

Q.25

(P4)1 =PKa+log

0.1
=PKa+log 19

Q.26
- 1.9
Similarly (Py), = PKa+Iogﬁ

lonic Equilibrium

(1.9)
(0.1)°

=p,=(),—(P,) =log = 2.558

(A)

Ko (AgCl) =2.8 x 10
AgCl Ag'+Cl-
28 x 101 =(s+ 0.1)s
s=28x10°

(A)

S+ Zn* —— ZnS(s)

m.moles 0.40.20.2-so in solution,

0.2
21 — _
[$]1= -5 =001M

Ksp  ax10724

= =4x102M
[S%7] 0.01 o

[Zn*] =

mass of Zn?" remain unprecipitated in 20 ml of

4x107%4

solution = x20x65=5.2x 102 gm.

(A)
m.molesof Ag*in 100 ml of saturated solution of AgCl

= JKsp x100=14x103
Now
Ag'+SCN- —— AgSCN (s)

m.moles of SCN- = m.moles of Ag*
1x10°xV =14x10° = volume= 140 mL.

(A)

Cd* +HS—— CdS| + 2H*

m.moles 0.10.2
Total m.moles of H* in solution after the reaction
=02+08=1

1
[H]= 755 =0.01M = pH =2,

(A)

2AgT(ag) + H,S(0) —— Ag,S(s) + 2H"(an)
K = 10%®
25



lonic Equilibrium

moles of H,S dissolved = 1.5 x 10
moles of Ag* precipitated = 3 x 10

3x107*)(3x10™*
0.25 0.25

K(AgBro,) = ( J: 1.44 x 10-

Q.27 (B)
Q.28 (A)
BOH + HCl — BCI + H,0
a_i E:G
4 4
—24x 3 -18m Now, & =6m
= - eq ow, a2 - €q
[salt]
P+ log [basic] a=24meq
=PK +| 4 =14-924=476
=P, TIog 4x3 ~ T
= PK, =5.237
Now, BCl + NaOH — BOH + NaCl
6-6 6—666
=0 =0=6=6
Total BOH=6+18=24meq
24
S (BOH)=— M
(BOH)= 7
1
Py = > [Pk, —logC]
—1[5237 I ﬁ]—2774
BT R
P,=1122
Q29 (©
If x bethe concentration of AgCl in the solution, then
[C]=x

FromtheK ® for AgCl, wederive

Ksp  1.7x10720
[Ag*] e
[CI] X
If we answer that the magjority of the dissolved Ag*
goesinto solution asAg(NH,)," then Ag(NH,)," then
Ag(NH,)," =x
Since two molecules of NH, are required for every

Ag(NH,),"ionformed, wehave[NH,] = 0.2—2x
26

. - [Ag*IINHs
™~ [Ag(NHg)3]

-10
[”X)l(OJ(o.z —2xY

=6x10°

X

x = [Ag(NH,),"] = 9.6 x 10 M, which is the
solubility of AgCl in 0.2 M NH,

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (B,D)
pK, (H;0%) = -1.74 = pK, of OH~
pK, + pK, = 14 only for conjugate acid base pair.
o =1.8x102°0rl.8 x 107 % for H,0.
Q.2 (A,B,C)
pK =- IogKW =—log1lx1012=12
K, =[H*][OH] =102
[H*]=[OH]
= [H*?=10"%;[H*=10F; pH =—log[H'] = -
log 1076 = 6.
HZO is neutral because [H*] = [OH] at 373 K even
whenpH =6.
(D) isnot correct at 373 K. Water cannot become acidic.
Q3 (B,O
(A) pH of 10°®msol. of HCl is6.97
(consider the H* fromH,O also)

(B) H,PO,~ ;) HPO,2-

(C) Kw=[H"][OH]

On T temp[H*] [OH]

bothT = Kw T

(D) HA +NaOH — NaA +H,0
CCl2 c-CI2

salt
acid

pH =pKa+log

Q4 (B, C)

, [Salt]
(B) is correct because pH = pK_ + log for

[Base]

acidic buffer.
If [Salt] increases, pH of acidic buffer will increase.

[Salt] )
pOH = pK, + Iogm for basic buffer.



Q.5

Q.6

Q7

QS8

If [Salt] increases, pOH will increase, pH will
decrease as pH = 14 — pOH.
Therefore (C) is correct but (D) is wrong.

. [Salt]
(A) isnot correct pH = pK_ + log [Acid]

If [Salt] increase, pH will increase.

(B,C,D)
(B), (C) and (D) are the mixtures of conjugate acid-
base pairs.

(A, B)
(A) is buffer because it contains weak acid and its
salt and they will also show common ion effect.

(B) is aso a buffer because it contains a weak acid
and its salt. They will not show common ion effect.

(C) isnot buffer solution because they contains strong
acids and its salt. They will not show common ion
effect.

(D) isnot abuffer solution because it contains strong
acids and its salt. They will not show common ion
effect.

(A,D)

(A) [H*]=10?and[OH] =10
H*+OH —— H,0
This leads complete neutralisation

2+12
2

(D) [H*]=10%and [OH] = 10

so, pH=7=

[H]+[OH] —— H,O
This leads complete neutralisation

5+9
2

so, pH=7=

(A,B,C)

HA —— s H + C-
0.09-0.09 0.090.09
CI,HCCOOH Cl,COO + H*
0.1-yyy+0.09+x

We have, y + 0.09 + x = 101 = 0.10
x+y =0.01

~
~N —_—

0.1xy 0.01
0.01-y 0.1

AlSJ, KCH3COOH 210_5 =

SX =~ 0.01

Q.9

Q.10

Q.11

Q.12

Q.13

lonic Equilibrium

K _ xx01  0.01x0.1
- NCRHCOOH =0 09 _0.01 = 0.08
=1.25x 102
(A,B,C)
MW of CICH,COOH = 44.5
945
No. of Moles of acid = 945 - 0.1
co[acid]=01%x2=02M
CICH,COOH CICH,COO" + H*
02(1-0) 01la 102=0.2a
-2 5
o= u =0.05
2
(A, C, D)
(A) In 0.6 MM HCOOH solution
[H) 6 x 10+ [H"]?
« _
a C—{H+]:> 6x10™ —[H*]
[H]=4x10*M.

So solutionin (A), (C) & (D) are ISOHYDRIC.

(A,B)

Tota [H+] = 1'K8101+K32C2
_ |[3.6x1074x 22 x100|+[ 8x1074 x 9L « 400
500 500

[H*] = 102 M.

KalHN3] — 36x1074x0.5

= 100 =
[H*] 0.01x500

For HN,, [N;] =

3.6x10°M.

K,[HOCN]
For HOCN, [OCN] = —[H+]

_ 8x107#x0.1x400
0.01x500

=6.4x10°M.

(A, ©)

As K, of acid increases, K, of its conjugate base
decreases.

(B,C)

On the basis of ostwald dilution law, number of H*

ions will increase but increase in volume will be
more. Therefore, [H*] decreases, pH increases.

27
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Q.14

Q.15

Q.16

28

(B, C, D)
Let BA bethissalt BA — B* + A~
A~ does not undergo hydrolysis because HA isstrong
acid. B* undergoes hydroysis

h = h = degree of hydrolysis where Kh = Hy-
drolysis constant = .
h o« greater the hydrolysis constant greater the
h(degree of hydrolysis).
hoc greater the Kb lesser the h.

Hydrolysisisendothermic, Kh increaseswith tempera-
ture and h also increase with temperature.

he V =volume of salt solution hence hincreaseswith
dilution. K =

Both K and K change with temperature, hence K
chang&c with temperature.

Hence, statement(B) is correct. h increases if Kb
decreases, statement(C) correct.

It is found that as temperature increase, K and K
increase but increasein K isgreater thani increase |n

K.
b
Hence, h increases with increase in temperature. or h
decrease in temperature., hence statement.
(D) iscorrect.

(D) isnot correct from explanation of (B).

(A,B,C)

Ateqg. pointpH=4.5

pOH=95

pOH = 1/2[Pkb + pkw + hc]
95=1/2[5.6+14+hc]=C=0.25

(C) Tota volumebe (100 + V)
0.25x%(100+V)=05%xC = V =100 ml

(D) 100M =0.5V

100xM =0.5x% 100

M=0.5

100 ml 0.5mole

100 ml 0.055 mole of base

wt.
0.05= — = wt.=2.25gm
45

% of base = —— x100 90%
’ 2.5 °
(A,D)
[H3AsO4]  [H*] 1078 1

~ 25000

[HoAsO4 ]~ K; ~ 25x107%

Q.17

Q.18

Q.19

Q.20

. [HASO,] <<[H,ASO,].

(B) F2A0a1_ ] 10° 1
[HAsO421~ Kz ~ 5x108 ~ 5

© [As0,* ]  Kg  2x103 1
[HAsO427 1~ H'1 = 108 ~ 50000

- [AsO*] << [HASO2].

(A,B,C)
(A) H,CO, +OH ——> HCO, +H,0

moles 1.5 1
0.5 -1
s0 it is a buffer solution.

(B) H,LCO, + OH —— HCO,; +H,0
moles 1.52-0.51.5
HCO,

moles 1.50.5—
s0 it isabuffer solution.

+ OH —— CO +H,0
05

(© NH,OH + H'—— NH," + H,0

moles 541 -4
s0 it isabuffer solution.

(A,B,C)
(A) CH,COOH/CH,COONa

(B) CH,COONaHCI — CH,COOH +NaCl CH,COONa
/ CH,COOH (Buffer)

(C) NH,/NH,Cl (Buffer)
(D) NH; + NaOH (not Buffer)

(A.B)

(A) A buffer solution isasolution which containswesk
acid and its conjugate base. it is acidic buffer.

(B) Basic buffer contains weak base and its conjugate
acid.

(C) iswrong becauseit does not show changein pH on
adding small amount of acid or base.

(D) iswrong ; al the above statements are not correct.

(A, C)

Sodium acetate and acetic acid solution and anmonia
and ammonium chloride solution are the examples of
acidic buffer.



Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

(C,D)
Higher the K of acid lower isthe pH of acid for same
concentration.

(A.D)
HIn —— H* +Inm
« o B pe) Ko 1070
n”  [Hin] [Hin] = [H'] ~ 10796 ~
10°0= 4

4
.. % of [In] in solution = gxlOO = 80%

so pink colour will be visible.

(B,C,D)
Initial decrement is due to consumption of free OH-
ions, then slow decrement in pH isdueto basic buffer

solution and minimum slopewill betherewhenthereis
best buffer action ([salt] / [base] = 1)

(B,C)

BOH +HCl —BCl+H,0
100m05V 20M
100M-05V 0 =80M 14-a

salt
base

pOH =pKb +log

20M

80M

= pkb=5-1090.25= pkb=5.6
=Kb=25x10"%

greater than 10°°

5=pKb+log

(A,B,CD)
Factual

(C,D)

InAgNQ, solution, the solubility of AQCN will decrease
as compared to pure water because of common ion
effect of Ag*ion.

In NH, solution and buffer of pH =5, the solubility
of AgCN will increase due to complex formation in
case of NH, solution and hydrolysis of CN- ions in
case of buffer of pH = 5.

(A,B)
Kg = 1.1x 1071 = (1.4 x 104y x* .y

Q.28

Q.29

Q.30

Q.31

Q.32

lonic Equilibrium

sowe have x +y = 3 (by comparing values)

1.1x107% 110
1.4x1.4x1.4x107% ~ 1.96x1.4 ~

S0, X*.y¥=

4
Hencex=1,y=2o0or y=1,x=2

(B,D)
Facutdl

(C.D)
Given graphisplotted for thetitration of weak diprotic
acid with base.

(A,B,D)

[Ag*] ionrequiredto precipitate Cl-ion== =2x 107°
mol/L.

[Ag™] ionrequiredto precipitatel —ion= = =8 x 107'°
mol/L.

Since[Ag*] ion conc. required to precipitate Agl isless
than the[Ag*] ion conc. required to precipitate AgCl,
Agl precipitatesfirst.

Hencechoices(A),(B) and (D) arecorrect while (C) is
incorrect.

(A,B)
H,SO, isastrong acid and it completely dissociated in
H,O. Hence its K, and K, are determined in

CH,COOH.

Also H,S0, is neutral while HSO,~ because the —ve
charge hasmore affinity towardsH* ion. Hence choices
(A) and (B) are correct while (C) isincorrect. AsH_SO,
iscompletely dissociated inwater soa0.01M H,SO, is
completely dissociated and its [H*] ion conc. will be
equal to 0.02 M.

Hence choice (D) will beincorrect.

(A,B,C)

[AZ] = Ka2 =10°
pH=1pH=3
[H],=10"[H],=103

H']y
H*],

=100

1
pH = 2 (PK,, + pPK —pK))

29
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pH isindependent of dilution with in alimit since no
concentration term in pH expression.

Comprehension # 1 (Q. No. 33to 35)

Q.33

Q.34

Q.35

(D)
Facutal

(A)

Since K, of CH,COOH & K of NH,OH are same so
degree of hydrolysisof CH,COO- & NH,* are exactly
same.

©
Facutal

Comprehension #2 (Q. No. 36to 39)

Q.36

Q.37

Q.38

30

(A)

11.85

Mole of Potash Alum = 272

=0.025

Mole[Al*]=0.025

Mole[K*] =0.025

If none of the lon Hydrolysed
=[H]=10"

(A)

Al* +H,0 S5 AI(OH) + H*

K,
C-x X X
C= 0.025 x 1000=0.25
100
52
= 025-x =14x10° =x2=14x0.25%x10"

5 = x=187x103

©
SOZ+HO ~—— HSO -+ OH-
4 2 K, 4
K,

0.5-x X X

x> 107
05_x ~ 1.25x102 (Neglectx)
= [OH] =x=6.32 x 10”7

10—14

6.25.107  -8x10°

=[H]=
Q.39 (A)

Al*+ 802 +H,0 < — AI(OH)> + HSO,”
K,Kp

0.25-x 0.5-x X X

Kw 1.4%x107° 112 % 10
Y, s = ———F5 =1]. X
KaKp ~ 1.25x1072

X2

= (0.25 - x)(0.5) - x
= x = [HSO,] = 0.0114

=112 x 1073

[H*1[S05 "]

~  [HSO;]

=K,=125x 10?

[H*1[0.5-0.0114]
[0.0114]
= [H*] = 2.92 x 10 102
= [H*] = 2.92 x 10

=1.25 x 102

Comprehension # 3 (Q. No.40 to 42)
Q.40 (C)
From the Graph 19 ml

Q.41 (C)
From the Graph pH ~ 8.5
Q.42 (C)

12 0.222x19
Mol.mass =~ 1000

= Mol. mass = 284.5
Comprehension # 4 (Q. No. 43 to 45)

Q.43 (A)
For SrF, in pure water
4s? = Kg
For SrF,in 0.1 M NaF solution
s, (0.1)2=K_
= 4s?®=s,(0.01)



Q.44

Q.45

Q.46

256
= 4s®=s X 106 (0.01)

= 5 =8x10"M
Ksp:4513: 2.048 x 10°

©
[Sr*],=0.0011=11 x 10" M
[Sr*],=2x10*M
[Sr?#] precipitated = (11 - 2) x 10* M
=9x10*M
[F] needed for this precipitation
=2x9x10*=18x 10* M
Also, [Sr*], [F]% =K, = 2.048 x 10°°
But,[Sr*], =2x 10*M
[F],=32x10°M
Tota [F] needed = 3.2 x 102 + 18 x10* = 5 x
10° M

. 5x1073 x 42
NaF needed for 100 ml solution = %
=0.0219g
B)
SF, —— S +2F
S 2s

Fwill react with H* to produce HF
F+H" =—HF

1 [HF] 7
K= ="t =15
Ka = HIIFT] ™ 107°
[HF] =7 x 105[F] [H*] (-- [H*] = 105 ; pH=5)
=7x10°[F] x 105=7[F]
Here [F]l+[HF] =2s
S
(F1=7
s 2
K =s (—] =2.048 x 10°
® 4
s=3.2 x 10° mol/L
A-S,B-S, C-Q
200x1.225x 22 x2
(A) [H] = 100

98
=125

lonic Equilibrium

[OH] = 0.525 x x 3=1.26

1000

Remaining [OH] = 102

= pOH =2

= pH =12

Indicator having range 11.4 to 13.

B) pH = 11— log2 + log =
(B) pH =11 —log2 +log 5

=11+2log 2

=11.6

Indicator having range 11.4 to 13.
(C) HCIl m.eg=5

NaOH m.eq = 13

Remaining NaOH =8

m.eq of HA = 10

Ha+ OH —— A-+H0O

10 8
2 08

[A7]
[HA]

pH=P**+log

=5+log4
= 56
Indcator having range 4.6 t0 6.4

(A-p,q,r,8);(B-p,1);(C-1);(D-p,q,9)
(A) [H]inHCI solution=10°M
[H] inH S solution = /K xC =104M

so [H*]inHCI solution < [H'] in H_S solution

& [OH]inHCI solution>[OH"] inH,Ssolution

& degree of dissociation of water in HCI solution >
degree of dissociation of water in H_S solution

pH of HCI solution > pH of H_S solution.

(B) AtpH =4.74in CH,COOH solution, [CH,COO-
] =[CH,COOH]

1
degree of dissociation of CH,COOH = >

AtpH=9.26i.e. pOH = 4.74inNH,OH solution,
[NH,]1=[NH,OH]
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lonic Equilibrium

Q.48

32

degree of dissociation of CH,COOH = degree
of dissociation of NH,OH

degree of dissociation of water in CH,COOH
solution > degree of dissociation of water in NH,OH
solution.

(C) [H*]inCH,COOH solution= /1 8x10~5x0.1 =

J1.8 x10°M

[H*] in HCOOH solution = 1 8x107%4x1 =
J1.8 x102M

so, degree of dissociation of CH,COOH = degree
dissociation of HCOOH.

(D) [H7]inHA_ solution= /1075401 =10°M

[H]in HAzsqution: 106001 =10*M

Q.49
so [OH] insolution of HA, < [OH"] in solution of
HA,

pH insolution of HA| < pH insolution of HA,,
& degree of dissociation of water HA, < degree of
dissociation of water HA...
A-PB-Q,C-S,D-R
A OH— —_ M —6x 10—4
( ) [ ]_ 500 -
OH 0.08 x5 8 x 10
=" =0X
[OH] 500
Remaining[H] =2x 10
pH=4-log2=3.7
B) [RNH.CI] = 0.5x10 0.1
( ) [ 3 ] - 50 -
[KOH] =0.1
RNH.Cl + KOH —— RNH, + KCl + H,0
0.1 0.1 01 0.1
RNH, + H,0 TA RNH," + OH-
b
0.1-x XX
2 K
X K= ¥ =
=>x=10°=pOH=3;pH =11 Q.50

(C)Buffer : HCO, / CO

H = pKast| Salt
pr = pratiog Acid
=11-log4 +1 i
= 1l-log 098

=11-log4—-log 2
=11-3log2=11-0.9

=10.1

(D) CO(OH), = CO* + 30H-
S 3S

= 27S' =27 x 10

= S=10"&

[OH] =[10+ X] : x from water
[H] =x & x (10 + x) = 10
=pH=7

(A_p! q): (B_q1 r), (C_p! q! S) ; (D_r! S)
(A) H.C,O, + OH-

27274

m.moles5025
Buffer solution pH = pK

—— HC,0; + H,0
25-25

(B) H,C,O, + OH~
m.mol es5050— 50

—— HC,O0; + HO

K K
Amphiprotic, pH = PraltPaz

13 _
2 27

6.5.

(C) H.C,O, + OH-

27274

m.moles5075-2550

—— HC,0; + H,O

HC,0,+ OH- H,0

2
CZO4 + 2

m.mol es502525-25
Buffer solution pH = pK_,.

(D) H.,C,0, + OH-

27274

—— HC,O; + HO

m.mol es50 100

-50 0
HC,O, +OH- —— C0*> + HO
m.moles50 0

— 50
Salt hydrolysis, pH > 7.

(A-9);(B-p,q);(C-q79);(D-qr)
(A) ForAgBr, Ko =[AgT[Br]

SO on increase in [Br7], solubility of AgBr
decreases.



(B) For AgCN, Ko™ [AgTICN]

CN-undergoes hydrolysis so solubility in water
is more than expectation.

In acidic solution, CN- gets protonated so
solubility of AGCN increases.

AQCN formscomplex Ag(CN), with excessof CN-

(© ForFe(OH),, Kg=[Fe*T[OHT.
In acidic solution OH- decreases so solubility
increases.
Solubility decreasesin presence of OH-.
(D) ForZn(OH),, K =[Zn*] [OH]?
Zn(OH), is amphoteric in nature so its solubility
increases in both acidic as will as strongly basic
solution.

NUMERICAL VALUE BASED

Q.1

Q2

Q3
Q.4

Q.5

Q.6
Q.7

Q.8

Q.9

(7]
NaOH +HCl 5 NaCl +H,0

NaCl isasalt of strong base and strong acid, hence it
givesthe neutral solution with pH = 7.

(9}
MOH =—— M"*+OH-

[OH] ‘/Ksp =1x10%° =10°

pH=9.

(7
(6]

s= /Ky =36 =6M

(3]
CH,COONH,, NH,CN, HCN + NaCN
(4]

(9

(0]
AG° = - 2.303RT logK .

(2]

Phenolphthalein is used for titration of solution of
(i) strong acid and strong base and

(i) weak acid and strong base

lonic Equilibrium

Q.10 [5[(i)to (V)]
Qu [31]
- [CeHsCOO "]
PH =pK, +108 16 hecoom]
Vo Va2
= 45=42+log Vi = Vi =2
. volume of C;H,COONarequired =V, = 62 mL
volume of CH.COOH required =V, =31 mL.
KVPY
PREVIOUS YEAR'S
Q1 (D)
Meq of CH,COOH=100%0.1x1=10
Meq of CH,COONa=50%0.2x1=10
[ CH,CO0" |
pH=pKa+loge———=
[CH,COOH]
pH =4.76+ Iog%
pH =4.76+1log |
pH=4.76
Q2 (B)
[Conjugatebase]
pH =pHa+log W
-~ [Conjugate base] =[Acid]
pH=pKa=5.85
Q3 (A
C=01M K,=10°
K,=a*C
10°=02x0.1 a?=10"
a=107?
Q4 (B
Order of pH
lessthen 7 pH=7 morethan 7
NH,CI < NaCl < CH,OONa
Salt of strong Salt of strong  Salt of strong

acid + weak base acid + strong base base + weak
acid

33
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Q.5

Q6

Q7

QS8

Q9

Q.10

(D)

Koo = (A9 ][Br ]
=(5x107)(10®)
=5x102

Now

5x10°=(10?) [Br]
[Br]=5x101"M

©
Ky Mg(CH),=[Mg"?] [OH]?
5.6x 102=[10°) [OH]?

[OH]= \/56x102 =0.25M

A
E)il) aqueous solution of NH, isNH,OH solution
NH,OH = NH; + OH
On adding solid ammonium chloride
NH, — NH; +CI”
thereaction moves backward dueto commonion effect.
The concentration of OH- decreases and pH decreases

D)

Given KSp =107

For BaSO,, KSp =3

S$=10"° mol/L =2.33x10°¢g/L

(A)

Mixing equal volume of NH,OH (0.2 M) and HCI (0.1
M) resultinformation of NH,OH + NH,Cl basic buffer
mixture

®

For Cul = Cul —— Cu* + 1~
S S

Kg(Cul) = S =4x10" =S,=2x10°

For Ag,CrO, = Ag,CrO, — 2Ag" +CrO;”
25, S

Kp(Ag,Cro,) = 4S3=4x102=S,=10*

S 2x10°

0.5 " 10¢

=0.02

JEE-MAIN
PREVIOUS YEAR'S

Q.1

34

[6.76]

1
pH = > (PK,, + PK,—pK})

Q.2

Q3

Q4

Q5

1
= 5 (14+4.75-523)

=6.76

@

For Ca(OH),
Ko™ 483

55x 10%=4s3

55
s= ,3/7 x107° =1.11x 102M

@
Letssolubility isx

AgCN == Ag'+CN- K, =2.2x 10716

X X
. i 1
H*+CN-—— HCN K= Kk, =66 <109
i » [HCN]
KSPX ka kz[Ag ][CN—] X [H+][CN—]
[S] x [9]
16y —————— —
2.2X 10_ X 66 % 10—10 - 10,3
2.2
2 _ =2 9
S 66 x10™
1
2_ _—
S 0 x 1078
S= ] x10%=19x10°
~\30 o
(50)

Most precisevolumeof HCI =5 ml
at equivalence point

Meg. of Na,CO, = meq. of HCI.
Let molarity of Na,CO,

solution = M, then
Mx10x2=02x5x%x1

M =0.05mol / L

=0.05x% 1000

=50mM

(78)

Mol f B i 'd—ﬂ
oles of Benzoic aci =199

= moles of m-bromobenzoic acid
So, weight of m-bromobenzoic acid

-10



Q.6

Q.7

Q.8

Q.9

= ﬂ x 201 gm
122 g

=10.05gm
Actual weight

%yield = x 100

Theoretical weight

7.8
~10.05
=77.61%

x 100

(64)

In pure water,

Ky =S, =(8x10%?

=64 x10°

In0.01 M H,SO,

H2SO, ., — 2H+ + 80,7 (aq.)
0. 02 0.01

BaSO,(s) —— Ba", +

XX (x +0.01)

KSp =X (x +0.01)

=64 x10°

Xx+0.01=0.01M

So, x (0.01) =64 x 108

X=64x10°M

+ SO,%,

4 (a0)

(10)

[CBI
[WA]

5.74=4.74 +log —[ClB]

pH = pKa+ log

=[CB] =10 M

@)
HA f H+ + A-
Initial conc. 0.01M 0.1M O
Equ. conc. (0.01 —x) (0.1 + x) xM
~0.01M ~0.1M

[X'][A7] 6
XA o100
Now, K= "THA] 0.01
SoX=2x107

X _2x107
001 001

Now, o, = =2x107°

(1)
H,SO, [Dibasic acid]

0.1xx

Q.10

Q.11
Q.12
Q.13

Q.14

lonic Equilibrium

c=0.588 M

= pH of solution = dueto First dissociation only
since K, >>Ka,

= First dissociation of H,SO,

H,SO, (ag) f H® (ad) HSO; (a0) : ka
=1.7x102

t=0C

t Cx X X

17 _[H®)[HSO;]
100 [H,SO,]

— Ka, =

1.7 x?
=100 (0.58-x)

= 1.7 x 0.588 — 1.7x = 100 x?
= 100x?+1.7x-1=0

W]-

=0.09186
Therefore pH of sol. is: pH =—log [H®]
= pH =-0g (0.09186) =1.036 ; 1

| —1.7+(1.7)*+4x100x1
- 2x100

(50)
ForAZX
AX —2A" + X2
2S, S
KSp = 48 =4x107"
S = 10+
for MX
MX > M*+ X~
SZ SZ
Ky = S;=4x10"
S=2x 10°%
q -4
TAX _ L43 =50
Swx  2x10
(1)
@
(3)
(108
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lonic Equilibrium

Q.15 (6021)
Q16 (2
JEE-ADVANCED
PREVIOUS YEAR'S
Q1L [7]
AgCl () — Ag" + CI- Ky (AgCl)=1.6x10"°
z Z+Y
CuCl(s) — Cu" + CI-
Kg(CuCl) = 10°°
Y Z+Y

Z(Z+Y)=16x1010
and Y (Z+Y)=10°
= (Z+Y)?=16x10"°+10°
=7Z+Y=103
We know
=Z(Z+Y)=1.6x 10710
=7Z=16x107

= X=7

Q2 (4.47)

-3
%+1
10

=+/2x107° = 4.47x1073

Q.3 [0.11]
No. of eg. of oxalic acid = No. of eq. of NaOH
5.00x0.10 9.0xM
x2= X
1000 1000

1

or

.. Molarity of NaOH solution :%: 0.11M

Q4  [230TO3.00]

B+HA —— BH"+A"-
0.IM,V ml
0.1Vmmal 0.1V mmol 01volv

36

— (Z+Y)?~10°

=Zx10°=16x1070
=16x10*=1.6x107

Q5

[BH*]:%:QW

pH at eq. pt=6106.28
pH = 7—%[pr +10g0.05]

SopK,=2.30-2.80

Possible
Solution 2
av=6ml rxniscomplete
SoV=3ml ishalf of eqg. pt
at which pH=11
pOH=(14-11) =pK,+log1
pK =3
[0.20

For ppt, [Zn?] [S7]=K

—22
|:S_2:| _ 1.25x10
0.05
=25x102M

H,S == 2H"+S?

[sz x 2.5x10°2%
01

K =107%=
+ z_i
|:H :| " o5

[H*T:%M —0.2M



Thermodynamics

ELEMENTARY
Ql @
Qz (¥
Q3

Q4

Q5

Q.6

Q7

Q8

Q9

Q.10

Surfacetension is an intensive property which do not
depend upon the quantity of matter present in the
system.

©)

@

W =2.303 nRT log&
Vi

=2.303 x1x8.314 x107 x 29810g%

=298 x107 x8.314 x 2.303 log 2.

&)
W=-PAV =-1x10°(1x10%-1x107?)

=-1x10°x9x107% = -9004J

A
We have,

V2
W=-2.303nRTlog ;-
1

50
=-2.303x2x2x298xlog —

15
=-1426.87 cdories.

@
AH = AE + PAV -

)
Atconstant Por T

AH = AU + AnRT = An=n,-ng =2-4=-2
. AH < AU -

(©)
Here An=0 S0, AE = AH -

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

©)

(4)
Heat is always flow from the higher to lower
temperature.

@

(2 Solid —_, Gas, AS ismaximum.

@
)
@

@
When AH =-ve, AS =+veand oG =-Vvethan
reaction is spontaneous .

@

For spontaneous change AG = —ve -

@
Atequilibrium oG =0 -

@

)
Heat of neutralisation between strong acid and a
strong base is about —13.7 Kcal.

@
@

Effect of temperature in heat of reaction is given by
Kirchoff’sequation.

@
78g of benzene on combustion produces
heat = —3264.6 kJ

. -3264.6
.. 39g will produce = 5 - -1632.3kJ ,

(€]
eg. (i) +eq. (ii ) givesthe required result.
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Thermodynamics

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

38

(1)

H, +0, > H,0, AH? =-188kJ/mole ....(I)

1 ..
H, +EOQ — H,0 AHP =-286kJ /mole ....(ii)

eg. (i) —eq. (ii) x 2 gives the required result.

(3)

Heats of combustions are always exothermic except

AH :ZB.E.( )—ZB.E.

Products (Reactants)

= B.E.(HCl) - [% B.E.(H,) + %B.E.(Clz)}

1 1
=-103- [E(_ 104) + (- 58)}

=-103 — (- 52 - 29) = -22 kcal .

oxidation of N as, Q.35 (4)
1
Ny +50; > NoO AH = +ve 1H2+lc12 — HCI, AH =-90KJ
2 2
N, + 0, —> 2NO AH =+ve 1 1
. AH = E EH—H + EECI—CI
@ 1 1
1 or_90:§X430+§X240_EHC1
Aim: CO +§Oz — CO,
5 Ejq =425kJmol *.
AH = AH? (CO,) - {AH?(CO) +%AH?(02)}
Q.36 (2
=-94.0-(-26.4) = -67.6 kcal. When strong acid and strong base neutralize each other
than the value of heat generated is about 13.7 kcal.
©)
NH,OH isawesk base. Heat of neutralisation < JEE-MAIN
13.7kcal. OBJECTIVE QUESTIONS
QL
) Boiling point, pH & density are intensive properties.
Entropy isan extensive property.
AH — AE = AnRT =3x8.314 x 298
=-7432 J =-7.43kJ. Q.2 )
) Q3 @
AH = +ve for endothermic reaction. For isothermal processinvolving ideal gas
AT=AE=AH=0
f\
9 Q4 w=-nC (T,-T)
Standard molar heat enthalpy (H°) of a compound T 180K
isequal to its standard heat of formation from most 2=150
stable states of initial components.
Q.5 (2)
(1) CP = i
4gH, = 2 moles. Bond energy for 1 mole of AT = SAT
H, =208/2 =104 kcal. Co=o0
(3) Q6 (2
Aim: lH +lC1 — HCI



QS8

Q.9

Q.10

Q.U

Q.12

Q.13

Q.14

AH=AE +AnRT
Given
AH=-651x103cal.,R=2ca,

T=290K and An=6+6—-6 =6
.. AE =—651x 103—6x 2 x 290
=—654480 ca =—654.5Kca

@
@
@

@

A%=0

AH=AU

AU=-185kIMole

For threemoles=—185 x 3=—555

(O]

C,H,+HCl— C,H.L
Any=-1

HCl islimiting reagent
AU=AH —AngRT
=-185+(1x8.314 x 1073 x 300)
=-69.8kJ

For twomoleof HCl =—69.8 x 2=-139.6 kJ

@

W =-100J,q=150J
 g=AE-W

.. 150 =AE—(-100)
=150-100

AE=50J

@
W =—PAV

=-15(1-0.5)
=-0.75am-litre=—0.75x 101 Joule
g=200J

 g=AE-W
200=AE-(-0.75x101)

AE = 124.25 Joule

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Thermodynamics
(2)

S - AH; _ 6025
5= T ~ 273
=221 K1 mol-?

3

T2
AS=nC,In &

1

3, 5
=25 RIny73

©)

s 2, 300x30
Svap—+—30O =-30Jmol.K

AS_, 4=—30Jmol-K

@

AH =-3600cal
AG=AH-TAS
AG=-600cal
(1)
AG°=-RTInk

@

AHC= XAH.° 2A

- H.°
f (products) f (Reactants)

0 0 0 0
= [AH; H,0 T AH;¢ (CO)] —[AH; (o, *+ AH; (Hz)]

AHo=[-241.8—110.5] —[-393.5+0]
=-352.3+3935=+41.2KJ

@
ArH=0;
If all the reactants & products have zero ¢ H.

@

Ho+ 05 HyO(l)

H—-H+ 0=0 H50(g) H20(l)
X=X1+=-2X3-Xy4

(1)
H* =1 Mole; OH— = 0.75 Mole
AH = 0.75 (-57)

3
Hear enolved = 57 2
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Q.24 (2) Q3 (O

Q.25 (3 Equation of process

0z @ logp—238 210-238_-028 -7
_25= (4x +y ) —(3x + 84 + 103) logv -1.10 1.30-1.10 0.20 5
x+y=162 = (logP-2.38) x5=—7(logV 1.1
y=57.85 (log ) X (log )

—5logP+7logV =19.60
= log P°+logV’=19.60

QZ (Ag PAV7 = antilog (19.60) = congtant

Q. (2) or PV14 = constant

Q.29 (3) -+ y=1.4—distomic & adiabatic

Q.30 (3)

Q31 (1 Q4 (A

Q.32 (4 -

Q.33 (2) W|=mnab= — X 7x5 =110bar lit. = 11000 J=11kJ
Q34 (2 7

Q.35 (3) Final Answer = 11

Q.36 (1)

Q37 (3 Q5 (A

Q38 (4 W = Zero

Q.39 (2 Sincetheareaof bothtriangleisequal. Also work done
Q.40 (2 in oneispositive while in other is negative.

Q41 (1)

Q42 (2 Q6 (©

Q.43 (1) W =—Pg [V,—V]

Q44 (1) W,=-2[16-4]x100  =-2400J

W, =—[32—16] =—16x 100=—1600J

JEE-ADVANCED

OBJECTIVE QUESTIONS — 4000
Q1 () wewms T
Work done in the cyclic process -
=Areabounded (ABCA)
L Q7 ©
=5 xACxAB T,
1 C (T,-T)=-P_ xR |5 "5
:§x2V1X3P1:3P1V1 nC, (T,-T) ext <N P, P
9
Q2 (A T-oT,
1 7
Magnitude of work =A =P, V, + E x P, x6V, 5 9
w=2x E xR |:7T1—Tl}
=4P, V,=4nRT, = 500R
Te Q8 (D)
_ AU _ 448 — 02
=4x1x2x300 St T 2a 70
- vV, 2v 8V _ 12
= 2400 cal 1 1 1 = 0.2x15 =4cd

40



Q.9

Q.10

Q.u

Q.12

Q.13

(©)

Total cubes=n

9
Molesof HLO=nx —— =0.5n
2 18

14
Heat released by liquid = Heat absorbed by ice Q
Nx05%x6= 18 x75.6%20x 1073
3n=42
n=14 Q.15
(A)
I31\/11-1 I32’ V2’ T2
As container is insulated
q=0
g,+d,=0
n,C,,(T-T)+n,C, (T-T,)=0
anl + r]2T2 (RI.Vl + I:>2\/2 )T1T2
T= =
(nl + nZ) (PlvlTZ + PZVZTl)
D)
AU=100- 22 _50cal
418
AU =nC,dT
5 Q.16
CV' m = E R
-2
TR
g=nC_dT
~ 100R ~
mT 20

®)

Heat released to cool 500 g water from 20°C to 0°C,
q=msAT

=500x%4.18x 20=41800J=41.8kJ

Number of moles of water (ice) that will melt to ab-
sorb 41.8 kJ

_ 418

T 6027

.. Number of cubesof icethat will melt=7

(B)
2A,(0) +5B,(9) > 2A,B. (0); AH=-50160J
An=2-(5+2) =-5moal.

Thermodynamics

AH = AE + (An) RT

— 50160 = AE + (An) RT

AE = — 50160 — (-5) (8.314) (300)
= 50160 + 12471 =-37689J

B
AU =g+w
= (40 x 200) + (—2 x 10x 100)
=6000JAnNs.
B
—AH,,, -540x18
ASc:ondensation = T = 373
%) 02
ASCOO”ng =+ nCpIn Tl =18In 373
\e 8018
Sfusion - 273
=—|1 ﬂ+£Oj+(18ln§j
273 373 373
80 540 373
=_18 + +Iin
273 373 273
= 36.95cd /° Ans.

(©)
040=aT3+bT, =  0.40=ax(1000)+bx 10
=  04=1000a+10b
(1)
0.92=aT 3 +bT, =
2)

0.92=ax 8000+ 20b

On solving
0.12 = 6000 a ; a=2x10"°
0.40 = 2 x 107 x 1000 + b x 10
. b=0.038

ar®+bT
s, = I—T dT

T3_73

- AL-Tl 23 1] +0[T,~T,]

75 _
2x10 xésooo 9., b20)

-5
_,2x10 7x8000 | 438, (20)
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= 0053+ 0.76 = 0.813 JK-mol Q21 (O
AG®=2x AG°nn, —AGN, —(AG°H, X 3)

17 ©
Q ®) =2x (-16.66) —0—0
T.+T, = —33.32KJ
c(T,-T)=C(T-T) = T=
2 022 (A)
T,C, AG°=—2.303RT logKp
; v AS= jTl N K,=P=105%
T T Q.23 (D)
AS.=CJInT & AS =CJInT AG=AG°+2.303RT lo
c v TC Sh v Th gQ
(0.02)*
(T +T,) (T +T,) Q= X3
Total AS = CIn T + CVInT =
c h =—60.5kJMol
(T+T.f Q2 (©
C/ln 4T_T, AG°=-2.303RT logKeq
=—RTInK,
Q18 (B) X x )
P = P = bal’ =— - =—
, @ NH, H,S 2 RT In (2) 2RT (In
=500 X —1n2)
=1-06-04
W] Q.25 (A)
%m =40= FXlOO AG® = 2.303 RT log K.

20 460.6 = —2.303 x 2 x 900 log K
w=-—%x2 =08Kca

1
100 ke &
Q19 (D) | @_} | [C]eq .
V2 OgA2_9 OgA :—1—:
AS=rRIn [Al% Al, "7 18
1 5.56 x 1072 (at equilibrium [C]eqz[D]eq[A]eq
Vo=40 =[Bly)
V,=20
AS=2x2In2 Q.26 (B
=4In2=277cd. CHz;—CH=CH,+H,—— CH;—CH,—CHg;
AH; = (BE¢-c +BEy ) —(2BE 4 + BE¢ o)
CH
Q20 (© yauaN +H, — CHy— CH, — CHj
P CH,——CH>
1 = —_—
AS(system)=nRIn 5 =10x8xIn2=80x0.7=56 AH,=(BEg ¢ +BE ) — (2% BEc yy)
2 AH,—AH; =2BE; —BEc-¢
As, = _ Wi Q27 ()
N Ca0,+3CCaCyp+C,

Ar=—14-26+152=112 per mole
for 1.28Kg=112 20=2240Kcal
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

(A)

HCl =NaOH ==510"Mole
q=4.2 3 =1.26KJ.

per mole
KJ=25102KJMole

(D)

C—E bond has highest bond energy ; it meansthat the
covalent bond C — E will be strongest. Smaller isthe
size of atom, stronger is the covalent bond.]

()

-+ 58 g isobutane provides energy
=2658kJ

-, 11.2 x 103 g isobutane provides energy

_ 2658x11.2x10°

58
Thedaily requirement of energy = 15000 kJ

5132689
15000 _ >TOdS

kJ=513268.9KJ

.. cylinder will last =

©
HA  BOH

H*A=+B*OH~ - H,0+BA
-56.1=jonH —57.3

150 =12 =08

(©

C (graphite) (diamond) ; H1 Ho
H1—H2:(Gg°MoIe)

=095

(A)

N2(g) +3Cl2(g) 2NCl3(g); H
above eq" can become

2 RxXM +RxN —3RxN
fH(NCl3,0)=H

=[-2H +Hp—3H4]

:—H1+ —H3

©
ByRxN....1-RxN....2
4AuBrg+4HCl HA4Cl4+4HBr
AH=-28+36.8=8.8 Kca/mol
But AH=0.44Kca

==0.05
% dissociation = 5%

(A)

By

Eq...2 -Eqg....1

t — 2-butene 1 — butene

Q.36

Q.37

Q.38
Q.39
Q.40
Q.41
Q.42
Q.43
Q.44

Q.45
Q.46
Q.47

Thermodynamics

H2 —Hl >0

By

Eq...6 —Eq...7

t — 2 —butene 1- butene
H2 - Hl >0

H=-647 + 649.8=28
H2 - Hl =2.8and
9H1+5Ho= 0

Hy =10 and Hy =1.8

(D)

Hp+ Oy OH ;42 (D)
Hog +02H20 1 242 ..(2)
Hpy2H,:436  ...(3)

02920 495 (8

(3 E——3+Eq——A4Eq2

242 +436+=9255; True

(b) Eq"3+EqN4-Eq"1

AH =42+, fdse

(©)Hp—>2H ;AH=2fH (H,9)
fH(H,g) = =218, False

(d) FirstreactionisAyH = AfH(OH,g)

=42;True

©)

+3Ho

A¢H = AgH (cyclohexane) AfH(Benzene)
=-156-49

AH=3(-19)+RE
R.E=-156-49+(3119) = 152KJ Mole

®)
(A)
(B)
(D)
(B)
©
©
(A)
(D)

(B)

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1

A)
a) y=mx+C
10=mx300+C

15=mx600+C
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Thermodynamics

1

m=&, c=5 :>EU$=106+§><37
1 = 124.5 Kcal /Mole
V=—T+5 W:_J.PAV or
60
521 kJMole
. 300R
P=60R- v Q.7 (C,D)

Enthal py of formation : follow the definition

15
300R
W= j(GOR —T]dV =-149652 (g (A,C,D)

10
C(diamond); AH = 0

(b) AU=q+w or g=AU-w
AU=CAT = 374.13
q = 374.13 + 1496.525 = 5237.82 J

Q9 (A,B,C,D)
Solid —s liquid
Endothermic; AH>0
(c) AH:EXRX3OO
2 Q.10 (A,C,D)
(d) AS=+ve

QU (CD)
Q2 (AB.C Arrhenius equation ; K = A=
(D) Assumed to zero not unity d(AH=A, deT
Q3 (BCD)
Comprehension #01 (Q. No. 12to 16)
Q4  (ABO Q1 W
P i < P, (Stability) Q.13 (B)
—> Exothermic
Q.14 (B)
Q5 (AQ
3U0,+0,— U0, QL (A
~76.01=-8535-(3x A H(UO,) Q16 (A)
—-853.5+76.01
= AH= 3 12 Stable state had zero standard molar enthalpy
=-259.16 Kca /Mole
13 N,+O0,—52NO; A H>O
Q.6 (A,C) N,+20,—>2NO,; A H>O
1 Endothermic reactionsare favourable High tempera-
= ture.
UF(g) — U(9) + 5 F(9)
2 14 (diamond) +O, —CO, ;—94.3
AH=AHUY-AHUFg) (Qmorpfzjous) ¥ Oz_>ChOz; 976
—128-22 =106 (diamond) — (amorphous) ;

or A H=-943+97.6 =3.3 KCal / Mole

1
1 =
AerEU4—§ERF=106 for69C_2M0IeC
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15

16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24
21

22

AH= 7 =165KCad 23

H,0 (I) — H,0(9)

— 18 x 0.62778 = A H(H,0, g) -A H(H,0,)
= AH(H,0,g) +683

— AH(H,0, g =-683+113

=570 KCa

AH,— AH = AC(T,-T)
_ S0
A H, —6.096 = (0.031 - 0.055) 1000 * 254 24

AH,=—0.3048 + 6.092
=578
Comprehension # 02 (Q. No. 17 to 20)

(B)

(A)

Q.25
(A)
Q.26
©
Q.27
Comprehension # 3 ( Q. No. 21 to 24) 25
(A)
B
(B) 26
(B)
(A)
1 True2 True 3 True 4 True 5 False
27
H
H— C—H 360
| E..= T =90
H
H H

H—C— C—H 60=90x6+E Q28

—E_ =80 Q.29

Thermodynamics

To Keep the temp. constant A H
overal =0

Let x mole O, and y mole steam
=110 x2x =132y

X no,

= y = Nyor =06
no, 1

= Neonr = R =1.666

H,0(9) —> H,0(l); 1.44KCdl

144
For27g—s E x27=2.16

Comprehension #4(Q. No. 25t027)
(A)

©)

®
Aceticacid ; weak acid (Lessthan 13.7)

And HF isthe exceptional case having langer value
for Heat of neupralizationthan 13.7

() True

(i) Dueto cont. volumeit measure A U
(i) An,=0=> AH=AU

(iv) False (duetoinvolvement of R.E)

Casel ;H*=0.1 x 100 x 2=20m.eq.
OH™=0.1 x 100x 2=20m.eq.
Casell ;H*=50 x 0.1 x 2=10m.eq.
OH"=100 x 0.1=10m.eq.

= 2AH = AH,

AH =274cd; AH =137

AT, = AT, (Because amount of substasacein case |
is double than case 1)

A—(PR), B—(Q,9,C—(Q,9,D— (Q,9
IfAng>O:AS>O

A—- (RS, B—(Q),C— (R
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Thermodynamics

Kircaff’'s equation
d(A H) = A Cuat
= AH= AU + ANgRT

Urev

—AST T

NUMERICAL VALUE BASED

Q.1

Q.2

Q3

Q4

Q5

46

(6]

AH=AU +A(PV)

=AH=40+ (PV,-PV )=40+(5x6-25x4)=40
+20=60=10x

=X=6

(9l

q=AU-w

—w iswork done by the system

AU=qg+w

=5+4=9

[0
CH, ) + 20,4 — COy, +2H,0,

An,=(3-3)=0

[4

PV’ =constant = (PIP) x (VIV)’=1= (PIP)=(V'/
vy

= (P/IP) =(d/d)’ (SinceV o 1/d)

= (d'/d) = (1/32)7 = (1/32)14 = 128 = 32x

=Xx=4

(8]
w = Pdv

=1x (2.5— 2.0)
=0.5litre-atm

 —05x1.987x4.184
0.0821

-+ work iscarried out of constant P and thus
irreversible

from 1% law of thermodynamics

—-50.63J

q=AU-w
58.63= AU +50.63
AU = 8joule

Q.6

Q.7

Q8

Q.9

Q.10

Q.11

[2]
AHfusion

= @J/ g =334.72)g"
18

=6.025x1000 Jmol-

AH 334.72

A — fuson _ :Zkal -1
Stuson T 167K g
(3
y=14
5 7
C,=>R C,=—R
Vo2 P2

AH = 85 Joule at constant pressure

85 140x2 40

AT=——= =
nCp nxR n

Now, W = —NRAT = —nx 2><4—0 = -80J
n

Op =AH=AU+(-W), AU=AH+W
=85-80=5J

(2
Reversiblework ismaximum work
w =-2.303nRT

1

16 25
log,, (ﬁ] = 2.303><§x8.314x300><log€

=2.01x10%joule = 2kJ

(O]

P =0,w=- Pex(v,-v) = —0(v, —v;) =0
Astemp is not given, assume it as constant and
therefore A E=0

AE=q+w=0=q9q+0=0,AH =0

[9]

Inisothermal reversible process

AS=q,/T

q=-W=2303RTlog(V/V,)

=2.303 x 8.314 x 30010g 3=2740.6 Imal*
_ Q. 27406

AS,. =G _ —0.135)K 'mol * =
ssem =70 T30 =9

(1



Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

p, =0.075x 40 = 3Cal

Thermodynamics

2N,O +0O, —5 4NO AH =300kJ

3x10?kJ S X=3
pp =0.125x 40 = 5Cal ' X
5 Q.18 [4]
P _ _ e =q e =a;
p_f_§_1'66 gas is mono atomic e:::=0.5a hoe
1 1
Also, EAZ+§ B, — AB;
1
- o . AH=-100kJmol?
Heat of neutralisation of a strong acid by strong 1
baseis-13.7Kcd . AH=-[e, ] + 3 le, A*€ )
1 moleof H,SO, furnishes 2 moles of H*
=_a+ %[a+ 0.5q]
(6
-100=-0.25a
AH=12Kcal a=400kJmol = 4 x 10°
12 X=4
AHf = > = 6Kcal Resonance Energy = 142 —134=8kJ/ mol.
Q.19 [q
[6] x(100) = (10-x)(150) = x =6
AH = AE + AnRT
3.6 KVPY
An T 5x103x300 PREVIOUS YEAR'S
Q1 (A
AccordingtoKTG
(7 Force of attraction and repulsion amongst molecules
Since AG=AH-TAS of ideal gasarenegligible
But at equilibrium, AG=0=AH-TS S0,AH=0 _ _ ,
and randomness increases due to increase in volume
AH 2000 = )
as= L =220 73 I mole/ K SOAS=+ve
T 286
Q2 (O o
9] (AS) osem ™ (AS) gy roundin o> 0 (irreversible process)
Theoretical heat of formation of NO, 142K Jmol
1 Q3 (O
§N2+02—> O=N-0
Q4 ©
1 nRT , v
AH (v = > x 946 + 498 — 222 — 607 AS= - |nv_2
1
=142kJ/ mol
vy
3 =nRIn v,
1 v
NJ@) + 50:(8)—>N,0(9) =2.303nRlog
) 1
AH=30kJ () =2303x2x8314% 1
1 1 =38.3Jk
5 Na(9) + 50,(g) — NO(g)
AH=90kJ (1)) Q.5 ©
By eq[4x (ii)—2x(i)] AU=0,AH=0
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Thermodynamics

Q.6

Q7

Q8

Q9

Q.10

Q.U

Q.12

Q.13

48

(A)
AS= AHMelting _ 6xlOOOi

Tep 273 K

=21.978 ~ 223/ k

B)

N,+2H,—>1NH, JAH,

AH =1x EN - N +2E, ,—4E_,—-1E_,
=[(1 x 946)+ (2 x 435) —4 x (389) —1 x (159)] kJ
=101 kImol is:

(D)

W=—nRT=-(1%8.314x103x 373) kJ
=-3.10kJ

gq=AH=41kJ

& AE=q+q=(41-3.1) ~37.9kJ

(A)
N,+3X, - 2NX,
N,+3F, > 2NF,

AH, = 941 +3(155)—6(272) = —226

AH . = 941 +3(242)-6(200) = +467

D)
Use the concept of calorimetry and solve to get the
answer.

©

For processA - C,W=0,AE=0,9=0
For processA — B

W =-1(15-1)=-0.5]Iit. atm
AE=q+W

O=qg+W

q=-W=—(-0.5) =05Iit. atm
For processB —» C, W = 1 atm
AE=q+W

O0=q-W

—q=W=-1am

.. Total heat exchanged = 1.5

()

g = mcAt + heat of vapourisation

=1000 x 2.44(351.45—293.45) + 8551000 J
=9.97x10°J

(A)

Number of H-bondisA —T pair = 2, while no of H-bond
in G—C pair is 3. therefore

(i) Totdl number of A—T. H-bond = number of A—T pair
x Number of H bond = 5x2 = 10

(i) Tota number of G—C. H-bond=number of G—C pair
x Number of H bond =3x3=9

total energy required to dissociate the stand = 10x +
9y Kcal mol=

Q.14 (B)
2C,H,(NO)(1)->3N,(g) + 1/20,(g) + 6CO,(g) + 5H,0(0)

AH{ =0 AH{ =0 AH; =-3935 AH; = -2.418

. 1
AH eegtion = 3% 0+ 2 x 0+6 (-3935) + 5 (~241.8)

(2x-364)
=—2842 kJ— for 2 moleof nitroglycerine

2842
for Lmoleof for 227.1g = >
2842

2x227.1

x10=-62.5KJ

forlg=-

Q.15 (D)
For a spontaneous process entropy change of the
system plus surrounding must be positive.

Q16 (A
Free expansion of gas
when a gas expands in vacuum work done by if is=0

As [Py =0)

As no heat is supplied to the system q = 0 &

[AE = AH = AT =0

So, internal energy remains constant.

Q.17 (B)
Benzenl Cyclohexane

H Hydrageneration

Q.18 (B)

Entropy changeAS=nC,,/n [%J +mR/n (%j

1 1
Sincetemperatureis constant throughout process.
V,+V,
Vl

He: AS= anfn

V,+V,
V2

Ne:AS=n,R/n



Q.19

Q.20

Q.21

w+w]

Total changein (AS) =n,R/n ( v
1

V,+V,
V2

+ anZn (

(B)

Since products are formed in the chemical reaction
taking place at constant temperature and pressure, we
can say that the reaction is spontaneous.

Hence, AG <0

reaction

AS >0

total

(A)
Specific heat capacity of substance
=0.86JgtK?
1 molal agueous solution
= 1000 gm water has 58 gm solute

(total mass of solution = 1058 gm)
If we take 10 gm solution it would have

0
= 1058 < 109m

water

x 10 gm

3
substance = 1058

1000
i = ——x10x4.2x10
Heat required 1058X x4.2x

(for water) = 396.975

58
1058
=396.975 + 4.715 = 401.69 = 401.7

x 10 % 0.86 x 10 (for substance) = 4.715

(A)

AB is isothermal reversible expansion process i.e.
AT = 0 and Sincreases as there isincrease in volume.

BC is adiabatic reversible expansion process
(9., = 0) i.e. temperature decreases and

AS=0.

CD is isothermal reversible compression process i.e.
AT = 0 and S decreases as there is decrease in volume.
AA is adiabatic reversible compression process
(9., = 0) i.e. temperature decreases and

AS=0.

Thermodynamics

JEE-MAIN
PREVIOUS YEAR’S

Q.1

Q.2

Q.3
Q.4

Q.5

Q6

[309.16]
S(g) + 6F(@) —> SF4(9)

AHR = AH? (SFg) —AH{ (S) —6AH{ (F)
(-1100) —(275) —6 (80) = — 1855

—1855=0-6x (AH2 ¢)

AH %

o 1855 kJ
= AHg [ = 5 =309.16 mole

[200]

For spontaneous reaction AG < 0
AH-TAS<O0

80,000 — (T) (2T) <0

2T2 > 80,000

T2 > 40,000

T>200K

.. Ans. 200K
[15]
[743]

3
NH2CN(S) + Eoz(g) E— Nz(g) + Coz(g) +

: 3 3 1

H,O () Ang—(1+1)—5—§
AH =AU + Ang RT

74424+ 1 8.314 x 298

T S X T 000

= 74424 + 1.24

=~ —743 kJmole
[673.4]

Na, — Nag, , AH = 426.4 kJ/ mole

1 - .

> Br,(¢) — Br( , AH = 325kJ/ mole

AH = —774.8kJ/ mole

Na(g) + Brygy — NaBr

s)?

1
Nag + 2 Br,(/) > NaBr), AH =7

= AH=426.4-325-774.8
=—673.4kJmole

[1380]
AG® =—RTInK

= Rx300%x2x2.3
=-1380R
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Q.7

Q.8

Q.9

[150.72)]

ace=(Gh).,, -3(Gh
=-1.4x10°-3x 2.4x 10°

=—8.6x 10° Joule

—2.303RT log, k =-8.6x 10°

—2.303x 8.314 x 298 |Og10 k=-8.6x10°
log, k= 150.72

)CZHB

[230]

Givenreaction:

3Ca0 + Al —» ALO, + 3Ca

NOW’ DrHO =S DfHoProducts B SDfHo Reactants
=[1x (-1675) + 3 x 0] —[3 x (-635) + 2 x 0]
=+ 230 kJ mol—

[2218]

J
T=298K,R=8314———
molk

— Chemical reaction is
Fe + 2HCI — FeCl, + H,(g)
50g P=1 bar

=-1x8.314x298J

— Work done for mol of gas

50.85

=-1.8314 x 298 x J

50.85
=-2218.059J
; —2218 J

Q.10 (1)

(A) Water __oc . ice; AS=-ve

(B) Water __-10°c_ ice; AS=-ve

(C) N(9) + 3H.(9) = 2NH,(g); AS=-ve
(D) Adsorption; AS = —ve

(E) NaCl(s) —» Na'(ag) + Cl<(aqg); AS = +ve

Q.11 [128]

50

ArH = [604: + 2€c+|] - [ec:c + eH—H]

=[347 + 2 x 414] — [611 + 436]

=128
Q.12 [3]]
Q.13  [50]
Q.14 [101]
Q.15 [26]
Q.16 [21]
Q.17 [336]
Q.18 [38]
Q.19 [71§]
Q.20 [964]
Q.21 [87]
Q.22 (2
Q.23 [5]
JEE-ADVANCED
PREVIOUS YEAR’'S
Q1  (A-pr9;(B-r9;(C-1;(D-pq1)
(A)CO,(s) — CO,(9)
It is phase transition. The process is endothermic
(sublimation).
Gas s produced, so entropy increases.
(B) On heating CaCO, decomposes. So, process is
endothermic.
The entropy increases as gaseous product is formed.
(©)2He —— H,(9)
Entropy decreases as number of gaseous particles
decreases.
(D) It isphasetransition.
White and red P are allotopes.
Red Pismore stable than white. So AH is—ve.
Q.2 (A,C
T x
P \4




Q.3

Q4

Q.5

(A)AS_,=AS_+AS , (Correct)
(B) W =W, +W _, (Incorrect)
© W =W, (Correct)
(D) AS ,, ,,=AS (Incorrect)
(D)

2G(s) + H.(g)—> C.H,(9) AH =225 KJ/mol

14101 SSOl

2C(g) + 2H(g)

- (2€O—H + EcEc)

g AH = +1410 + 330 — (350 X 2) —g_ .= +

225
€. = 1740 — 700 — 225 = + 815 KJmol.

(A,D)

(P, V. T)

isothermal

(P, V,, T,)
adiabatic o

(Ps V2. To)

\%

(A) T, =T, (due to isothermal)

(B) T, > T, (incorrect) cooling will take place in
adiabatic expansion)

(©)w. >W

isothermal

adiabatic
(D) AUisothermal =0>AU

So, answer is (A,D).

{ with sign, thisis incorrect}

adisbatic ~ — V€

©

C,H,,0,(s) + 60,(g) —> 6CO,(g) + 6H,0(¢)

AH=6xAH(CO,)+6AH(H0)-AH(CH,_O,)—

6A,(0,,0)

= 6 x (—400 — 300) — (-1300) — 0

=—4200 + 1300

= — 2900 KJ mol

For one gram of glucose, enthalpy of combustion =
2900

~ 180 - -16.11 KJg.

Q.6

Q.7

Q.8

Thermodynamics
(B)
For H,0(/) - H,0O(g) a T = 100°C, 1atm
equilibriumexists. .. AG=0,AH-TAS=0

AH = TAS > 0 for system, since evaporation is
endothermic

_ Qsurr

5 (A9) g > 0, A0 (AS) g™ T

Heat gained by system = heat lost by surroundings
SOy, <0.. (A9, <0

(AB,C)

Since the vessel isthermally insulated so
q=0

p,,=0,s0w=0

soAU =0 (ideal gas)

HenceAT =0

= AT=0

= T,=T,

= PV,=PV,

The processis however adiabaticirriversible.
Sowecannot apply P,V =PV '
Henceansis(A), (B), (C)

(A-RT) (B-PQ,S) (C-PQ,S) (D-PQST)
(A H,0(r) , H,0(s) at 273K. & 1atm

AH=-ve=¢q
AS, <0, AG=0.
w z 0 (as water expands on freezing), AU
=0
(B) Free expansion of ideal gas.

qg=0 w=0 AU=0 ASSYS>OAG<O

© Mixing of equal volume of ideal gases at
constant pressure & temp in an isolated container

g=0, w=0, AU=0, ASsys>0
AG<0
Reversible
(®) Hz(g) 300 K Heating, 1atm 600 K
Reversible
" Cooling,1atm 300 K.

q=O,W=O,AU=O,AG=O,ASWS=O
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Thermodynamics

Q.9

Q.10

Q.11

Q.12

52

Comprehension # 1 (Q. No. 9 to 10)
(A)
Let the heat capacity of insulated beaker be C.
Mass of agueous content in expt. 1 = (100 + 100) x 1
=200¢g
= Total heat capacity = (C + 200 x 4.2) JK

Moles of acid, base neutralised inexpt. 1=0.1x 1=
0.1

= Heat released in expt. 1 = 0.1 x 57 =5.7 KJ
= 5.7 x 1000 = (C + 200 x 4.2) x AT.

5.7 x 1000 = (C + 200 + 4.2) x 5.7
= (C + 200 x 4.2) = 1000

In second experiment,

Nencoon = 0.2, Nyaon = 0.1

Total mass of agueous content = 200 g

= Total heat capacity = (C + 200 x 4.2) = 1000
= Heat released = 1000 x 5.6 = 5600 J.

Overall, only 0.1 mol of CH,COOH undergo
neutralization.

-5600
of CH,COOH = ——— =-56000

= AH neutraization O 1
Jmol
=—56 KJmoal.
= AH._ o Of CH,COOH =57 -56 =1 K Jmol

B)
Final solution contain 0.1 mole of CH,COOH and
CH,COONaeach.

Henceit isabuffer solution.

) 10g1CHCO0]

PH = pK, +51cH,coon]
0.1

=5-0g2 + lOgO_.l =47

©
.- Process is done against const. External P, process
will beirreversible.

S, = TRl

T

—-3x (2—1) x101.3
300

=-1.013J /K

©
dG=VdP-SdT

Q.13

Q.14

At298 K, SdT =0
s dG=VdP

P P
[dG=[vdP..G-G°=V(P-1)
1 1

[+ Solidsinvolved .. V almost constant]

ArG = [Go + Vd (P_ 1)] - [Gographite
0=29 x10° + (P — 1) 10° (-2 x10°)

+V (P-1)]

diamond

.. P=14501 bat
(A,B)
~AH
AS,, = ——
SSU“’ TSurr

For endothermic, if T, increases, AS,, will increases.
For exothermic, if L increases, AS,,.- will decreases.

(ACD)

reversible isothermal
A) reversible adiabatic

Area under curve in reversible isothermal is more.
So, more work will be done by gas.

(B)T,=T,=AU=nCAT=0

In reversible adiabatic expansion, T, < T,

S AT=-ve .. AU=-ve

(C) InFreeexpansion, P, =0 .. W=0

If carried out isothermally (AU =0) = q=0
(Adiabatic) ; From | law

If carried out adiabatically (q = 0) => AU =0
(isothermal) ; From | law

D)




Q.15

Q.16

Q.17

Q.18

Q.19

During irreversible compression, maximum work is
done on the gas (corresponding to shaded area)

(B,O)

AC — Isochoric

AB — Isothermal

BC — Isobaric

# O, =AU,.=nC, (T,-T)

V2
W,,=nRT In (71] A (wrong)

# Ogc = AH, = nCP (Tz - Tl)
W, . =—=P,(V,-V,) B (correct)
# nC, (T,-T,)<nC(T,—T,)C (correct)
AHCA < AUCA
# D (wrong)
(A.B)

Enthalpy of formation is defined as enthalpy change
for formation of 1 moleof substancefromitselements,
present in their natural most stable form.

(AB,C)
For 1 moleVander Waal'sgas
_ RT a
“V-b V?
If P,,=P, means processisreversible. For Vanderwaal
gas, expression is correct for all reversible process.

[935.00
S0, +Cy > SN +CO,
AHo. 2{-304){-581] =187 kJmole

AS° —[52+210]—[56+6]

=200.]/k—mo|e

_ AHP° _ 187 %1000 _ 935K

A 200
[166.28]

P

AG® =—RTIn I =AH°-TASP
(PJ AH' AS
In| 7 |=———+t—

1 RT R
Slope= A_H°_104 —ﬂ
ope=-— R - x 5

= AH°=2x10*x R
= 166.28 kJmole

Thermodynamics

[141.33 or 141.34]

04
From the plot when, ? =10=T=1000K

P2
In 1 =-3
Substituting in equation

(sz AH" AS
Inl = |=— 5+ T 5

1 RT R
We get,

__2><104><R+§0

~ Rx1000 R
= AP=17R

= ASP=17x8.314 JK-moal
= AS*=141.34 JK-mol

(A,B,D)

Fromstatel toll (Reversibleisothermal expansion)

= P decreases, V increases, T constant

H constant & Sincreases.

Fromstatell to I11 (Reversible adiabatic expansion)
= P decreases, V increases, T decreases

H decreases, S constant

.. Plots(A), (B), (D) arecorrect while (C) iswrong as
fromll tolll, H isdecreasing.

[10
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