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CHAPTER

Equilibrium

The conjugate base of HSO, inaqueous solutioniis ............

(1982 - 1 Mark)
An element which can exist as a positive ion in acidic solution
and also as a negative ion in basic solution is said to be
(1984 - 1 Mark)

(1994 - 1 Mark)
A ten-fold increase in pressure on the reaction,

N, (g)+3H,(g) ==2NH;3(g) atequilibriumresultsin ....

inKp. (1996 - 1 Mark)

In the reaction '+, > I3, the Lewis acidis ........... .
(1997 - 1 Mark)

True / False

Aluminium chloride (AICl,) is a Lewis acid because it can
donate electrons. (1982 - 1 Mark)
Ifequilibrium constant for the reaction A, + B, == 2AB, is
K, then for the backward reaction AB &= /2 A, + /2 B,, the
equilibrium constant is 1/K. (1984 - 1 Mark)
When a liquid and its vapour are at equilibrium and the
pressure is suddenly decreased, cooling occurs.

(1984 - 1 Mark)
Solubility of sodium hydroxide increases with increase in
temperature. (1985 - > Mark)

MCQs with One Correct Answer

Molten sodium chloride conducts electricitry due to the
presence of (1981 - 1 Mark)
(a) free electrons

(b) free ions

(c) free molecules

(d) atoms of sodium and chlorine

An acidic buffer solution can be prepared by mixing the
solutions of (1981 - 1 Mark)
(a) ammonium acetate and acetic acid

JEE Advanced/ IIT-JEE

A Fill in the Blanks

(b) ammonium chloride and ammonioum hydroxide
(c) sulphuric acid and sodium sulphate
(d) sodium chloride and sodium hydroxide.
The pH of a 108 molar solution of HCI in water is
(1981 - 1 Mark)
(@ 8 (b) -8
(c) between 7 and 8 (d) between 6 and 7
The oxidation of SO, by O, to SO; is an exothermic reaction.
The yield of SO, will be maximum if (1981 - 1 Mark)
(a) temperature is increased and pressure is kept constant
(b) temperature is reduced and pressure is increased
(c) both temperature and pressure are increased
(d) both temperature and pressure are reduced
For the reaction : (1981 - 1 Mark)
H,(g) +1,(g) = 2HI(g)
the equilibrium constant K, changes with
(a) total pressure
(b) catalyst
(c) the amounts of H, and I, present
(d) temperature
Of the given anions, the strongest Bronsted base is
(1981 - 1 Mark)

@ Clo- (b C0;

© ao; @ C10;

At 90°C, pure water has [H;0"] 1076 mole litre™!. What is the
value of K, at 90°C? (1981 - 1 Mark)
@ 10 (b) 10712

© 1014 d 108

The precipitate of (1982 - 1 Mark)

CaF,(K,,=1.7 x 10719

is obtained when equal volumes of the following are mixed
(@ 10*MCa?*+10*MF (b) 102MCa?*+10>MF-
() 10°MCa?*+103MF (d) 103MCa?*+10°MF-
A liquid is in equilibrium with its vapour at its boiling point.
On the average, the molecules in the two phases have equal :

(1984 - 1 Mark)
(b) potential energy
(d) kinetic energy

(a) inter-molecular forces
(c) total energy
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Pure ammonia is placed in a vessel at a temperature where

its dissociation constant (a) is appreciable. At equilibrium :
(1984 - 1 Mark)

(@ Kp does not change significantly with pressure.

(b) does not change with pressure.

(c) concentration of NH; does not change with pressure.

(d) concentration of hydrogen is less than that of nitrogen.

A certain buffer solution contains equal concentration of

X~and HX. The K, for X~ is 10719, The pH of the buffer is :

(@ 4 (b) 7 (1984 - 1 Mark)

(¢ 10 d 14

A certain weak acid has a dissociation constant of 1.0 x 1074,

The equilibrium constant for its reaction with a strong base

is: (1984 - 1 Mark)
@ 10x10™ (b) 1.0x1071
() 1.0x10" @ 10x10"

Anexample of areversible reactionis: (1985 - 1 Mark)
(@ PB(NO,),aq + 2Nal(aq) — Pbl,(s) + 2NaNO,(aq)

(b) AgNOs(aq)+HCl(aq) — AgCl(s) + NaNOs(aq)

(¢) 2Na(s)+H,0(/) - 2NaOH(aq) + H,(g)

(d) KNOj,(aq) +NaCl(aq) — KCl(aq) + NaNO,(aq)

The best indicator for detection of end point in titration ofa
weak acid and a strong base is : (1985 - 1 Mark)
(a) methyl orange (3 to4)

(b) methylred (5 to6)

(c) bromothymol blue (6 to7.5)

(d) phenolphthalein (8 t09.6)

The conjugate acid of NH, is: (1985 - 1 Mark)

(@) NH; (b) NH,OH

() NH, (d N,H,

The compound that is not a Lewis acid is : (1985 - I Mark)
(@) BF, (b) AICL,

(c) BeCl, (d) SnCl,

The compound insoluble in acetic acid is: (1986 - I Mark)
(@) calcium oxide (b) calcium carbonate
(c) calcium oxalate (d) calcium hydroxide

The compound whose 0.1 M solution is basic is :

(1986 - 1 Mark)
(a) ammonium acetate (b) ammonium chloride
() ammonium sulphate (d) sodium acetate
When equal volumes of the following solutions are mixed,
precipitation of AgCl (K, = 1.8x 1019y will occur only with
(@ 10*M(Aghand 10 M(CI) (1988 - 1 Mark)
(b) 10°M(AghHand 10> M (CI)
() 10°M(AghHand 10°M (CI)
(d) 107°M(Ag"and 10°1°M(CI)
The pK, of acetylsalicyclic and (aspirin) is 3.5. The pH of
gastric juice in human stomach is about 2-3 and the pH in
the small intestine is about 8. Aspirin will be

(1988 - 1 Mark)
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(a) unionised in the small intestine and in the stomach
(b) completely ionised in the small intestine and in the
stomach
(c) ionised in the stomach and almost unionised in the
small intestine
(d) ionised in the small intestine and almost unionised in
the stomach.
Which one of the following is the strongest acid?
(1989 - 1 Mark)
(@) ClO5(CH) (b) CIO,(OH)
(©) SO(OH), (d) SO,(OH),
Amongst the following hydroxides, the one which has the
lowest value of K. o at ordinary temperature (about 25°C) is
(1990 - 1 Mark)
(@ Mg(OH), (b) Ca(OH),
(¢) Ba(OH), (d) Be(OH),
The reaction which proceeds in the forward direction is
(1991 - 1 Mark)
(@) Fe,O;+ 6HCl— 2FeCl; +3H,0
(b) NH,;+ H,0+NaCl— NH,Cl+NaOH
(© SnCl,+Hg,Cl,— SnCl, +2HgCl,
(d) 2Cul+1,+4K*—2Cu?* +4KI
The following equilibrium in established when hydrogen
chloride is dissolved in acetic acid.

HCl+ CH,COOH = CI"+ CH3COOH

The set that characterises the conjugate acid-base pairs is
(1992 - 1 Mark)

(8) (HCIL,CH,COOH)and(CH,COOH} ,Cl")
(b) (HCIL, CH3COOH} )and (CH,COOH, CI)
() (CH3COOH} ,HCl)and (Cl-, CH,COOH)

(d) (HCLCl)and(CH 3COOH;r ,CH;COOH)

Which of the following solutions will have pH close to 1.0?
(1992 - 1 Mark)

(a) 100 ml of (M/10) HC1+ 100 ml of (M/10) NaOH

(b) 55ml of(M/10) HCI + 45 ml of (M/10) NaOH

(¢) 10ml of(M/10) HCI + 90 ml of (M/10) NaOH

(d) 75mlof (M/5) HCI + 25 ml of (M/5) NaOH

The degree of dissociation of water at 25°C is 1.9 x 10~7%

and density is 1.0 g cm™3. The ionic constant for water is :

(1995S)
(@ 1.0x10710 (b) 1.0x10714
() 1.0x10716 (d 1.0x10°8
Which one is more acidic in aqueous solution.  (7995S)
(@ NiCl, (b) FeCl,
(o AICL, (d) BeCl,

The following acids have been arranged in the order of
decreasing acid strength. Identify the correct order.

CIOH (I), BrOH(II), IOH(III) (1996 - 1 Mark)
(@ I>I>II (b) I>I>II
(¢) MI>II>I (d I>II>II

@g www.studentbro.in



Equilibrium

29.

30.

31.

32.

33.

34.

35.

Get More Learning Materials Here : &

o c-43

The pH of 0.1 M solution of the following salts increases in
the order. (1999 - 2 Marks)
(@ NaCl<NH,Cl<NaCN<HCI
(b) HClI<NH,CI<NaCl<NaCN
(¢) NaCN<NH,CI<NaCl<HCI
(d) HCI<NaCl<NaCN<NH,Cl
For the chemical reaction 3X(g) + Y(g) === X,Y(g), the
amount of XY at equilibrium is affected by

(1999 - 2 Marks)
(a) temperature and pressure
(b) temperature only
(c) pressure only
(d) temperature, pressure and catalyst

For the reversible reaction, N,(g) + 3H,(g) &=2NH;(g) at
500°C, the value of Kp iS 1 44 x10~° when partial pressure
is measured in atmospheres. The corresponding value of
K, with concentration in mole litre™1, is (2000S)
1.44x107
(8.314x773)

1.44x1073

@ (0.082x500) 2

(b)

1.44x107°
(0.082x773)2

1.44x1073

© Qos2x773) @

When two reactants, 4 & B are mixed to give products
C & D, the reaction quotient Q, at the initial stages of the
reaction (2000S)
(a) iszero

(b) decreases with time

(c) isindependent of time

(d) increases with time

The set with correct order of acidity is
(@) HCIO<HCIO, <HCIO; <HCIO,
(b) HCIO, <HCIO; <HCIO, <HCIO
(¢) HCIO<HCIO, <HCIO,; <HCIO,
(d) HCIO,<HCIO, <HCIO; <HCIO
For a sparingly soluble salt 4 B the relationship of its
solubility product (L) with its solubility (S)is ~ (2001S)
(@ Lg=SPipPqi (b) Lg=SP*pigP

(©) Lg=5PpPqf (d) Lg=SM.(pg)*d

At constant temperature, the equilibrium constant (Kp) for

(20015)

the decomposition reaction N,O, # 2NO, isexpressed

by K, = (4x2P)/(1-x%), where P = pressure, x = extent of
decomposition. Which one of the following statements is
true? (2001S)
(@ Kp increases with increase of P

b) Kp increases with increase of x

(©) Kp increases with decrease of x

(d Kp remains constant with change in P and x

36.
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Consider the following equilibrium in a closed container

(2002S)
N,O,(g) == 2NO,(g)

Ata fixed temperature, the volume of the reaction container

is halved. For this change, which ofthe following statements

holds true regarding the equilibrium constant (Kp) and degree

of dissociation (o )?

(@) neither Kp nor o changes

(b) both Kp and o change

() Kp changes, but o does not change

(d) Kp does not change, but o changes

A weak acid HX has the dissociation constant 1 x 10> M. It

forms a salt NaX on reaction with alkali. The percentage

hydrolysis of 0.1 M solution of NaX is (2004S)
(@) 0.0001% (b) 001%
(© 01% d 015%

A 0.004 M solution of Na,SO, is isotonic with 0.010 M
solution of glucose at same temperature. The percentage

dissociation of Na,SO, is (2004S)
@ 25% (b) 50%
© 75% d) 8%

0.1 mole of CH;NH, (K, =5 x10~#)is mixed with 0.08 mole of
HCI1 and diluted to one litre. What will be the H*

concentration in the solution? (2005S)
(@) 8x102M (b) 8x10°1'M
(c) 1.6x10°1M (d) 8x10°M

The Haber’s process for the formation of NH;, at 298K is
N, +3H, == 2NH;; AH = —46.0 kJ; Which of the
following is the correct statement (2006 - 3M, -1)
(@) The condition for equilibrium is

GN2 +3GH2 = 2GNH3

where G is Gibb's free energy per mole of the gaseous
species measured at that partial pressure.

(b) On adding N,, the equilibrium will shift to forward
direction because according to II"d law of
thermodynamics the entropy must increase in the
direction of spontaneous reaction

(c) The catalyst will increase the rate of forward reaction
by 2 times and that of backward reaction by 1.5 times

(d) None of these

2.5 ml of (2/5) M weak monoacidic base (K, =1 x 10-12 at

25°) is titrated (2/15) M HCI in water at 25°C. The

concentration of H" at equivalence point is (K, = 1 x 10714

at25°C) (2008S)

(@ 37x10°“4M (b) 32x107M

() 32x102M (d) 27x102M

Solubility product constant (Ksp) of salts of types MX,
MX, and M, X at temperature Tare 4.0 x 1073,3.2 x 10714 &
2.7 x 10713, respectively. Solubilities (mol dm3) of the salts
at temperature 'T" are in the order — (2008S)
(@ MX>MX,>M,X (b) M;X>MX,>MX
(© MX,>M,;X>MX (d) MX>M,X>MX,
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MCQs with One or More Than One Correct

For the gas phase reaction : (1984 - 1 Mark)
C,H,+H, = C,H, (AH=-32.7kcal)
carried out in a vessel, the equilibrium concentration of C,H,
can be increased by :
(a) increasing the temperature
(b) decreasing the pressure
(c) removing some H,
(d) addingsome C,Hy
When NaNO; is heated in a closed vessel, oxygen is liberated
and NaNO, is left behind. At equilibrium. (1986 - I Mark)
(@) addition of NaNO, favours reverse reaction
(b) addition of NaNO, favours forward reaction
(c) increasing temperature favours forward reaction
(d) increasing pressure favours reverse reaction
The equilibrium : (1989 - 1 Mark)
SO,Cl,(g) = SO,(g)+ Cl,(g)

is attained at 25°C in a closed container and an inert gas,
helium is introduced. Which of the following statements are
correct?
(@ Concentration of SO,, Cl, and SO,Cl, do not change
(b) More chlorine is formed
(c) Concentration of SO, is reduced
(d) More SO,Cl, is formed.
For the reaction :

PCl,(g) > PCly(g) +Cly(2)
The forward reaction at constant temperature is favoured
by
(a) introducing an inert gas at constant volume
(b) introducing chlorine gas at constant volume
(c) introducing an inert gas at constant pressure
(d) increasing the volume of the container
(e) introducing PCl; at constant volume
For the reaction CO(g) + H,0(g) == CO,(g) + Hy(g) ata
given temperature the equilibrium amount of CO,(g) can be
increased by (1998 - 2 Marks)
(a) adding a suitable catalyst
(b) adding an inert gas
(c) decreasing the volume of the container
(d) increasing the amount of CO(g).
Which of the following statements(s) is (are) correct?

(1998 - 2 Marks)

(@) ThepH of 1.0 x 10~ M solution of HCl is 8

(b) The conjugate base of H,PO, is HPO ﬁ‘

(c) Autoprotolysis constant of water increases with
temperature

(d) When a solution of a weak monoprotic acid is titrated
against a strong base, at half-neutralisation point
pH=(1/2)pK .

A buffer solution can be prepared from a mixture of

(1999 - 3 Marks)

(a) sodium acetate and acetic acid in water

(b) sodium acetate and hydrochloric acid in water

(¢) ammoniaand ammonium chloride in water

(d) ammoniaand sodium hydroxide in water

(1991 - 1 Mark)

10.

11.

12.

Aqueous solutions of HNO;, KOH, CH;COOH and
CH;COONa of identical concentrations are provided. The
pair(s) of solutions which form a buffer upon mixing is(are)
(@) HNO; and CH;COOH (2010)
(b) KOHand CH;COONa

(c) HNO; and CH;COONa

(d) CH;COOH and CH;COONa

The initial rate of hydrolysis of methyl acetate (1M) by a
weak acid (HA, 1M) is 1/100t of that of a strong acid (HX,
1M), at 25°C. The K, of HA is (JEE Adv. 2013)

(@ 1x10™* (b) 1x107
(¢) 1x10® (d) 1x103
The K, of Ag,CrO, is 1.1 x 10712 at 298 K. The solubility

(in mol/L) of Ag,CrO, in 2 0.1 M AgNO, solution is

(JEE Adv. 2013)
(@ 1.1x1071 (b) 1.1x10710
(¢ 1.1x10712 (d) 1.1x107°
The thermal dissociation equilibrium of CaCO5(s) is studied
under different conditions (JEE Adv. 2013)
CaCO;(s) = CaO(s) + CO,(g). For this equilibrium, the
correct statement(s) is(are)
(a) AHis dependenton T
(b) Kisindependent of the initial amount of CaCOj,
(¢) Kisdependent on the pressure of CO, at a given T
(d) AH s independent of catalyst, if any
The %yield of ammonia as a function of time in the reaction
Ny(g) + 3Hy(g) = 2NH;(g), AH<Oat (P, T, ) is given below

Y%yield

If this reaction is conducted at (P, T,), with T, > T, the

%yield of ammonia as a function of time is represented by

(JEE Adv. 2015)
T,

PE—————

2 —
2 —
-

%yield

(@) (b)

-

% yield

(© (d)

time time

E Subjective Problems

ucnrene €9

A solution contains Na,CO; and NaHCO;. 10 ml of solution
requires 2.5 ml of 0.1 M H,SO, for neutralisation using
phenolphthalein as an indicator. Methyl orange is then
added when a further 2.5ml of 0.2M H,SO, was required.
Calculate the amount of Na,CO; and NaHCO; in one litre of
the solution. (1979)
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How many moles of sodium propionate should be added to
one litre of an aqueous solution containing 0.020 mole of
propionic acid to obtain a buffer solution of pH 4.75? What
will be pHif0.010 mole of hydrogen chloride is dissolved in
the above buffer solution. Compare the last pH value with
the pH of 0.010 molar HCI solution. Dissociation constant
of propionic acid, K ,at 25°C=1.34 x 10,

(1981 - 4 Marks)
One mole of nitrogen is mixed with three moles of hydrogen
in a 4 litre container. If0.25 per cent of nitrogen is converted
to ammonia by the following reaction (1981 - 4 Marks)

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

calculate the equilibrium constant (K) in concentration
units. What will be the value of K for the following
equilibrium ?

1 3
E 2(g)+ E Hz(g) = 3(ag)

Twenty ml. of 0.2 M sodium hydroxide is added to 50 ml. of
0.2 M acetic acid to give 70 ml of the solution. What is the
pH of this solution? Calculate the additional volume of 0.2
M NaOH required to make the pH of the solution 4.74. The
ionization constant of acetic acid is 1.8 x 1075,
(1982 - 3 Marks)
The dissociation constant of a weak acid HA is 4.9 x 1078,
After making the necessary approximations, calculate (i)
percentage ionization, (ii) pH and (iii)) OH™ concentration in
a decimolar solution of the acid. Water has a pH of 7.
(1983 - 2 Marks)
A solution contains a mixture of Ag (0.10 M) and Hg,™*
(0.10 M) which are to be separated by selective precipitation.
Calculate the maximum concentration of iodide ion at which
one of them gets precipitated almost completely. What
percentage of that metal ion is precipitated?
[Ksp :Agl=85x 10717, Hg,I,=2.5 x 10726]
(1984 - 4 Marks)
One mole of Cl, and 3 moles of PCl; are placed in a 100 litre
vessel heated to 227°C. The equilibrium pressure is 2.05
atmosphere. Assuming ideal behaviour, calculate the degree
of dissociation for PClg and K for the reaction :
PCl,(g) = PCl;(g)+Cl,(g). (1984 - 6 Marks)
Arrange the following in :
(i) increasing bond length: F,, N,, Cl,, O,
(1985 - 1 Mark)
(#) increasing acid strength : HC1O,, HC10,, HCIO,, HCIO
(1986 - 1 Mark)
(#i) increasing basicity : H,0, OH-, CH;0H, CH;0~
(1992 - 1 Mark)
(iv) Arrange the following oxides in the decreasing order
of Bronsted basicity :
Ba0, 50,,C0,,CL,0,,B,0,
(2004 - 2 Marks)
The [H*] in 0.2 M solution of formic acid is 6.4 x 10~3 mole
litre™!. To this solution sodium formate is added so as to
adjust the concentration of sodium formate to one mole
litre~!. What wil be pH of this solution? K , for HCOOH is
2.4 x 10~* and degree of dissociation of HCOONa is 0.75.
(1985 - 3 Marks)
The equilibrium constant of the reaction
A,(g)+B,(g) = 2AB(g)
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at 100°C is 50. Ifa one litre flask containing one mole of A, is
connected to a two litre flask containing two mole of B,,
how many mole of AB will be formed at 373°C?
(1985 - 4 Marks)
The solubility of Mg(OH), in pure water is 9.57x1073 g/litre.
Calculate its solubility (in g/litre) in 0.02 M Mg(NO,),
solution. (1986 - 5 Marks)
What is the pH of the solution when 0.20 mole of hydrochloric
acid is added to one litre of a solution containing.
(1987 - 5 Marks)
(1) 1M each of acetic acid and acetate ion?
(i) 0.1 M each of acetic acid and acetate ion?
Assume the total volume is one litre.
K, for acetic acid=1.8 x 10~
Ata certain temperature equilibrium constant (K ) is 16 for
the reaction. (1987 - 5 Marks)
SO,(g) + NO,(g) = SO5(g) + NO(g)
If we take one mole each of all the four gases in a one litre
container, what would be the equilibrium concentrations of
NO(g) and NO,(g)?
N,O, is 25% dissociated at 37°C and one atmosphere
pressure. Calculate (i) K and (ii) the percentage dissociation
at 0.1 atmosphere and 39°C. (1988 - 4 Marks)
How many gram-mole of HC1 will be required to prepare one
litre of buffer solution (containing NaCN and HCI) of pH 8.5
using 0.01 gram formula weight of NaCN?
K dissociation (HCN)=4.1 x 1010, (1988 - 4 Marks)
The equilibrium constant K, of the reaction :
250,(g) +O,(g) == 250,(g)
is 900 atm. at 800 K. Amixture containing SO, and O, having
initial partial pressure of 1 and 2 atm. respectively is heated
at constant volume to equilibrate. Calculate the partial
pressure of each gas at 800 K. (1989 - 3 Marks)
Freshly precipitated aluminium and magnesium hydroxides
are stirred vigorously in a buffer solution containing
0.25 mole// of ammonium chloride and 0.05 mole// of
ammonium hydroxide. Calculate the concentration of
aluminium and magnesium ions in solution: (1989- 3 Marks)
K,[NH,OH]=1.80 x 10~
K_ [Mg(OH),]=6 x 10710
K, [AI(OH);] =6 x 102
For the reaction : CO(g) +2H,(g) = CH,;O0H(g)
hydrogen gas is introduced into a five litre flask at 327°C,
containing 0.2 mole of CO(g) and a catalyst, until the pressure
is 4.92 atm. At this point 0.1 mole of CH;OH(g) is formed.
Calculate the equilibrium constant, K, and K .
(1990 - 5 Marks)
What is the pH of 1.0 M solution of acetic acid? To what
volume must one liter of this solution be diluted so that the
pH of the resulting solution will be twice the original value?
Given: K,=1.8x 1075 (1990 - 4 Marks)
The solubility product of Ag,C,0, at 25°C is 1.29 x 10711
mol? /3. A solution ofK,C,0O, containing 0.1520 mole in 500
ml water is shaken at 25°C with excess of Ag,CO, till the
following equilibrium is reached : (1991 - 4 Marks)
Ag,CO;+K,C,0,+=Ag,C,0,+K,CO,
At equilibrium the solution contains 0.0358 mole of K, COj;.
Assuming the degree of dissociation of K,C,0, and K,CO,
to be equal, calculate the solubility product of Ag,CO;.
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A 40.0 ml solution of weak base, BOH is titrated with 0. 1N
HCI solution. The pH of the solution is found to be 10.04
and 9.14 after adding 5.0 ml and 20.0 ml of the acid
respectively. Find out the dissociation constant of the base.

(1991 - 6 Marks)
The solubility product (K| ) of Ca(OH), at 25°C is
4.42 x 107°. A 500 ml. of saturated solution of Ca(OH), is
mixed with equal volume 0f0.4 M NaOH. How much Ca(OH),
in milligrams is precipitated? (1992 - 4 Marks)
0.15 mole of CO taken in a 2.5 /flask is maintained at 750 K
along with a catalyst so that the following reaction can take
place:

CO(g) + 2H, (g) == CH;0H(g)

Hydrogen is introduced until the total pressure of the system
is 8.5 atmosphere at equilibrium and 0.08 mole of methanol
is formed. Calculate (i) K, and K and (ii) the final pressure if
the same amount of CO and H, as before are used, but with
no catalyst so that the reaction does not take place.

(1993 - 5 Marks)
The pH of blood stream is maintained by a proper balance
of H,CO; and NaHCO; concentrations. What volume of
SM NaHCO; solution should be mixed with a 10 ml sample
of blood whlch is2M in H,CO; in order to maintain a pH of
7.4? K, for H,CO, in blood is 7 8 x 1077, (1993 - 2 Marks)
An aqueous solutlon of a metal bromide MBr, (0.05M) is
saturated with H,S. What is the minimum pH at which MS
will precipitate? (1993 - 3 Marks)

K p for MS=6.0><10_21; concentration of saturated
HyS=0.1M

K; =107 and K, =1.3x107'3, for HyS.
At temperature 7, a compound AB, (g) dissociates according
to the reaction (1994 - 4 Marks)

2AB;(g) =—=2AB(2)+B,(g)

with a degree of dissociation x which is small compared with
unity. Deduce the expression for x in terms of the equilibrium
constant K and the total pressure, P.

For the reaction

[Ag(CN),]” =—=Ag" +2CN~

the equilibrium constant, at 25°C , is 4 0 x10~!9 . Calculate

the silver ion concentration in a solution which was originally
0.10 molar in KCN and 0.03 molar in AgNO;.

(1994 - 3 Marks)
Calculate the pH of an aqueous solution of 1.0 M ammonium
formate assuming complete dissociation.

( pK, of formic acid=3.8 and pK; ofammonia=4.8.)

(1995 - 2 Marks)
What is the pH of a 0.50 M aqueous NaCN solution? pK;; of
CN-is4.70. (1996 - 2 Marks)
A sample of AgCl was treated with 5.00 mL of 1.5 M
Na,CO, solution to give Ag,CO,. The remaining solution
contained 0.0026 g of CI~ per litre. Calculate the solubility
product of AgCl (K (Ag,CO,)=8.2 10712),

(1997 - 5 Marks)

31. An acid type indicator, HIn differs in colour from its
conjugate base (In~). The human eye is sensitive to colour
differences only when the ratio[In~]/[HIn] is greater than 10
or smaller than. 0.1. What should be the minimum change in
the pH of the solution to observe a complete colour change
(K =1.0x107%)? (1997 - 2 Marks)

32. Given:Ag(NH,)5 =<—=Ag"+2NH,,K =62 x 108and
K of AgCl=138 10710 at 298 K. Ifammonia is added to a
water solution containing excess of AgClI(s) only, calculate
the concentration of the complex in 1.0 M aqueous ammonia.

(1998 - 5 Marks)

33. What will be the resultant pH when 200mL of an aqueous
solution of HC1 (pH=2.0) is mixed with 300 mL of an aqueous
solution of NaOH (pH= 12.0) ? (1998 - 2 Marks)

34. When 3.06 g of solid NH,HS is introduced into a two litre
evacuated flask at 27° C, 30% of the solid decomposes into
gaseous ammonia and hydrogen sulphide. (i) Calculate K,
and K_ for the reaction at 27°C. (ii) What would happen to
the equilibrium when more solid NH,HS is introduced into
the flask ? (1999 - 7 Marks)

35. The solubility of Pb(OH), in water is 6.7x 10~ M. Calculate
the solubility of Pb(OH), in a buffer solution of pH= 8.

(1999 - 4 Marks)

36. The average concentration of SO, in the atmosphere over a
city on a certain day is 10 ppm, when the average temperature
15298 K. Given that the solubility of SO, in water at 298 K is
1.3653 moles litre™! and the pK,ofH, SO is 1.92, estimate
the pH of rain on that day. (2000 5 Marks)

37. 500 mL of 0.2 M aqueous solution of acetic acid is mixed
with 500 mL of 0.2 M HCl at 25°C.

(i) Calculate the degree of dissociation of acetic acid in
the resulting solution and pH of the solution.
(i) If 6 g of NaOH is added to the above solution,
determine the final pH.
[Assume there is no change in volume on mixing;
K, of aceticacid is 1.75 x 10> mol L'!].
(2002 - 5 Marks)
38. Match the following if the molecular weights of X, Yand Z

are same. (2003 - 2 Marks)
Boiling Point K,
X 100 0.63
y 2] 0.53
z 253 0.98

G Comprehension Based Questions

PARAGRAPH 1

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 neutralization of a strong acid with a
strong base is a constant (—57.0 kJ mol~1), 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 1075)
was mixed with 100 mL of 1.0 M 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 J g”! K~! and
density of all solutions as 1.0 g mL~1) (JEE Adv. 2015)
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1. Enthalpy of dissociation (in kJ mol~!) of acetic acid obtained
from the Expt.2 is
@ 10 (b) 100 (c) 245 (d) 514
2. The pH of the solution after Expt. 2 is
@ 28 (b) 47
() 50 d 70

PARAGRAPH 2

Thermal decomposition of gaseous X, to gaseous X at 298 K
takes place according to the following equation:

X, (g)=2X(g)

The standard reaction Gibbs energy, A G°, of this reaction is
positive. At the start of the reaction, there is one mole of X, and
no X. As the reaction proceeds, the number of moles of X formed
is given by . Thus, B equilibrium is the number of moles of X formed
at equilibrium. The reaction is carried out at a constant total
pressure of 2 bar. Consider the gases to behave ideally.

(GivenR=0.083 L bar K-! mol) (JEE Adv. 2016)
3. The equilibrium constant Kp for this reaction at 298 K, in
terms of By ibrium: 18
@ 8B§guilibrium ®) 8Bg2quilibn'um
2-Bequilibrium 4=Bequilibrium
4Be2quilibrium 4133.quiubn'um
© S @ —,

4_5gquilibrium
4. The INCORRECT statement among the following, for this
reaction, is
(a) Decrease in the total pressure will result in formation
of more moles of gaseous X
(b) At the start of the reaction, dissociation of gaseous
X, takes place spontaneously
(C) Bequjlibrium =07
@ K<l

|: 3l Assertion & Reason Type Questions

1.  Each question contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 5 choices (a),
(b), (¢) and (d) out of which ONLY ONE is correct. Mark
your answer as
(a) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2.

2—Bequilibrium

| IEEZ LA 1E€ Main | AIEEE

1. 1 MNaCland 1 M HCI are present in an aqueous solution.
The solution is [2002]

(a) not a buffer solution with pH <7
(b) not a buffer solution with pH>7
(c) abuffer solution with pH<7
(d) abuffer solution with pH> 7.
2. Species acting as both Bronsted acid and base is

Get More Learning Materials Here : & m

o c-47

(b) Ifboth Statement -1 and Statement -2 are correct, but
Statement -2 is not the correct explanation of the
Statement -1.

(c) IfStatement-1 is correct but Statement -2 is incorrect.

(d) IfStatement-1 is incorrect but Statement -2 is correct.

Statement -1 The endothermic reactions are favoured at

lower temperature and the exothermic reactions are favoured

at higher temperature.

Statement -2 When a system in equilibrium is disturbed by

changing the temperature, it will tend to adjust itself so as

to overcome the effect of change. (1991 - 2 Marks)

Read the following statement and explanation and answer

as per the options given below :

Statement -1 HNO; is a stronger acid than HNO,

Statement -2 In HNO, there are two nitrogen-to-oxygen

bonds whereas in HNO, there is only one.

(1998 - 2 Marks)

Statement -1 For every chemical reaction at equilibrium,

standard Gibbs energy of reaction is zero.

Statement -2 At constant temperature and pressure, chemical

reactions are spontaneous in the direction of decreasing

Gibbs energy. (2008)

I Integer Value Correct Type

0.1 M NaOH is titrated with 0.1 M HA till the end point; K,
for HA is 5.6 x 1076 and degree of hydrolysis is less compared
to 1. Calculate pH of the resulting solution at the end point.
(2004 - 2 Marks)
The dissociation constant of a substituted benzoic acid at
25°Cis 1.0 x 10~ The pH of a 0.01 M solution of its sodium
salt is (2009 - 2 Marks)
Amongst the following, the total number of compounds
whose aqueous solution turns red litmus paper blue is
KCN, K,S0,, (NH,),C,0,, NaCl, Zn(NO,),, FeCl,, K,COs,,
NH,NO; and LiCN (2010)
The total number of diprotic acids among the following is:
H,PO,, H,SO,, H;PO,, H,CO,, H,S,0,, H;BO;, H;PO,,
H,CrO, and H,S0;. (2010)
In 1 Lsaturated solution of AgCl [Ksp(AgCl)=1.6 x 10~10],
0.1 mol of CuCl [Ksp(CuCl) =1.0 x 107%] is added. The
resultant concentration of Ag* in the solution is 1.6 x 107*.

The value of “x” is (2011)
(@) (HSO,)! (b) Na,CO, [2002]
(©) NH; (d) OH™.

Let the solubility of an aqueous solution of Mg(OH), be x
then its K s is [2002]
(@) 43 (b) 108x°

() 27¢ d) O

Change in volume of the system does not alter which ofthe
following equilibria? [2002]
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@ N,(2)*+0,(8 ==2NO(g)

(b) PCl(g) ==2PCl;(2)+Cl,(g)

(©) N, (g)+3H, (g) === 2NH, (g)

(d) SO,Cl, (g) ==50,(g)+Cl,(g).

For the reactionCO (g) +(1/2) O, (g) = CO, (g), Kp/ K, is

(@ RT (b) (RT)! [2002]

(©) (RD)'2 @ ([RD"

Which one of the following statements is not true? [2003]

(a) pH+ pOH = 14 for all aqueous solutions

(b) ThepHof1x 108 MHClis 8

(c) 96,500 coulombs of electricity when passed through a
CuSO, solution deposits 1 gram equivalent of copper
at the cathode

(d) The conjugate base of H,PO; is HPO3"

The solubility in water of a sparingly soluble salt AB, is

1.0 x 1073 mol L. Its solubility product number will be

(@ 4x10710 (b) 1x107B [2003]
() 1x10710 (d) 4x10715

For the reaction equilibrium [2003]
N,0O, (g)==2NO, (g)

the concentrations of N,O, and NO, at equilibrium are

4.8 x102and 1.2 x 102 mol L™ respectively. The value of

K for the reaction is

(@ 3x10'molL™! (b) 3x103mol L

() 3x10°molL"! (d) 3.3x10?°molL"!

Consider the reaction equilibrium

280, (g) + O4(g) =2 S0, (g); AH°=—198KkJ

On the basis of Le Chatelier’s principle, the condition

favourable for the forward reaction is

(a) increasing temperature as well as pressure

(b) lowering the temperature and increasing the pressure

(c) any value of temperature and pressure

(d) lowering of temperature as well as pressure

When rain is accompanied by a thunderstorm, the collected

rain water will have a pH value [2003]

(a) slightly higher than that when the thunderstorm is not
there

(b) uninfluenced by occurrence of thunderstorm

(c) which depends on the amount of dust in air

(d) slightly lower than that of rain water without

[2003]

thunderstorm.
The conjugate base of H,PO} is [2004]
(@ H;PO, (b) P,0
(© PO} (d) HPOZ~

What is the equilibrium expression for the reaction
P, (s)+50,(8) = P4O1p(s) ? [2004]

@ K. =[0,]
(b) K. =[P;010]/5[P4][0,]

(© K, =[P;00)/[P4][0,)

@ K, =1/[0,P

13.

14.

15.

16.

17.

18.

19.

ucnrene €9

For the reaction, CO(g)+Cl,(g) = COCl,(g) the

K P .
X, is equal to [2004]
@ RT (b) RT
© Yr @ 10
The equilibrium constant for the reaction

N, (g)+05(g) = 2NO,(g) at temperature T is 4x107.
The value of K _ for the reaction

NO,(g) = %Nz (g)+ % 0,(g) atthe same temperature
is

@ 4x10™* (b) 0
() 25x10% (d 002
The molar solubility (in mol L~!) of a sparingly soluble salt

MX, is ‘s’. The corresponding solubility product is K - ‘s’
is given in term of K - by the relation : [2004]

[2004]

@ s=(256K,,)" (b)s=(128K,,)"*

© s=(Kg,/128)"* (d)s=(K,,/256)"°

If o is the degree of dissociation of Na,SO, , the Vant

Hoff’s factor (i) used for calculating the molecular mass is
[2005]

@ 1-2a (b) 1+2a

© l-a d 1+«

The solubility product of a salt having general formula

MX, , in water is : 4 X 1072 . The concentration of M2*

ions in the aqueous solution of the salt is [2005]

(@ 40x107°M (b) 1.6x107*M

(© 1.0x107*M (d 20x10°°M

The exothermic formation of CIF; is represented by the
equation :

Cl,(g) + 3F,(g) =2CIF;(8) ; AH =-329kJ

Which of the following will increase the quantity of CIF; in
an equilibrium mixture of Cl,, F, and CIF; ? [2005]
(@ Adding F,

(b) Increasing the volume of the container

(¢ Removing Cl,

(d) Increasing the temperature

For the reaction : 2NO, == 2NO(g) + Oxg),

(K, =1.8x107% at 184°C) (R=0.0831 kJ/ (mol. K))
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23.

24.

25.
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When Kp and K. are compared at 184°C, it is found that

[2005]
(@) Whether K, is greater than, less than or equal to K,
depends upon the total gas pressure
(b) K,=K,
() Kp is less than K,
(d) Kp is greater than K,
Hydrogen ion concentration in mol/L in a solution of

pH=5.4 will be : [2005]
(@ 3.98x107° (b) 3.68x107°

(© 3.88x10° (d) 3.98x108

What is the conjugate base of QH™ ? [2005]
@ 0% (b) O

© H,0 @ o,

An amount of solid NH,4HS is placed in a flask already
containing ammonia gas at a certain temperature and 0.50
atm pressure. Ammonium hydrogen sulphide decomposes
to yield NHj3 and H,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
(@ o011 (b) 0.17 [2005]
(c) 018 (d) 030

Phosphorus pentachloride dissociates as follows, in a closed
reaction vessel [2006]

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

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

of PCL will be
o () o ()
o e e ([

The equilibrium constant for the reaction

S04(8) === 50,(2)+ 02(®)

isK =49x 1072. The value of K_ for the reaction
250,(g)+0,(g) ﬁ 2804(g)

will be [2006]
(@ 98x1072 (b) 49x1072
(c) 416 () 240x1073
Given the data at 25°C
Ag+I” —— Agl+e” E°=0.152V
Ag——Agt +e” E°=-0.800 V

26.

27.

28.

29.

30.

31.

32.

ucnrene €9

What is the value of log Ksp for Agl?(2.303 RT/F=0.059 V)
(@ 3783 (b) -16.13 [2006]
(© -812 (d) +8612

The first and second dissociation constants of an acid H,A
are 1.0 x 10~ and 5.0 x 1010 respectively. The overall disso-

ciation constant of the acid will be [2007]
(@) 02x10° (b) 50x107
() 50x101 (d) 5.0x10713,

The pK, of a weak acid (HA) is 4.5. The pOH of an aqueous
buffer solution of HA in which 50% ofthe acid is ionized is
@ 70 (b) 45 [2007]
() 25 d) 95

In a saturated solution of the sparingly soluble strong elec-
trolyte AglO, (molecular mass = 283) the equilibrium which

sets in is AglO; () = Ag*(aq) + 105 aq) - I the solubil-

ity product constant Ko of AglO; at a given temperature is
1.0 x 1078, what is the mass of AglO, contained in 100 ml of
its saturated saolution? [2007]
(@ 10x104g (b) 283x102g

(c) 283x103g (d 10x107g

The equilibrium constants K 2 and K, for the reactions
X=2Yand Z = P +Q, respectively are in the ratio of 1 :
9. If the 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 d 1:9

For the following three reactions a, b and c, equilibrium

constants are given: [2008]
() CO(g) +H,0(g) = CO,(g) +Hy (g); Ky

(i) CHy (2) -+ HyO(g) = CO(g) + 3H, (2): K,

(iif) CHy (2) + 2H,0(g) = CO, (g) +4H, (2):K;3

@ KKy =Ky (b) KyK3=K,

© K=K K, ) K3K3 =K}

Four species are listed below: [2008]
i  HCO; i. H;0"

. HSO,” iv. HSO,F

Which one of the following is the correct sequence of their
acid strength?

(@) iv<ii<iii<i (b) ii<iii<i<iv

(¢) i<iii<ii<iv (v) iii<i<iv<ii

The pK, of a weak acid, HA, is 4.80. The pK; ofa weak base,
BOH, is 4.78. The pH of an aqueous solution of the

correspondng salt, BA, will be [2008]
(@ 958 (b) 479
(¢) 701 d 922
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Solid Ba(NOs), is gradually dissolved in a 1.0 x 1004 M

Na,CO; solution. At what concentration of Ba?* will a

precipitate begin to form? (K for for BaCO;=5.1 x 107%)
[2009]

(@ 5.1x10°M (b) 8.1x103M

() 81x1077M (d 41x107°M

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

@ H,;PO,+H,0—»>H;0"+H,PO,”

(i) H,PO,” +H,0 - HPO,* +H;0"

(i) H,PO,”+OH-— H,PO,+0O*

In which of the above does H,PO, actasanacid ? [2010]

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

(c) (ii)only (d) (i)only

In aqueous solution the ionization constants for carbonic
acid are

K,=42x10"7and K,=4.8 x 10711,

Select the correct statement for a saturated 0.034 M solution
of'the carbonic acid. [2010]
(@) Theconcentration of CO3™ is0.034 M.

(b) The concentration of CO3™ is greater than that of
HCO;3 .

(¢) The concentrations of H* and HCO3 are
approximately equal.

(d) The concentration of H* is double that of CO%™ .
3

Solubility product of silver bromide is 5.0 x 10713, The
quantity of potassium bromide (molar mass taken as 120 g
mol~!) to be added to 1 litre of 0.05 M solution of silver
nitrate to start the precipitation of AgBr is [2010]

(@ 12x10710¢g (b) 12x107%¢g
() 62x107g (d) 50x108%¢g
At25°C, the solubility product of Mg(OH), is 1.0 x 1071 At
which pH, will Mg?* ions start precipitating in the form of

Mg(OH), from a solution of0.001 M Mg2* ions? ~ [2010]
@ 9 (b) 10
¢ 1 d 8

A vessel at 1000 K contains CO, with a pressure of 0.5 atm.
Some of the CO, is converted into CO on the addition of
graphite. Ifthe total pressure at equilibrium is 0.8 atm, the

value of K is : [2011]
(a) 1.8atm (b) 3atm
(¢) 03atm (d) 0.18atm

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 [2012]

NO(g) > %Nz ) +%02 (g) atthe same temperature is:

(@ 002
(c) 4x10*

(b) 2.5%10%
(d 500

40.

41.

42,

43.

44.

45.
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The pH ofa 0.1 molar solution of the acid HQ is 3. The value

of the ionization constant, K, ofthe acid is : [2012]
(@ 3x10! (b) 1x1073
() 1x107 (d) 1x107

How many litres of water must be added to 1 litre an aque-
ous solution of HCI with a pH of 1 to create an aqueous

solution with pH of 2 ? [JEE M 2013]
(@ O0.1L (b) 09L
() 20L (d 90L

For the reaction SOz(g)+%Oz(g)\:\SO3(g), if

Kp =Ko (RT)" where the symbols have usual meaning

then the value of x is (assuming ideality):  [JEE M 2014]
I b -+

@ - ® -
1 d 1

© @

The standard Gibbs energy change at 300 K for the reaction

2A —— B+ Cis24942]. Atagiven time, the composition

1 1
of the reaction mixture is [A] = > [B]=2and [C]= 5 The

reaction proceeds in the : [R=8.314 J/K/mol, e=2.718]
[JEE M 2015]

(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.

2NO(g) + O,(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 x 1012) [JEE M 2015]

In (1.6 x10'?)
R (298)
(b) 0.5[2 x 86,600—R(298)In(1.6 x 1012)]
(c) R(298)In(1.6 x 10'2)—86600
(d) 86600+R(298)In(1.6 x1012)
The equilibrium constant at 298 K for a reaction 4 +B=

C+D s 100. Ifthe initial concentration of all the four species
were 1 M each, then equilibrium concentration of D (in mol

(a) 86600—

L will be : [JEE M 2016]
(@) 1818 (b) 1182
(¢) 0182 (d) 0818
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Section-A : JEE Advanced/ IIT-JEE

SO;” 2. amphoteric 3. K,=K(RT™ 4. nochange 5. I,

F 2. F 3.T 4. F
() 2. (@ 3. @@ 4. (b) 5. (@ 6. (@ 7. (b)
() 9. (o) 10. (2 11. (@) 12. (o) 13. (d) 14. (d)
@) 16. (d) 17. (o) 18. (d) 19. (a) 20. (d) 21. (a)
) 23. (a) 24. (d) 25. (d) 26. (b) 27. (¢ 28. ()
(b) 30. (@) 31. (b) 32. @ 33. (a 34. (a) 35. (@
) 37. (b) 38. (¢ 39. (b) 40. (@) 41. (d) 42. d)
(a,b,c,d) 2. (c,d) 3. 4. (c,de) 5 (@ 6. (b,¢) 7. (a,0
(c,d) 9. (@ 10. (b) 11. (ab,d) 12. (b)

53g/l;42¢/, 2. 1.5072x 102 mol,4.09,2 3. 1.48x 1075 2 mol2,3.82 x 10-3 litre mol ™!
4.5686,4.86 ml 5. (i)7 x 1072%, (i) 4.1549, (iii) 1.43 x 10~ mol/I

50x1073M,99.83% 7. 333%,041
(i) N, <0, <F, <Cl,, (i) HCIO <HCIO, < HCIO, < HCIO, (iii) H,0 < CH,0H< OH <CH,0"
(iv) BaO> B,0, > CO, > S0,>CL,0,

4.19 10. 188 11. 8.7 x 107 g/litre 12. 45686,1
1.6 moles, 0.4 moles 14. 0.266atm, 64% 15. 8.85x103M

Pso, = 0.0236 atm, py, =2.0118 atm, pgo, =0.9764 atm 17. 46.29 mol ion/, 1.286 x 10~'5 mol ion//
277.78 mol2 ,0.1144 atm™ 19. 2.3724,2.78 x 10*litres
3794 x 10 2mol3 3 21. 1.828x10°5 22. 7433mg
(1) 0.05 atm™2, 187.85 mol2 2, (ii) 12.438 atm 24. 7836ml 25. 0983

1/3

2Kp 18

[ 7 ] 27. 75x10°18M 28. 65 29. 115
1.71x 10710 31. 2 32. 0.0538M 33. 11.3010
8.1 x 103 mol2 12,4.90 x 1072 atm? 35. 1.203 x 1073 mol litre™!
4865 37. 1.75x1074,1,4.75 38. x=0.63,y=0.53,2=0.98

@ 2 ® 3 ® 4 (©

@ 2 @© 3 @
9 2. 8 3 3 4 6 5 7

Section-B : JEE Main/ AIEEE
@) 2. (@) 3. (@ 4. (@ 5. (© 6. (b 7. (@)

() 9. (b) 10. (d) 1. @ 12. (d 13. () 14. (b)
@ 16. (b) 17. () 18. (a) 19. (d) 20. (2 21. (a)
@) 23. (c) 24. (o) 25. (b) 26. (d) 27. (d) 28. (c)
@) 30. (c) 3. (c) 32. () 33. (a) 34. () 35. (c)
(b) 37. (b) 38. () 39. (d) 40. (© 41. (d) 42. )
() 4. (b) 45. (a)

GP_3021
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| Sect:on-A JEE Advanced/ IIT-JEE

A. Fill in the Blanks
SO%‘ ; Conjugate base = Acid — H*

. Conjugate base of HSO} is SO%’

amphoteric; because amphoteric substances show
properties of both acids and basic.
k= k (RD;
Here An=No. of moles of gaseous products
—no. of moles of gaseous reactants

R = gas constant, and 7= absolute temperature.
no change; (K, of an equilibrium reaction is independent of
the pressure of the system.)
L. - electron acceptors are Lewis acids.

B. True/False

False : AICl; is a Lewis acid (although they do not have a
proton, aprotic) because it accepts electrons (octet being
incomplete).

(4B
[4][B,]

[4]" [B,]"

[4B]

(K')?= %[B;z] -1 L K= 1

[A4B] K K

True : Lower the pressure, lower will be boiling point. More
liquid will vapourise and temperature decreases.
TIPS/Formulae :
Dissolution of NaOH is exothermic.
False : When a solute like NaOH is added to a solvent
exothermic dissolution takes place. An increase in
temperature always favour endothermic process. So solutes
having exothermic dissolution shows a decrease in their
solubility with temperature.

C. MCQs with One Correct Answer

(b) In molten state the cations and anions become free
and flow of current is due to migration of these ions in
opposite directions in the electric field.

(@) NOTE : Acidic buffer is mixture of weak acid and its
salt with common anion.

(@) CH,COOH + CH;COONH, is acidic buffer.

(b) NH,Cl+ NH,OHs basic buffer.

(c) H,SO, + Na,SO, is not buffer because both the
compounds are strong electrolytes.

(d) NaCl + NaOH is not buffer solution because both
compounds are strong electrolytes.

False : K for A,+B, = 2A4B1is

K forAB+='":24,+"2B,is

3

@

b)

@

@

b)

b)

TIPS/Formulae :
() pH ofacid cannot be more than 7.
(i) While calculating pH in such case, consider
contribution [H*] from water also.

Molar conc. of HCI=10-%. (given)

. pH = 8. But this cannot be possible as pH of an
acidic solution can not be more than 7. So we have to
consider [H'] coming from H,O.

Total [H'] = [H']yc, + [H* I,0

Ionisation of H,0 : H,O = H'+ OH"
K,=10"1=[H"][OH]
Let x be the conc. of [H*] from H,0
or [H]=x=[OH] [ [H*]=[OH] in water]
S 107 =(x+103) (x)or x=9.5%x10°M
. —-b++/4
[For quadratic equation x = Tac ]
. Total [H]=108+9.5x108=10.5x 108 or pH
=—1og (10.5 x 107%)=6.98
It is between 6 and 7.
TIPS/Formulae :
() According is Le-Chateliers principle, exothermic,
reactions are favoured at low temperature.

(i) According to Le-Chateliers principle, the reaction
in which 7 <0, are favoured at high pressure.

Given 280, + 0, =—=2S0; + Heat

-+ It is exothermic reaction

. Yield of SO, is maximum at low temperature

n=2-3=-1lorn<0

- Yield of SO; is maximum at high pressure.

Only temperature affects the equilibrium constant. Since

here AH=2-2=0, so there is no change in K, when

total pressure changes.

TIPS/Formulae :

() Lower the oxidation state of central atom, weaker
will be oxy acid.

(i) Weaker the acid, stronger will be its conjugate base.

Oxidation state of Cl in HCIO is + 1, in HCIO, is + 3, in

HCIO;is+5,and inHCIO, is+7

.. HCIO is the weakest acid and so its conjugate base

ClO is the strongest Bronsted base.

For pure water, [H;0"]=[OH]

=>K,=10°%x10%=10"12

TIPS/Formulae :

For precipitation to occur ionic product > solubility

products
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©
@

@

©

@

@

@

@

® CS-67

Given, K,CaF, =1.7x107"°

CaF, —=Ca*" +2F~

Tonic product of CaF, = [Ca®*] [F~J?

Calculate L.P. in each case

(@) LPofCaF,=(10%)x (10472 =107

(b) LP.ofCaF,= (102)x(1073)2 =108

(¢) LPofCaF, = (107%)x (1032 =107

(d) LP ofCaF,= (1073)x (1057 =10713

-+ LP> solubility in choice (b) only.

-. ppt of CaF, is obtained in case of choice (b) only.
Vapours and liquid are at the same temperature.

Statement (a) is correct and the rest statements are
wrong. K, depends only on temperature hence at
constant temp. Kp will not change.

For a basic buffer, pH = 14 — pK; — log [salt]
[base]
PH= 14-pK, ~log 2L = 14— (log101)-log1
[base]
=pH=4
TIPS/Formulae :

The equilibrium constant for the nuetralization of a weak
acid with a strong base is given by

1.0x1074

Tl =1.0x10'1
UX

K=K,/K, =
As all the reactants and products are present in aqueous
form in (d) so it is areversible reaction. In others either
solid or gas is generated which is insoluble or volatile
and hence makes the reaction unidirectional.
TIPS/Formulae :

The pH of the solution at the equivalence point will be
greater than 7 due to salt hydrolysis. So an indicator
giving colour in basic medium will be suitable.
Phenolphthalein is a good indicator ifthe base is strong
because strong base immediately changes the pH at
end point.

Base + H* — (conjugate acid)

NH, (base)+H" — NH; (conjugate acid)

NOTE : Electron acceptors or elements having

incomplete octet are Lewis acids.

() BF;(Bhas 6 ¢ in valance shell), AICl, (Al has 6
electrons in valance shell), BeCl, (Be has 4 ¢~ in
valance shell) are electron defecient compounds
and hence Lewis acids.

(i) SnCl, has complete octet so it is Lewis base.

17.

18.

19.

20.

21.

22.

23.

©

@

@

@

@

@

@

Ca0, CaCO, and Ca(OH), dissolve in CH;COOH due
to formation of (CH;COO),Ca. But CaC,0, does not
dissolve as CH,;COO™ is a stronger conjugate base than

C,05 .
(a) is a neutral solution due to both cationic and anionic
hydrolysis (K, = K, = 1.8x1075); (b) is acidic solution
due to cationic hydrolysis; (¢) is acidic solution due to
cationic hydrolysis; (d) is basic solution due to anionic
hydrolysis.
Alternate solution. Step-1.
For a precipitation to occur
Solubility product < Ionic product
Given K., =18 x 1071
Calculating ionic products in each

-4 104

X

2 2

Tonic product =[Ag*] [CI]=

=25x10"°
which is greater than K, (1.8 10710,

*.» equal volumes are mixed,

107 107
Agt]=——and[Cl"]=——
so[Ag"] 5 an [CI7] 5
Step-2
TIPS/Formulae :

In acidic medium weak acids are unionized due to

common ion effect and they are completely ionised in

alkaline medium.

Aspirin (or acetyl salicylic acid) is unionised in stomach

(where pH is 2-3 ) and is completely ionised in small

intestine (when pH is 8).

TIPS/Formulae :

(i) Higher the electronegatively of central atom higher
will be the acidic strength.

(i) Incase of same atom higher the value of oxidation
state of the metal, higher will be its acidic strength.

The electronegativity of C1>S.

Oxidation no. of Cl in C1O4(OH) =+7

Oxidation no. of Clin CIO,(OH)=+35

Oxidation no. of S in SO(OH), =+4

Oxidation no. of S in SO,(OH),=+6

.. ClO4(OH) isthe strongest acid.

NOTE : In case of alkaline earth hydroxides solubility
increases on moving down the group.

Be(OH), has lowest solubility and hence lowest
solubility product. [Be at tip of the group]

Due to absence of hydrolysation of FeCl; backward
reaction will not take place.

GP_3021
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Since HCl is stronger than CH;COOH hence acts as
acid. On the other hand CI~ is a stronger base than

CH 3COOH; and is the conjugate base of HCI.

—
—

HCI + CH,COOH

acid,

Cl- + CH3COOH;

base, base,
(a) Itisnot correct answer because 100 ml M/10 HCI
will completely neutralise 100 ml M/10 NaOH and

the solution will be neutral.

acid,

(b) After neutralisation resultant solution will be acidic
due to presence of excess of HCL.

(c) After netralisation resultant solution will be basic
due to presence of excess of NaOH.

(d) M.eq.of HC1=75N/5=15Meq
M.eq. of NaOH =25 x% =5Meq

10
.. M eq. of HClleft=10 .. [HCI]= 00 =M/10

1
- pH=—-log [H']= —log| — | =1
p g [H'] og[lo]

TIPS/Formulae :
HZO = H" + OH
(l-oc ac ac

. 1.0 gm
a=1.9x1077; Density of water = 3
cm

1
S.c= ﬁ x 1000 =155.56 moles/l

=~ [H=5556x1.9x10°=1.055x 107"
[ 1.9%10%=19x107]

- K, =[H'][OH]=(1.055x107y>=1.0x 10714
Salts of weak base and strong acid get hydrolysed in
aqueous solution forming an acidic solution.

AICl; +3H,0—— Al(OH); + 3HCI

(weak) (acidic)
Among oxyacids of the same type formed by different
elements, acidic nature increases with increasing
electronegativity. In general, the strength of oxyacids
decreases as we go down the family in the periodic
table.

HOCI (I) > HOBr (II) > HOI(III)
[In halogen groups Cl is above Br and I]

(strong)

The characteristics of the given solutions are:

NaCl

NH,Cl — slightly acidic due to the following reaction
NH} +H,0 = NH,OH+H"

NaCN - slightly alkaline due to the following reaction

— neutral solution

CN~ +H,0——=HCN +OH"

30. (@)

31. ()

32. @

33. (@@

34. (@@

35. @

36. (@
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HCl
The pH of the solution will follow the order highly
acidic <slightly acidic <neutral <slightly alkaline i.e.
HCl <NH,Cl<NaCl<NaCN

The given reaction will be exothermic in nature due to
the formation of three X - Y bonds from the gaseous
atoms. The reaction is also accompanied with the
decrease in the gaseous species (i.e. An is negative).
Hence, the reaction will be affected by both temperature
and pressure. The use of catalyst does not affect the
equilibrium concentrations of the species in the
chemical reaction.

— highlyacidic

Kp = K,.(RT)

K, 1.44x107°

An=2-4=23 K =P =————"0,
" T (RT)™  (0.082x773) 2

(Rin L.atm K~ mole™).
At initial stage of reaction, concentration of each
product will increase and hence Q will increase.

TIPS/Formulae :

For oxyacids containing similar central atom, the acid
strength increases with the increase in the number of
oxygen atom attached to the central atom and not
attached to any other atom.

TIPS/Formulae :

Higher the oxidation number of the central atom, higher
is the acidity of the species. Thus acidity follows the
order

Oxi.No.ofCl  HCIO < HCIO, < HCIO, < HCIO,
+1 +3 +5 +7
+ —
A,B(s) = pA*T+ qBP

pS g8
Lg=(pSy(¢S)1=pP.q1.5¢*D
At constant temperature K pressure constant.

P
With change of pressure, x will change in such a way

that K, remains a constant.

TIPS/Formulae :

At constant temperature Kp or K remains constant.
For the equilibria :

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

NOTE: K= K - because here An=1

[Kp=Kc x(RT)A"] Since temperature is constant
so K_or K will remain constant. Further since volume
is halved, the pressure will be doubled so a will
decrease so as to maintain the constancy of K or K,

N,O, = 2NO,
initial 1 0
at equilibrium (1-o) 2a

.. Total mole =1-a+2a=1+a
Let total pressure = P

I-a 20
s pPN7pOy = ——p ;pNO = ——
PRoYa =1 P P2 = 1T P
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_(PNOy)* _ 4o’xp _4d?p

Kp = = 2
PN,O, (lI-a)(l+a) 1-a

) 1
Since Kp = constant, SO € —

Jr

So when volume is halved, pressure gets doubled and
thus a will decrease.
107"

h_ Kw _
_\/ - -5
K, xc 1077 x0.1

Hence, % hydrolysis = 10~ x 100 =0.01
NOTE : For isotonic solutions, osmotic pressure is
same.

—

Na,S0, == 2Na®+S03%"
(0.004-x) 2x x
Since both solutions are isotonic,
therefore, 0.004 +2x=0.01 ;x=3 x 1073

-3
_ 3207 00 =75%
0.004
Alternate eqn. Total no. of moles =0.004 x x +2x+x
NOTE:

For basic buffer pH is more than 7.

= 10_4;

.. % Dissociation

CH;NH, + HCl —> CH;NHJCI

Initial moles 0.1 0.08 0
Moles after
mixing 0.02 0 0.08

As it is a basic buffer solution.

_ 0.08 _ o
OH= pK, + log 222 =_log5 x 104+ log 4
P PK, + log 55 og og

= 330 + 0.602 =3.902
pH =14-3.902 = 10.09; [H*] =7.99 x 1011~ 8 x10-1 M
In a reversible reaction, catalyst speeds up both the

forward and backward reactions to the same extent, so
(c) is wrong. At equilibrium,

AG= Gproducts ~Greactants =0
= 2GNH3 - (GN2 +3GH2 ) = 0

or 2GNH3 = GN2 +3GH2

Let the weak manoacidic base be BOH, then the
reaction that occurs during titration is
BOH+ HCI— BCI+H,0

BT +H,0——BOH+HT

Equilibrium : C(i—h) Ch | Ch

Using the normality equation, N;V; = N, V,
(acid) (base)
Substituting various given values, we get

ile = 2.5x3
15 5

42.

@

ucnrene €9

2.1
or V| = 2.5xgx?5 =25x3=75ml

Then the concentration of BCI in resulting solution is
given by

£x2.5 2
[BCl]= 15 =—or0.1M
10 10
1x10~14
Since K, =K—W - Ky =——0p0= 102
Kb 1x10
2 2
Thus K, = 0.1h or 10_2 _ 0.1h
(I-h) (1-h)

or 102-102h=0.1h* or 0.1h*?+102h-102=0
(Solving this quadratic equation for h, we get)

21072410722 +4x107! x1072

h
2x0.1
g bEVb —dact 1072 4 \107* +4x1073
2a 2x0.1
_ —0.01++/00014-0.004 _ ~0.01++0.0041
02 02
—0.01+0.64 054

=02 [Neglecting the negative term]

0.2
=027
o [H7=C.h =0.1x027 =2.7x102M

Thusthe correct answer is[d].

MX——Mt+X~

S S

(Where s is the solubility)

Then Kg, =s% or S= Ksp

Similarly for MX, —— M?* 42X~

1

Ky 3
K, =sx(2s)? =4s> s=|—P
sp (2s) or 2
and for M3X—>3I;/I++X_3
S S
1
K, |4
23 v 97d _|2sp
Ksp—(3s) xs=27s" or s= 27

From the given values of KSp for MX, MX, and
M,X, we can find the solubilities of those salts at
temperature, T.

Solubility of MX =+/4x10~8 =2x107*

GP_3021
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1 1
~14]3 -
Solubility of MX,, = % o« %XIO_U]?’
1
= [8x10_15]3 or 2><10_15
1
27x107 1 |4
Solubility of M3X = —7x270

1
= {10—1611 or 104
Thus the solubilities are in the order MX > M, X>MX,
i.e the correct anser is (d).

D. MCQs with One or More Than One Correct

(a,b,¢,d) The reaction is exothermic, hence increasing
temperature will favour backward reaction (i.e. conc.
of C,H, increases) removing H, and adding C,H
favours backward reaction.
2NaNO, = 2NaNO, + 0,
According to Le-chatelier principle an increase in
pressure always favours the reaction, where volume
or moles decrease (i.e. reverse direction). As heat is
added, i.e. reaction is endothermic and is supported
in forward direction with increase in temperature.
(a) At constant volume, concentrations do not change.
(c,d, e) Introduction of an inert gas at constant pressure
causes the equilibrium to shift in a direction in which
number of moles increases. The forward reaction is
further accelerated by increase in the quantity of
substrate, i.e., PClg and by the increase of space,
i.e., volume of container.

@  COy+H,0g === COyy+H,yy
~ [CO,][H,]
[CO][H, 0]

(c,d)

K¢

A catalyst simply helps in attaining the equilibrium
earlier.

Addition of inert gas has no effect on a reaction
because in it An=0.

This equilibrium is not based upon volume because
init An=0.

On increasing the amount of CO, K - will decrease
but it is constant at constant temperature, so for
maintaining the constant value of K, the amount
of CO, increases.

pH of 1 x 108 M is below 7 because it is an acid.
H,PO,”+H,0 — HPO,* +H,0"

H,0+H,0 == OH +H,0"

K (Auto protolysis constant of water i.e. ionic
product of water) increases with temperature. For
half neutralisation of a weak acid by a weak base,

(b,0)

7. (a0)

8 (¢d

Topic-wise Solved Papers - CHEMISTRY

o Isal]
PH=PK,* 08 Tacid]

[Salt] =[Acid], .. pH=pK,,

A buffer solution is prepared by mixing a weak acid/
base with salt of its conjugate base/acid.

Any solution of a weak acid and its salt with strong
base acts as an acidic buffer solution.

If volume of HNO; solution added is less as
compared to that of CH;COONa solution, it results
in the formation of an acidic buffer solution.

CH,COONa+ HNO; ——> CH,COOH +NaNO,

Excess limiting
reagent
MV My - -
MW-7) 0 MV MV (V' <V)
9. (a) As ester hydrolysis is first order with respect [H].

10. ()
11. (a,b,
12. (b)

Ryga =K[H"]y, [ester]
Ry = K[H' ]y [ester]

Ry _[H'la 1

.  —[H*Tua =
HA — H + A
1- 0.01 0.01 0.01

=~ 1

Ka=0.01><0.01=10_4

1
Ag,CrO, = 2Ag" +Cr03"

Kgp=1.1x 10712 =[Ag"? [CrO}?]
1.1x10712=[0.1]%[s]; s=1.1x 10710
d

(A) AH= Cpypy AT

Hence enthalpy depends on temperature.

(B) CaCOj3 = CaOy)+COy, K,= Pro,

©) Keq depends only on temperature and not on
Pressure.

(D) Enthalpy of reaction is independent of the catalyst.
Catalyst generaly changes activation energy.

Initially on increasing temperature rate of reaction will
increase, so % yield will also increase with time. But at
equilibrium % yield at high temperature (T,) would be
less than at T as reaction is exothermic so the graph is

A

e m——
-

Y%yield

v

time
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E. Subjective Problems

Phenolphthalein indicates halfneutralization.

Na,CO,; + HY — NaHCO, +Na* (1)
Methyl orange indicates complete neutralisation

NaHCO, +H* —— Na*+H,0+CO, . (ii)

.. Volume of 0.1M H,SO, required for complete neutralisation
=2x25=50ml

0.1MH,S0,=0.2NH,SO,

[For H,SO, molarity =2 x normality]

(- Mol. wt. of H,SO, = 98, and eq. wt. of H,SO, =49)

. 02MH,S0,=0.4NH,SO,

N, =normality of Na,CO,, V', = volume 0ofNa,CO, =10ml,
N, =normality of H,SO, =0.2, V, = volume of H,SO, = 5.0 ml
SNV =NV, N x10=02x5

0255

5N === =0IN

1 106
.. Eq. wt. of Na,CO; = 3 x molecular weight = =53

2

Strength 0of Na,CO;=53x0.1=5.3 g/l

[ strength = normality x Eq. wt]
For neutralization with methyl orange, volume of 0.2 M
H,SO, used =2.5 ml=2.5 ml 0of0.4 N H,SO,

=5ml of 0.2 NH,SO, [ NV =N,V
From 5 ml of 0.2 N H,SO,, 2.5 ml is used for neutralising
NaHCO; formed during first half neutralization Na,CO,

. Volume of 0.2N H,SO, used for neutralisation of NaHCO,
present in original solution=5.0-2.5=2.5ml

SNV =N,
where N| =Normality of NaHCO,,
N, =Normality of H,SO,=0.2,
V, = Volume of NaHCO, = 10 ml, ¥/, = Volume of H,SO, =2.5 ml
N,V,=N,V,=>N;x10=02x2.5
0.2x2.5
10

Eq. wt. of NaHCO, = 84
- Strength of NaHCO, =84 x 0.05=4.2 g/l
Suppose the number of moles of sodium propionate = x

N,= =005N

Salt]
Then pH=pK +1lo [—
PH=PRq g[Acid]

4.75=—log (134 x 10~5)+lo LJ
g ( ) g(o.oz

or 4.75=5-0.1271+log—*_
0.02

ucnrene €9

ord.75=4.8729+log > _
0.02

log—*_ =-0.1229
0.02

or —*_ =Antilog[-0.1229] or —*_ =0.7536
0.02 0.02

x=0.7536 x 0.02=1.5072 x 10-2 mol
HCl1 = H" + CI
0.01 mole 0.01 mole
When 0.01 mole of HCl is added, there is (0.01 + 0.02) M of
propionic acid and (0.015—0.010) M of propionate. Therefore

0.005
pH=-log(1.34 x 10°) +log =4.09
0.03
The pH of a0.010 molar HCl solution =—log 102 =2
Initial moles 1 3 0
Ny(g) + 3Hyg) = 2NH(g)
Eq. moles 1-0.0025 3-0.0075 2 x 0.0025
1-00025  3-0.0075 2 x 0.0025
Eq. conc. n 2 2
__INHP
Now we know that K_= —
[N2][H,]

Since 0.0025 and 0.0075 are very small, 1-0.0025 and 3-0.0075
may be taken as 1 and 3 respectively.
Substitute the various values

(2 x 0.0025)2
4 _ 0.0025x0.0025 4x4x4x4

K, IR 4 3x3x3
4|4

= 1.48 x 1073 litre? mol2
For the equilibrium,

1 3
5N2(g)+ EHz(g) = NH,(g)

K= [NH;]

= =K
[Nzl% [Hzlé

c

= /(1.48x 103 litre2 mol ~2)

=3.82 x 1073 litre mol!
TIPS/Formulae :
(1) Find the moles of each species after reaction.

- o salt
(i) pH=-logK, + 108 Acid

Given,NaOH 0.2 M, 20 ml; CH;COOH 0.2 M, 50 ml
K,=18x107

GP_3021
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V of 0.2M NaOH required to make pH=4.74 ="
From the chemical reaction

CH;COOH + NaOH —— CH3;COONa +H,0
50 ml 20ml
20 ml

It is evident that 70 ml of the product will contain
(1 30mlof0.2 M unused CH;COOH

[unused CH;COOH=50-20=30ml]
(i) 20ml of CH;COONa.

. No. of moles of CH;COOH in solution

02
~ 1000
Similarly, No. of moles of CH;COONa solution

x 30=0.006 mole

1000 x20=0.004 moles

[Salt]
[Acid]
Substituting the values of the various values

0.004

0.006
=4.7447-0.1761=4.5686

Calculation of the additional volume of 0.2 M NaOH required

to make pH of solution 4.74.

[Salt]

[Acid]

pH =-logK +log——-

pH =-log1.8x 107 +log——

pH=-logK +log *——

[Salt]
[Acid]
[Salt]
[Acid]

[Salt] =0.0047 or [Salt] _ 1

[Ac1d] [Acid] 1011
NOTE THIS STEP: Let x ml. be the volume of additional 0.2
M NaOH added to make the pH of the solution 4.74. This
will further neutralise x ml. of0.2 M CH,COOH and produce
x ml. 0of 0.2 M sodium acetate. The resulting solution (70 + x)
will now contain
(1) (30 —x) ml 0f 0.2 M acetic acid.
(i) (20 + x) ml 0of 0.2 M sodium acetate.
Number of moles of acetic acid in (70 + x) ml. solution

0.2
~ 1000
Number of moles of CH;COONa in (70 + x) ml. solution

02
~ 1000

or 474=-log 1.8 x 1073 +log 21

ord. 74=47447+log 1"

x (30—x)=2 x 10 (30—x)

X (20+x)=2x107#(20+x)

[Salt] _ 2x107 (20+x) _ 20+x
[Acid] 2x107*(30-x) 30-x

Therefore,

1 20+x

1.011 30-x

or 1.001x+x=30-2022; 2.011x=9.78 orx=4.86
Therefore, the additional volume of 0.2 M NaOH required to
make the pH of the solution 4.74 is 4.86 ml.
(1) From the dissociation of weak acid HA,
HA+=H"+A-
It o is the degree of ionization of the acid HA,
then [H']1=0.1 [ theacid isdecimolar]
[A7]=0.1 a; [HA]=0.1(1-0)
Therefore,

or 20.22+1.011x=30-x

[H'][A™] _ O0.lax0.la

K =

a”  [HA] 0.1(1-a)
0.lax0.1a . o
=" o1 (since acid is weak, 1 —a=1)
K,=0.10% or 49x108=0.102
49x1078
ora2=93—10 oroa=7x 10

.. Percentage ionization= 100 x 7 x 104 =7 x 102%
(if) Calculation of pH

[H]=0.1a=0.1 x7x 10 molelitre [-- A =7x107*]
=7 x 1073 mole/litre
Now since pH=—log [H'] =—log [7 x 107]
=5-log7=5-0.8451=4.1549
(iii) Concentration of OH™ in decimolar solution
[H*] =7 x 1075 mole per litre
Now, K,,=[H'][OH]or 1.0x1074=7x1075x[OH]

1x10714
. [OH]= —7 0 =1.43 x 10719 mole per litre
X

TIPS/Formulae :

For precipitation to occur ionic product > K

Mixture solution contains 0.1 M Ag* and 0. 1 Mg Hg

K, . of Hg,I, =2.5 x 10~ 26 is much smaller than K, ongI
whichis 8.5 x 10717,

[I"] concentration needed to precipitate Hg, I, is calculated
as:

= Hg2*+2

2.5x10726

=50x10B3M
[Hg,?"]

Similarly, [I"] concentration needed to precipitate Agl is :
Agl—=——Ag™ +1I"

Ksp _ 85x 10717

= =85x1071M
[Ag"] 0.1

1=
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L] c-s-73

NOTE : Since [I"] concentration needed to ppt. Agl is smaller
than that needed to ppt. Hg,I,, Agl is completely precipitated
first. Agl starts precipitation with [['] = 8.5 x 10716 M.
However, Hg, 1, starts precipitating with Agl only when molar
concentration of I~ reaches 5.0 x 10713 M.

[Ag*] left when Hg,1, begins to ppt. is given by

KpofAgl  g5x107!7
[ lhgy,  5.0x1079

=1.7x10*M

x107

1.7
Thus % [Ag'] left unprecipitated = o1 x 100

=0.17%
Hence % Ag" precipitated = 99.83%
Let x be the degree of dissociation of PCl(g), then

PCl(g) = PClyg) + Clg)
Initial 3 0 1
At equilibrium  3(1 - x) 3x 1+ 3x

.. Total number of moles at equilibrium

=3(1-x)+3x+1+3x=3(1+x)+1

Using the gas equation : PV =nRT
PV

Ln= =

RT

Here, P=2.05atm., =100 litres, R=0.082 atm/deg.,
T=273+227=500K

2.05x100
= 20 s 3(14x)+1=
= 00s2axs00 o AFNTLES

1

3 =0.333
Hence perecentage dissociation of PClg = 0.333 x 100
=33.3%

Calculation of K, for the reaction :

or 3+3x+1=5 or 3x=5-4 or x=

{ 3xP M(lux)P}
_[PCL]ICL] _ (30 +x) +1][3(1+x) +1

P [PCls] (-x) 4
3A+x)+1
_3x(3x+1)>< 1P
T 443x 31-x)
_ Bx2+x)xP _ x(Bx+1)xP

T @+3x)(1-x) (@G+3x)(1-x
Substituting, x = 1/3 and P =2.05 atm., we get

1 1
3(3x§+1)x2.05 41
K,= =1—=0.41

s fe)) "

10.

ucnrene €9

() N,<O,<F,<d,

1e, N=N<O=0<F-F<Cl-Cl

NOTE:

As the number of bonds increases the bond length

decreases.

SoN, <0, <halogens. Among F, and Cl, bond length

of C1,will be higher because of higher atomic radii.
(if) Among oxyacids of the same element, acidic nature

increases with its oxidation number, e.g.,

HOCI < HOCIO < HOCIO, < HOCIO,

O.N. of Cl +1 +3 +5 +7

(iii) H,0<CH,—OH <~OH<"OCH,
Weaker the base stronger is its conjugate acids

+
H,0"> CH, OH, > H,0 > CH,OH (Decreasing acidic
order of the conjugate bases.)
BaO>B,0,>CO,>S0,>Cl,0,
Basicity increases with increase in oxidation state
(Ba=+2,B=+3,C=+4,S=+6,Cl=+7).
TIPS/Formulae :

@)

[Salt]
[Acid]

Calculation of concentration of HCOOH.
Here, c=02M; [H']=6.4x 1073

[H]
4

For acidic buffer pH = -logK,, +log

_ 64x1073
T 02
NOTE : Thus the degree of dissociation of HCOOH is very
low which on addition of sodium formate is further
suppressed due to common ion effect.

Since the degree of dissociation is very low (3.2 x 1072), it
can be neglected and hence [HCOOH] can be taken as
02M.

Calculation of concentration of HCOO~, [HCOO]

It can be obtained in the following manner :

[HY] =caor a= =32x102

HCOONa —= HCOO- + Na*
At start 1 0 0
At equb. 0.25 0.75 0.75
- [HCOO1=0.75
For acidic buffer pH =-log K, + log @

[acid]
=—log2.4 x10™* +log 87 - 4.19
0.20

Ax(g) + By(g) ¥ 2AB(g)
At start 1 2 0
At equ. 1-x 2-x 2x

X 2—-x 2x
~ (A= T’lBZ]: T,[AB]= 3

_ (2x/3)2 _
[(1-x)/3][2 - x)/3]

GP_3021
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11.

12.
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On solving we get, 23x%—75x+50=0;x=2.317 or 0.943
The value 2.317 is inadmissable because initial concentration
of reactants is 2 moles and so x=0.943

.. Moles of AB formed =2 x 0.943 =1.886
Solubility of Mg(OH), in water

9.57%x1073

=3 =1.65 x 10~ mole/litre

$=9.57x1073 g/litre =

[ M for Mg(OH), = 58]
Mg(OH), = Mg?" +20H"
Km=(S)(2S)2=4S3=4(1.65 x107#)3=1.8 x 10~ approx.
Calculation of solubility of Mg(OH),, say, x, in Mg(NO,),
or  [Mg?]=x+0.02;[OH ]=x

K,= [MgZ*] [20H]? or 1.8 x 101 =(x+0.02) (2x)?
Neglecting x in comparison to 0.02 (common ion effect)

1.8x107!!
0.02
x=1.5x107° moles/litres
=1.5x58 x 10> =8.7 x 10~ g/litre.
() Amount of HCl added = 0.20 mole
[H']1=0.2 glitre!
NOTE : Added H" ions will combine with the acetate

ions forming acetic acid with the result concentration
of acetate ions will decrease while that of acetic acid

=4x2= =9x 10710 or2x=3x10"3

will increase.

CH,COO ~+ HCl— CH;COOH +Cl~
before reaction 1 02 1 0
after reaction 0.8 0 12 02

.. Concentration of acetate ions after adding 0.20 mole
of HCL.

[CH,COO]=1.0-0.2=0.8mole
Similarly, concentration of acetic acid,
[CH,;COOH] =1.0+0.2=1.2 mole

- [Salt]

Now, pH =-log K, +log m

0.8

12
pH=47447+0.3010—-0.4771 =4.5686

(i) Amount of HCl added =0.20 mole
Out of 0.2 mole of [H"] added, 0.1 mole will combine
with 0.1 mole of CH;COO~ forming 0 mole of
CH,COOH.

=—log 1.8 x 107 +log

CH,COO~ + H* - CH,COOH+ CI-
before reaction 0.1 02 0.1 0
after reaction 0 0.1 02 0.1

. Total concentration of acetic acid [CH,;COOH]
=0.1+0.1=0.2mole

In presence of [H'], CH;COOH will not ionize.
Therefore, pH ofthe solution will be due to the presence
of H of HCl, 7.e. 0.2—0.1 = 0.1 mole HCI

pH=-log [H"]=-log [0.1]=1

13.

14.

15.

Initial concentration of each gas =1 mole
Let the No. of moles of NO, reacted at equilibrium = x

Then, SO,(g)+ NO,(g) = SO4(g) + NO,(g)
At equilibrium (1 —x) (1-x) (1+%) (1+x)
[SO5][NO]
Now we know that, —————— =
[SO,][NO,] °
1+ xV)(1+ x/V) (1+x)?
=1 =16 (- V=1L
T A=y (- %) (=) 6 (- V=IL)

X =4 or 1+x=4—-4x or 5x=3
-

or

3
x= 5 =06

.. Thus the concentration of NO at equilibrium
=1+x=1+0.6=1.6 moles

Concentration of NO, at equilibrium
=1-x=1-0.6=0.4 moles

@) N,0, = 2NO,
Before dissociation 1 0
After dissociation l-a 2a
.. Totalmoles=1-a+2a=1+a

_ (Pno, )2 (m

p pN204 (l_axP)
I+a

where P is total pressure

2x025x1 A
1+0.25

K,= =0.266 atm [- a=025]
1-0.25
x1
(1+0.25 J
. 402 PP x(1+a) _  4a’P
(i) P 2 - _
1+ (-a)xP (+a)(l-oa)
402 x0.1
0266 = 2901 _o6a
1—a2

.. Percentage dissociation = 63 %
TIPS/Formulae :

Salt
= +
PH=pK, log(AcidJ
If x moles of HCI are added then they will combine with
NaCN to form x moles of very weak acid HCN.
NaCN + HCl —» NaCl + HCN
At equilibrium : (0.01-x) x x x
For an acidic buffer,
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® CST5

[Salt]

H=
b [Acid]

—logK,+log——=

. 8.5=—log4.1x107" +1og(0'01—"‘]
X

or 8~5=(10—10g4.1)+log(0'01_xJ
X

I (0.0l—x
og
x

) =-0.8872 [log4.1=0.6128]

0.01-x

=0.1296

x=8.85x 103 M= 8.85 x 10~3 moles of HCI

NOTE : Since the reaction is carried out at constant volume,
change in partial pressure of a species will be directly
proportional to the change in its amount. Hence, we can
write

2SOz(g) + Oy(8) = 2S04(g)
Initial pressure 2 atm 1 atm
Equb. pressure 2x 2 atm +x 1 atm - 2x

Where 2 x is the change in partial pressure of SO; at
equilibrium.

Substituting the expression of partial pressure in the
expression. For K, we get

_ (pso,)’?
P (psoz)2(P02)
1atm — 2x)2
or 900 atm™!= (1atm — 2x)

(2x)? (2 atm + x)
Assuming x is very small as compared to 1

1 atm2

900 atm™! = —
(4x“) (2 atm)

On usual calculations, x=0.0118 atm
Thus pgo, =2x=2x0.0118 atm =0.0236 atm

Po, =2atm+x=2+0.0118=2.0118 atm

Pso; = latm—-2x=1-0.0236=0.9764 atm
TIPS/Formulae :

p(OH) for basic buffer = PKp +log (&)
Base

We know that

[Salt]

pOH=pK, +log 0.25
[Base

or —log1.8x 1075+ log—==
g g0.05

pOH=5-1log 1.8 +1log5=75.6989-0.2552
—log[OH]1=5.4437, log[OH]=-5.4437
[OH]=3.5999 x 106 [Taking antilog]

18.

19.

K, for Mg(OH), = [Mg2*] [OH]?
6x 10-10= [Mg2*] [3.5999 x 1052

6x10710
12.9598 x 10712

=46.29 mole ion per litre
K, for AI(OH); = [AI**] [OH ]
6 x 10732=[AI>*](3.5999 x 1076)?
6x10732

(3.5999 x 107%)?
Let the total number of moles of all gases at equilibrium

[Mg?] = =0.4629 x 10?

[A3*]= = 1.286 x 10-'5 mol ion//

point=n
P=492atm. V=51
R=0.0821atm./mol" K™!  7=273+327=600K
By applying the formula PV =nRT

PV 4.92x5
"7 RT T 0.0821x600 =0.5 moles

(1) Calculation of the number of moles of the individual
gases at equilibrium point.
No. of moles of CH,OH formed = 0.1 (Given)
*. No. of moles of CO (also) =0.1
[+ moles of CO=moles of CH,;OH formed]
Hence No. of moles of H, =0.5—(0.1+0.1)=0.3
.. Molar concentration of various species will be

[CH,0H] =[CO] = % =002;[H,]= 05—3 =0.06
_[CH;0H] _ 002

© [COJ[H,]* 0.02x(0.06)

(i) Calculation of K, We know that
K,=K_ * (RT)A"—277 78 x (0.0821 x 600)~2

=277.78 mol2 2

(An=1-3=-2)
27778 S,
= 42654 =0.1144 atm
Case L. CH,COOH = CH,;COO™ + H'
At start 1 0 0
At equib. o o

1-

/K
[H=ca=c Ta=4/Kac
- [HY]= w/1,8 %1079 x1 =424 x103M

Thus pH=—log H" =—log 4.24 x 103 =2.3724

Case II. pH after dilution =2 x original pH
=2x2.3724=4.7448

Let conc. after dilution=¢,

and degree of dissociation = a,

Since pH=-log [H"]

4.7448=—log [H']

GP_3021

@ www.studentbro.in



cS76 @

20.

21.

Get More Learning Materials Here : &

Topic-wise Solved Papers - CHEMISTRY

[H]=18x10%=ca, ..
Dissociation constant

c,a,=1.8x107°

[CH;COO™][H*]

Since K= | CH,COOH]
_lay)(@ay) o
all-4]  (1-a)
1.8x107° x o
18x105=———-1L . ¢ =05
1- (0]

Substituting the value of ., in the following relation
c,0,=[H;¢;x0.5=1.8x107°

_18x107
‘T 705
Since the number of moles of CH,;COOH before and after
dilution will be same

.. Mole of CH;COOH before dilution = Mole of CH;COOH
after dilute
(- Mole=MxV, .)
1x1=3.6x107°x V= V=2.78 x 10* litres
Ag,CO; + K,C,0, - Ag,C,0,+K,CO,4

=36x10°M

Moles at start  Excess 0.1520 0 0
Moles after 0.1520-0.0358 0.0358 0.0358
reaction =0.1162

Molar concentration of K,C,0, or C,0 Z ~ left unreacted

_0.1162

o5 —0.2324molesr! [+ 500ml=0.5L]
[K,CO,]=[CO3 ™ ]atequilibrium
= % =0.07156 moles /!

Given that K, for Ag,C,0,=1.29 x 107" mol® 3 at 25°C

So, [Ag2[C,027] =129 x 107!
or [Ag'] % 0.2324=1.29 x 10-1

2= —11

Hence [Ag'] 02324~ 10
Then K, for Ag,CO,

_. 129x107!!
=[AgR[CO3 1= <0071

[AgTFICO; 1= =075, *00716

=3.974 x 1012 moB3 13
Case I. Write the concerned chemical reaction

BOH + HCI —— BCl + H,0
Moles before x 0.1x5=05 0 0
reaction
Moles after (x-0.5) 0 0.5 0.5
reaction
.. Molar x-0.5 0.5 0.5
concentration T 7 7

22.

ucnrene €9

Since the solution represents a basic buffer, following
Hendersen equation can be applied.

[Salt]
H=-log K, + 1o
PO 8808 [Base]
14-10.04=—logK, +log —> _ ()
(x-0.5)

Casell

BOH + HCI —> BCl+ H,0
Moles at start x 0.1 x20=2 0 0
Moles after
adding 20 ml. x-2) 0 2 2
of 0.1IN HCI
. Molar x-2 2 2
concentration " 0 " "

Again the solution is acting as basic buffer
[Salt]

.. pOH=-log K, + log———
P g5 g[Base]

...(ii)

14-9.14=-log K, + log 2
(x-

Divide (i) by (i),

396 05 y (x-2)
486 (x-0.5) 2
Substituting x in (7) and solving for K,

0.5
0.088-0.5

=x=0.088 mol /!

3.96=-logK,+log

K,=1.828 x 105
Let the solubility of Ca(OH), in pure water =S moles/litre
Ca(OH), = Ca?t + 20H-
S 28
Then K,,= [CaZ*] [OH J?
442 x10°=8x (2S)%;, 442 x 1075=483
S=2.224 x 102=0.0223 moles litre™!
. No. of moles of Ca?" ions in 500 ml. of solution = A

_0.0223 x500
4000

NOTE THIS STEP : Now when 500 ml. of saturated solution

1s mixed with 500 ml of 0.4M NaOH, the resultant volume is

1000 ml. The molarity of OH™ ions in the resultant solution
would therefore be 0.2 M.

=0.01115

Ky  442x107°
[OH™T? (0.2)2
Thus, No. of moles of Ca?* or Ca(OH), precipitated
=0.01115-0.001105=0.010045
Mass of Ca(OH), precipitated
=0.010045 x74=0.7433 g="743.3 mg
[mole wt. of Ca(OH), = 74]

- [Ca?*]= =0.001105M
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23. () CO(g) + 2H,(g) = CH,OH Dissociation constant of H,S, K= K| x K,
Moles at start 0.15 a 0 ie. K=1x107x13x10713=13x1020
Moles at equb. (0.15 -x) (a-2x) 0.08 Now we know that
or (0.15-0.08) (a-0.16) 0.08 2 re 2 _ 5
K_=[M*][S =>6x10~" =0.05x[S
.. Total moles at equb.=0.15—-0.08 + a—0.16+0.08 k4 [MET1S™ 1571
=a-0.01 6x1072!
- [$7]= 22— =12 x 10719
Total moles at equilibrium can also be calculated from 0.05
the followi lati o . . . :
© (;;wmg relation Substituting the various values in the following relation
85x25
= o o=———=0345 _
"7 RT ~ 0.0821x 750 PR LA
-.0.345=a—-0.01 [Comparing (i) and (ii)] [H,S]
or a =0.355 +12 -19
HT ] [1.2x10
Thus, Moles of CO at equilibrium = 0.15-0.08=0.07 131020 = ELI 01 L. [H,8]=0.1M
Moles of H, at equilibrium =0.355-0.16 =0.195 1 3x10-20 0'1
Moles of CH,OH at equilibrium = 0.08 [H]2= ———
12x107

24.

25.

Get More Learning Materials Here : &

Substituting the values in the relation,

« = CH30H] _ 0.08/2.5
¢ [H,]?[CO] (0.195/2.5)% x(0.07/2.5)

= 187.85 mole2 litre2 [ V=2.5L]
Calculation of K,
K,=K_(RT)*"=187.85 x (0.0821 x 750)2=0.05 atm2
[ An==-2]
(i) Calculation of final pressure when there is no reaction
Moles of CO=0.15; Moles of H, =0.355
.. Total moles=0.15+0.355=0.505
PV=nRT
Px25=0.505%0.0821 x750 = P=12.438 atm.
Volume of blood =10 ml. (given)
[H,CO,] inblood=2M (given)
[NaHCO,] to be added = 5 M (given)
Let volume of NaHCO, added in 10 ml blood =V ml

. [H,CO.] in blood mixture = ——12
-~ [H,C0; TV +10)
[NaHCO. ] in blood mixture = ———
3 (V+10)
— [Salt]
.. pH=pK +lo
PP a0 A i)
or74=—log 7.8 x 107 +1og - V10 . 28 36 mI
20/(V +10)
HS = H+HS - K = L HST]
2 A .. 1 [HZS]
_ [H][s*]

Further, HS- =2 H" +S$2~ .. K,
[HS™]

26.

27.

ucnrene €9

1.3x1072° 0.1
[HY] = ‘/ﬁ =1.04x 10!
2L X

pH=-log [H'], pH=—log (1.04 x 1071)
=1.0-10og 1.04=1.0-0.017=0.983
2AB,(g) = 2AB(g) + B,y(g)

Initial mole 1 0 0
Moles at equb 1-x x %

Total moles at equb. =1 ++x 1+x 2+x
m .= —_ _—= _—=
otal moles at equ x+x 2 > >

_ (=% _2(1—x)P
PaB, " oy x2" T 24 x
_ x p= 2x P
PABT 520 52" " 24«
x/2 x

PB, = 2+x/2P= 2+x

2
2x x
X - (Pap)” (P,) _ (EPJ (2+xPJ

" (pap,)’ 2a-x) T
2+x)

__ xXP
Q2+x)(1-x)?

3 2K, TR
X _ P
Kp~ TP o x= |:_P i|

TIPS/Formulae :

Consider common ion effect

Conc. of Ag" ions = Conc. of AgNO; =0.03 M

Most of these Ag" ions will be present in the form of
[AgCN),I

0.03M AgNO; requires2 x0.03M

=0.06 MCN~ to form [Ag(CN), ]~

GP_3021
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28.

29.

30.

31.

32.
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..Conc. of free CN~ at equilibrium willbe 0.1 -0.06=0.04 M
[Ag(CN),I” = Ag"+2CN-
_[Ag'][CN P
[Ag(CN),]

4.0%x107"° % 0.03
(0.04)2

For ammonium formate which is a salt of weak acid with
weak base, we know that

_ [Ag*1[0.04)?

4.0 x 10°
;4010 0.03

[Ag]= =75x10"18M

1 1
pH =E[pKw + pK, - pKpl= 5[14+3.8—4.8] =6.5

pK,=4.70, .. K,= 1047
Now we know that

[OH™]= K, xc

~ [OH 1=v10"%7x0.5 =3.158x10>M
Now we know that

pOH =-log[OH]

pOH=-log3.158 x 103=2.5

or, pH=14-25=11.5

The concerned chemical reaction is

2AgCl +Na,CO3; —> Ag,CO;3 +2NaCl

Calculation of [Ag*] left in the solution :
K ,(Ag,C0;)=[Ag' [CO,]

-12
[Ag*]= /82% ~234x10"°M

Concentration of CI~ left=0.0026 g/l

~0.0026

~ 355

o K (AgCD)=[Ag"[CI]=(2.34 % 107)(7.33 x 107)
=1.71x 10710

mol/l =733 x105M

GivenK, =1x107

- pK,=5

The two conditions when colour indicator will be visible are
derived by

(In~]

(Hin]

() pH=5+log10=6

(i) pH=5+log0.1=4

Thus minimum change in pH=2
For AgCl; AgCl ——=Ag"+CI"

pH=pK +log

_
- K =[AgTIcrT (i)

Again it is given that

[Ag(NH,),]" —===Ag'+2NH,;K =62 x 1078

or Ag"+2NH; ——=[Ag(NH,),]";

33.

34.

35.

N S (4
K= eax10® 62
+ +
% =[Ag£NH3)2]2 o [Ag*]= [ABNE; )]
[Ag J[NH;3] K r[(NH3),]

NOTE THIS STEP : Since the formation constant of the
complex is very high, most of the [Ag*] which dissolves
must be converted into complex and each Ag" dissolved
also requires dissolution of C1~.
. [CI']=[Ag (NH,),]" and let it be c M
Equation (i) becomes

_[ANHy), T g €,

= =—>X
PUOKNLE T KF

8
=Ko, xK 1P =18x10710 16% x (1)?

-2
3= 1‘82—120=0.29o3 x 1072
or ¢=0.538x 10~ =0.0538 M

HCl +NaOH —> NaCl + H,0
Megq. before reaction 200 x 10_2 300 x 10_2
Meg. after reaction 0 100 x 10_2 200 x 10_2 200 x 10_2
pHofHC1=2, pH of NaOH=12
- [HCI]= 102 M, - [NaOH]=102M

100x1072 _

- POH=2.6989; - pH=113010  [pH=14—p(OH)]
NHHS, = NHy, + HS

-~ [OH]=

3.06
Initial moles — 0 0
51
3.06 70 3.06 30 3.06 30
Moles at eq. X— X — X —
51 100 51 100 51 100
Given V=2litre, T=300K, An=2-0=2

_3.06x30 _ 3.06x30
< K= NI ST = S 00%2  S1x100x2
=8.1 x 105 mol? litre2
Also K=K (RT)™" =8.1x 1075 (0.082 x 300)?
=4.90 x 102 atm?
NOTE : Addition of more NH,HS on this equilibrium will

cause no effect because concentration of NH,HS is not
involved in formula of Kp or K,

—_—
A S—

+ 20H"
2 x 6.7 x 10°°M

Pb2+
6.7 x 10°M

Pb(OH),

(given) 6.7 x 10°°M

. Ky =[Pb?J[OH I =(6.7x 1076) (2 x 6.7 x 10-6)

=1203 x10715
The buffer solution pH=8§
-, pOH=60r [OH]=107°
Thus in this buffer we have, [Pb?"][OH]>=1.203 x 10713
or [Pb"] x [10°6]2=1.203 x 10713
- [Pb**] = 1.203 x 1073 mol litre!

(given)
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10 [salt]
36. Amount of SO, in atmosphere 106 10 x 10 pt1 = phg +10g [acid]
Molar concentration of S(.).2 present 11.1 water — _log (1 751 0_5) +logl = 4.75
= Amount of SO, x Solubility of SO, in water
=10 x 106 x 1.3653 mole L' =1.3653 x 10°M 38. TIPS/Formulae:

37.

Get More Learning Materials Here : &

Writing the concerned chemical equation

H;SO3 —— g+ + HSO;3
Initial conc. 1.3653 x1073 0 0
Molar conc. at equb. 1.3653 x 10— x x x
2
Therefore K, = d 5
(13653 %107 — x)
= 1072 = X
(1.3653x107° —x)
(PK,=1.92, . K,=10"192)
2
= 12x1072=

(1.3653x107° - x)
x2=1.2x1072(1.3653 x 10> —x) Onsolving, x =1.364 x 107
Therefore, pH=—log (1.364 x 107°)=4.865
(i) The volume being doubled by mixing the two solutions,
the molarity of each component will be halved i.e.
[CH,COOH]=0.1 M, [HCI]=0.1 M.
NOTE:
HCl being a strong acid will remain completely ionised
and hence H' ion concentration furnished by it will be
0.1 M. This would exert common ion effect on the
dissociation of acetic acid, (a weak acid.)

CH;COOH == CH;C00” + H*

At start C 0 0
At equilibrium C (1 - @) Ca Ca+ 0.1
_ Ca(Ca+0.1) Ca?+0.la
a Cl-a) (1-w)

Since o is very very small, Ca? can be neglected and 1
— o can be taken as unity

S K,=01a
K, 175x107° 4
—2a _2PXT 175410
=00 01 *

[H'] gy =0.1+ Ca,
Ca is negligible as compared to 0.1.
5 [H ) =0.1 ~ pH=1
(i) 6g NaOH = 4%) =0.15mol
0.1 mole of NaOH will be consumed by 0.1 mole of HCI.
Thus, 0.05 mole of NaOH will react with acetic acid
according to the equation.
CH,COOH + NaOH —» CH,COONa + H,0

Initial moles 0.1 mol 0.05 mol 0 0
At equilibrium 0.05 mol 0 mol 0.05 mol 0.05mol

Thus, solution of acetic acid and sodium acetate will
become acidic buffer. So pH of the buffer will be

2.

Higher the value of dipole-dipole interaction higher is b.p.
Higher value of K, of a solvent suggests larger polarity of
solvent molecules which in turn leads to higher dipole —
dipole interaction implies higher boiling point due to dipole
—dipole interaction. Therefore, the correct order of K;, values
of the three given solvents is

2
Mathematically K, = M
AH. ., x1000

or Ky o< Ty (b.pt.)
Solvents Boiling point K, values

X 100°C 0.63

Y 27°C 053

Z 283°C 0.98

G. Comprehension Based Questions

(@) Let the heat capacity of insulated beaker be C.
Mass of aqueous content in expt. 1 =(100+ 100) x 1
=200g
= = Total heat capacity =(C + 200 x 4.2) JJK
Moles of acid, base neutralised in expt.
1=0.1x1=0.1

= Heatreleased inexpt. 1=0.1x57=5.7KJ
=5.7x1000J

= 5.7x1000=(C+200x42)xAT.
5.7x1000=(C+200+4.2)x5.7

= (C+200x4.2)=1000
In second experiment,
n =02,n,_ =-0.1

CHyCOOH NaOH

Total mass of aqueous 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.

Uy

5600
of CH,COOH= ———

= AH 01

neutralization

=—156000 J/mol

=—56 KJ/mol.

= AH_ ... of CH,COOH=57-56=1KJ/mol

(b) Final solution contain 0.1 mole of CH3COOH2 and
CH,COONa each.

Hence it is a buffer solution.
[CH;CO0™]

_ox |
PH=pK, 8 [cH.cOOH]

0.1
=5-] + log—=47
5-log2 OgO.1

GP_3021
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3. 0
Xa(8) — 2X(@)
1 0

ﬁequ
2

Initial mole :

moles at equilibrium : (1 - Begbm

I_M Begbm

) 7 __reqpm

Partial pressure : —= _xP
p (1 Beqom J [1 N f’eqﬂj
=y 2

2
2
() PBegmP
- B 2

4B£qu P
Kp B (4 - ﬁgqu )

Since P=2 bar

2
K = 8Bequ
P 2
So, (4 _ Bequ )

4. (o)
(A) Correct statement.
As on decrease in pressure reaction move indirection where
no. of gaseous molecules increase.
(B) Correct statement
At the start of reaction Qp <K, so dissociation of X, take
place spontaneousely.
(C) Incorrect statement as

8B 8x(0.7)? §

Kp =
4-Bs  4-(0.7)°

1

H. Assertion & Reason Type Questions

1. () The statement-1 is clearly wrong in context to Le-
Chateliers principle, which states that “increase in
temperature shifts the equilibrium in the forward
direction of those reactions which proceed with
absorption of heat (endothermic reactions), and in the
backward direction of those reactions which proceed
with the evolution of heat (exothermic reactions).”
Statement -2 is clearly true again according to Le-
chatelier principle.

2. (c) TIPS/Formulae:

Among oxyacids, the acidic character increases with
increase in oxidation state of the central atom.

O.S.of NinHNO;=+5

0.S.of NinHNO, =+3

Get More Learning Materials Here : & m

P 3

thus HNO, stronger than HNO,. Hence assertion is
correct.
Structure of HNO, : O—H—N=0;

/O

\O
The assertion is true but the reason is wrong as can be
clearly seen from the above structures.

(d We know that for every chemical reaction at
equilibrium, Gibb's free energy (AG = 0) is zero.
However standard Gibb's free energy (AG®) may or
may not be zero. Thus statement 1 is False.

For a spontaneous reaction, at constant temperature
and pressure, the reaction proceeds in the direction in
which AGis<0i.e. inthe direction of decreasing Gibb's
energy (G) so the statement 2 is True.

Thus the only such option is (d) which is correct answer.

Structure of HNO; : H—O—N

I. Integer Value Correct Type

HA +NaOH——> NaA + H,0

At the end point, the solution contains only NaA whose
concentrationis 0.1/2=0.05M

Since the salt NaA is formed by strong alkali (NaOH) and
weak acid HA (indicated by its low K, value), its pH can be
evaluated by the following relation.

1
pH = E(pKw + pK, +logC)

= %(14+5.3010+(—1.3010)] =9

pH of sodium salt of weak acid
= %(pKW +pK, +logC) = %(14 +4-2)=8

KCN, K,CO; and LiCN are the salts of weak acid and strong
base. So, their aqueous solutions turns red litmus paper
blue.

Diprotic acids are H,SO,, H;PO,, H,CO,, H,S,0,, H,CrO,
and H,S0;.

7

Let the solubility of AgCl is x mol litre”! and that of CuCl is
ymol litre’!

AgCl == Ag" +CI”
x X

CuCl=—=Cu* +CI”

Yy y
K, of AgCl= [Ag™][CIT]
16x1010=x(x+y) )
Similarly, K, of CuCl= [Cu*][CIT]
1.6 x 100 =yp(x+y) ... (1)

On solving, (i) and (ii)
[AgT]=1.6x10"7 .. x=7
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1.

10.

11.

12.
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@

b)
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@
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NOTE : Abuffer is a solution of weak acid and its salt
with strong base and vice versa.

HCl is strong acid and NaCl is its salt with strong base.
pH is less than 7 due to HCI.

(HSO,)™ can accept and donate a proton
(HSO,)"+H" - H,SO, (acting as base)
(HSO, —-H" —» SO,*". (actingasacid)
Mg(OH), —» [Mg2*]+2[0OH]

X 2x
Ksp =[Mg] [OH]? = [x][2x]?> =x.4x?=4x3.
In this reaction 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.

K, =K (RT)*";

An=1—(1+l) 3oL 2P (jT)2
2 2”7 K,

pH of an acidic solution should be less than 7. The

reason is that from H,O. [H"]=10""M which cannot be

neglected in comparison to 10M. The pH can be

calculated as.

from acid, [H"] = 10°M.

from H,0, [H]=10"M

- Total [H]=10"3+107=108%(1+10)=11x 1073

. pH=—log [H"]=—log 11x10-3=—[log11 + 8 log 10]
=—[1.0414—8] = 6.9586

AB, =—A"2 4 2B~
[A]=1.0 105, [B]=[2.0x 10°],
K, =[BP [A]=[2 < 105]2[1.0 x 10-5] =4 x 10-15

_[NO, P

_ _ [12x10721
[N204]

3 10_2] =3x10"3 mol/L
OX

Due to exothermicity of reaction low or optimum
temperature will be required. Since 3 moles are changing
to2 moles.

.. High pressure will be required.

The rain water after thunderstorm contains dissolved
acid and therefore the pH is less than rain water without
thunderstorm.

NOTE : Conjugate acid-base differ by H*

- -H -
H,PO; —> HPO,
Acid conjugate base

For P4(s)+50;(g) === P40;¢(s)

1
¢ ©0,) The solids have concentration unity

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

©

b)

@

b)

©

@

@

@

@

@

- An. _ -
Kp =K (RT)?"; Here An=1-2=-1

[NOJ?

c=————=4x107*
[N2][0,]

[N ]1/2[0 ]1/2 1

K

’

.= [NOJ =50

J4x10-4

N\ d+
MX M +4X"™
4X S 48

\1/5

s_bsé}

K, = [s][4s]* =256 5

Na,SO, == 2Na + SO~
lI-a 2a o
. l—o+20+a
Vant. Hoff’s factor 1= — =1+2a
MX, = M++ +2X~

2s
Where s is the solubility of MX,
thenK = 453, s x (25)2=4x10"12=4s3s=1x 10
o [MT]=s=1[M*"]=10x 10~*
The reaction given is an exothermic reaction thus
accordingly to Lechatalier’s principle lowering of
temperature, addition of F, and or Cl, favour the for
ward direction and hence the production of CIF; .

For the reaction:- 2NO, (g) == 2NO(g) + 0, (g)

Given K =18x10° at184°C

R=0.0831 kj/mol. k

Kp= 1.8 x 1070 x0.0831 x457=6.836 x 106
[ 184°C=(273+184)=457k,An=(2+ 1,-1)=1]
Hence it is clear that Kp> K,

log

. 54=
[H']

Onsolving, [H*]=3.98 x 10-
Conjugate acid-base pair differ by only one proton.

log

H=-log [H]=
p og [H'] (1]

OH~ ——» H* + 0% Conjugate base of OH- is O*

NH,HS(s) == NHj(&) + H,S(®
start 0.5 atm 0 atm
At equib. 0.5+ x atm X atm.

GP_3021
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26. @ H,A—

®
Then0.5+x+x=2x+0.5=0.84 (given)
= x=0.17 atm.

pNh; =0.5+0.17=0.67 atm;  py,g =0.17 atm

K= PNH; X Ph,s =0.67x0.17 atm® =0.1139=0.11
PCly(g) == PCl;(g) + Cly(g)

1-x X X

Total moles after dissociation 1 —x+x+x=1+x
=mole fraction of PCl, x Total pressure

()

SO,4(g) — SOz(g)+ 0,(g)

Ppcy,

_[80,1[0,1*
¢ [SOs]

On taking the square of the above reaction

=49x1072;

[SO,1%[0,]
[SO51?

=24.01x107*

now K'. for 280,(g) + 0,(g) =280,

SO 1

= = =416
[SO,1?[0,] 24.01x107*

(i) Ag——Ag*+e” E°=-0.800V
() Ag+I"——Agl+e” E°=0.152V
From (i) and (ii) we have,

Agl——> Agt +17 E°=-0952V

0.059
Ecell — —logk
0.059 N N
. 0.952= log [Ag" [I] [+ k=[Ag"][I]]
0.952
or ~ 0059 - =log Ky, or —16.13=log K,
H* +HA™
+ -—
K,=10x107°= [H7JHA"] (Given)
[HyA]

HA™——>HY+A™

=50x10710 = M(leen)
[HA™]

Get More Learning Materials Here : &

For acidic buffer pH=pK + log[ salt ]

or pH=pK, +log

ucnrene €9
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+121 A 2-
K=—[H][A ]=K1><K2
[HyA]

=(1.0x10%) x (5 x 10710 =5x 10713

acid

[+]
[FA]

Given pK, =4.5 and acid is 50% ionised.

[HA]=[A~] (when acid is 50% ionised)
- pH=pK, +logl . pH=pK,=45
pOH=14-pH=14-4.5=9.5

Let s = solubility

AglO; AgT+105"

S S
=[Ag1[I0;]=sxs=5?
GivenK,=1x 107
s=[Kg = VIx1078
= 1.0 x 10~ mol/lit = 1.0 x 10~* x 283 g/lit
(" Molecular mass of Ag10; =283)

_ 1.0x107*x283x100
1000
=283 %1073 gm/100ml

Let the initial moles of X be ‘a’ and that of Z be ‘b’ then
for the given reactions, we have

gm/100ml

X = 2Y

Initial amoles 0
Atequi. a(l - 2aa.
(moles)

Total no. of moles=a (1 —a)+2aa
=a-aot2aa=a(l+a)

(ny)Z PTl An
K, = x| —
Now, P, n_ Tn

(2aoc)2 .PT1

Ko =
PR a-w)lla+ o)
Z — P + Q
Initial b moles 0 0
Atequi. b(l-o) ba ba
(moles)
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Total no. of moles =b(1— o)+ ba. + ba
=b-ba +ba+ba=b(1+a)

A
ng xn P n

NowKp =—2 L« 2
S ¥ Zn

~ (boc)(boc).PT2
o TR b(1- )b+ )]

Kp,

2
_ 4o ‘PTl 8 (1 _a)2 _ 4PT1
or KP2

(1-a?) Ppo® P

Pi—l "—KPl—l iven
o P, 9 |'Kp 9°

Pp_1
or PT2 36 Or 1:36

i.e., (a) isthe correct answer.

Reaction (c) can be obtained by adding reactions (a)
and (b) therefore K, =K. K,

Hence (c) is the correct answer.

The correct order of acidic strength of the given species

30. (¢)

31. (¢

in HSO;F > H;0" > HSO,~ > HCO;~
(iv) (ii) (iii) @)
or (i) < (i) < (i) < (iv)
It corresponds to choice (¢) which is correct answer.

32. (c¢) In aqueous solution BA(salt) hydrolyses to give

BA +H,0 —— BOH+HA

Base acid
Now pH is given by

1 1 1
H=—-pK,, +—pKa—=pK
p: 2 PRy ) p! ) P&y
Substituting given values, we get

pH= %(14+4.80—4.78) =701

33. (@ Na,CO;——> 2Na® + CO;*
1x107*M IxXI0™*M  1x107*M

Ksp(Baco;) = [Ba**][CO3"]

5.1x107°

[BaZt]= = =51x10°M

Ix1

34. @ () HsPOs+H04——H30"+H,POy
acid, base, acid, base;
(i) H,PO;+H,0——>HPO; +H30"

acidj base; base; acidy

35. (¢)

36. (b

ucnrene €9

GP_3021

.. H,PO;+OH™ ——H;PO,+0 "
(i) acid ; base
base; 2 acid; 2

Hence only in (ii) reaction H,POj is acting as an acid.

H,CO3(aq)+ HyO(/) = HCOj (aq) + H;0™ (ag)

0.034-x X x
_[HCO3][H30"]  xxx
L H,CO04] 0.034—x
2

X

=42x1077 = =x=1.195x107*
0.034

As H,COj is a weak acid so the concentration of
H,CO; will remain 0.034 as 0.034 >> x.

x=[H']=[HCO3]=1.195x 1074

Now, HCO3 (ag)+H,0(/) = CO3 (aq) + H;0" (ag)
x=y y y

As HCOj 1sagain a weak acid (weaker than H,CO;)
with x>>y.

k. - [COTIH;0"] _ yx(x+y)
[HCO3] (x-y)

Note : [H;0"]=H" from first step (x) and from second

step () =(x+)
[Asx>>ysox+y=xandx—y = x]

yxx

=K, =4.8x1071 = y =[CO37]

So the concentration of [H'] = [HCO3 |=

concentrations obtained from the first step. As the
dissociation will be very low in second step so there
will be no change in these concentrations.

Thus the final concentrations are

[H*]=[HCO3 ]=1.195 x 104 & [CO}"1=4.8x107"!

AgBr——Ag" +Br~
K,,=[Ag'][Br]

For precipitation to occur

Ionic product > Solubility product

Ky 5x10713

_ —10~ 1
[Ag™] 0.05

[Brr]=

i.e., precipitation just starts when 10~!! moles of KBr
is added to 1£ AgNO; solution

. Number of moles of Br~needed from KBr = 1011
. Massof KBr=10"11x120=12x107g
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37.

38.

39.

40.

41.

42.

®)

@

©

@

b)

Mg(OH)2 =—Mg*t +20H"
=[Mg"*][OH]?
1 0 x 1011 =103 x [OH]?

[OH™]=

. pOH=4

CO; + Cgrapnitey —— 2CO
Pisitial 0-5atm 0
Pina (0.5—x)atm 2x atm

.. pH+pOH=14 . .pH=10

Total P at equilibrium =0.5—-x+2x=0.5+x atm
0.8=05+x
x=0.8—0.5=0.3atm

(2x0.3)
(0.5-0.3)

_(06)
"~ (0.2)
=1.8atm

Now k,= (Pco )2 Peo, =

For the reaction
N,+0, — 2NO
Hence for the reaction

K=4x10"%

1 1
NO——)%NQ +%02 K=—=

VK [ax10-*

[H*] 1072
a=——=10
or 01

=50

H" =Cao=

Ka=Co2=0.1x10"2x1072 =107
+pH=1;H*=10"1=0.1M
pH=2 ;H'=102=0.01M

M,;=0.1V, =1,M,=001 V, =?
From
MV, =M2V2;0.1 x1=0.01 xV,
V, =10litre

.. volume of water added= 10— 1 =9 litre.

1
SOz(g)+502(g)=503(g)

Kp = K- (RT)*

Get More Learning Materials Here : &

43.

44.

45.
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b)

@
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where x = An, = number of gaseous moles in product

— number of gaseous moles in reactant

(1t} 320
"2)T 272
AG°=24942]

2A —— B+C.
R=8.314 J/K/mol.
e=2718

(a1= 1 B2 1= 1= T - 2202
el
2
AG°=-2303RTlogk..
2494.2 J=-2.303 x (8.314 J/K/mol) x (300K) logK .
24942
2.303x8.314J/K /mol x 300K
= logK.=-04341;K.=0.37,;Q >K..
AG°,,.= 86.6k J/mol = 86600 J/mol; G°Noy (g)=x J/mol

NO(®)
T=298,K,=1.6x 102

AG® = —RTInK,
Given equation,

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

2AG°,, —2AG°, ;=—R(298)In (1.6 x 10?)
2AG°NO§—2 x 86600 =—R (298)In (1.6 x 10?)
2A0G" ;=2 x 86600~ R (298) In (1.6 x 107)

=4

= logK.=-

1
AG®y,,= 5 [2%86600-R(298)In (1.6 < 107]
=0.5[2 x 86600—R (298) In (1.6 x 102)]
Given,

A+B—=—=C+D

No. of moles initially 1 1 1 1
At equilibrium l-a l-a l+a 1l+a

K = (”—3]2 =100
¢ (1-a)

“1a a—IO

On solving
a=0.81
[Dlpreq=11ta=1+0.81=1.81
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