ALLEN® JEE Advanced Chemistry 10 Years Topicwise Questions with Solutions
PHYSICAL CHEMISTRY
IONIC EQUILIBRIUM

1. On decreasing the pH from 7 to 2, the solubility of a sparingly soluble salt (MX) of a weak acid (HX)
increased from 10 * mol L™ to 10> mol L *. The pK, of HX is:

[JEE(Advanced) 2023]
(A)3 (B)4 €5 (D)2
2. A solution is prepared by mixing 0.01 mol each of H,COjz, NaHCOsz, NayCOsz, and NaOH in
100 mL of water. pH of the resulting solution is
[Given : pKa1 and pKj;p of H,COg3 are 6.37 and 10.32, respectively ; log 2 = 0.30]
[JEE(Advanced) 2022]
3. Concentration of H,SO,4 and Na,SO; in a solution is 1 M and 1.8 x 1072 M, respectively. Molar solubility
of PbSO; in the same solution is X x 107 M (expressed in scientific notation). The value of Y is

[Given: Solubility product of PbSO4 (Ky) = 1.6 x 10°%. For HpS0y, Kay is very large and Ky =1.2 x 10'2]
[JEE(Advanced) 2022]
4. 5.00 mL of 0.10 M oxalic acid solution taken in a conical flask is titrated against NaOH from a burette
using phenolphthalein indicator. The volume of NaOH required for the appearance of permanent faint
pink color is tabulated below for five experiments. What is the concentration, in molarity, of the NaOH
solution ? [JEE(Advanced) 2020]

Exp. No. Vol. of NaOH (mL)
12.5
10.5
9.0
9.0
9.0

g |l W| N[

5. A solution of 0.1 M weak base (B) is titrated with 0.1 M of a strong acid (HA). The variation of pH of the
solution with the volume of HA added is shown in the figure below. What is the pK} of the base? The
neutralization reaction is given by B+HA — BH'+A". [JEE(Advanced) 2020]

Volume of HA (mL)
6. An acidified solution of 0.05 M Zn?* is saturated with 0.1 M H,S. What is the minimum molar
concentration (M) of H™ required to prevent the precipitation of ZnS ?
[Use Kgp (ZNnS) = 1.25 % 107%? and Overall dissociation constant of HoS, KneT = KKy =1 % 10'21]
[JEE(Advanced) 2020]
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7.

10.

The solubility of a salt of weak acid(AB) at pH 3is Y x 10~ mol L™. The value of Y is__

(Given that the value of solubility product of AB (Kgp) = 2 x 107 and the value of ionization constant of
HB(K,) = 1 x 107%) [JEE(Advanced) 2018]
Dilution process of different aqueous solutions; with water, are given in List-1. The effects of dilution of
the solutions on [H'] are given in List-I1.

(Note : Degree of dissociation (o) of weak acid and weak base is << 1; degree of hydrolysis of salt <<1;

[H™] represents the concentration of H* ions) [JEE(Advanced) 2018]
List-1 List-11
P. (10 mL of 0.1 M NaOH + 20 mL of 1. the vale of [H'] does not change on dilution
0.1 M acetic acid) diluted to 60 mL
Q. (20 mL of 0.1 M NaOH + 20 mL of 2. the value of [H'] change to half of its initial
0.1 M acetic acid) diluted to 80 mL value on dilution
R. (20 mL of 0.1 M HCI + 20 mL of 3. the value of [H"] changes to two times of its
0.1 M ammonia solution) diluted to 80 mL initial value on dilution
S. 10 mL saturated solution of Ni(OH) in 4. the value of [H] changes to % times of its
equilibrium with excess solid Ni(OH); is initial value on dilution

diluted to 20 mL (solid Ni(OH); is still

present after dilution).

5. the value of [H'] changes to +/2 times of its
initial value on dilution
Match each process given in LIST-1 with one or more effect(s) in LIST-11. The correct option is
AP->4Q>2,R>3S—>1 BP->4Q0>3R>2,S—>3
CP>1L0Q0>4R—>5S5S->3 D)P>1,Q—>5R—>4S->1
Paragraph For Questions No. 9 and 10
When 100 mL of 1.0 M HCI was mixed with 100 mL of 1.0 M NaOH in an insulated beaker at constant
pressure, a temperature increase of 5.7 °C was measured for the beaker and its contents.
(Expt-1). Because the enthalpy of neutralisation of a strong acid with a strong base is a constant
(-57.0 kJmoI_l), this experiment could be used to measure the calorimeter constant. In a second
experiment (Expt-2), 100 mL of 2.0 M acetic acid (K; = 2.0 x 10'5) was mixed with 100 mL of
1.0M NaOH (under identical conditions to (Expt-1)) where a temperature rise of 5.6 °C was measured.

(Consider heat capacity of all solutions as 4.2 Jg'lK'1 and density of all solutions as 1.0 g mL'l)

Enthalpy of dissociation (in kJ mol'l) of acetic acid obtained from the Expt-2 is [JEE(Advanced) 2015]

(A) 1.0 (B) 10.0 (C) 245 (D)51.4
The pH of the solution after Expt-2 [JEE(Advanced) 2015]
(A)2.8 (B) 4.7 (C)5.0 (D) 7.0
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SOLUTIONS

1. Ans. (B)

Sol. At pH =7 = pure water
solubility = S; = Ksp
AtpH=2

= MX(s) + ag === M*(aq) + X (a0)

S S—X
X"(ag) + H'(ag) === HX(aq)

S—X 1077 X =S
Approximation : s—x = 0 [X" is limiting reagent]
=5 =X
= S(s—X)=Kgp (1)

S 1
coay Kk @

. 2 Ky
Multiply (1) x (2) = —

107 K,
— 5= K
10K,
S -3
Now given: —=——
s, 10°
. /Ksp
10K 1 _
= 2 _10 = =10 = K, =102 =K, =10" = pK,= 4
Ky 10K,
2. Ans. (10.00 - 10.04)
Sol. H,CO3 + NaOH —— NaHCO3 + H,0
Milli moles 10 10 -
Atend 0 0 10+10=20

Final mixture has 20 milli moles NaHCO3 and 10 milli moles Na,COs

Salt
H = pKa, + log At
PR =PRa, %100 i

pH =pKa, + log (%) [Buffer : Na;CO3 + NaHCO3]

=10.32-1log 2 = 10.02
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3.

Sol.

Sol.

Ans. (6)
H,S0, —— HSO, +H"
1M - -
- M 1M
Na,SO, —>  2Na' +  SOY
1.8x 107 M - -
3.6x10°M 1.8x107°M
HSO, = H + SO0/ ;K, =12x10"M
1M 1M 1.8x 1072 M

Since Q¢ > K¢ it will move in backward direction.

1+x 1-x 1.8x 1072 -x

(1-x)(1.8x10° —x)
(1+X)

K, =12x107=

Since xisverysmall (1+x)~ 1and (1-x) =~ 1
x=(1.8x10" -1.2x 10‘2)M
(507 [=(1.8x107-0.6x 107 )M

=12x1072M
PbSO, —— Pb* + SO

s - 1.2x107% M

. S (s+1.2x107)
Ko=5(s+1.2x10%)=16x10"

(PbSO,)

Here, (s + 1.2 x 107%) =~ 1.2 x 107 (since 's' is very small)

$(1.2x107%) = 1.6 x 10°°
1-6 76 7Y
=s= E><10 M=Xx10"M =Y=6

Ans. (0.11)
No. of eq. of oxalic acid = No. of eq. of NaOH

5.00x0.10 9.0xM
X2 = X
1000 1000

Molarity of NaOH solution = %: 0.11M

ALLEN®
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5. Ans. (2.80 TO 3.20)

Sol. B+HA——>BH" +A”
0.1M,Vmi
0.1V mmol 0.1V m mol 01VvO01lVv

.. 01V
[BH']= —— =0.05 M
2V

pH at eq. pt = 6 t0 6.28

pH=7 —% [pKp + log 0.05]

S0 pKp =2.30-2.80
Possible
Solution-2
atV =6 ml rxnis complete
So V =3 mlis half of eq. pt
at which pH=11
pOH = (14 - 11) = pKy + logl
pKp =3
6. Ans. (0.20)
Sol. Forppt,  [Zn"1[S7]=Ks

1.25x107%
0.05

[S?] = =25%x 102 M
H,S = 2H" + §72

[H P x2.5x107

Knet = 107" = 01
1

H+ 2- =

HT=

[H] = %M=O.2M

7. Ans. (4.47)

" -3
Sol. S= Ksp([:' ]+1J:\/2x10_10(10—+1j:\/2><10_5 =447%x10°M

a 0
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8. Ans. (D)
sol. p. CH,COOH+ NaOH — CH,COONa + H,0

0.1M, 20ml 0.1M,10ml

pH = pKa = [H'] will not change on dilution
correct match : P-1

Q. CH,COOH+ NaOH — CH;COONa +H,0

01M,20ml  01M,20m
— — 0.05 M

[OH ]=K,C = /[i—wcj
. K, K,
[H ]1=1f—c
H]_[C,_ [005 _
[H7], \C, Vo0.025
correct match : Q-5

R. NH,OH+ HCI —NH,CI

0.1M,20ml  0-1M.20ml 0.05M
[H]=K,C

[H], [c, 1

[H], Ve, V2

correct match : R-4

S. Because of dilution solubility does not change so [H'] = constant

9. Ans. (A)
Sol. HCI + NaOH —— NaCl + H,0
100 m.mol 100 m.mol - -
- - 100 m.mol 100 m.mol
Q = +57 x 1000 x 100 =[200x 4.2+ C] x5.7 (1)
1000

CH3COOH + NaOH — CH3COONa + H20

200 100 - -
100 - 100 -
100
= |AH| x 1000 x =[200x 4.2+ C] x5.6 (2)
1000
Byeq. (1) / eq. (2)
= |AH| =56

= AHnetralisation = — 96 kJ/mol
= 56 =-57 + AHg
= AH|E =1 kJ/mol

10. Ans.(B)
Sol. Solution is buffer
CH,COONa
pH = pK, +log —*———~
CH,COOH

=—log(2 x 10'5) +log % =5-log2=47
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