Chapter - Equilibrium

Topic-1: Chemical Equilibrium

Solubility product constant (K o) Of salts of types MX, MX,

and M, X at temperature T'are 4,0 x 1078, 3.2 x 10~ and

2.7 % 10715, respectively. Solubilities (mol dm) of the salts

attemperature'T" are in the order — [2008S]

@@ MX>MX,>MX (b) M,X>MX,>MX

(€) MX,>MX>MX (d) MX>MX>MX,

The Haber’s process for the formation of NH, at 298 K is

N, +3H; = 2NH,; AH = —46.0 kJ; Which of the

following is the correct statement [2006 -3M, 1]

(a) The condition for equilibrium is
Gy, +3Gy, = 2GNp,
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 11" 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

Consider the following equilibrium in a closed container

[20028]
N,0,(g) == 2NO(g)

Ata fixed temperature, the volume of the reaction container

is halved. For this change, which of the following

statements holds true regarding the equilibrium constant

(K ) and degree of dissociation ( o )?

(a) neither K nor a changes

(b) both K and achange

(¢) K changes, but o does not change

(d) K does not change, but o changes

P = e s ~

At constant temperature, the equilibrium constant (K ) for

the decomposition reaction N.O, 77— 2NO, is

expressed by K = (4x°P)/(1-x?), where P = pressure,

x = extent of decomposition. Which one of the following

statements is true? [20018]

(a) K increases with increase of P

(b) i increases with increase of x

5

8

10.

(¢) K increases with decrease of x

(d) , remains constant with change in Pand x

For a sparingly soluble salt 4,B,, the relationship of its
solubility product (L) with its scﬁubi]ity (8)is [2001S]
(a} LS = Sﬂ+q_pﬂqu {'b) LS = SF+‘?IP‘.|’_qP

(©) Lg=5PpP.gd (d) Lg=SM.(pg)r™
When two reactants, 4 & B are mixed to give products
C & D, the reaction quotient (), at the initial stages of the
reaction [20008]
(a) iszero (b) decreases with time
(c) isindependentoftime (d) increases with time
For the reversible reaction, N,(g)*+ 3H,(g) =2NH,(g) at

500°C, the value opr is 1.44x10~° when partial pressure
is measured in atmospheres. The corresponding value of

K, with concentration in mole litre™, is [2000S]
1.44x107° 1.44x107°
{B) o e T
(0.082x500) (8.314x773)
1.44x107° 1.44x1073
(e} Fomem—— (@] ien—
(0.082x773) (0.082x773)

For the chemical reaction 3X(g) + ¥(g) == X, Y(g), the
amount of X, Yat equilibrium is affected by

[1999 - 2 Marks]
(a) temperature and pressure
(b) temperature only
(c) pressure only
(d) temperature, pressure and catalyst
Amongst the following hydroxides, the one which has the
lowest value of K pat ordinary temperature (about 25 °C)

1S [1990 - 1 Mark]
(@ Mg(OH), (b) Ca(OH),
(¢) Ba(OH), (d) Be(OH),

When equal volumes of the following solutions are mixed,
precipitation of AgCl (K = 1.8x10"'%) will occur only with
@ 10*M(Ag") and 10*M(Cl) [1988 - 1 Mark]
(b) 105 M (Ag") and 10-5 M (CI")

(¢) 10°M(Ag)and 105 M (CI)

(d 10"M(Ag")and 109 M (CI)
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11.  Anexample ofa reversible reaction is: [1985-1 Mark]
(@) PB(NO,),(aq) + 2Nal(aq) — PbL(s) + 2NaNO,(aq)
(b) AgNO,(aq) + HCl(aq) — AgCl(s) + NaNO,(aq)
(¢) 2Na(s)+H,0(I) - 2NaOH(aq) + H,(g)
(d) KNO,(aq) +NaCl(aq) — KCl(aq) + NaNO,(aq)
12, Pure ammonia is placed in a vessel at a temperature where
its dissociation constant (c) is appreciable. At equilibrium:
[1984 -1 Mark]
(a) K, does not change significantly with pressure.
(b) o does not change with pressure.
(¢) concentration of NH, does not change with pressure.
(d) concentration of hydrogen is less than that of nitrogen.
13.  Aliquid is in equilibrium with its vapour at its boiling point.
E On the average, the molecules in the two phases
have equal : [1984 -1 Mark]
(a) inter-molecular forces (b) potential energy
(c) total energy (d) kinetic energy
14. = The precipitate of [1982 -1 Mark]
CaFy(K =1.7x107"%)
is obtained when equal volumes of the following are mixed
(@ 10°MCa*+10*MF- (b) 10°MCa® +10°MF-
(¢) 10°MCa*+10°MF (d) 103MCa*+10°MF-
15, For the reaction : [1981 - 1 Mark]
Hy(g) + L(g) = 2HI(g)
the equilibrium constant K, changes with
(a) total pressure
(b) catalyst
(¢) the amounts of H, and I, present
(d) temperature
16.  The oxidation of SO, by O, to SO, isan 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
17.  Molten sodium chloride conducts electricitry due to the
presence of [1981 - 1 Mark]
(a) free electrons
(b) freeions
(c) free molecules
(d) atoms ofsodium and chlorine

18. In1Lsaturated solution of AgCl [K(AgCD) = 1.6 x 1019,
0.1 mol of CuCl [K (CuCl) = 1.0 x 10-] is added. The
resultant concentration of Ag” in the solution is 1.6 x 10—,

The value of “x” is [2011]

T i e i i Qi

19. Considet the reaction A = B at 1000 K. At time 7', the
temperature of the system was increased to 2000 K and
the system was allowed to reach equilibrium. Throughout
this experiment the partial pressure of A was maintained at
1 bar. Given below is the plot of the partial pressure of B

Chemistry

with time. What is the ratio of the standard Gibbs energy
ofthe reaction at 1000 K tothat at 2000K? [Adv. 2020)
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20.  For the following reaction, the equilibrium constant K. at
298K is 1.6 x 107, [Adv. 2019]
Fe’* (aq) +S%"(aq) = FeS (s)
When equal volumes of 0.06 M Fe?* (aq) and 0.2 M S (aq)
solutions are mixed, the equilibrium concentration of Fe?* (aq)
is found to be ¥ x 10717 M. The value of Yis

21.  Anaqueous solution 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, for MS=6.0x10"2!; concentration of saturated
HS=0.1M
K1 =107 and K, =1.3x107, for HL,S.

22, The equilibrium constant of the reaction
4,(8) + B,(g) = 24B(g)
at 100 °Cis 50. Ifa one litre flask, containing one mole of 4,
is connected to a two litre flask, containing two mole of B,
how many mole of 4B will be formed at 373 °C?

[1985 - 4 Marks]

23. A ten-fold increase in pressure on the reaction,

N, (g)+3H,(g) ===2NH;(g) at equilibrium results in
e i K, [1996 - 1 Mark]
24. Fora given reversible reaction at a fixed temperature,
equilibrium constants K, and K arerelated by........
[1994 - 1 Mark]

25.  Solubility of sodium hydroxide increases with increase in

temperature, [1985 - 1 Mark]

26. When a liquid and its vapour are at equilibrium and the
pressure is suddenly decreased, cooling occurs,

[1984 -1 Mark]

27. Ifequilibrium constant for the reaction A,+B, ¥ 248, is

K, then for the backward reaction 4B = %2 4,+ % B,, the

equilibrium constant is 1/K, [1984 -1 Mark]




28. The % vield of ammonia as a function oftime in the reaction
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N,(g)+ 3H,(g) &= 2NH,(g), AHH <0 at (P, T}) is given below

% yield
~

time
If this reaction is conducted at (P, T. 5 with T,> T, the
% yield of ammonia as a function of time is represented by
[Adv.2015]
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The thermal dissociation equilibrium of CaCO,(s) is studied

under different conditions [Adv. 2013]
CaCO,(s) == CaO(s) + CO,(g). For this equilibrium, the
correct statement(s) is (are)
(a) AHis dependent on T
(b) Kisindependent of the initial amount of CaCO,
(¢) K is dependent on the pressure of CO, at a given T
(d) AH is independent of catalyst, if any
The K_ of Ag,CrO, is 1.1 x 10-"? at 298 K. The solubility
(in moﬂL) of Ag,CrO, in a0.1 M AgNO, solution is
[Adv. 2013]

(@ Llx10M (b L1x10710
(e llx101" (d) L1x107°
For the reaction CO(g) + H,0(g) «—= CO,(g) + H(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 ofthe container
(d) increasing the amount of CO(g).
For the reaction ;

PCl(g) - PCL(g)+ CL(g)
The forward reaction at constant temperature is favoured by
(@) introducing an inert gas at constant volume
(b) introducing an inert gas at constant pressure
(¢) increasing the volume of the container
(d) introducing PCI; at constant volume
The equilibrium : [1989 - 1 Mark]

SO,ClL(g) #= S0,(g) + CL(g)

[1991 -1 Mark]

34.

35.

A39

isattained 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, donot change

(b) More chlorine is formed

() Concentration of SO, is reduced

(d) More SO,Cl, is formed.

When NaNO, is heated in a closed vessel, oxygen is liberated

and NaNOQ, is left behind. At equilibrium. [1986 - 1 Mark]

(a) 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

For the gas phase reaction : [1984 - 1 Mark]
C,H,+H, = C,H, (AH=-32.7 kcal)

carried out in a vessel, the equilibrium concentration of

C,H, can be increased by :

(a) increasing the temperature

(b) decreasing the pressure

(¢) removing some H,

(d) adding some C,H,

Each question contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (c)
and (d) out of which ONLY ONE is correct. Mark your answer as

(@)
(b)

(©)
(d)
36.
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If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the Statement -2,
If both Statement -1 and Statement -2 are correct,
but Statement -2 is not the correct explanation of the
Statement -1.

If Statement -1 is correct but Statement -2 is incorrect.

If Statement -1 is incorrect but Statement -2 is correct.
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]
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 itselfso
as to overcome the effect of change.  [1991 - 2 Marks]
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When 3.06 g of solid NH ,HS isintroduced 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]
Given: Ag(NH,) ; =—=Ag’+2NH,,K =6.2 % 10 and
K_ofAgCl=18x 1071° at 298 K. If ammonia is added to
a water solution containing excess of AgClI(s) only,

calculate the concentration of the complex in 1.0 M
agueous ammonia, [1998 - 5 Marks]|
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A sample of AgCl was treated with 5.00 mLof 1.5 M Na,CO
solution to give A CO,. The remaining solution contain
0.0026 g of CI” per litre. Calculate the solubility product of
AgCl (Ksp(AgQC()s) =82x1012), [1997 - 5 Marks]
For the reaction

[Ag(CN),]” —= Ag* +2CN~

the equilibrium costant, at 25°C , is 4,0x10~!°. 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]
At temperature T, a compound 4B, (g) dissociates
according to the reaction [1994 - 4 Marks]

24B,(g) =====24B(g)+ 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.

0.15 mole of CO taken in a 2.5 L 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 solubility product (K_) of Ca(OH), at 25°C is
4,42 = 107, A500 mL of saturated solution of Ca(OH), is
mixed with equal volume of 0.4 M NaOH. How much
Ca(OH), in milligrams is precipitated? [1992 -4 Marks]
The solubility product of Ag,C,0, at 25°C is 1,29 x 10711
mol® L. A solution of K,C,0, 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,CO,.
Assuming the degree of dissociation of K,C,0, and K,CO,
to be equal, calculate the solubility product of Ag,CO,,
For the reaction : CO(g) +2H,(g) &= CH,OH(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
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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]
The equilibrium constant K _ofthe reaction :
280,(g) + O,(g) == 250,(g)
is 900 atm. at 800 K. A mixture 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]
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 37°C. (1988 - 4 Marks]
At a certain temperature equilibrium constant (K)is 16 for
the reaction. [1987 - 5 Marks]
SO,(g) + NO,(g) = SO,(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)?
The solubility of Mg(OH), in pure water is 9.57x10-3 g/litre.
Calculate its solubility (in g/litre) in 0.02 M Mg(NO,), solution.
[1986 - § Marks|
One mole of Cl, and 3 moles of PCl, areplaced 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 PCl, and X -, for the reaction :
PCl(g) == PCL(g) + Cl,(g). [1984 - 6 Marks]
Asolution 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?
[K,, : Agl=8.5x 1077 Hg,1,=2.5 % 107%]
[1984 - 4 Marks]
One mole ofnitrogen is mixed with three moles of hydrogen
in a 4 litre container. If 0.25 per cent of nitrogen is converted
toammonia 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
7 @+ 7 H(g) = NH,(ag)

Topic-2: lonic Equilibrium

I MOQs with One Comrect Amswer.
On decreasing the pH from 7 to 2, the solubility of a sparingly
soluble salt (MX) of a weak acid (HX) increased from 10~
mol L' to 102 mol L-!. The pK, of HX is  [Adv. 2023]
@ 3 (b) 4 © 5 d 2
2.5 mL of (2/5) M weak monoacidic base (K, =1 x 102 at
25° C) is titrated (2/15) M HCI in water at 25°C. The

concentration of H" at equivalence pointis (K =1 x 1071
at25°C) [200858]
(@ 3.7x104M ) 32x107"M
(¢) 32x102M @ 27x102M
0.1 mole of CH,NH, (K, = 5 x10~*) is mixed with 0.08 mole
of HCI and diluted to one litre. What will be the H*

concentration in the solution? [20058]
(a) 8x102M (b) 8x101M
(c) 1.6x101'M (d 8x10°M
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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,S0, is [20048]
@ 2% () 0% (0 75% (d) 8%

A weak acid HX has the dissociation constant 1 x 10-3 M.
It forms a salt Na.X on reaction with alkali. The percentage

hydrolysis of 0.1 M solution of NaX is [20048]
(@ 0.0001% (b) 0.01%
(© 01% (d 0.15%
The set with correct order of acidity is [20018]

(a) HCIO<HCIO, <HCIO, <HCIO,

(b) HCIO, <HCIO, <HCIO, < HCIO

(©) HCIO <HCIO, < HCIO, <HCIO,

(d HClO,< HCIO, <HCIO, <HCIO

The pH of 0.1 M solution of the following salts increases
in the order. [1999 - 2 Marks]
(@) NaCl<NH,Cl<NaCN <HCI

(b) HCI<NH,C1<NaCl <NaCN

() NaCN<NH,Cl<NaCl<HC]

(d) HCl<NaCl<NaCN< NH,Cl

The following acids have been arranged in the order of
decreasing acid strength. Identify the correct order.
CIOH(T), BrOH (II), IOH (1IT) [1996 - 1 Mark]
@@ I>I>II (b) I>I>TI

() M>M>I (d I>m=>II

Which one is more acidic in aqueous solution. [1995S]
@ NiCl, (b) FeCl, (c) AICl, (d) BeCl,
The degree of dissociation of water at 25°C is 1.9 x 10-7%
and density is 1.0 g em™. The ionic constant for water is :

@ 1.0x1071° (b) 1.0x10'% [1995S]

(©) 10x1076 @ 10x10°%

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

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

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

(c) 10mlof(M/10) HCI + 90 ml of (M/10) NaOH

(d) 75 mlof(M/5) HC1+ 25 ml of (M/5) NaOH

The following equilibrium is established when hydrogen
chloride is dissolved in acetic acid.

HCl+ CH,COOH == CI-+ CH;COOH
The set that characterises the conjugate acid-base pairs is
[1992 - 1 Mark]
(2) (HCL, CH,COOH)and(CH,COOH, ,CI)
(b) (HCI, CH;COOH? ) and (CH,COOH, CI)
(¢) (CH3COOH},HCl)and (CI-, CH,COOH)

(d) (HCI, CI)and (CH;COOH ; , CH,COOH)
The reaction which proceeds in the forward direction is
(@) Fe,0,+6HCl — 2FeCl,+3H,0  [1991 -1 Mark]
(b) NH, +H,0+NaCl —NH,Cl+ NaOH
(c) SnCl,+Hg,Cl, — SnCl, + 2HgCl,
(d) 2Cul+1,+4K"— 2Cu* +4KI
Which one of the following is the strongest acid?

[1989 - 1 Mark]
(b) ClO,(OH)
(d) SO,(OH),

(@) CIO4OH)
(c) SO(OH),
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The pK, of acetylsalicyclic acid (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 willbe  [1988 - 1 Mark]
(@) 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.
The compound whose 0.1 M solution is basic is
[1986 - 1 Mark]
(@) ammonium acetate (b) ammonium chloride
(¢) ammonium sulphate (d) sodium acetate
The compound insoluble in acetic acid is : [1986 - 1 Mark]
(@) calcium oxide (b) calcium carbonate
(c) calcium oxalate (d) calcium hydroxide
The compound that is not a Lewis acid is : [1985 - 1 Mark]

(@ BF, (b)) ACl, () BeClL, (d) SnCl,
The conjugate acid of NH is : [1985 -1 Mark]
@ NH, () NHOH () NH; (d) NH,

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

(b) methylred (5to6)

(c) bromothymol blue (6 to 7.5)

(d) phenolphthalein (8 to 9.6)

A certain weak acid has a dissociation constant of 1.0 x 10,
The equilibrium constant for its reaction with a strong base

is [1984 -1 Mark]
(a 1.0x10* (b) 1.0x10°10
() 1.0x10% d 1.ox10"

A certain buffer solution contains equal concentration of
X" and HX. The K, for X~ is 10~'°, The pH of the buffer is:

@ 4 (b) 7  [1984-1Mark]
© 10 ) 14

At 90°C, pure water has [H,0%] 10-° mole litre™!. What is
the value of K at 90°C? [1981 - 1 Mark]
@ 100 () 102 () 104 (@ 10°

Of the given anions, the strongest Bronsted base is
[1981 - 1 Mark]

@@ CO (b a0, (o «C 0; (@@ Co,

The pH of a 10~% molar solution of HCI in water is

(a) 8 (b) -8 [1981-1 Mark]

(¢) between 7 and 8 (d) between 6 and 7

An acidic buffer solution can be prepared by mixing the

solutions of [1981 - 1 Mark]

(@) ammonium acetate and acetic acid

(b) ammonium chloride and ammonioum hydroxide

() sulphuric acid and sodium sulphate

(d) sodium chloride and sodium hydroxide.

27.

Concentration of H,SO, and Na,S0, in a solution is 1 M
and 1.8 x 1072 M, respectively. Molar solubility of PbSO,
in the same solution is X x 10-Y M (expressed in scientific
notation). The value of Y is :

[Given: Solubility product of PbSO, (K,,)=1.6 x 10, For
H,S0,, K, is verylargeand K , = 1.2 X 10-2] [Ady. 2022]
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A solution of 0.1 M weak base (B) is titrated with 0.1 M of
a strong acid (HA). The variation of pH of the solution with
the volume of HA added is shown in the figure below. What
is the pK} of the base? The neutralization reaction is given
byB+HA » BH + A~ [Adwv. 2020]

il

-

| |

o 46 8 G002
Volume of HA (mL)

Amongst the following, the total number of compounds
whose aqueous solution turns red litmus paper blue is
KCN, K,80,, (NH,),C,0,, NaCl, Zn(NO,),, FeCl,, K,CO,,
NH,NO, and LiCN [2010]
The total number of diprotic acids among the following is:
H,PO,, H,S0,, H,PO,, H,CO,, H,S,0,, H,BO,, H,PO,,
H,CrO, and H,80, [2010]
The dissociation constant of a substituted benzoic acid at
25°Cis 1.0 x 10, ThepH of a0.01 M solution ofits sodium
salt is [2009 - 2 Marks]
0.1 M NaOH is titrated with 0.1 M H4 till the end point; K
for HA is 5.6 x 107 and degree of hydrolysis is less
compared to 1. Calculate pH of the resulting solution at
the end point. [2004 - 2 Marks]

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
[1997 -2 Marks]

change (K =1. {JXJO'S)'?

A solution is prepared byrmxmg 0. 01 mol each of H, CO
NaHCOa, Na,CO,, and NaOH in 100 mL of water. pH ofthe
resulting solution is
[Given: pK and pK_ of HQCO are 6.37 and 10.32,
respectlvely log 2=0.30] [Adv. 2022]
Anacidified solution of 0.05 M Zn>" is saturated with 0.1 M
H,S. What is the minimum molar concentration (M) of H"
required to prevent the precipitation of ZnS?

Use K, (ZnS) = 1.25 x 10%* and overall dissociation
constant of H,S, K. =K \K, =1 x 10!, [Adv. 2020]
The solubility of a salt of weak acid (4B) atpH 3 is ¥x10°3
mol L', The value of ¥is [Adv. 2018]
(Given that the value of solubility product of AB
(K,)=2x1 0~'% and the value of ionization constant of HB
(K)=1x10%)

The average concentration of SO, in the atmosphere over
a city on a certain day is 10 ppm, when the average
temperature is 298 K. Given that the solubility of 8O, in
water at 298 K is 1.3653 moles litre™ and the pK of H, SO
is 1.92, estimate the pH of rain on that day. [2000-5 Marks]

38.
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‘What will be the resultant pH when 200mL of an aqueous
solution of HCI (pH = 2.0) is mixed with 300 mL of an
aqueous solution of NaOH (pH=12.0) 7 [1998 - 2 Marks]
What is the pH of a 0.50 M aqueous NaCN solution? pK.
of CN~is 4.70. [1996 - 2 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, of ammonia=4.8.)
[1995 - 2 Marks]
The pH of blood stream is maintained by a proper balance
of H,CO, and NaHCO, concentrations. What volume of
5M NaHCO, solution should be mixed with a 10 mL sample
of blood which is 2M in H,COj in order to maintain a pH of
7.47 K, for H,CO, in blood is 7.8 < 107", [1993 - 2 Marks]

42.

43.

44,

In the reaction I+1,— 13, the Lewis acid 15 e
[1997 -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
16 He 10 S Ia0n [1984 - 1 Mark]

The conjugate base of HSO, in aqueous solution is
[1982 - 1 Mark]

S

45,

Aluminium chloride (AICL,) is a Lewis acid because it can
donate electrons. [1982 - 1 Mark]

@_

47.

48.

49,

The initial rate of hydrolysis of methyl acetate (1M) by a
weak acid (H4, 1M) is 1/100% of that of a strong acid (HX,

IM), at 25°C. The K, of HA is [Ady. 2013]
(@ 1x10* b 1x10°
(c) 1x10° (d 1x107

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

(¢) HNO,and CH,COONa

(d) CH,COOH and CH,COONa

A buffer solution can be prepared from a mixture of
[1999 - 3 Marks]

sodium acetate and acetic acid in water

sodium acetate and hydrochloric acid in water

(c) ammonia and ammonium chloride in water

(d) ammonia and sodium hydroxide in water

Which of the following statements(s) is (are) correct?
[1998 - 2 Marks]

The pH of 1.0 x 10~ M solution of HCl is 8

The conjugate base of H,POy is HPO i"

Autoprotolysis constant of water increases with

temperature

When a solution of a weak monoprotic acid is titrated

against a strong base, at half-neutralisation point

pH=(1/2)pK .

(@)
(b)

(@)
()
()

(d)




50. Dilution processes of different aqueous solutions, with
water, are given in LIST-1. The effects of dilution of the
solutions on [H7] are given in LIST-IL.

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

represents the concentration of H ions)  [Adv. 2018]
LIST-I LIST-II
P. (10mLof0.1 M 1. the value of [H"] does
NaOH +20 mL of not change on dilution
0.1 M acetic acid)
diluted to 60 mL
Q. (20mLof0.1M 2. the value of [H"] changes
NaOH+20 mL of to halfofits initial
0.1 M acetic acid) value on dilution
diluted to 80 mL
R (20mLof0.1 M 3. the value of [H']
HCl1+20mL of 0.1 M changes to two times
ammonia solution) of its initial value on
diluted to 80 mL dilution
S. 10 mL saturated 4. the value of [H']
1
solution of Ni(OH), changes to “\E“ times of
in equilibrium with its initial
excess solid Ni(OH), is value on dilution
diluted to 20 mL (solid
Ni(OH), is still present
after dilution). 5. the value of [H']
changes to /2
times of'its initial
value on dilution

Match each process given in LIST-I with one or more
effect(s) in LIST-IL. The correct option is

(a P-4;Q-2:R-3;58-1 (b) P-4;Q-3:R-2:S-3
(c) P-1;Q-4;R-5;8-3 (d) P-1;Q-5;R-4;8-1

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

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, Peguilieiurn 18 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.

(Given R=0.083 L bar K™ mol ") [Adv. 2016]
51. The equilibrium constant K, for this reaction at 298 K, in

terms of ﬂequmbmn- is :
2
Sﬁe uilibrium SBquﬁ]ibl’ium
@ SRR ) =
2 — Bequilibrium 4 - Bequilibriun
2
4B§quﬂibrimn 4chuilibrium
1 S - U U T e
2 —Bequilibrium 4~ Bsquilibriom

A43

52. 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) TPl s
d K. <1
PASSAGE-IT

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-!), 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,=2.0x107)
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 mL1) [Adv. 2015]
53. Enthalpy of dissociation (in kJ mol ) of acetic acid obtained

from the Expt.2 is

(a 1.0 (b) 100 (c) 245 (d) 514
54. The pH of the solution after Expt. 2 is _
(a) 28 (b) 47 () 50 (d) 70

Each question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (c)

and (d) out of which ONLY ONE is correct. Mark your answer as

(@) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2,

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

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

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

55. 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]
3o

56. Arrange the following oxides in the decreasing order of
Bronsted basicity :
Ba0, 50,, CO,, CL,0,, B,0, [2004 - 2 Marks]
57. 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 acetic acid is 1.75 % 10 mol L'].  [2002 - 5 Marks|
58.  The solubility of Pb(OH), in water is 6.7x10° M. Calculate
the solubility of Pb(OH), in a buffer solution of pH= 8.
[1999 - 4 Marks]
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59. The ionisation constant of NHJ in water is 5.6x10-0at ~ 66. Increasing acid strength : HCIO,, HCIO,, [1-1153122,:-1;10 v
. + - 3 ar

= fC' i forzthiregctlci 01; {T):TE andl_Cl)I-_]] 67. The[H']in 0.2 M solution of formic acid is 6.4 % 10~ mole
A NE edHon o Loy ol s litre™1. To this solution sodium formate is added so as to
Calculate the rate constant for proton transfer from water adjust the concentration of sodium formate to onie fole

toNH.. [1996 - 3 Marks] ] ; : ; ‘
3 v : i litre'. What wil be pH of'this solution? X for HCOOH is
SU= Lt wn sing basicierorder. B0 URES CHESI;’ECI]{R? o 2.4 x 10 and degree of dissociation of HCOONa is 0.75.

- ar

: 1985 - 3 Mark
61. A 40.0 mL solution of weak base, BOH is titrated with 0.1N 68. Increasing bond length : F,, N,, Cl [O sl
HCl solution. The pH of the solution is found to be 10.04 I SRR [12985 -1 Mark|
o Ot aiter acding 5.3 . a0¢ 20,9 ml. of e a¢ld 9. The dissociation constant of a weak acid Hd is 4.9 x 10
tospeckven; Bk aulihe Gibacelcrien conls;a;r;t = 6 I\; ]:’e' After making the necessary approximations, calculate (i)
— : jie. > e, percentage ionization, (ii) pH and (iii) OH" concentration

62. What is the pH of 1.0 M solution of acetic acid? To what in & decimolar solution of the acid, Water has & pH of 7.
volume must one liter of this solution be diluted so that [1983 - 2 Marks]
the pH of the resulting solution will be twice the original 40. TwentymL of 0.2 M sodium hydraxide is added fo 50 mL

e s ; ;
5 ;“1“;1? ppctis e;le il : N ;14{?;'“72*] 0f0.2 M acetic acid to give 70 mL of the solution, What is
T .yprelr::_pltat T S e s the pH of this solution? Calculate the additional volume of
i e e e 0.2 M NaOH required to make the pH of the solution 4.74.
oo Of el 0'0.5 ke L o e The ionization constant of acetic acid is 1.8 x 107>,

hydroxide. Calculate the concentration of aluminium and [1982 - 3 Marks]
magnesmm;(ons = 2;)111{1_01;: 80% 105 [1989-3 Mark 71. How many moles of sodium propionate should be added
Kb 4 g] L 6 x 10-10 [ =4 Marks| to one litre of an aqueous solution containing 0.020 mole
K %gg H)z}_‘ﬁ o of propionic acid to obtain a buffer solution of pH 4.75?
o o (AN IH)%I‘{CI a— What will be pH if 0.010 mole of hydrogen chloride is
R ol b hidie ol dissolved in the above buffer solution. Compare the last
one litre of buffer solution (containing NaCN and HCI) of pH value with the pH of 0.010 molar HCI solution.
pH .8'5 NAs Al gram e “:glght OfNaCHY Dissociation constant of propionic acid, K_at 25°C
K dissociation (HCN)=4.1 x 107", [1988 - 4 Marks]| =134% 105 (1981 _j‘ Marks]
65. What is the pH of the solution when 0.20 mole of 72. Asolution contains Na,CO, and NaHCO,. 10 mL of solution

hydrochloric acid is added to one litre of a solution
containing. [1987 - 5 Marks]
(i) 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.

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 2.5 mL of 0.2 M H,SO, was required.
Calculate the amount of Na,CO, and NaHCO, in one litre

K for acetic acid=1.8 x 10~ of the soltion, 19
? Answer Key

_ Topic-1 : Chemical Equilibrium

R R Y 3. (@ 4 @ 5@ 6@ 7@ 8@ 9 @ 10 @
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Hints & Solutions

Topic-1: Chemical Equilibrium

@ MX—M +X (Where s is the solubility)
5

3

5 FEv—
Then Ky, =5~ or §= VEs

2X

Similarly for MX, 2 .151 "

Ky =sx (25)2 =

and for M3 X ——3M*+ X3

3s 5

Ky, =@ ws=215"

1
or §= Kop }4
27
From the given values of K, for MX, MX, and
MX, we can find the Solubllltles of those salts at
temperature, T,

Solubility of MX =/4x10 =2x107

1 1

-14 |5 T T
Solubility of MX, =(%} or folo—”!3

1
=[8x1{r15]3 or 2x10°°

1
1

-15
Solubility of My X ={%r = [10—16}4 or 107
Thus, the solubilities are in the order MX'> M, X> MX,
i.e. the correct answer is (d).

(a) In areversible reaction, catalyst speeds up both the
forward and backward reactions to the same extent, so (c)
is wrong. At equilibrium,

AG= Gproducts = Greactants = 0
= 2G.\"H3 - (GNI +3GH2) =()
=Gy, +3GH2

On adding N,, reaction will move to forward direction
because of Le-Chatelier's principle.

(d) Atconstant temperature Kp or K_remains constant.
For the equilibria:

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

or 2G g,

10.

11.

12.

An=1

Since, temperature is constant so K, or K will remain
constant. Further, since volume is halved, the pressure
will be doubled so o will decrease so as to maintain the
constancy of K_or K.,

From Le-Chatelier's principle reaction will move backwards.
(d) At constant temperature, KP remains constant,
With change of pressure, x will change in such a way that
K’ﬂ remains a constant.

@ 4B(s) — pA™ + ¢gB7F
pS qS
Lg=(pSP.(¢S)1=pP.q?.SP*D
(d) At initial stage of reaction, concentration of each
product will increase and hence, O will increase.

@ K,=K, (R

2 1.44%x107°

2 K e s
T (RT) (0.082x773)"2

(Rin L.atm. K" mole™).

(a) The given reaction will be exothermic in nature due
to the formation of three X - ¥ 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.
(d In case of alkaline earth hydroxides solubility
increases on moving down the group.

Be(OH), has lowest solubility and hence, lowest solubility
product.

(a) For a precipitation to occur

Solubility product < Ionic product

Given K_=1.8x107"

Calculating ionic products in each

-4 0~

X
2

An=2-4=

Tonic product =[Ag'] [ClT] = =2.5x%10"°

which is greater than K (1.8 x 10~ iy

(d As all the reactants and products are present in
aqueous formin (d), so it is a reversible reaction. In others,
either solid or gas is generated, which is insoluble or volanie
and hence, makes the reaction unidirectional.

(a) Statement (a) is correct and the rest statements are
wrong. K depends only on temperature. hence 2t constan:
temp. K, will not change.



H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Hints & Solutions


A120

13.

14.

15;
16.

17.

18.

(d) Liquid—b'E'—~ Vapour at equilibrium
(a)

(b)
(c)
(d)

Inter-molecular forces are more in liquid phase than
that in gas phase.

Due to difference in inter-molecular forces, the
potential energy is different,

Due to difference in potential energy, the total energy
of the molecules are different.

Kinetic energy depends on temperature only, Hence,
both the molecules of liquid and solid have same
kinetic energy.

(b) For precipitation to occur, ionic product > solubility
products

Given, K,CaF; =1.7x1071°
CaF, ===Ca’" +2F"

Ionic product of CaF, = [Ca™"] [F~
Calculate I.P. in each case

(@) LP.ofCaF,=(10")x (107 =101
(b) LP.ofCaF,= (1072)x (107 =10"
(¢) LPofCaF, = (107 x (1079 =10""
(d) LP.ofCaF,= (107%)x (10%¢ =10"*
-+ L.P> solubility in choice (b) only.

. ppt of CaF, is obtained in case of choice (b) only.
(d) Onlytemperature affects the equilibrium constant,
)

() According is Le-Chateliers principle, exothermic,
reactions are favoured at low temperature,
According to Le-Chateliers principle, the reaction in
which # <0, are favoured at high pressure.

Given 2S0,(g) + 0, (g)==2S0;(g) + Heat

It is exothermic reaction

Yield of SO, is maximum at low temperature

n=2-3=-lorn<0

Yield of SO, is maximum at high pressure.
(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.
(7) Let the solubility of AgCl is x mol litre! and that of
CuClis y mol litre?!

AgCle== Ag" +CI”
X =

()

CuCl = Cu*+iC1"
¥ 2
Ksp of AgCl=[Ag'][CI]

1.6 1070 =x (x+y) {1
Similarly, K, of CuCl =[Cu"][Cl']
1.6 % 106=yx+3)
On solving, (i) and (1)
[Ag']=1.6%107".. x=7

... (i)

19.

20.

21.

025) A——B
-
PA

100
K000k =-=10; K90k = ——==100

AG1000k o ('RTI“keq }1oonk 1000x1n10

Now, S =0.
AGaopox (~RTlnkeg ), .~ 2000xIn100 =
(893)  Fe’(aq)+ S (aq) = FeS(s) (K, =1.6x10'7)
t=0 0.03M 01 M
At equilibrium (0.03 - x) (0.1 = x)
Since,

K.>>10%;003-x =0 ..
1

K P ————

¢ (0.07)x[Fe*"]

x =0.03and 0.1 —~x=0.07

=1,6x10'" (conc. of solid is taken as 1)

[Fe?*]= ] «10717 22901 617
0.07x1.6 28
=8.93 x 1017 ()

comparing (i) with given value in question we get , ¥=8.93,
(0.983)

ey _[H'IHS)

H,S = H"+HS A o7 g
+1rQ2-

Further, HS- &= H* + §% p = IYET
© [HST]

Dissociation constant of .S, K=K, x K,

ie. K=1x107%x13x108B=13x%102

Now we know that

e [M*][S*] =6x102 =0.05%[S?*]

6x107%!
0.05

Substituting the various values in the following relation

_mRsT

[S*]= =1.2x1071?

K
[H,S]
HY P1.2x1071
13x102 =L “021)‘ 1 [H,S]=0.1M
— 1.3x107%% x 0.1

1.2x107%°

1.3x107%% x 0.1
= 1f——— =1.04 x 10!
(] 12x1071?

pH=—log [H'];pH=-log (1.04 x 1071
=1.0-1og 1.04=1.0-0.017=10.983



22.

23.

24.

25.

26.

27

28.

29,

30.

31.

Al121

(1.886)
Ag) + B,(g) = 24B(g)
At start 1 2 0
At equ. 1-x 2-x 2x
2-x
[Al2 = 2]= —3—-, [4ABl=

3 (2x/3) .
[(1-x)/3][(2-x)/3]
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 sox=0.943
. Moles of AB formed =2 x 0.943 = 1.886
Nochange; (K, of an equilibrium reaction is independent
of the pressure of the system.)
K = K (R T)&u.
H};:re = No. of moles of gaseous products
—no. of moles of gaseous reactants
R = gas constant, and 7'= absolute temperature.
True : Overal disolution of NaOH is exothermic but near
saturation point, the change in dissolution enthalpy is
positive. Hence, from the definition of solubility, it will
increase with increase in temperature.
True : Lower the pressure, lower will be boiling point.
More liquid will vapourise and temperature decreases.
[4BY
[4,1(8;]
(41" (B,
[4B]
[4][B,] 1 1
LRI S S S R s B
(o . [4B]? v K X
(b) Initially, on increasing temperature, rate of reaction
will increase, so % yield will also increase with time. But at
equilibrium, % yield at high temperature (7}) would be less
than at 7, as reaction is exothermic so the graph is
represented by option (b).
(a,b,d)
(@ AH=Cp,, AT
Hence, enthalpy depends on temperature.
(b) CaCO,(s) — CaO(s)+CO,(8) K,= fro,
() K depends only on temperature and not on Pressure.
(d) Enthalpy of reaction is independent of the catalyst.
Catalyst changes activation energy.

®) Ag,Cr0, = 2Ag" +CrO3”

K, =kl 102=[Ag ] [CrO;’]

1. 1 x 1072=[0.11[s]; s=1.1x1071°

@ COy+HO0 === COyytHyy

[CO,1H ]

[COJ[H; 0]

A catalyst simply helps in attaining the equilibrium earlier.
Addition of inert gas has no effect on a reaction because
init, An=0.

False : K for 4,+ B, == 248 is

K for AB = '/zA2+'/szis

KC =

32

33.
34.

35,

36.

37.

38.

This equilibrium is not based upon volume because in it,
An=0.

On increasing the amount of CO, K -should decrease but
it is constant at constant temperature, so for maintaining
the constant value of K, the amount of CO, increases.
(b.c.d)

(b) Introducing an inert gas at constant pressure will
increase the volume. As a result, concentration of reactants
and products will decrease. Thus, the reaction will move
in forward direction to increase the concentration.

(c) Increasing the volume of container, will move the
reaction in forward direction.

(d) Introducing PCl, at constant volume will favour the
forward direction to decrease the concentration of PCl,.
(@) At constant volume, concentrations do not change.
(c,d)  2NaNO,(s) = 2NaNO,(s) + O, (g)

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. NaNO, and NaNO, both are solid.
Thus, they will not effect the position of equilibrium.
(a,b,e,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. By decreasing the pressure, reaction will move
towards preparing more moles, i.e., backward reaction.

(d We know that for every chemical reaction at
equilibrium, change in Gibbs free energy (AG = 0) is zero.
However, charge in standard Gibbs 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 <0, i.e., inthe direction of decreasing Gibbs energy
(G). So, statement 2 is True.

(d 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 ofheat (endothermic reactions), and
in the backward direction of those reactions which proceed
with the evolution ofheat (exothermic reactions).”
Statement -2 is clearly true again aceording to Le-chatelier
principle.

NHHS(s) = NH( + HS(@
3.06
Initial moles === 0 0
51
306 70 306 30 306 30
Moles at eq. -y L Feroat=te
51100 51 100 51 100
Given V=2 litre, T=300K, An=2-0=2
3.06x30 3.06x=30
- K~ [NH;][H,S] = x

51x100x2 51x100%2
=8.1 x 1075 mol? litre?

=81x 107 (0.082 x 300)°
=490 x 102 atm?

AlsoK, =K (RT)™"
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39,

40.

41.

Addition of more NH,HS on this equilibrium will cause no
effect because concentration of NH,HS is not involved in
formula of K’P orK.
For AgCl; AgCl ——=Ag*+CI
Sl » = [Ag7] [CI] i)
Again it is given that
[Ag(NH,),]" === Ag* +2NH,; K =62 x 10}
or Ag'+2NH, —>> [Ag(NH,),]";
K G -

f 62x10% 62

18 +
[Ag*]INH, ] r[(NH3),]

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 CI",

& [CE]=[Ag (NH,),]" and let it be ¢ M

Equation (i) becomes
NH -
K5p=[Ag( 3)22] " = K= _xc
K ;[NH;] K¢[1]

8
2 2 = 10
= ¢ =K, xK[1IF =18x10 ‘Uxa.xa)?

=3
e Ls—;f%_w.zgoz %102

or ¢=0.538 x10"1=0.0538 M
The concerned chemical reaction is
2AgCl +Na3CO3— Ag,CO 5 +2NaCl

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

-12
[Ag*]= 1/8—2—’]‘1?0_ =234x1076M

Concentration of CI- left = 0.0026 gL
_ 0.0026

=

mol/L =733 x10-5M

35
- Ko(AgC)=[Ag'][CI']=(2.34 x 10-5) (7.33 x 107%)

=171 x 101"
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
[Ag(CN),T"
0.03M AgNO, requires 2 x 0,03 M

=0.06 M CN" to form [Ag(CN), -

. Conc. of free CN~ at equilibrium will be 0.1 —0.06 = 0.04 M
[Ag(CN),]” == Ag*+2CN-

_ [Ag’][eN P
[Ag(CN),]

o [Ag"1[0.04)2

4.0 % 10-
5 0.03

4.0x107"° x 0.03
(0.04)%

[Ag']= =7.5x 1018\

43,

44.

g Chemistry |

24B,(g) = 24B(g) + B,(g)
1 0

Initial mole 0
Moles at equb 1-x x f
2+
Total moles at equb. = | —x + x + % =1+ g = 2 .
=2 i)

PAB, " e iy

g S
P sz’ @+

x/2 X

o iR i)

o e
= (Pap)” (pp,) (2+x) (2+x)

P (pa,)’ 2-x) , :
(2+x)
P

=(2+x)(1—x}3

1/3
3 2K
K = —XZ—P o x= ]i‘—i}

P P
(@ CO(@) + 2H,(g) = CH,OH(g)
Moles at start 0.15 a 0
Moles at equb. (0.15 —x) (a - 2x) 0.08
or (0.15-0.08) (a—0.16) 0.08
. Total moles at equb. = 0.15—0.08 + a—0.16 + 0.08
=a—-0.01

Total moles at equilibrium can also be calculated from the

following relation,
L

"T RT T 0.0821x750

. 0.345=a-0.01or @ = 0355

Thus, Moles of CO at equilibrium =0.15-0.08=0.07

Moles of H, at equilibrium = 0.355— 0.16 =0.195

Moles of CH;OH at equilibrium = 0,08

Substituting the values in the relation,

s [CH;0H] 0.08/2.5

© [HJ*[CO]  (0.195/2.5)% x(0.07/2.5)
= 187.85 mole? litre? [ V=25L]
Calculation of K
K, =K, (RT)™=187.85 x (0.0821 x 750)2= 0,05 atm2
[ An=-2]
() Caleulation 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=0.505x0.0821 x 750 = P=12.438 atm.
Let the solubility of Ca(OH), in pure water = S moles/litre
Ca(OH), w= Ca* + 20H
28

=0.345

5
Then K_ =[Ca®][OH ]
442 10°=5x%(25)% 4.42x 10-5=45
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_ 0.0223%500
1000

§=2.224 x 102=0.0223 moles litre™! (ii) Caleulation of K . We know that
. No. of moles of Ca®*" ions in 500 mL. of solution = Kp:Kc x (RT)A= 277‘773 x(0.0821 x 600)2
An=1-3=2
~0.01115 e )
1 277.78 3
Now when 500 mL of saturated solution is mixed with 500 T 242654 0.1144 atm™

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.

-5
- [Ca2]= K‘f siicis 12— =0.001105M
[OH* (02
Thus, No. of moles of Ca** or Ca(OH) , precipitated
=0.01115-0.001105=0.010045
Mass of Ca(OH), precipitated
=0.010045 x 74=0.7433 g=743.3 mg
[mole wt. of Ca(OH), =74]
AgCO. + KCO, > Ag,C O, + KQCO

Moles at start  Excess 0.1520
Moles after 0.1520-0.0358 0. 0353 0. 0353
reaction =0.1162
Molar concentration of K,C,0, or C 20“:‘- left unreacted
1162

= - 56 =02324 molesL-! [~ 500mL=05L]
[K,CO,]=[CO3 ™ ]at equilibrium

0.0358

= *G—i—— =0.07156 moles L

Given that K, for Ag,C,0,=1.29 x 107" mol* L3 at 25°C
So, [Ag'PP[C5027] =129 x 107!

or [Ag" P % 0.2324=1.29 x 107!

H Ag'P= - x 101!
ence [Ag""= §2322
Then K, for Ag,CO,

£ 1.29x1071
=TA +12 COz = Sy diab SE
[ag FlCt, i) 0.2324

=3.974 x 1072 mol®* L3
Let the total number of moles of all gases at equilibrium

% 0.0716

point=n
P=4.92atm, V=5L
R=0.0821 atm. Lmol' K~!  T=273+327=600K
By applying the formula PV=nRT
_PY . 492%5 o %t
"= RT T 00821x600 -0

(i) Calculation of the number of moles of the individual
gases at equilibrium point.
No. of moles of CHBOH 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 conccntration of various specics will be

[CH,OH] = [CO]— 01 002 [HQ]— 83 Lovs
_ [CH;0H] _
¢ [COJ[H,J

0.02

> =277.78 mol > L?
0.02 % (0.06)

47.

48.

49.

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

2502(g) + O)(g) & 250,(g)

Initial pressure 2 atm 1 atm

Equb. pressure 2): 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 KP, we get

2
i 850, i) _(am-2x?
(Pso,)” (Po,) (2x)* (2atm + x)
Assuming x is very small as compared to 1

oL or 900 atm™! =

1 atm?
(4x%)atm? (2 atm)
On usual calculations, x=0.0118 atm
Thus, Pso, =2x=2x0.0118 atm=0.0236 atm

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

Pso, =1atm—2x=1-0.0236=0.9764 atm

@ N,0, = 2NO,
0

Before dissociation 1
After dissociation l-a 2a.

. Totalmoles=1-a+2a=1+a
[2(1 o )2
= (Pno,)? CXlba

£ pN204 (1 —a - ]
l+a
where P is total pressure

2x025x1)
1+0.25
K=-~—""+¢ -0.266atm
% 1-0.25
%1
1+0.25
2 p2
@ K= 4o }Z x(1+a) _
(I+a)y -a)xP

4a? x 0.1
= —ae06

000 atm™!=

[+ a=0.25]

40P
1+ o)(1-a)

0.266=
l-a

.". Percentage dissociation = 63 %

Initial concentration of each gas = 1 mole

Let the No. of moles of NO, reacted at equilibrium = x

Then, SOz(g)-F NO,(g) = S50,(g) + NOz(g]
At equilibrium (1 -x) (1-x) (1+x) (1+x)
Now we know that M =

" [S0,][NO;] €




Al24
o {0+ /Y YU+ x)/7) (Hx)j 16 (- P=10)
{0-x)/VH{a-x)/r} (1-x)
or = =4 or 1+x=4—4x or 5x=3,x=£=0.6
1-x 5

50.

51.

. 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
Solubility of Mg(OH), in water
-3

§=9.57x 10- glitre = _si'z;sw_
[+ Molar mass for Mg(OH), = 58]
Mg(OH), = Mg +20H"
K, =(5)(25P=45=4(1.65x 1043 =18 x 10-1! approx.
Calculation of solubility of Mg(OH),, say, x, in Mg(N! 0,),
or  [Mg*]=x+0.02; [OH ]=x

K, =IMg*][20HT or 1.8 % 10-1! = (x+0.02) (2x)?
Neglecting x in comparison to 0.02 (common ion effect)
1.8x107!! o
——OE———QXIO or2x=3x10°

x=1.5 x 10~ moles/litres

=1.5x 58 x 105=8.7 x 10~ glitre.
Let x be the degree of dissociation of PC] 5(g), then
PCl(g) == PC:];(g) & Cllz(g)

3

=1.65 x 10~* mole/litre

Sdxl=

Initial

At equilibrium  3(1 - x) 3x 1+3x

. Total number of moles at equilibrium

=3(1=x)+3x+143x=3(1+x)+1

Using the gas equation ;: PV =aRT

I s

S

Here, P=2.05atm., ¥=100 litres, R =0.082 atm/deg.,

T=273+227=500K
S 2.05x100

0.082 x 500
Hence perecentage dissociation of PCL,=0.333 x 100=33.3%
Calculation of K, for the reaction :

3xP (1+3x)P
& = [PCLICL] _ [30+x)+1][30+x)+1

£ [PCls] [ 3(1-x) PJ

5 n3(1+x)+1=5

J(+x)+1

- 3x(3x+1) % 2
C 443x  3(l-p)
_ (B +x)xp _ x(3x+1)xP
(4+3x)(1-x) (4+3x)(1-x)
Substituting, x = 1/3 and P=2.05 atm.. we get

1(33(14-1 x2.05
3 3

K = =—— =041

52.  For precipitation to occur ionic product > K.

Mixture solution contains 0.1 M Ag*and 0.1 M Hg,>.
K, ofHg,I, =2.5 % 10-28 is much smaller than K, of Agl
whichiis 8.5 x 107,

[I"] concentration needed to precipitate Hg,1, is calculated as :
Hgl, == Hg>+2I

K 2.5%10726
[I-1=1/[H e ’;10 =5.0%10-0M
£ g

Similarly, [I-] concentration needed to precipitate Agl is :

Agl——Ap™ {1
X 8, 1 =17
[r]= [A;‘i] - 53? =8.5 10-6M

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 [I-] = 8.5 x 10-16 M.
However, Hg,I, starts precipitating with Agl only when
molar concentration of I" reaches 5.0 x 10-13 M.
[Ag'] left when Hg,1, begins to ppt. is given by

Kpof Agl  g5x10717

» o = L7*% 10*M
II ]Hg212 50 x 10
1.7x107*
Thus% [Ag'] Ieﬂmprecipitaled=——01—— x100=0.17%
Hence % Ag" precipitated = 99.83%
Initial moles 1 3 0
Ny(g) + 3H(z) == 2NH|(g)
Eq. moles 1 - 0.0025 3 -0.0075 2 = 0.0025
1 = 0.0025 3 -0.0075 2 % 0.0025
Eq. conc. 3 1 ———4
NH, ]
Now we know that K = —[——3]——

N J[H,P

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

2x0.0025)?
4 0.0025x0.0025 4x4x4x4
e S, & PR "
. 117377 4 3x3x3
HE

=1.48 x 105 litre? mol?
1 3
For the equilibrium, 3 N,(g) + ) Hy(g) == NH,(g)

[NH;]

K= =/
[N, 12 [H,]2

L

= (148 %1077 litre? mol ~2) =3.82x 10~ litre mol-!
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i aiboy 1072 £J1072)? + 4x107 x1072
Topic-2: lonic Equilibrium h=
2x0.1
() Let the solubility of MX at PH7 = _ bt 52 —4ac | -102++10"*+4x107?
MX(s) = M¥+ X . A<
3 5
g ~0.01++/0001+0.004 _ —0.01++0.0041
K,,=s sesa((E) 5t =
Let the solubility of MX at pH=2 =5, 0.2 0.2
= —0.01£0.64 0.54
MX(s)=M" +X = 02 =5 [Neglecting the negative term]
BB =027
5 *W;’HX L [H]=C.h=01%027=27x10°M
g 30 3. () Forbasicbuffer pH is more than 7.
- 1072
] CH,NH, + HCl — CH;NH;CI
1 [HX] s Initial moles 0.1 0.08 0
= T it 5 = = = Moles after
Ky [X }[H ] [X ]xlﬂ mixing 0.02 0 0.08
As it is a basic buffer solution.
2 K
oE 2] pOH= pK, +° log 008 =—log5x 10%+log4
10_2 K,
=330+ 0.602 —3.902
Divide equation (2) by equation (1) pH = 14—‘ 3.902=10.09; [H*] =7.99 % 10128 x10°'' M
4. (c) For isotonic solutions, osmotic pressure is same.
51 Kep 1 Na,S0, == 2Na'+SO;
——— T e T o 2
2 x102 K, K ; S : : i A
Since both solutions are isotonic,
1073 1 therefore, 0.004 +2x=0.01 ;x=3 x 1073
.—2— - — 3
[10’4) x1072 Kq . % Dissociation _ %10 %100 = 75%
K, =10 = pK,=4 sl gy el 0 o,
: : K,xc \107 x0.1 :
(d Letthe weak manoacidic base be BOH, then thereaction Hence, % hydrolysis = 10~# x 100 =0.01
that occurs during titration is BOH+ HCl — BCl+ H,0 6. (a) Foroxyacidscontaining similar central atom, the acid
Ecuilibeium: 8" - strength increases with the increase in the number of
it g ;,)+ Pode== Bé:_’ ;,H Hél A oxygen atom attached to the central atom and not attached
Using the normality equation, NV} = N,V, to any other atom. i
(acid)  (base) Higher the oxidation number of the central atom, higher is
Substituting various given values, we get the acidity of the species. Thus, acidity follows the order
B 2 15 Oxi. No. of C1  HCIO < HCIO, < HCIO, < HCIO,
—><V1—25><—oer—25>< X—=25x3=75mL +1 +3 +5 +7
15 2 7. (b) The characteristics of the given solutions are:
Then the concentration of BCl in rmultmg solution is given by NaC] (L5l etiirit dativtice:
2 5 NH,Cl - slightly acidic due to the following reaction
[BCl]= 2o = = or0.1M NHj +H,0 = NH,OH+H"
10 - ah NaCN — slightly alkaline due to the following reaction
sines i LT r o AN TN CN™ +H,0==HCN +0H"
Ky 1x10 HCl - highlyacidic
2 W2 The pH of the solution will follow the order highly acidic
% 0.1h .5 0
hus K = a-h) or 10 ={1_—h_) <slightly acidic < neutral <slightly alkaline i.e.
HCl<NH,Cl<NaCl <NaCN
3 dnns 2 2 2y 10-2= 4
oriL 7%~ 102 R e 8 =107 =0 8. (@) Among oxyacids of the same type formed by different

(Solving this quadratic equation for /, we get)

elements, acidic nature increases with increasing
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9.

10.

11.

12.

13.

14.

electronegativity. In general, the strength of oxyacids

decreases as we go down the family in the periodic table.
HOCI (I) > HOBr (II) > HOI (1)

(c) Salts of weak base and strong acid get hydrolysed in

aqueous solution forming an acidic solution.

AlCL + 3H,0—>Al(OH), + 3HCI
(weak) (strong) (acidic)
)
0] — H" + OH
(1-a)c ac oc

1.0
o=1.9 %1077 ; Density of water = g;n
cm

Le= ilg x 1000 = 55.56 moles/l
. [H]=5556%1.9%10°=1.055% 1077

[ 19x10%=19%107
- K, =[H7[OH]=(1.055 % 107)*=1.0 jorid
(@ (a) Itisnotcorrect answer because 100 ml M/10 HCl
will completely neutralise 100 ml M/10 NaOH and the
solution will be neutral.
(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 HCI=T75N/5=15Meq

M.eq. of NaOH = 25 x% =5 Meq

:. M. eq. of HCl left = 10

1
- pH=-log[H']= -1lo —}zl
P g [H'] g[lo

(@ Since HCl s stronger than CH,COOH hence acts as
acid. On the other hand Cl™ is a stronger base than

10
.. [HCI]= — =M/10
~ [HC= 150

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

—_—
—

HCl + CH,COOH Cl- + CH;COOH}
acid, base, acid,
(a) Due to hydrolysis of FeCl,, backward reaction will
not take place.

FeCly + 6H,0 —>{Fe(H,0)¢]*" (aq) +3C1 (aq)
[Fe(H,0)s’" (aq) + H,0() —>

[Fe(H,0)5(OH)I** (aq) + H30™ (aq)
(@)
(i) Higher the electronegatively of central atom, higher
will be the acidic strength.
(i) In case 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 Clin CIO,(OH) =+7
Oxidationno. of Clin CIO,(OH)=+35
Oxidation no. of § in SO(OH),=+4
Oxidationno. of §in SO,(OH),=+6
. CIO,(OH) is the strongest acid.

15.

16.

71

18.

19.

20.

21,

22.

23.

24.

Chemistry

(d) 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 &).

(@ (a) is a neutral solution due to both cationic and
anionic hydrolysis (K, = K, = 1.8x107); (b) is acidic
solution due to cationic hydrolysis; (c) is acidic solution
due to cationic hydrolysis; (d) is basic solution due to
anionic hydrolysis.

(¢) CaO,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
€07,

(N) Electron acceptors or elements having incomplete
octet are Lewis acids.

(i) BF,(B has 6 ¢ in valance shell), AICI; (Al has 6
electrons in valance shell), BeCl, (Be has 4 e” in valance
shell) are electron defecient compounds and hence Lewis
acids.

(i) SnCl, has complete octet but due to empty d-orbitals,
it can accept electron pair and can be considered as a
Lewis acid.

(a) Base+ H™ — (conjugate acid)

NH;, (base) + H® — NH, (conjugate acid)

(d 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 if the base is strong
because strong base immediately changes the pH at end
point.

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

1.0x1074

K=K,[K, =———==10x109
afKw 1.0x107%
(8 For abasic buffer, pH = 14— pK, - log Lo
[base]

pH=14-pK, —log AR 14— (—log 1019 —log 1
[base]

=pH=4

(b) For pure water, [H,0"]=[OH]

> K, =10%x10%=10"

(@)

() Lowerthe oxidation state of central atom, weaker will

be oxy acid.

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

Oxidation state of Cl in HC1O is + 1, in HC1O, is + 3, in

HCIO, is +5,and in HCIO,,is +7

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

ClO" is the strongest Bronsted base.




Equilibrium

25.

26.

27.

(d (i) pH ofacid cannot be more than 7.

(i) While calculating pH in such case, consider
contribution of [H™] from water also.

Molar conc, of HCl=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']yq + [H Jy0

Ionisation of H,0 : H,O == H" + OH"

K, =10"4=[H"][OH]]

Let x be the conc. of [H'] from H,O

or [H]=x=[0H] [+ [H"]= [OH] in water]

2 1074=(x+10%) (x) or x=9.5% 10*M

—b+J4ac

o
2a

;. Total [H*]=10"%+9.5x10%=10.5 x 108 or pH

=—1log (10.5x 10-%)=6.98

It is between 6 and 7.

Trick : pH of acidic solution cannot be more than 7. Thus,

only option (d) is possible.

(a) Acidic buffer is mixture of weak acid and its salt with

common anion.

(a) CH,COOH+ CH,COONH, is acidic buffer.

(b) NH,C1+ NH,OH is basic buffer.

(¢) H,80, + 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.

() H,50,(aq) —> H*(aq) + HSO; (aq)
1M M

[For quadratic equation x =

(as K, isvery large)

Na,S0, (aq) —> 2Na*(aq) +SO3 (aq)
0018M

(as Na,SO, is a salt)
Now, due to common ion effect, dissociation of

HSO; will be suppressed.

HSO; (aq) < H" (aq) +S03 (aq)
M M

0.018M (at start)

_m*][sof]
QC_*[HSO;] = 0O¢

K. =K, =12x10*=0012
2

_1x0.018 ~ 0018

Thus, 0> K and the reaction will move in backward
direction.

HSOj (aq) <= H" (aq) +SO3 (aq)
(1+x) (1-x) (0.018 =x)
~ (1-x)X0.018~-x)

2 =0.012
2 (1+x)

28.

29.

30.

31.

32,

33.

34.
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Assuming xtobe verysmall, 1-x=~landl+x=~1.
= 0.018-x=0.012 = x=0.006

[S037]1=0.018—x=0.012 molL

PbSO 4 (s) == Pb*" (aq) + SO (aq)

0 0.012

s §5+0.012
K_,=5(5+0.012)
Since, Sisverysmall, §+0.012 =0.012
= 1.6x10%=5x0.012
= S§=133x10%=Xx10"Y = Y=6.
(3) B+tHA—— BH" +A-
Volume of HA used till equivalence point=6 mL
At half of equivalence point, solution will be basic buffer
with B and BH"

[BH']
(B]

At half equivalence point [BH*] =[B]
pOH=pK,=14-11=3

(3) KCN, K,CO,and LiCN are the salts of weak acid and

strong base. So, their aqueous solutions turns red litmus

paper blue.

(6) Diprotic acids are H,SO,, H,PO,, H,CO,, H,S,0,,

H,CrO, and H,SO;.

(8) pH ofsodium salt of weak acid

pOH=pK, + log

= L(pK,, +PK, +logC) = %(14+ 4-2)=38

(® HA+NaOH——>Nad+H,0

At the end point, the solution contains only Na4 whose
concentrationis0.12 =0.05M

Since, the salt NaA is formed by strong alkali (NaOH) and
weak acid H4 (indicated by its low K value), its pH can be
evaluated by the following relation.

1
pH =E(PKW +pK, +1ogC)

=%(l4+ 5.3010+(-1.3010)]=9

(2) GivenK =1x 10> = pK =5
The two conditions when colour indicator will be visible
are derived by

(In"]

[Hin]

(i) pH=35+log10=6

(i) pH=35+log0.1=4

Thus. minimum change in pH=2

(10.02) H,CO, is a weak dibasic acid. Since NaOH is a
strong acid H:C' O, reacts completely as a monobasic acid.

H,CO;—H"*+HCOj;; HCO; ==H"+C03%"
Ky, =6.37 PKq,=10.32

pH= pKa +log
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H,CO; + NaOH —— NaHCO; + H,0 x[x_ x 5]22)(10_10
Initial : 0.01 mol 0.01 mol 1+10°
After mixing : - - 0.01 mol

35.

36.

Final components in mixture :

NaHCO,=0.01 mol +0.01 mol =0.02 mol

Na,CO,=0.01 mol

Now, HCO;+H,0——=H;0"+ CO%"
Acid conjugated base

Applying Henderson — Hasselbalch equation,

9
0.01/0.1

03
| ]
[HCO; ]~ 102" 8002701

1
= 10.32+10g5= 10.32-0.3=10.02

pH =pK,, +log

(0.20) ZnS(s) = Zn** (aq) + S (aq)

[Sz‘]m to prevent precipitation is given by
—22
[ o= g — =25 % 10721 M
H,S+=2H*+82
AN i s
172 [H8)
K, =10~ [H* ] x2.5x1072!

0.1
[H*]z——:[m—lm 02M

19

(4.47) 5= s

+1| _ \jzomo““

e JZX]O_S =447 x 103M

Alternate solution ;
Let the solubility of salt 4B be x.
AB——A"+B"
X ey
p =2 % 107 0=x(x-y) D)
Assoc:atmn constant of weak acid HA,

K, =YK, =10°

H '+ B ‘—HB
1073 x-y

Let concentration of HB at equilibrium be y. It is given that
pH of solution is 3 which means [H] =103

S SIS =
10 x(x - y) =

=
14107
Putting value of y in equation (i) :

=hy =

37.

38.

Meg.
Meq.

39,

40.

41.

= x° =2>{10_5+2>-<]('j’]G == tz z2><l(]_5

x=v20x10"% = x=4.47x107

Hence, ¥Y=447

10
(4.86) Amount of SO, in atmosphere = TR 10x 10

Molar concentration of SO, present in water

= Amount of SO, x Solublilty of SO, in water
=10x104%1.3653 moleL'=1 3653 x10°M
Writing the concerned chemical equation

H,80; —— g+ + HSO3
Initial conc. 1.3653 x10-° 0 0
Molar conc. at equb. 1.3653 x 10— x x x
7
Therefore X, = -
(1.3633x10° —x)
= jois2_ x"
(1.3653x10™° —x)
(PK,=1.92, .. K,=107'%2)
= 12x102 = 5

(1.3653x107 —x)
=1.2x107%(1.36533 x 10°—-x)

On solving, x= 1.364 x 10-5
Therefore, pH =~ log (1.364 x 10~)=4.865
(11.30)

HCl +NaOH —> NaCl + H,0
before reaction 200 x ]02" 300 x ]02_
after reaction 0 100 = 102_

pHof HCl =2, pH of NaOH= 12
-, [HC1]=1072M, - [NaOH]=102M

200x10° 200 10>

100x1072 ¥
s [OH]=——5— =210 or p[OH]=-log 2 X 10"}
-, POH=2.6989; - pH=14—-2.6989=11.3010

(11.5) pK,=4.70, .. K,=10"%7
Now we know that, [OH ™ ]=,/K}, xc

“ [OH ]=v107%7 x0.5 =3.158x10>M

Now we know that, pPOH =—log[OH ]

pOH=-log3.158 x 103=2.50r, pH =14-2.5=11.5
(6.5) For ammonium formate which is a salt of weak acid
with weak base, we know that

PH=1[pK, +DK, ~pKy]=[14+38-438] =

(78.36) Volume of blood=10mL (given)
[H,CO,] in blood =2 M (given)
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42.
43,

44.

45.

46.

47.

48.

49.

Al129

[NaHCO,] to be added=5M (given)
Let volume of NaHCO, added in 10 mL blood = /'mL

I.CO o bloodmniviire=
s 1mn e
23 V +10)
NAHCO Jin Bl mistares —
n —
alf =W +10)
i [Salt]
S pH=pK +log————
i il
SV /(¥ +10)
7.4=—log7.8 x 107 +log———2 - F=78.36mL
s Tlamn sk %20/ (V +10) :

- electron acceptors are Lewis acids.
amphoteric; because amphoteric substances show
properties of both acids and basic.
AL,O; +6HF—2AlF; +3H,0 [AP'3F7]
(amphoteric) (acid)

Al,03 +2NaOH +3H,0——2NaAl(OH)4
(amphoteric)  (base)

[Na™[Al(OH)4]7]
§0Z%-; Conjugate base = Acid — H"

. Conjugate base of HSQj is SO}’;‘
False : AICL, is a Lewis acid (although they donot have a
proton, aprotic) because it accepts electrons (octet being
incomplete).
(@) As ester hydrolysis is first order with respect [H"].
Ry, = K[H],, [ester]
Ry = K[H ']y [ester]

Ragy H'ly 1

. ——={H"lyy=001
By Bk’ 100

HA = Ht + Ar

1-0.01 0.01 0.01

=1

Ka=0.01>l<0.0} ~107%

(c,d)  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 CH3COONa solution, it results in the formation of
an acidic buffer solution.

CH,COONa + HNO, — CH,COOH +NaNO;

Excess limiting
reagent
MV MV - -
MV -V) 0 My MV (V' <V)
(a,¢) A buffer solution is prepared by mixing a weak

acid/base with salt of its conjugate base/acid.
(b, ) (a) pHof1x 10® M is below 7 because it is an acid.
(b) H,PO, +H,0 == HPO,> + H,0*
(c) H,0+H,0 == OH +H,0*
K (Auto protolysis constant of water i.e. ionic product of
water) increases with temperature.

(d) For halfneutralisation of a weak acid by a strong base,
pH=pK + log bl

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

50. @ P-1;Q-5R-4;8-1
(P) NaOH + CH,COOH— CH,COONa+H,0
mmole 10x0.1 20%0.1
=1 m.mol =2 m.mol
Solution contains 1 m. mol CH,COOH & 1 m.mol
CH,COONa in 30 mL solution.
It is a Buffer solution. Hence, pH does not change with
dilution.
(Q NaOH + CH,COOH— CH,COONa+H,0
mmole 20x0.1 20x0.1
=2 m.mol =2 m.mol
Solution contains 2 m. mol of CH,COONa in 40 mL.
solution (salt of weak acid and strong base)
K. K
For salts of weak acid and strong base : [H'), ., = %
&
On dilution upto 80 mL, new conc. will be = o
KK
= {875 = Bl V2
® HCl + NH, — NHCI
mmole 20%0.1 20x0.1
=2m.mol =2m.mol
Solution contains 2 m, mol of NH,Cl in 40 mL solution
(salt of strong acid and weak base)
K, C
For salts of strong acid and weak base, [H'], ... = _K:
. : 8
On dilution upto 80 mL, new conc. will be = P
. [HY. = KWC  [H inita
i new K.2 JE
~ (S) Ni(OH),(s) — Ni?"+20H"
* it is sparingly soluble salt
.. On dilution [OH] conc. in saturated solution of Ni(OH),
remains constant
o [H*—]new =) [H+]initial
51. M)
X,(g) = 22D
Initial mole : 1 0
S i ﬁequ
moles at equilibrium : | 1— s Pegbm
1- &gy_m_ ﬁequ P
Partial pressure : 2 xP Baqu
{ Bequ } 14 -1
1+ T 2




52.

53.

54.

55,

2 2
= () 3 ﬁcquP ) 4Be-quP
" S 2 i 2
o = Beﬂhﬂ (4‘Bequ)
4 J
I 2
: 8
Since, P=2bar So. K, :_.h_’bm._
! [4_B;qu)

(c)

(a) Correctstatement.

As on decrease In pressure, reactions moves in direction
where no. of gaseous molecules increase.

(b) Correct statement

At the start of reaction, O, < K, so dissociation of X, take
place spontaneousely. AG0O® > 0 but at start AG << 0.

(c) Incorrect statement as

_ 8BS 8x07° |
4-Bay  4-(0.7)°

atequilibrium, AG°=-RTIn K,

IfK,> 1, then AG® is negative.

But it is given that, AG® is positive.
(d) Kp<landK,=K.(RD)*;An=1

Ky 1

K .
S =—E%=>KC <L;RT >1

(@) Letthe heat capacity of insulated beaker be C.

Mass of'aqueous content in expt. 1 = (100 +100) x 1 =

200¢g

= =Total heat capacity = (C + 200 x 4.2) JJK

Moles of acid, base neutralised in expt.

1=01x1=0.1

= Heatreleasedin expt. 1=0.1 x 57=5.7kI=5.7 = 1000]

= 57x1000=(C+200x42)xA'T.

5.7 x1000=(C+200x4.2)%5.7

(C+200x4.2)=1000

In second experiment, Doy coon = 02 Ny =0.1

Total mass of aqueous content = 200 g

=> Total heat capacity=(C + 200 x 4.2) = 1000

= Heatreleased= 1000 x 5.6 =35600J.

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

—5600

AIH71::urm]i?.€tr[fm of CH,COOH = o

=~ 56000 J/mol =- 56 KJ/mol.

=

—

=  AHgsaion ©FCH,COOH = 57 — 56 = 1 kJ/mol
(b) Final solution contain 0.1 mole of CH,COOH and
CH,COONa each.
Hence, it is a buffer solution.
[CH,CO07] 0.1
= log——— _ s i D i
PH=PK, + 108 /o Coomy =S-log2+ logym=47

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

O.8.of Nin HNO, =+5

0.S.of NinHNO, =+3

56.

38.

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

0
Structure of HNO, : H—O-N//

\JO

The statement-1 is true but the statement-2 is wrong as
can be clearly seen from the above structures.
BaO>B,0,>C0,>80,>Cl,0,
Oxide basicity decreases in a period but increases in a
group.
(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,
HCI 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 equilibium C (1 - a) Co Co+ 0,1

o Ca(Ca+0.1) 2 Ca? +0.1a

) Cl-a) (1-a)
Since a is very very small, Ca? can be neglected and
(1 — o) can be taken as unity
=5

" K,=0l1a or a=£=£ﬂ~
0.1 0.1
[H )y = 0.1 + Car, Covis negligible as compared t0 0. 1.
s [H =01 . pH=1

=1.75x107*

6
i) 6g NaOH =—=0.15mol
(i) og 20

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

salt]

H=pK, +1lo [ Lt -5 X

PR e log(l.?leO J+logl 475
Pb(OH), =  pp** + 20H"

(given) 6.7 x 10°M 6.7%10°M 2 x 6.7 % 10-°M

" Ky, =[Pb* JOH I =(6.7% 10-6) (2 ¥ 6.7 x 10-62

=1.203 x10-15
The buffer solution pH=8  (given)

. pOH=6 or [OH] = 10-6

Thus, in this buffer we have, [Pb**][OH]>=1.203 x 10~
or [Pb?] x [10-2=1.203 x 105

o [Pb*] = 1.203 x 10~ mol litre!
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60.
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Al131

NHj (aq) + H,O(l) == NH4OH(aq) + H* (aq):

(water)
K, =56x1071°
NH} (aq) + OH (aq) NH;(aq) + H,0(l);
(acid) (hase) ' (conj.base) (conj acid)
K;=3.4x10"
NH; (aq) + H,0 (1) NH; (aq) + OH(aq); K, =?
(base) (water)
For above reaction, the dissociation constant base,
K, (NH,) = K/K,
ot Eeon  Reo D@l K
K,(NH;) Kp = 56x107"" 3.4x10!0

= K,=607x105,

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.)

NOTE: Acidic order in aqueous medium: CH,0OH>H,0>

C,H.OH.
Case I. Write the concerned chemical reaction

: BOH + HCl — BCl + HO
Moles before x 01=5=05 0 0
reaction
Molesafter  (x—0.5) 0 0.5 0.5
reaction
. Molar =y 0.5 0.5
concentration v V. v

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

= [Salt]
pOH=-log K, + log [Base]
14-10.04=—ogK, +log —2> _ (&)

(x—0.5)
Casell.
BOH + . HEl, —> BCl+ HZO

Moles at start X 0.1 x20=2 0 0
Moles after
adding 20 ml, (x-2) 0 2 2
of 0.1N HCI
.. Molar x=2 2 2
concentration - ? 0 a E

Again the solution is acting as basic buffer
[Salt]

OH=-log K, +1
£ & * Basc) [Base]

..(iD)

14-9.14=—logK, + log —2
(x-

Subtracting (i) by (ii);

oa-tel(c25)<(52)

62,

63.

(x-2)
Substituting this value in eq. (ii) :

)
)

= logK,=—4.735 = IogKb= 1.84 x 1075,

=) log8=log{m}:> =35

4.86 =-log Ky, + log(

Casel. CH,COOH = CH,COO + H
At start 1 0 0
At equib. l-a o [+

H = oo S
[H']=ca c\/j /o

S [H= J1.8x1075 x1 =424 % 102 M

ThuspH=—log [H']=-log4.24 x 103 = 2.3724
Case IL pH after dilution =2 x original pH
=2x23724=4.7448
Let conc. after dilution = ¢
and degree of dissociation = o
Since pH =—log [H']
4.7448 =—log [H']
[H]=18x10°=ca, .
Dissociation constant

1
c,0,=1.8x 10

[CH;COO™][H"]
[CH;COOH]

Since R

_{q9y) (gay)
e l-ay]

= C‘lG.z

1.8x107° x o

1.8x 107=
_l*'OE]

=0.5
Substituting the value of «, in the following relation
¢,0,=[H;¢,x0.5=1.8x 107

1.8x107°

€= ——p5 — =36%10-°M

The number of moles of CH,COOH before and after dilution
wil] be same

. Mole of CH;COOH before dilution = Mole of CH,COOH
aﬁer dilute (= Mole=MxV,_ ,me)
1x1=3.6x107°x V= F=2.78 x 10*litres

P(OH) for basic buffer = pK,, +10g( Salt ]
Base

We know that

25

58] o tog 1.8 x 10-5+10g 225
ase 0.05

pOH=pK, +log[

pOH=>5-log 1.8+ log 5=5.6989 —0.2552
—log [OH]=5.4437; log [OH]=-54437
[OH]=3.5999 x 10-6 [Taking antilog]
K, for Mg(OH), = [Mg*'] [OH

6% 10-19= [Mg®][3.5999 x 10-5]2




A132 m Chemistry |
_ 6x1071° ! i o L1 [Salt]
[Mg?] = = 95"98 i ~0.4629 x 102 67. Foracidic buffer pH = -log K, +Iog[Ac a
5 . Calculation of concentration of HCOOH.
= 46.29 mole ion/L Herc, =02 M; [H:-o-] =6.4 x 10_3
K, for AI(OH), = [AI*] [OH P 3
s 5
6% 102 =[AF*] (3.5999 % 10°6)} = e g 6-4; 120 =32x 102
6107 Since the degree of dissociation is verylow (3.2 x 10,
S e ks S A 15 : gree of dissociation is very low (3. ), it
[AFT= " ottt D 10 sl can be neglected and hence [HCOOH] can betakenas 0.2 M.
Calculation of concentration of HCOO~, [HCOO"]
64. pH=pK, + 10g[ 531'1 ] It can be obtained in the following manner :
Acid HCOONa ' — HCOO- + Na'
If x moles of HCI are added then they will combine with :t start 012 013‘-_Jr y 0
NaCN to form x moles of very weak acid HCN. o o e : 0.75
NaCN + HCl — NaCl + HCN R =0.7s
At equilibrium : 0.01-x) x x
Fo?‘q:;l]acidic buﬂ-‘eg- & i For acidic buffer pH =-log K +log [[Sﬂ‘;]]
aci
pH=—log K, + log 15811 0.75
[Acid] =—log2.4 x 10™*+log m =4.19
. 8.5=—log4.1x10']0+10g[%_—x] 68. N,<O0,<F,<Cl,
x ;
e, N=N<O=0<F-F<Cl-Cl
x=8.85x 107> M = 8.85 x 10~ moles of HCI :
As th d length
65. @ AmountofHCladded=020mole d:cre:s;umber of bonds increases the bond leng
[H]=02 glitre! SoN,<0,<h
i : . : : : , <0, <halogens. Among F, and Cl,, bond length of
AL fnoilconbine i bewlelon TG b g g o
i ’ 69. () From the dissociation of weak acid HA, HA = H* +

66.

will decrease while that of acetic acid will increase.
CH,COO0~+HCl— CH,COOH + il
before reaction 1 0.2 1 0
after reaction 0.8 1] 1.2 0.2

. Concentration of acetate ions after adding 0.20 mole of
HCL

[CH,CO00]=1.0-0.2=0.8mole

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

[Salt]

Now, pH =-logK_ +log[ = _log1.8x 10—5+10g%_;

Acid]

pH=4.7447+0.3010-0.4771 =4.5686

(i) Amount of HCIl 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 0.1 mole of CH,COOH.

CH,COO™ + H" — CH,COOH+ CI-

before reaction 0.1 02 0.1 0
after reaction 0 0.1 0.2 0.1

.. Total concentration of acetic acid [CH,COOH]
=0.1+0.1=0.2 mole
In presence of [H'], CH,COOH will not ionize. Therefore,
pH of the solution will be due to the presence of H" of HCI,
i.e.0.2-0.1 = 0.1 mole HCI
pH=-log [H]=-log[0.1]=1
Among oxyacids of the same element, acidic nature
increases with its oxidation number, e.g.,

HOCl < HOCIO < HOCIO, < HOCIO,

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

-
It o is the degree of ionization of the acid HA,

then [H']= 0.1 [+ theacid is decimolar]
[4]=0.1 a; [HA]=0.1(1-a)

I
[HA]

0.lax0.1a
0.1(1 - o)

Therefore, K

5 0.1ax0.la
B 0.1
K,=0.10% or 49x10%=0.10

(sinceacid isweak, 1 —a=1)

. Percentage ionization= 100 x 7 x 10#= 17 x 102%
(if) Calculation of pH
[H]=0.1a=0.1 x 7 x 10~*mole/litre =7 x 10~° mole/litre
Now since pH=—log [H]=—1log[7 % 10]

=5=-log7=5-0.8451=4.1549

(iii) Concentration of OH™ in decimolar solution
[H] =7 % 1073 mole per litre
Now, K, =[H"][OHJor 1.0x107=7x10"x [OH]

>(].['.'|_]4

1
————5 =1.43x 107" mole per litre

.. [OH]=
L 7x10™




70, () Find the moles of each species after reaction.

: 1 [ salt ]
(i) pH=-logK,+ 08| % 5g

Given, NaOH 0.2M, 20mL: CH,COOH 0.2 M, 50 mL
K. =18% 10°°

¥ of 0.2M NaQH required to make pH =4.74 =7

From the chemical reaction

CH;COOH + NaOH—— CH;COONa +H-0
50mL 20mL o3
It is evident that 70 mL of the preduct will contain
(H 30mL of0,2 M unused CH,COOH
[unused CH,COOH=50-20=30mL]
(i) 20mL of CH,COONa.
/. No, of moles of CH,COOH in solution
0.2

= 1000 % 30=0.006 mole

Similarly, No. of moles of CH,COONa solution

e

= 1000 x 20=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.

pH =-logK +log

pH =-log 1.8x 107 +log——

Salt]
H=—logK,+log L
p g g[ Acid]
ogﬂﬂ_ =0.0047 or [Salf] _ 1
[Acid] [Acid] 1011

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 xmL of0.2 M CH,COOH and produce x mL of
0.2 M sodium acetate. The resulting solution (70 + x) mL
will now contain
(i) (30—x)mL of0.2 M acetic acid.

(i) (20+x)mL of0.2 M sodium acetate.

Number of moles of acetic acid in (70 +x) mL. solution

02 o
= 1000 X (30 -x)=2x10*(30—x)
Number of moles of CH;COONa in (70 +x) mL. solution
= 13'020 X (20+x)=2x107*(20 +x)
2x107* (20 + 20 +
Therefore, [Salt] _ 2 - 4( x) _ 22
[Acid] 2x107*(30-x) 30-x

or 1.001x+x=30-20.22; 2.011x=9.78orx=4.86
Therefore, the additional volume 0f 0.2 M NaOH required
to make the pH of the solution 4.74 is 4.86 mL.

71.

72.

Al33
Suppose the number of moles of sodium propionate = x
Then pH=pK_ +log———+ 5alg
[Acid]

4.75=—log(1.34 x 105)+1 L}
og( ) c'g[oﬂ2

x=0.7536 x 0.02=1.5072 x 10~ mol

HCI = H =+ Cr
0.01 maoie 0.01 mole
When 0.01 mole of HC is added, thereis (0.01 +0.02) M of
propionic acid and (0.015 — 0.010) M of propionate.
Therefore,

0.005

0.03

The pH ofa 0.010 molar HCl solution=-log 102=2
Phenolphthalein indicates halfneutralization.

pH=-log(1.34x 107)+log =4.09

Na,CO,+H" —— NaHCO, +Na" i)
Methyl orange indicates complete neutralisation

NaHCO, +H* — Na*+H,0+C0, ..(ii)

*. Volume of 0.1M H,SO, required for complete
neutralisation=2x2.5=50mL
0.IMH,S0,=0.2NH,SO,

[For H,SO, molarity= 2 x normality]
(- Mol. wt. of H,SO, =98, and eq. wt. of H,SO,=49)

. 0.2MH,S0,=0.4NH,SO,

N, =normality of Na,CO,,

¥, = volume of Na,CO,= 10 mL.
N, =normality of H,SO, = 0.2,

V, = volume of H,SO,=5.0mL -

LNV, =N,V, =N, x10=02%5 .

0.2%5
N]—T—OlN

1 ; 106
. Eq. wt. of Na,CO, = 2 x molecular weight = =5 =51

Strength of Na,CO, =53 x0.1=5.3g/L
[ - strength = normality x Eq. wi]
For neutralization with methyl orange, volume of 0.2 M
H,80,used =2.5 mL =2.5 mL of 0.4 N H,S0,
=5mLof0.2NHS0, [+ N V=NV,
From 5 mL of 0.2 N H,SO,, 2.5 mLis used for neutralising
NaHCO, formed during first half neutralization Na,CO,.
Volm‘ne of 02NH, ,SO, used for neutralisation of NaHCO,
present in original snlunon 50-25=25mL
ALY =NV,
where N = ‘\‘ormal:ty of NaHCQO,,
N,= Nornwht} ofH,S0,=0.2,
=Volume of NaHC Ol3 =10mL, ¥, = Volume of H,SO,
=25ml
NV, =N.V;=> N, x10=02%2.5

Eq. wt. of NaHCO, =84
. Strength of NaHCO, = 84 0.05=4.2 g/L
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