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Equilibrium

‘Law of Mass Action,
'l'()[’l(‘ Equilibrium Constant (K. and X;i?
L K;) and its Application

For the reaction [Sep. 06, 2020 (T)]

Fe,N(s) 4 % Hy(g) = 2Fe(s) + NH,(g)
-1
®) K=K,®D)?

@ K=KRT)

1 3
© K=K, (RT)? (@ K=K, (RT)?
The value of Kc is 64 at 800 K for the reaction
N, (g)+3H,(g) = 2NH;(g) . The value of K, for the

following reaction is : [Sep. 06, 2020 (I1)]

NH;3(g) = Nz(g)+ Uﬂ(E)

(@) /64 (b) 8 () 14 @ 18
Forareaction X +Y = 2Z, 1.0mol of X, 1.5mol of Y and
0.5mol of Z were takenin a 1 L vessel and allowed toreact.
At equilibrium, the concentration of Z was 1.0 mol L.
The equilibrium constant of the reaction is . Thevalue

[NV, Sep. 05,2020 (I1)]

of x is

For the equilibrium A == B, the variation of the rate of

the forward (a) and reverse (b) reaction with time is given

by: [Sep. 04,2020 (I)]
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Ifthe equilibrium constant for A== B+C is K‘” and
that of B+C=="P is K{}), the equilibrium constant
for A=—=P is: [Sep. 04, 2020 (IT)]
M@ @) _gm

@ Ky /Kg b) Kg'-Kgg
2 1 @2

© K+ Kl“‘ (@ K&K

In the figure shown below reactant A (represented by
square) is in equilibrium with product B (represented by
circle). The equilibrium constant is: [Jan. 09, 2020 (IT)]

O EI
DOO
EIO ]
oo o

@ 4 (b) 8 (© 1 @ 2
In which one of the following equilibria, K, # K ?
[April 12, 2019 (ID)]

(a) 2C(s)+0yg) ﬁZCO(g)

(b) 2HI(g) = H,(g)+1g)

(c) NO,(g)+50,(g) +=NO(g) +50,(g)
(d) 2NO(g) = Ny(g)+ 0,()
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For the following reactions, equilibrium constants are given:
S(5)+0,(g) = SO,(g): K, = 10%

25(s) +30,(g) = 2504(g): K,= 10"

The equilibrium constant for the reaction,

280,(g) + O,(g) =250(g)is:  [April8, 2019 (ID)]
@@ 10%  (b) 10 (© 105 () 107
Two solids dissociate as follows

A(s) - B(g) + C(g): Ky, = x atm’

D) - C(g) + E(@):Kp, =y atm’
The total pressure when both the solids dissociate
simultaneously is: [Jan. 12,2019 ()]

@ |x+yatm ) 2(yx+y )alm
(©) (x+y)atm (d) x*+)*atm

In a chemical reaction, A+2B‘_L__2C +D, the initial
concentration of B was 1.5 times of the concentration of
A, but the equilibrium concentrations of A and B were
found to be equal. The equilibrium constant (K) for the
aforesaid chemical reaction is: [Jan. 12,2019 (I)]

i
(@) 4 (b) 16 © 7 @ 1

Consider the reaction

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

The equilibrium constant of the above reaction is K,.If
pure ammonia is left to dissociate, the partial pressure of
ammonia at equilibrium is given by (Assume that

Prpy <<Procal at equilibrium) [Jan. 11,2019 ()]

y % Yo
@ KPR o X’
16
o2 Y% Y2
© KiF @ YK
1

The values ofl(})/Kc for the following reactions at 300 K
are, respectively: (At300K, RT =24.62 dm? atm mol ')
Ny(g) +0,(g) = 2NO(g) [Jan. 10,2019 (I)]
N,0,(g) =2NO(g)
N,(g) +3H,(g) = 2NH,(g)
() 1,24.62 dm’atmmol !,

606.0 dm® atm? mol
(b) 1,24.62 dm? atmmol ™,

1.65 x 10 dm®atm™> mol*
(¢) 1,4.1x102dm> atm™' mol,

606 dm® atm” mol 2
(d) 24.62 dm? atm mol!,

606.0 dm® atm? mol 2,

1.65 x 10 dm®atm™2 mol*

13.

15.

20.

osorrce €3

5.1 gNH,SHis introduced in 3.0 L evacuated flask at 327°C,
30% of the solid NH,SH decomposed to NH, and H,S as
gases. The K of thereaction at 327°C is (R=0.082 L atm
mol~! K-!, molar mass of S = 32 g mol™, molar mass of N=
14gmol ) [Jan. 10,2019 (D]
(a) 0.242x 10*atm? (b) 1x10*atm?

(c) 4.9x103atm? (d) 0242atm?

Consider the following reversible chemical reactions:

A, (@) + B, (g) == 2AB(g).....(1)

6AB() =2=3A,(g) + 3B,()...(2)
The relation between K, and K, is:
[Jan. 9.2019 (I1)]

@ K|K2:% () K,=K}
© K=K @ KK,=3
Ata certain temperature in a 5L vessel, 2 moles of carbon
monoxide and 3 moles of chlorine were allowed to reach
equilibriumaccerding to the reaction, CO +Cl, = COCl,.
Atequilibrium, if one mole of CO is present then equilibrium
constant (K,) for the reaction is:

[Online April 15, 2018 (I1)]
@ 25 (b) 4 © 2 @ 3
The equilibrium constant at 298 K for a reaction
A +B = C+ Dis 100. Ifthe initial concentration ofall the
four species were 1 M each, then equilibrium concentration
of D (in mol L")will be: [2016]
(@ 1818 (b) 1182 () 0182 (d) 08I8
A solid XY keptin an evacuated sealed container undergoes
decomposition to form a mixture of gases X and Y at
temperature T. The equilibrium pressure is 10 bar in the
vessel. K, for this reaction is: ~ [Online April 10, 2016]
@ 25 ®) 100 (© 10 @ 5
Gaseous N,O, dissociates into gaseous NO, according
to the reaction

[N204(g) = 2NOs (g) ]
At300 K and 1 atm pressure, the degree of dissociation
ofN,0, is 0.2. If one mole of N, O, gas is contained ina
vessel, then the density of the equilibrium mixture s :

[Online April 10, 2015]
(@) 156g/L (b) 622¢L
(0) 3.11gL (d) 456gL
For the reaction SO, (g) + %OZ (g)==505(g). if
K, =K. (RT)" where the symbols have usual meaning
then the value of x is (assuming ideality): [2014]

1 1

@ ® -y ©5; @1

Ata certain temperature, only 50% HI is dissociated into
H, and 1, at equilibrium. The equilibrium constant is:
[Online April 9,2014]

@ 19  ® 30 (© 05 () 02
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For the d. of the compound, rep das

NH,COONH(s) == 2NH,(g) + CO,(g)
the K =2.9 107 atm’.
If the reaction is started with 1 mol of the compound, the
total pressure at equilibrium would be :

[Online April 19, 2014]
(a) 1.94x102atm (b) 5.82x102atm
(¢) 7.66% 102atm (d) 388 102atm
Inreaction A+ 2B —= 2C+ D, initial concentration of B
was 1.5 times of [A], but at equilibrium the concentrations
of A and B became equal. The equilibrium constant for the
reaction is : [Online April 9,2013]
@ 8 © 12 @ 6

(b) 4
()Ny(g) +3H,(g) == 2NH;(g). K,
(2)N,(g) +0)(g) == 2NO(g). K,
1
G)Hy(g)+ 7 0,(8) == H,0(e).K;
The equation for the equilibrium constant of the reaction
5
2NH,(g)+ 502@):‘ 2NO(g) +3H,0(g), (K,) interms
of K, K, and Ky is - [Online April 23, 2013]

KKy K.k}

@ g ®)

© K KK
" P v
The ratio 7> for the reaction
c

1
CO(g) +502(g) ——=C0s(g) is:
[Online April 25,2013]

1
@ Far ®) (R

(c) RT @1

The equilibrium constant (K, ) for the reaction N,(g) + O,(g)
— 2NO(g) at temperature T is 4 x 10~*. The value of K for
the reaction

1 1
NO(g) » ENZ @+ 502 (g) at the same temperature is:
12004, 2012]

(@) 0.02 (b) 25x10%(c) 4x10* (d) 500
K|, K, and K; are the equilibrium constants of the following
reactions (1), (II) and (I1I) respectively:

[Online May 7,2012]
D N,+20, =22NO,
(I) 2NO, =N, +20,

1
(MNO, ==-X; +0,

The correct relation from the following is
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1 1 1 1
Kj=—=— b) Kj=—-=
@ K 5 (®) K % (&)

K]
1
© Ki={K;=K; @ Ki=1—=K;
2

8 mol of 4B,(g) are introduced into a 1.0 dm? vessel. If it
dissociates as
24B,(g)=24,(2) + 3B,(g). At equilibrium, 2 mol of 4,
are found to be present. The equilibrium constant of this
reaction is [Online May 12,2012]
(@ 2 (b) 3 © 27 (d 36
The value ofKI‘ for the equilibrium reaction
NOy4(g) = 2NO;(g) is2.
The percentage dissociation of N,O,(g) at a pressure of
0.5atmis [Online May 19, 2012]
(a) 25 b 8 (©) 50 @ 71
One mole of O,(g) and two moles of SO, (g) were heated in
a closed vessel of one-litre capacity at 1098 K. At
equilibrium 1.6 moles of SO,(g) were found. The equilibrium
constant K, of the reaction would be

[Online May 26,2012]
@ 30 (b) 40 (© 8 (d) 60
In aqueous solution the ionization constants for carbonic
acid are
K, =42x107andK,=4.8x 10°!".
Select the correct statement for a saturated 0.034 M solution
of the carbonic acid. [2010]
(a) The concentration of COj3™ is0.034 M.
(b) The concentration of CO3~ is greater than that of

HCO3.-
(¢) The concentrations of H' and HCO; are
approximately equal.

(d) The concentration of H is double that of C()%’ s
The equilibrium constants K, and Kmfor the reactions
X=2vyand Z=P+Q, rcs‘pectivc]y}arc in the ratio of
1:9. Ifthe degree of dissociation of X and Z be equal, then
the ratio of total pressures at these equilibria is [2008]
(@ 1:36 (b) 1:1 (© 1:3 @ 1:9
For the following three reactions (i), (ii) and (iii), equilibrium
constants are given: [2008]
() CO(g)+H,0(g) = CO»(g) + Ha(g): Ky
(i) CHy(g)+H,0(g) = CO(g) +3H,(g): K,
(iii) CH,(g)+2H,0(g) =CO,(g) +4H, (g); K3
Which of the following is correct?
(@) KiyK; =K; (b) KKy =K,

() K=K K, d) KyK3 =K}
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Phosphorus pentachloride dissociates as follows, in a
closed reaction vessel [2006]

PCl(g) == PCl,(g)+ Cl(g)

Iftotal pressure at equilibrium of the reaction mixture is P
and degree of dissociation of PCl; is x, the partial pressure

of PCI will be
@ (L) P ®) (Lj P
x-1 I-x.
X 2x
—|P — P
@ (x+l) @ [14)
The equilibrium constant for the reaction
N 1
S04(2) ==502(2) +70208)
is K, =4.9 x 102 The value of K for the reaction
250,(g) + 0,(2) = 250,(g)

will be [2006]
(a) 9.8x1072 (b) 49x1072
(c) 416 (c) 240x10°3
For the reaction : [2005]

2NO,(g) == 2NO(g) + O,(g),

(K =1.8x107° at 184°C) (R=00831kJ/ (mol. K))

When K, and K are compared at 184 °C, it is found

that

(a) Whether Kp is greater than, less than or equal to K,

depends upon the total gas pressure

() K=K,

(c) Kn is less than K,

(d) KP is greater than K,

An amount of solid NH,HS is placed in a flask already

containing ammonia gas at a certain temperature and 0.50

atm pressure. A ium hydrogen sulphid

to yield NH, and N,S gases in the flask. When the

decomposition reaction reaches equilibrium, the total

pressure in the flask rises to 0.84 atm? The equilibrium

constant for NH,HS decomposition at this temperature is
[2005]

(@ 011 (b) 017 (© 018 (d) 030

What is the equilibrium expression for the reaction

Py(s)+50,(g) = P40y (s) ? [2004]

@ K, =[0,7
(®) K =[P:010]/5(P41[02]
© Ko =[P040)/[]IO, F

(@) K, =1/0,T
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For the reaction, CO(g)+ Cl, (g) = COCl, (g) the

K,/ .

is equal to

<
@ JRT (b)) RT
For the reaction equilibrium
N0, ()==2NO0, ()
the concentrations of N,O, and NO, at equilibrium are
4.8x102and 1.2 x 10> mol L' respectively. The value of
K for the reaction is
(@) 3x10'molL"! (b) 3x10 mol L'
(¢) 3x10°mol L (d) 33%10°molL"!
For the reaction CO (g) +(1/2) O, (g) = CO, (g), KI‘/Kc is
12002]

b ®RD' (RN (@ RD7?

Relation between K, Q and G
and Factors Effecting
Equilibrium

12004]

(© %er @ 10
12003]

The variation of equilibrium constant with temperature is
given below: [Sep. 06, 2020 (1)]
Temperature Equilibrium Constant
T,=25°C K, =10
T,=100°C K,=100
The values of AH®, AG® at T, and AG° at T, (in kj mol ")
respectively, are close to
[useR=8.314JK ' mol ']
(a) 284,-7.14and-5.71
(b) 0.64,~7.14and-5.71
(c) 284,-5.71and-14.29
(d) 0.64,~5.71 and - 14.29
Consider the following reaction : [Sep. 05,2020 (D]
N,0,(g) == 2NO,(g); AH=+58 kJ
For each of the following cases ((i), (ii)), the direction in
which the equilibrium shifts s :
(i) Temperatureis decreases
(ii) Pressure is increased by adding N, at constant T.
(a) (i) towards product, (ii) towards product
(b) (i) towards reactant, (ii) towards product
(¢) (i) towards reactant, (ii) no change
(d) (i) towards product, (ii) no change
The INCORRECT match in the following is :

[April 12,2019 (IT)]
(b) AG"=0,K=1
(d) AGY<0,K<1

(@) AGY<0,K>1
(©) AGY>0,K<1
For the reaction,
280,(g) + 0,(g) == 2504(g),
AH=-57.2kJ mol™" and K =17x 10'6
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‘Which of the following statement is INCORRECT ?
[April 10,2019 (IT)]

(a) The equilibrium constant is large suggestive of

reaction going to completion and so no catalyst is
required.

(b) The equilibrium will shift in forward direction as the
pressure increases.

(¢) The equilibrium constant decreases as the
temperature increases.

(d) The addition of inert gas at constant volume will not
affect the equilibrium constant.

For the equilibrium

2H,0==H;0" +OH~

approximately:

(a) 100kJ mol™ (b) ~80kJmol ™!

(c) 80kJmol™! (d) ~100kJ mol™!

In which of the following reactions, an increase in the

; the value of AG® at 298 K is
[Jan. 11,2019 (ID)]

volume of the container will favour the formation of

products? [Online April 15,2018 (I)]
(a) 4NH;(g)+50,(g) = 4NO(g)+ 6H,0(l)

(b) 2NO,(g) = 2NO(g) +0,(g)

(©) 30, =20;5(g)

(d) Hy(g)+1y(g)=2HI(g)

The gas phase reaction 2NO,(g) —> N,0,(g) is an
exothermic reaction. The decomposition of N_OJ, in
equilibrium mixutre of NO,(g) and N, O (g), can be increased
by : [Online April 16,2018]
(a) addition of an inert gas at constant pressure

(b) lowering the temperature

(c) increasing the pressure

(d) addition of an inert gas at constant volume

The following reaction occurs in the Blast Furnace where
iron ore is reduced to iron metal : [Online April 9,2017]
Fe,0,(s)+3 CO(g) = 2Fe(l) +3 CO,(g)

Using the Le Chatelier’s principle, predict which one of

the following will not disturb the equilibrium ?

(a) Removal of CO (b) Removal of CO,

() Addition of CO, (d) Addition of Fe,0

The plot shows the variation of - In K‘1 versus temperature

for the two reactions. [Online April 9, 2016]
1
M(s)+502(g) —MO(s) and
1
C(s) +502(g) - CO(s)
M->MO
~InK
. & o
20
0 1200 TK)
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Identify the correct statement:
(a) AtT<1200K, oxidation of carbon is unfavourable.
(b) Oxidation of carbon is favourable at all temperatures.
(c) AtT<1200K, the reaction

MO(s) + C(s) - M(s) + CO(g) is spontancous.
(d) ALT>1200K, carbon will reduce MO(s) to M(s).
For the reaction, [Online April 9,2016]
A(g) +B(g) > C(g) + D(g), AH® and AS® are, respectively,
~29.8 kI mol™! and ~0.100 kJ K-! mol! at 298 K. The
equilibrium constant for the reaction at 298 K is :
(a) 1.0x1071° (b) 10
(1 (d) 1.0% 100
The standard Gibbs energy change at 300 K for the reaction
2A == B+Cis2494.2]. Atagiven time, the composition

1 1
of the reaction mixture is [A] = 7 [B]=2and[C]= 5 The
reaction proceeds in the : [R=8.314 J/K/mol, e=2.718]

12015]
(a) forward direction because Q < K,
(b) reverse direction because Q < K,
(c) forward direction because Q > K
(d) reverse direction because Q > K
The following reaction is performed at 298 K. [2015]

2NO(g) +0,(g) === 2NO,(g)
The standard free energy of formation of NO(g) is 86.6
KJ/mol at 298 K. What is the standard free energy of

formation of NO,(g) at 298 K? (K, = 1.6 10'2)
o In (1.6 x10"%)
@ 86600~ o98)

(b) 0.5[2% 86,600~ R(298) In(1.6 x 10')]

() R(298)In(1.6 x 10'2)-86600

(d) 86600+ R(298)In(1.610'2)

The increase of pressure on ice = water system at
constant temperature will lead to[Online April 11,2015]
(a) a decrease in the entropy of the system

(b) an increase in the Gibb’s energy of the system
(c) no effect on the equilibrium

(d) a shift of the equilibrium in the forward direction
What happens when an inert gas is added to an equilibrium
keeping volume unchanged?  [Online April 12,2014]
(a) More product will form

(b) Less product will form

(¢) More reactant will form

(d) Equilibrium will remain unchanged

The exothermic formation of CIF is represented by the
equation :

=2l (g) ; AH =-329Kk]

Ch(g) + 3B () ==
Which of the following will increase the quantity of CIF;

inan equilibrium mixture of Cl,, F, and CIF;?  [2005]

(a) Adding F,

(b) Increasing the volume of the container
(c) RemovingCl,

(d) Increasing the temperature
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56.  Consider the reaction equilibrium [2003]  61. For the following Assertion and Reason, the correct option
230, (2) - O,(g)=2 SO, (g); A =-198kJ is: ~ 1Jan.08,2020 (1]
On the basis of Le Chateliers principle, the condition Assertion: The pH of water increases with increase in
favourable for the forward reaction is Tempergtiee, . ‘ : ‘ i
. . Reason: The dissociation of water into H and OH is an
(a) increasing temperature as well as pressure N "
exothermic reaction.

(b) lowering the temperature and increasing the pressure
(c) any value of temperature and pressure
(d) lowering of temperature as well as pressure

(a) Both assertion and reason are true, and the reason is
the correct explanation for the assertion.

57. Change in volume of the system does not alter which of (b) Both assertion and reason are false.
the following equilibria? [2002] (c) Both assertion and reason are true, but thereason is
(@ N,(g)+0,(g) =2NO(g) not the correct explanation for the assertion.
2 (d) Assertion is not true, but reason is true.

(®) PCl, (g)=PCL, () + Cl, (8) !
(© N, (g)+3H, (2) = 2NH, (g) 62. Z‘wo iso‘lumj‘ns, ?;ng:, e:cl; ;Jf 10?}1; ;)v(:)is ‘made by
issolvin, of NaOH and 9.8 g of in water,

@ SO,Cl, (g)=50,(g)+Cly (g). respeclivfly.g"l‘he pH of the rcsul(inl solzulio; obtained
from mixing 40 L of solution 4 and 10 L of solution. Bis
[NV, Jan. 07,2020 ()]

3gofa g olacell«. acid is added to 250 mL of 0.1 M HCl and the

Theories of Acids and Bases,
'OPIC |3 Tonic Product of Water and pH 63.

Scale

1
; 3 solution made up to 500 mL. To 20 mL of this sclution —
58.  Arrange the following solutions in the decreasing order 2

of pOH : [Sep. 06,2020 (1)] mL of 5 M NaOH is added. The pH of the solution is
(A) 0.01 M HCl (B) 0.01 MNaOH [NV, Jan. 07,2020 (ID]
(C) 0.01MCH,COONa (D) 0.01 MNaCl [Giver pKa ofacetic acid = 4.75, molar mass of acetic
3 acid= 60 g/mol, log 3 =04771]

@ (A)>(©)>D)>®B) (b (A)>D)>()>(B) Nealect any ch in vol
© B>©>D>® @ B)>[D)>©>®) DS s

: » . 64.  Consider the following statements ~ [April 10,2019 (T)]

59.  Asoft drink was bottled with a partial prssure of CO, of 3 o L .
Lo . (a) ThepH ofa mixture containing 400 mL of 0.1 MH,SO,

bar over the liquid at room temperature. The partial pres-

- 5 B and 400 mL of 0.1 MNaOH will be approximately 1.3.
sure of CO, over the solution approaches a value of 30 bar

. 5 s o (b) Ionic product of water is temperature dependent.
when 44g of CO, is dissolved in 1 kg of water at room

. 4 . (¢) A monobasic acid with K ~10 -5 has a pH=5. The
temperature. The approximate pH of the soft drink is I M
%101 degree of dissociation of this acid is 50%.

(First dissociation constant of L,CO, =4.0 x 10”7; log 2= (d) The Le Chatelier’s principle is not applicable to
s s ,CO, =4 H

s 5 common-ion effect.
0.3; density of the soft drink = IgmL™")

The correct statements are : [April 10,2019 (1)]
[NV, Sep. 05, 2020 (I)]
60. 100mLof0.1 MHCl s taken in a beaker and toit 100 mL of @ (@, (), and(d) ®) @, ®)and ()
0.1 M NaOH is added in steps of 2 mL and the pH is (© (b)and (¢) (@ (a)and (b)
continuously measured. Which of the following graphs ~ 65. Inan acid base titration, 0.1 M HCl solution was added to
correctly depicts the change in pH? [Sep. 03,2020 (ID] the NaOH solution of unknown strength. Which of the

following correctly shows the change of pH of the titra-
N tion mixture in this experiment?  [April 9,2019 (ID)]

I
® o L m f
T i

Vol. of NaOH _
V (mL) V (mL)
(A (B)
H H
pH " l " L
_ > = >
(d) V (mL) V (mL)
Vol. of NaOH Vol. of NaOH © (D)

@ ® b @  © @ @ O

Get More Learning Materials Here : & m @ www.studentbro.in



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

c-81
Which amongst the following is the strongest acid? 76.  Four species are listed below: [2008]
[Jan. 9,2019 ()] i HCO; i H;0"
(2) CHBr, (b) CHI ii. HSO,” iv. HSOF
Which one of the following is the correct sequence of
) CHEN), @ chay, their acid strength? ¢ B
Following four solutions are prepared by mixing different (@) iv<ii<ii<i ) di<iii<i<iv
volumes of NaOH and HCl of different concentrations, pH © Qziigii<iv ) dii<i<iv<ii
of which one of them will be equal to 1? d N o VL i Luti f
Online April 15, 2018 (II)] 77. Hydrogen ion concentration in mol L in a solution of
[Online April 15, pH=54 will be: 12005]
— -6
@ 55mL%HC]+45 mL%NaOH @ 3.98x10° ®) 36810
(©) 3.88x10° () 3.98x10°
b) M M
() 75 mL—HCl+ 25 mL—NaOH i g 2 .
5 5 78.  What is the conjugate base of OH [2005]
2- 2
© 100mL M pc14100 mL X NaOH @ 07 () 0 (© H0 @ O,
10 10 79.  The conjugate base of H,POj is 2004]
@ 60 mL%HCH‘IO mL%NaOH @ HyFO, ® PO
3- d 2-
Which of the following is a Lewis acid? © POy @ Hpog
[Online April 15, 2018 (I)] 80.  Which one of the following statements is not true?
@ PH, ® NF, (a) pH + pOH = 14 for all aqueous solutions ol
NaH d) B(CH. N ) ;
o, N @ B(CH,), : (b) ThepHof 1 10 MHClis 8
50 mL of 0.2 M ammonia solution is treated with 25 mL of g
16 . - " (¢) 96,500 coulombs of electricity when passed through
0.2 M HCL. If pK, of ammonia solution is 4.75, the pH of T i 5
i b i > a CuSO, solution deposits 1 gram equivalent of
the mixture will be : [Online April 9, 2017] copper at the cathode
a) 3. 5 . .
@ .3h OyAan (@ s @) 3D () The conjugate base of H,PO; is HPO2
The conjugate base of hydrazoic acid is: L " i
[Online April 12, 2014] 81.  When rain is accompanied by a thunderstorm, the collected
. B y - rain water will have a pH value [2003]
@ N7 ® Ny @ Ny (@ HN; (@) slightly higher than that when the thunderstorm is
How many litres of water must be added to 1 litre an not there
aqueous solution of HCl w»ith’,a pH of I to create an (b) uninfluenced by occurrence of thunderstorm
aqueous solution with pH of 2 ? 12013] (c) that depends on the amount of dust in air
@ 0'”_‘ ® 05L (© 20L _(d) 90L R (d) slightly lower than that of rain water without
NaOH is a strong base. What will be pH of thunderstorm.
5.0 x 10*M NaOH solution ? (log 2=0.3) o - o
[Online April 22, 2013] 82. Species a?tmg as both Bronsted acid and base is
@ 1400 () B0 (© 130 @ 1270 ® H30; ) Jascos f2002)
(c) NHy (d) OH"

Equimolar solutions of the following compounds are
prepared separately in water. Which will have the lowest

pH value ? [Online April 23,2013]
() BeCl, (b) SiCl,
(¢) CaCl, (d) MgCly

What s the pH of a 10*M OH- solution at 330K, if K at
330K is 1071362 [Online April 23, 2013)
(@) 4 (b) 90 © 10 @ 96
Which one of the following arrangements represents the
correct order of the proton affinity of the given species :

(a) I'<F <HS < NH; [Online April 25,2013]
(b) HS < NH; <F <I"

() F<I'< NH; <HS~

(d) NH; <HS™ <I" <F~
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Tonisation of Weak Acids and
Bases and Relation between
K,andK,

{TOPIC

83. pK, of aweak acid (HA) and pK, of a weak base (BOH)
are 3.2 and 3.4, respectively. The pH of their salt (AB)
solution is [2017]
@ 72 ) 69 © 70 @ 10

84, Assuming that the degree of hydrolysis i

0. 1 M solution of sodium acetate (K, =
[Online April 11,2014]

@ 50 () 60 (© 80  (d 90

osorrce €3
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85.

86.

87.

88.

89.

90.

91.

Values of dissociation constant, K are given as follows :
Acid

HCN 6.82 x 10710
HF 72% 10+
HNO, 40x10%
Correct order of increasing base strength of the base CN~
F-and NO; willbe: [Online April 22, 2013]

@ F <CN"<NO; (b) NO; <CN™ <F~

(€) FF <NO, <CN~  (d) NO, <F <CN”

‘What would be the pH of a solution obtained by mixing 5g
of acetic acid and 7.5g of sodium acetate and making the
volume equal to 500 mL?
(K,=1.75% 10, pK,=4.76)
(a) pH=4.70

(b) pH<4.70

(c) pH of solution will be equal to pH of acetic acid

(d) 476<pH<5.0

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 :[2012]

[Online April 25,2013]

@ 3%107 ) 1%10°3
© 1%10°% @ 1x107
Given [Online May 12,2012]

() HCN(aq) + H,0(1) == H,0'(aq) + CN (aq)
K,=62x101°

(ii) CN(ag) + H,0(I) = HCN(aq) + OH (aq)
K,=1.6%10°%,

These equilibria show the following order of the relative

base strength,

(a) OH >H,0>CN

(¢) H,0>CN>O0H

An acid HA ionises as
HA=—=H"+A"

The pH of 1.0 M solution is 5. Its dissociation constant

(b) OH>CN->H,0
(@) CN“>H,0>0H"

would be : [2011RS]
@ 5 (b) 5x107*
(© 1x107° @ 1x107°

Three reactions involving H,PO," are given below :

() HpPO,+H,0->HO" +IIPO [2010]
(i) H PO +II O—)HPO z +H (0

(i) I{7PO +OH - H, PO +0*

In which of the above docs H,POj actas an acid ?

(a) (ii)only (b) (i) and (ii)

(¢) (iii)only (d) (i)only

The pK, of a weak acid, HA, is 4.80. The pK, of a weak
base, BOH, is 4.78. The pH of an aqueous solution of the
correspondng salt, BA, will be [2008]
(@ 958 () 479 (¢ 701  (d) 922
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The first and second dissociation constants of an acid
H,Aare 1.0 10 and 5.0 x 10~ respectively. The overall

dissociation constant of the acid will be [2007]
(a) 02x10° (b) 5.0%10°5
(¢) 5.0%10% (d) 5.0% 10715,

The pK, of a weak acid (HA) is 4.5. The pOH of an aque-
ous buffer solution of HA in which 50% of the acid is
ionized is [2007]
70 (b) 45 (© 25 (d) 95

Common Ion Effect, Salt
Hydrolysis, Buffer Solutions
and Solubility Product

Iflhe solubility product of AB, is 3.20 x 10~ ”M‘ then the
solubility of AB, in pure water is x 10 mol L\,
[Assuming that neither kind of ion reacts with water]
[NV, Sep. 06, 2020 (I)]
An acidic buffer is obtained on mixing :
[Sep. 03, 2020 (I)]
@) 100mL of0.1 M CH,COOHand 100 mL of 0.1 MNaOH
b) 100mLof0.1M HCland 200 mL of0.1 MNaCl
) 100mL of 0.1 M CH,COOHand 200 mL of 0.1 MNaOH
d) 100mLof0.1 MHCland 200 mL of 0.1 M CH,COONa
For the following Assertion and Reason, the correct option
is [Sep. 02,2020 (1)]
Assertion (A) : When Cu (IT) and sulphide ions are mixed,
they react together extremely quickly to give a solid.
Reason (R) : The equilibrium constant of Cu®* (aq) + S*
(aq) = CuS (s) is high because the solubility product is
low.
) (A)is false and (R) is true
(b) Both (A) and (R) are false
(c) Both (A)and (R)are true but (R) is not the explanation
for (A)
(d) Both (A)and (R) are true and (R) is the explanation
for (A)

(@)

(
(
(¢
(

The Kq‘ for the following dissociation is 1.6 x 10~

PbCl, (s) == Pb>* (ag) + 2C1"(aq)
Which of the following choices is correct for a mixture of
300mL 0.134 M PH(NO,), and 100 mL 0.4 MNaCl?

[Jan. 09, 2020 (1)]
(a) Not enough data provided
(b) Q<K
(© Q> K

® Q=K
The solubility product of Cr(OH), at 298 K is 6.0 x 10!,
The concentration of hydroxide ions in a saturated
solution of Cr(OH), will be: [Jan. 09, 2020 (IT)]
(2) (2.22x 10734 (b) (18 1034

(¢) (18x 10312 (d) (4.86% 10°2)4
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99. The stoichiometry and solubility product of a salt with

10

10

10:

103.

104.

10

10

S

=

=

4

P

S

the solubility curve given below is, respectively:
[Jan. 08,2020 (I)]

[Y]/mM

1 2 3

[X)/mM
(b) XY, 4x10°M?
(d) XY,2x105M?

@) X,Y,2x10°M
(© XY,,1x10°M

. What is the molar solubility of AI(OH), in 0.2 M NaOH

solution ? Given that, solubility product of Al(OH),

=24x10%: [April 12,2019 (D]
(a) 3x10°1 (b) 12x102
(©) 3102 (@ 12x10%

. Themolar solubility of Cd(OH), is 1.84x10 5M in water.

The expected solubility of Cd (OH), in a buffer solution

ofpH=12is: [April 12,2019 (ID)]
i 249

(@) 1.84x10°M (b) a2 ¥10°M

(©) 623x10'M (@ z.49xm 10M

. The pH of a 0.02 M NH,CI solution will be [given

K,(NH,0H)=10"* and log 2=0.301]

[April 10,2019 (I1)]
(a) 265 (b) 435 () 465 ) 535
If solubility product of Zr(PO,), is denoted by K, and
its molar solubility is denoted by S, then which of the
following relation between Sand K is correct ?

" |April 8, 2019 (D]
@ S= (144]

® S= (6912]
@ 8= (929)

@ S= [216]

IfK, of Ag,CO, is 8 x 10-'2, the molar solubility of Ag,CO,
in 0.1 M AgNO, is : [Jan. 12,2019 (ID)]
() 8x10-2M (b) 8x1011M
(© 8x10-0M (d) 8x103M

. 20mL of 0.1 MH,SO, solution is added to 30 mL of 0.2

M NH,OH solution. The pH of the resultant mixture is:
[pK, of NH,0H=4.7]. [Jan.9,2019 ()]

@ 52 () 9% (© 50 (d 94

. A mixture of 100 m mol of Ca(OH), and 2 g of sodium

sulphate was dissolved in water and the volume was made
up to 100 mL. The mass of calcium sulphate formed and

Get More Learning Materials Here : i
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10

109.

110.

11

112.

113.

114.
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i

the concentration of OH™ in resulting solution,
respectively, are : (Molar mass of Ca(OH),, Na,SO, and
CaSO, are 74, 143 and 136 g mol ™, respectively; Ksn of
Ca(OH), is 5.5 10) [Jan. 10,2019 (I)]
(a) 1.9g,028molL"  (b) 13.6¢ 0.28mol L
(¢) 19g.0.14mol L (d) 13.6g0.14mol L
Which of the following salts is the most basic in aqueous
solution? [2018]
(a) AICN), (b) CH,COOK
(©) FeCl, (d) Pb(CH,C00),
An aqueous solution contains 0.10 MH,S and 0.20 M
HCL. Ifthe equilibrium constants for the formation of HS~
from H,S is 1.0 x 107 and that of S from HSions is 1.2
% 10713 then the concentration of S** ions in aqueous
solution is : [2018]
@ 5%10°% (b) 3x 1020
(©) 6x102 (d) 5x101°
An aqueous solution contains an unknown concentration
of Ba®*. When 50 mL ofa | M solution 0fNa,SO, is added,
BaSO, just begins to precipitate. The final volume is 500
mL. The solubility product of BaSO, is 1 x 10!, What is
the original concentration of Ba>* ? [2018]
(@ 5x10°M (b) 2x10°M
(©) L1x10°M (d) 1.0x10°M
The minimum volume of water required to dissolve 0.1g
lead (IT) chloride to get a saturated solution (K, of PbCl, =
3.2 x 10°%; atomic mass of Pb =207 u)is :

[Online April 15,2018 (I)]
(a) 1.798L (b) 036L
(c) 1795L (d) 0.18L
Addition of sodium hydroxide solution to a weak acid
(HA) results in a buffer of pH 6. If ionisation constant of
HA is 107, the ratio of salt to acid concentration in the
buffer solution will be : [Online April 8,2017]
() 4:5 () 1:10 (o 10:1 (d) 5:4
In some solutions, the concentration of H,0" remains
constant even when small amounts of strong acid or strong
base are added to them. These solutions are known as:

[Online April 11,2014]
(a) Ideal solutions (b) Colloidal solutions
(c) True solutions (d) Buffer solutions
Consider the following equilibrium
+
AgCIL+2NH; = [ Ag(NH; ), | +C1”
White precipitate of AgCl appears on adding which of the
following? [Online April 11, 2014]
(a) NH, (b) aqueous NaCl
(c) aqueous HNO, (d) aqueous NH,C1
Zirconium phosphate [Zr,(PO,),] dissociates into three
zirconium cations of charge + 4 and four phosphate anions
of charge - 3. If molar solubility of zirconium phosphate is
denoted by S and its solubility product by K then which
of the following relationship between Sand K_ is correct?
[Online April 19, 2014]

() S=1{K,/144}""
@ S={K 6912}

@) S=
© S=

(K (6912)'7}
(K, 6912}
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115. Solid Ba(NO,), is gradually dissolved in a @ 9 (b) 10
1.0x 10~* M Na,CO, solution. At which concentration of © 1 ) 8
Ba®", precipitate of BaCO, begins to form ? (K, for BaCO; 123, Solid Ba(NO),is gradually dissolved in a 1.0 x 10-4 M
=51x107) [Online April 9, 2013] Na,CO, solution. At what concentration of Ba2* will a
@ 5.1x10°M (b) 7.1x10%°M precipitate begin to form? (K, for for BaCO,=5.1 109)
(© 41x10°M (d) 8.1x107M ’ [2009]
116. Which one of the following arrangements represents the (a) 5.1%x10°M (b) 8.1x10°M
correct order of solubilities of sparingly soluble salts (©) 8.1x107M (d) 41x10°M
Hg,Cl, Cry(SO,),, BaSO, and CrClzr'especlixfelyf’ 124. In a saturated solution of the sparingly soluble strong
[Online April 22, 2013] clectrolyte AgIO, (molecular mass = 283) the equilibrium
(a) BaSO4>Hg,Cl, >Cry(SO4); > CrCly which sets in is AgIO,(s) Ag*(aq) +103 (ag) . If
(b) BaSO, > Hg,Cly > CrCly > Cry (SO, )s the solubility product constant K of AglO, at a given
temperature is 1.0 x 10~*, what is the mass of AgIO, con-
(©) BaSO, > CrCly > HgyCl, > Cry(SO4 )3 tained in 100 mL of its saturated solution? 12007)
(d) Hg,Cl, > BaSOy > CrCls > Cry(SOy4)3 (@) 1.0x10%g (b) 283x107%g
117. The solubility (in mol L") of AgCl (Ky=1.0x 10"%ina () 2.83x107g (d) 1.0x107g.
0.1 MKCl solution will be [Online May 7,2012] 125, The solubility product of a salt having general formula
(a) 1.0x10° (b) 1.0x 1010 . . i3 —
© 10% 105 (®) 10 1ot »MXZA,m water, is : 4 x 1f] T e«.onc‘en(ra(lono M:
118, I£K, of CaF, at 25 °C is 17 x 10719, the combination ions in the aqueous solution of the salt is [2005]
amongst the following which gives a precipitate of CaF, is @@ 40x1070 M () 1.6x107°M
[Online May 19, 2012]
(@ 1x102MCa*and 1 x 10> MF- (© 1.0x107*M (d) 20x107°M
(b) 1x10“MCa* and 1 x 10“MF- 126. The molar solubility (in mol L) of a sparingly soluble salt
(¢) 1x10°MCa*and 1 x10°MF- MX, is *s". The corresponding solubility product is K, .
(d) 1x10°MCa*and 1 x 10 MF- *s” is given in term of K by the relation : 12004]
119. The solubility of Pbl, at 25 °Cis 0.7 g L. The solubility s .4
product of Pbl, at this temperature is (molar mass of @ s=(256K) (b) s=(128Kp)
Pbl,=461.2 gmol™) [Online May 26, 2012] V4 s
(@) 140107 (®) 0.14x10° © s=(Kep /12877 () 5=(Kep/256)"
() 140x107 () 14.0x107 127. The solubility in water of a sparingly soluble salt AB, is
120. The K, for Cr(OH),is 1.6 x 10C. The solubility of this 1.0 x 10~ mol L. Its solubility product will be
compound in water is : [2011RS] (a) 4x 10710 (b) 1x 10715 [2003]
| ST \/—,m (c) 1x10710 (d) 4x10715
@ 41610 b 02 128. 1 MNaCland I M HCl are present in an aqueous solution.
©) 1.6x1073027 d 2v1.6x107° The solution is [2002]
121. Solubility product of silver bromide is 5.0 x 10~ The (@) notabuffer solution with pH <7
quantity of potassium bromide (molar mass taken as 120 g (b) notabuffer solution with pH> 7
mol ) to be added to 1 litre of 0.05 M solution of silver (c) abuffer solution with pH<7
nitrate to start the precipitation of AgBr is [2010] (d) abuffer solution with pH> 7,
(@) 12x10"g (b) 1.2x107g 129. Let the solubility of an aqueous solution of Mg(OH), be
(c) 6.2x105¢g (d) 5.0x10%g x, then its Kspis [2002]
122. At25°C, the solubility product of Mg(OH), is 1.0 x 10-!1. (a) 4 (b) 108°
Atwhich pH, will Mg>* ions start precipitating in the form (c) 27* (d) 9x

of Mg(OH), from a solution 0f0.001 M Mg?* ions?[2010]

Get More Learning Materials Here : & m @ www.studentbro.in



Hints & Solutions

L @© K=K®RD™=KE®RN" =K ®RT)"” How, 2C(gr+Chalg) =
s An,=+1
= K, =K,(RD)" s .
=K, =K,(RT)
2. @ Na(g)+3Hi(g)=—=2NH;(g); K, Hence, K, = K

1 8. (¢) Given,S+0, = 8
2NH;(g)=—=N(g) +3Hs(g): —

K. 28+30, = 250,
i 250,+0, = 250
1 3 1 N
NHB(g):ENl () +E}12(g); R To get equation (iii)
‘ 25+30, - 250,
L _ 4 1 (25+20, 280
1/2 1/2
k.~ Y : 0, —280,-2S0,
e or 280,+0, —» 25
X+ ¥ = 27
=0 I'mel 1.5 mol 0.5 mol 9, ®) A(S) B[g]+(
t= (W l-a 15-a 0.5+ 2a P, I
0.5+2a=1;a=0.25 K=
i
X + 7Y — 22 PP

0.75 1.25 1
D(s)—— C(g) +
_ lzr ! x B +P,

@ TX]¥] 0.75%[1.25] 15

Ky

i.x:L:lﬁ (7 +.

(0.75%1.25) Adding (i) and (ii)

2 P

4. (b) At equilibrium, rate of forward reaction = Rate of P
backward reaction.
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1L @ 2NH;(g)==N,(2)+3H,(g), Kz%
P

Py PNy Py,
i ! 7PN2(PH3)3
TR 2 )
P (P

= Pro (P) =Py, +Py, +Pyp;

= Py, + Py, (7 Py <<Pp)

Now,

1 3
Partial pressure of N, = ZP ; Partial pressure of H, = 7 P

Fromeq(i),K** 3
P (Pay)
2 3 2 pd
Py P P° 5 (Pay)” _P* 5
Kp 44 7 Kp 4t

o o 12
3
(Pai, )’ =Kp— a 3Py, = {KP'FJ}

P2l
o=,
12. ) K=K, RDYME

An, =No. of gaseous moles of products — No. of gaseous
moles of reactants

K

. Al
X, (RT)™¢

N,y(g)+04(g) -

2NO(g), An, =0

K

—L =(24.62dm*atm mol ")’ =1

n

N,O,(g) == 2NO,(g), &An,=

Get More Learning Materials Here : i
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13.

14.

17.

(d) Concerned reaction:
NH,SH— NH,(g) + H,S (g)

- 5al
Initial moles= T 0.1 mol

Moles at equillibrium
NH,SH— NH,(g) + H,S(g)
0.1(1 -0.3) 0.1%x03 0.1x0.3

0,03y
K_=[NH,][H,S]= (T] =

K =K (RTyg
=10 (0.082  600)>=

(©) Given: A,+B, X 2AB

1
= 2AB —— A, 4B K=
- 1

6AB K 3A,+3B,K,= [

The relation between K| and K, is K,
(@) Initially 2 moles of CO are presen
Atequilibrium, 1 mole of CO is presen
Hence, 2 -1 = 1 moles of CO has reac
1 mole of CO will react with 1 mole of(
COCL,

3~ 1=2moles of Cl, remains at equili
The equilibrium constant

1 mol
[COCl1] SL

Lmol  2mol K
5L 5L
A+B=——=C

(a) Given,

No. of moles initially 1 1 1

At eqm. l=x I-x I
1+a)’ I+a
K .= —10
¢ \l-a 1-a

On solving; a=0.81
[D]yoq= 1 +a=1+081=181

(@ XVia)

X(eV-- V(g
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(1-0)xMy,0, +2axMyo, s 29x107 x27
- (1-oc+2ex) - 4
(1-02)92+2x02x46 _ . . . Y
= = -6 - v;
(1+02) p_[29x10 x27}
Now, as per ideal gas equation, 4
PV =nRT
PM, . =dRT 2. ) A + 2E
Att=0 a 1.54
PM,,; 1x76.66
d= R;‘m :m:3-llgfL Ateqns. (a¢-x) (1.5
I : e’
19. () SO,(g)+-02(g)===80;(g) Hence, K, =~————
2 (a—x)(L.5
K, =K, (RT)* Given, at e-qiilibrium
where x = An, = number of gaseous moles in product (a=x)={l7a~23)
=2x
number of gaseous moles in reactants G )
Onsolving K, =4
x 1,(1+1] = 1—5 __1 23. (d Tocalculate the val
2 should apply :
2. @ M= Hy 41, eqn. (2)+eqn.(3) < 3 —e¢
K,K3
At b= ° o hence K, = —=—2
ca oo LY
At eqm e-co — Ad
2 4. @ K=K/ (RT)™
(E) [c_u) For the reaction
Now, K, = Z 22 1
g CO(g)+ 5 02(8) =
o 0.5
K, = (K, = g y_ 1
Can-a? Tt an-05)y? An =1 (”5)* 5
K. =025
e K. K,
21. ) NH,COONH,(s) = 2NH;(g) + CO;(g) K= JRT ' ra
2 25. For the reaction
(pe N xlp. ) R €
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27.

28.
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(Il) NO,

1
=N, +0
9 2 2

_N1" (0]

> NO,

2 _[NalI0o
(&) = n
( ) [NOZ]Z (i)
. From equation (i), (ii) and (iii)

K (&)

© 24B5(g) == 4,(2)+3B,(g)
at =0 8 o 0
at eqm. (8 2 x2) 2 3 x2

=4 2 6
molar cones. 4/V 2V 6/V
3 3
ow Kc:[Az][BZZ] _2ONE
[48;] (4111

(6] N,0,(g)==2NO0,(g)
Initial moles 1 0
Moles at eqm. (1 - a) 2a

(e = degree of dissociation)
Total number of moles at eqm.
=(l-o)+2a
=(l+a)
a-o

alva)

.’\404

2a
—_—x
a(l+a)

2a :
(Pro,)” _ ((1 +a) XPJ

P PNZQ = <P
1+a

R
P s -m

D =
1-\02

40P d4o’P

(+a)l-a)’  1-o

Cosorrce €3

(©) 0, + 280, —
Att=10 1 2
At eqm. (1 =-a) 201 a)
Given at equilibrium,
20.=
a=

e M ()

K. = 2
(1-0)2—20)?® (1-08) (-

K, =80
(©) HyCOy——H"+HCO; K=
HCO; ==H"+C03" K,=4.8x
Second dissociation constant (K,) is
the first one (K)). Just a small fract
formed will undergo second stage of i
saturated solution

[H*]>>>[COT ], [COT ]#0.034)

[HCOZ |>>[CO3 ] a
(a) Let the initial moles of X be ‘a’ :

then for the given reactions,
b ———_ 0}

Initial a moles

At eqm. a(l - o)

(moles)

Total no. of moles=a (1 - o) +2
=a-ao+2ac
=a(l+a)

An
(ny)* (P
Now, K, =—I—x|=L
Pt ny Yn
2
o _ (2a0) -PT]
TP [a(-e)ad+a)]

Z — P +

Initial b moles 0
At eqm b(l ~ @) ba
(moles)

Total no . of moles =b(1 — ) + 1

@ www.studentbro.in



32.

33.

34.

35
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2 )
Km _ 4a -PT] . (1-a)* 4PT]

or =
Koy (1-o?) PTZ-“Z Pr,

4PT| 1 Kp] L
o e v ——=— given
Pr, 9 Ky, 9
P 1
or P, 36 or 1:36

(e) Reaction (iii) can be obtained by adding reactions (i)

and (ii) therefore K, = K. K,
Hence (c) is the correct answer.

© PCl(g) = PCly(g) + Cl(g)

I-x X x
Total moles after dissociation

l-x+x+x=1+x

= Mole fraction of PCl, x Total pressure
. [ L) 5
I+x

1
(€) SO4g) — Soz(gHEOz(g)

Ppc,

[S0,1(0,]"
[SOs]

On taking the square of the above reaction

K, = =49x107%;

(4

2
802171021 _ 4 615107
(50,1

Now for 280,(g) + 0,(g) ——= 280,

2
PO 1) A S
[80,17[0,] 24.01x107*
(d) For the reaction:-

2NO,(2)—=2NO(g) + O»(g)

416

osorrce €3

37.

38.

39.

40.

41.

42,

py,s = 0.17 atm

K= PxH, % Prys = 0.67
=0.11

(d) For Py(s)+50,(g;

1

©2)*

Solids have concentrati

(c) Kp :KC(RT)N;;

Here An=1-2=-1

c

AL
"K, RT
VA
0 K=ol |
[N,04] [
=3
© K,=K/RT™
An= —(1+l] :1—3
2
PP -1/2
= (RT)

(€) AG°=-RThK,
AGP® at T, = ~8.314 x 2!
AGe at T, = -8.314x
=-14.29kJ/mol

AG® = AH® ~TAS®

= —5.71= AH® - 298(/
= —14.29 = AH® - 373(

AH° = 28 4 kJ/mol
(¢) (i) As reaction is
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45. (€) AG=AG°+RTInQ

Atequilibrium; AG=0and 0= Ky

=AG*=-2303RT logK,
=-2.303 x 8.314 x 298 x log1 0
=79.9kJ/mol =80 kJ/mol

46. () Volume T P, reaction proceeds in which direction
where the number of moles of gases increases.

2NO;(g) = ZINO(g)+03(g) An,=(2+1)-2=1

47. () Reaction at equilibirium

N0y ==2NO,

According to Le chatelier's principle-

(a) addition of an inert gas at constant pressure will
increase volume and equilibirium shifts towards more

number of molecules.

(b) Decomposition of N,O, will be endothermic, so
reaction will move in forward reaction when
temperature is increased.So, It is incorrect. It will not
cffect reaction (volume is constant)

(¢) Increasing the pressure on a gas reaction shifts the position
of equilibirium towards the side with fewer molecules.

So, it will move in backward direction which leads to

formation of N,O, from NO,.

48. (d) Perturbation Shifts reaction towards
Removal of CO Left
Removal of CO, Right
Addition of CO, Left

Addition of Fe,0, No change
(This is a solid compound.

Its concentration has no

effect on the equilibrium.)

M—MO
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osorrce €3

51.

52.

53.

From the equation
AG°=AH° - TAS® =-29.8—(298 x —(
=-29.8+29.8=0

Now, AG®=-2.303RTlogK,,
0=-2303RTlogK,,

B S
d) AG=24942]
2A == B+C.

1 1
[A]= 5.[Bl=2[C]= 5
[BI[C] _2x1/2

AF (1)’
3

AG°=-2303RTlogK,,
2494.2T=-2.303 % (8.314 I/K/mol) x (

) 249421]
2.303 x8.314 /K /mol

= logK =-0.4341; K =0.37;Q > 1§

= logK =

B) AG . =2AG% (NO,)-2AG (

2AG; (NO,)= AGmn +2AG; (NO)-
AG=AG"+RTInK

Ategquilibrium,

AG=0,Q=K:AG°=-RTInK

AG(0)=0

-~ AGHNO,) = 3 [2 % 86600 —R(298)

(d) Volume of’ice is greater than that

The direction in which the reaction 3
predicted by applying Le-Chatelier's p

Pressure o« ———
Volume

So equilibrium, will shift forward.

54. (d On adding inert gas at constan

nressure of the svstem is increase
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58.

59.

60.
61.
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(a) Inreaction (a)the ratio of number of moles of reactants
to products is same i.e. 2 : 2, hence change in volume will
not alter the number of moles.
(b)
(A) 0.01MHCI
[H]=102 pH=—log 102=2
pOH=14-2=12
(B) 0.01 MNaOH
[OH ] =102, pOH = log[OH] =2
(©) 0.01 M CH,COONa

1
pH=17 +5[pKﬂ +log0.01]

pH>7 = pOH<7

D) 0.01 MNaCl,pH=7,pOH=7
Decreasing order of pOH value is,
(A)>(D)=(C)>(B).

() CO,+H,0——>H,CO4
30 bar 1 mol/L
0.1 mol/L

H,CO; =—=H" +HCO;
0

=0 0.1 0
at Equb. 0.1(1-a) 0.la 0la
0.1c?
20x107 =2

l-a
=>(l-a)=1

a?=4x10°=a=2x10"
[H]=2x10"* M

pH=4dxlog2=3.7=37x10""

(c) At equivalence point pH is 7 and pH increases with
addition of NaOH so correct graph is (¢).

() Temperature plays a significant role on pH

B .

cvorioe €

63.

[OH]= —(
20
=—x
50
OH - 1
1= — x
[OH]= 3
pOH=3397
pH= 14-pC
= 14-33
(5.22)
Mass

No. of moles =
Molar m

3
3g CH,COOH = w0 0.5

No. of millimoles = Mola
250 mL of 0.1 MHCI =23
500 mL solution=50mr

20 mL solution = %3

500 mL solution contain

20 mL solution contains

1 mL of 5M NaOH = 1
2 2
HCI+ NaOH——> NaCl
1 28 L
Remaining NaOH=2.5
CH,COOH + NaOH (ren
2 1.
0.5 0
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GivenpH=5 = -~log(H")=5

o [H=107
As we know,
2 2

T =Ca ) IG’S:CQ _ Co.a
T l-a’ I-a (I-a)
g 5o 1

107 =107 —a=—ie,50%

I-a 2

65. (b) Graph A and B, both represents the titration curve

between strong acid and strong base, i.e., HCl and NaOH
but, the pH of NaOH is more than 7 and during the titration
it decreases, so graph (A) is correct.
66. (¢) Due to the resonance stabilisation of the conjugate
base, CH(CN)), is the strongest acid amongst the given
compounds.

CH(CN), == H' + € (CN),

NC N
i
\E—c Q > >®c\£%
NC N2
N Ne
\c\ \C\
B 5/\2—051\' — X
Ye &
N# N

The conjugate bases of CHBr, and CHI, are stabilised by
inductive effect of halogens. This is why, they are less
stable. Also, the conjugate base of CHC, involves back-
bonding between 2p and 3p orbitals.

M M
67. (b 75 mL?HCI +i25 mL?NaOH

M M
25 mL? NaOH will neutralise 25 mL o HCl

M
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68.

69.

70.

71.

72.

H,
(6¢)

~cH,

&=

Oy Mol
@ NH, +HCl—— NH,Cl
moles of HCl=0.2M x 25 x 107 L=0.(
consumed)

moles of NH,=0.2M x50 x 103 L=0
excess NH, =0.01-0.005=0.005 mol
1 mole ammonia =1 mole NH,Cl

0.005 NH, =0.005NH,Cl

Total volume= Vg + Vg, =25+50

0.005 mole
[NH;]=[NH,Cl]=————=0.0
’ 750 L
pOH = pK, +1og[NH‘C”
[NH;]
0.066
pOH:4.75+log[ ]
[0.066]

pOH =475
pH=14-pOH = pH=9.25

(b) N3H —=N;+H"
Hydrazoic acid

ie, conjugate base of hydrazoic acic

@ pH=1:H=10"=0.1M

pH=2 ;H'=102=0.01M

A M=01V, =1

M,=0.01, V, =?

From

MV, =M,V,

0.1x1=001=V,

V,=10L

2. Volume of water added=10—1=9

@) Given [OH ]=5x102
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76.

7.
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which results in decrease of ionization energy which

weakens the strength of M — O bonds in MOH and thus

increases the basic strength.
Be(OH),

Amphoteric
Ca(OH), Sr(OH), Ba(OH),
Strong base
Hence, Be(OH), will have lowest pH.
d Givenat330K
Kw =1 0—I3 .}
ie. pK =pH+pOH
~» pOH=-log [OH]

Mg(OH),

Weak base

13.6 =pH+ pOH
pOH =-log 10°*
pOH =4
pH =13.6-4
=96

(@) The species with the greatest proton affinity will be
the strongest base, and its conjugate acid will be the
weakest acid, The weakest acid will have the smallest value
of K. Since H is a stronger acid than HF which is a stronger
acid than H,S, a partial order of proton affinity is

I'<F<HS~
Since NH, is a very weak acid, NH,” must be a very strong
base. Therefore the correct order of proton affinity is

I <F <HS <NH,
(¢) The correct order of acidic strength of the given
species is HSO3F > Hy0" > HSO4™ > HCO;~

(iv) (i) (iii) 0]

or (i) < (iii) = (if) < (iv)

(@) pH=-log[H']= log

T[H]

5.4=log

rurts

osorrce €3

81.

82.

83.

84,

85,

86.

. Total [H]= 10-8+ 10

=10%(1+
.. pH=~log [H*] =-log
=—[lo

=-[1.0414-8]=6.9586
(d) Therain water aftes
acid and therefore the p
thunderstorm.

(@) (HSO,) can accep
(HSO,y + H" - H,S0,
(HSO) —H"— S0~

() The salt (AB) give:
base. Hence the pH can be

A ]:aH:'!+%pKﬂ

1
=T7+—(3.2
2

(@ Sodium acetate is a

1 1
. pH=7+=pK, +=lc

=~ gL
2 2
=9.0

(c) Higher the value of
i.e. higher will be th
CN, F and NO, are col
and HNO, respectively

strength will be
F <
(. stronger the acid w
(d Concentration of C
conc. =5gin 500

=10gL

[CH,COOH] :gM; l

z
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[H']
C

87. (¢) H =Ca;a=
or (x:&:ﬂ)fz
0.1

K, =Ca? =0.1x102x1072 =10°%

88. () The more is the value of equilibrium constant, the
more is the completion of reaction or more is the
concentration of products i.e. the order of relative
strength would be

OH > CN-> H,0

89. () pH=5means

[H]=10°5

HA — H" + A~
=0 c 0 0
i el —a) ca ca

_HAT] (ew® WP
SOHAL c(-a) c-[HY]

But, [H]<<c

o K= [HP=(1092=101

90. @ () H;PO4+H,0——H;0"+H,PO;

acid) base, acid, basey
(ii) H,PO3 + H,0——HPOS ™+ H;0"
acid) bases base; acid,

(iii) H,PO3 + OH™ ——H;PO,+ 07~

basey  acidy acid,  Dasey

Hence only in (if) reaction, H,PO; is acting as an acid.
91. () In aqueous solution, BA(salt) hydrolyses to give
BA +H,0 ——= BOH+HA
base acid

Now pH is given by

H=LpK, +1pK, —Lpk
PH=5PRw #5Pha =5 PRy
Substituting given values, we get
pH= %(]44—4.80—4.78) =7.01

92. (@ HA——=H" +HA~

Get More Learning Materials Here : & m

_HTPAT]
C [HpA]
=(1.0x 105 x (5 x 10719 =5x 10"

=K xK;

93. (d Foracidic buffer, pH=pK +log [

pH :4.5+log@
[acid]
As HA is 50% ionized so[salt] = [acid]
.. pH=45
-- pH+pOH= 14
pOH=14-pH=14-45=95
9. (2.0)

AB, ==A"(aq)+ 2B (aq)
X 2s
K, =45’ =32x107"

=5 =8x107"2
=s=2x107"

95. @ HCl+CH;COONa——C

Millimoles 10 20

at start

Millimoles 0 10

after

reaction

Buffer solution contains CH,COONa

CH,COOH (10 millimole) which is a a
96. (¢) Cu®'ions get precipitated every ¢

K, 5 value even at very low concentrat

CuS(s) == Cu® +§>~

K, =[Cu*][S"]

Cu® +8 == CuS(s)

_ 1 1

SISt K

Due to high value of K, CuS precipi

97. (¢) PbCl, == Pb*(ag) +2Cl (ag)
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98. () Cr(OH),— Cr3*+3031r
s S

K,= s.(3s)

6 1/4
6% 10731 =27.5% s= | —=x107"
=6 grye (27

6 14
-1=13g= —xlO’]]
[OH]=3s5=3x (27 ]

=(18% 1014 M
99. (b) Fromthe given curve,
if[X]=1 mM then [Y] =2 mM
Saltis XY,
K, = [XI[YP=(107) 2 x 103P=4x 10 M
100.(c) Let the solubility of A(OH), in 0.2M NaOH solution
be s.

Then,

A(OH); == AI**+30H"
s 3s

NaOH—=Na"+0H"
and
0.2M 02M 02M
[AP*]=sand [OH]=3s+0.2=0.2
K,,=2.4% 10 %=[AP*][OH]

2.4 % 10%=5(0.2)}

24
g0 P ol /L.

8x10°
101.d) Cd(OH), =—=Cd>"+20H"
s 2s

osorrce €3
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1 1
5 H=7-—pKj —=I
102.(@) pH =7 pKy —=

51
=7————(log2xl
2 2( g

pH=535

4+
103.(b) Zr,(PO,), = 3Zr-

K, =[] [PO )
K, =691287

17
- KSp
8= %012

104. (¢) As AgNO, dissoct:
therefore in 0.1 M.

AgNO;,—— Ag”
0.1

Ag,CO;—=2A
0.14

K= [Ag'T[CO}
8x 10712= (0.1+ 2

0.015=8x 10712 ((

s=8x101'M
105. ()  m.mol of H,S
m. mol of NH,OH =
H,S0,+2NE
Initial 2 m mol 6
Final (22} (6
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pH=14-pOH
pH=14-5=9
106. (@) Na,S0,+Ca(OH), —» CaSO,+2NaOH

*x1000
143

mmol ofNa,SO, = =13.98 mmol

mmol of CaSO, formed = 13.98 mmol
Mass of CaSO, formed = 13.98 x 10~ x 136=1.90g
m mol of NaOH =28 m mol = 0.028 mol
Ca(OH), == Ca>"+ 20H"
s 25+0.028

Value of *S” will be negligible so

OH*iO.OZSmc;li028 1L
[OH.)= =G~ e28mdl

107. @) CH,COOK is a salt of weak acid (CH,COOH) and

strong base (KOH).
FeCl, is a salt of weak base [Fe(OH),] and strong acid
(HCI).
Pb(CH,CO0), is a salt of weak base Pb(OH), and weak
acid (CH,COOH)
AI(CN), is a salt of weak base [Al (OH),] and weak acid
(HCN).
108. () HS==0H"+8"" K, .K,, =K
Atequb. 0.10 020 7
2
[ T[]
L S 1x107 x12x1073
[H,8]
2[o2-
0.2[°fS
w =12%1072
[0.1]

[SH]=3x 102

109. (c) Concentration ol‘SOfin BaSO, solution

MV, =M.V,
Covorere
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[Ba**]= 10" Min 500 mL solutic
Thus [Ba?']in original solution
(500-50=450mL)
=M, *x450=10" < 500

[ where M, = Molarity ¢

500
M, = —x10" =1.11x107 N
450

10 @ (Kyp)pper, =3-2%107° =32x10

PbCl, = Pb>* +2C1
s 2

S
K, =[Pb*][CI P
K, =4s" =310
$=8x10"
s=2x107M

¥ g _ngig
MW. V,

B L
278 VL

v 011000 o
L™ 2

1L @©) HA==H"+A"

(Unionized, weak acid and common ioi
HA + NaOH—— NaA + H,0
NaA——Na' +A~ (i
P
X, _HTJAT]
[HA]
Given, pH=6, [H]=1 % 1076

K, [Acid]

&
() [Salt]

roat v 1n—3
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When nitric acid is added to amine solution, solution is
made acidic and the complex ion dissociates and liberate
silver ion to recombine with chloride ion. This is the
conformatory test for silver in group 1.
4. () | Zr, (PO,), |==3zr*"+4P0>"

(© [ | 4)4] i -
K, = (39 (49)"

=275 x 256 5*

=691257.

17
o] Ko
6912

115. (a) Conc.of Na,CO,=1.0x 104M
. [COT]=10x10"*M
ie. s=1.0x10"*M
At equilibrium
[Ba¥][COF]= K, of BaCO,

Ky 51x107°

Bal+: Sl
L [co¥] roxio™

=51x10°M

116. B) Cr,(80,), == 2¢r> +3503
2s 3s

K, = (25 (35 = 48? x 275’ = 1085°

I/5
(3
108

Hg,Cl, == 2Hg" + 2
2s 8

K, = (25 % (28)" = 165"

114
= (%)
14

osorrce €3

14
K, K
K, > Sp) >[7
® (16 2
117. (@) Let solubility of A

AgCl —= Ag' +

Le., KSP(ASC]} =

5 X 3

KCl—s K*' +CI
0.1

[CI] from KCI = 0.1 M
Total [CI7] in solution
K, (AgCl) = [Ag'] [CT
1.0 % 10710 = g(s + 0.1
1.0 x 10719 = g2+ 0.1s
1.0 x 10719=0.1s
s=1.0 x 10 mol/L

118. (a) When ionic pro
concentration of ions in
solubility product, form:
CaF,==Ca’ +2F
Tonic product = [Ca"]
when, [Ca®] = 1x 10
[F 1= (1x 1032 M

=1x 10°M
o [Cat] [F

In this case,
Tonic product (1% 10°%)

119. (@ Pbl, == Pb>'+
s

K,=sx (25)2 =
5
—ax[ 2
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122,

123.

124.

Get More Learning Materials Here : i

i.e., precipitation just starts when 10~'! moles of KBr is
added to 1L AgNO, solution
Number of moles of Br~needed from KBr = 10"
Massof KBr=10"1x120=1.2x10"g
®)  Mg(OH), ==Mg’" +20H"
— M2 O T2
K, =[Mg"][OH]
1.0 10-11 = 10°3 x [OH2

107
[OH ]=,|—=10"*
10
pOH=4
pH+pOH= 14
pH=10
@ NaCO3—— 2Na* + €03
1107 M 0*M a0t
Kqp(Bacoy) =[Ba**1[COF ]
5.1x107° j
[Ba2]= """ = 5.1x10M
1x10”
(c) Lets=solubility
AgIO; —= Ag" +105~

s s

K, =[Ag'1[10;]=s*5= s*
Given K =1x 108

s= Ky =1x107
=1.0x10*mol/L =1.0x 104x 283 g/L
( Molecular mass of AglO; = 283)

osorrce €3

125.

126.

127.

128.

12

b

_ 1.0x107*x283x100

g/100mL
1000

=2.83x10%g/100mL

© MX, ‘:\MZJ%Z’ZX’
s s

Where s is the solubility of MX,
then K =4s’
4 1072=483

or s=1x10"

@ MX, ==M"+4x"
S 48

K, = [s] [4s]' = 256 5°

Lis
5= Ky
256

@ AB,——A>"12B

[A]=1.0% 1075, [B]=[2.0 x 10]
K, =[BP[A]=[2x 10 5P[10x105]=4>

(@) A buffer is a solution of weak ac
strong base and vice versa. HCl is stror
its salt with strong base. pH is less thai

(@) Mg(OH), - [Mg™]+2[0H]
x 2

K., = [Mg] [OHP = [x][2¢] = x.d?=
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