CHAPTER

An aqueous solution contains 0.10 M H,S and 0.20 M HCIL.
If the equilibrium constants for the formation of HS™ from
H,S is 1.0 x 1077 and that S*> from HS ions is 1.2 x 10713 then
the concentration of S? ions in aqueous solution is

(@ 5x10% (b) 3x1072°

(c) 6x107% (d 5x107" (2018)

An aqueous solution contains an unknown concentration
of Ba?*. When 50 mL of a 1 M solution of Na,SO, is added,
BaSO, just begins to precipitate. The final volume is 500 mL.
The solubility product of BaSO, is 1 x 1071°, What is the
original concentration of Ba?* ?

(@ 5x10°M (b) 2x10°M

() 1.1x10°M (d 1.0x107"°M (2018)
Which of the following are Lewis acids?
(a) PH; and BCl,4 (b) AICI; and SiCl,
(¢) PH; and SiCl, (d) BCl; and AICl,
(2018)

Which of the following salts is the most basic in aqueous
solution?

(a) AI(CN); (b) CH;COOK

(c) FeCly (d) Pb(CH;COO), (2018)

In which of the following reactions, an increase in the volume
of the container will favour the formation of products?
(@) 2NOy) == 2NOg) + Oy (b) 3054 = 205)

(©) Hag + g = 2Hlg

The minimum volume of water required to dissolve 0.1 g lead
(I) chloride to get a saturated solution (K, of PbCl,
=3.2 x 10°% ; atomic mass of Pb = 207 u) is
(a 036L (b) 0.18L (c) 17.98L (d) 1.798L
(Online 2018)
Which of the following is a Lewis acid?
(@ NaH  (b) NF; (¢) PH;  (d) B(CHy)
(Online 2018)

Following four solutions are prepared by mixing different
volumes of NaOH and HCI of different concentrations, pH
of which one of them will be equal to 1?

(a) 75mL%HC1+25 mL%NaOH

(b) 100mL M HC1+100 mL M NaOH
10 10
(c) S5mL % HCl+45mL % NaOH

) 60 mL%HCl+40mL%NaOH (Online 2018)
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Equilibrium

At a certain temperature in a 5 L vessel, 2 moles of carbon
monoxide and 3 moles of chlorine were allowed to reach
equilibrium according to the reaction,

CO + Cl, == CO0Cl,
At equilibrium, if one mole of CO is present then equilibrium
constant (K,) for the reaction is
(a) 4 () 3 (c) 2 (d) 25
(Online 2018)

At 320 K, a gas 4, is 20% dissociated to 4, The standard

free energy change at 320 K and 1 atm in J mol™! is

approximately

(R=28.314 JK! mol™'; In 2 = 0.693; In 3 = 1.098)

(a) 4281 (b) 4763 (c) 2068 (d) 1844
(Online 2018)

The gas phase reaction, 2NO,,) —> NyOy,) is an exothermic

reaction. The decomposition of N,O,, in equilibrium mixture

0f NOy) and N;,Oy,), can be increased by

(a) addition of an inert gas at constant volume

(b) increasing the pressure

(¢) lowering the temperature

(d) addition of an inert gas at constant pressure.
(Online 2018)

pK, of a weak acid (H4) and pK, of a weak base (BOH) are
3.2 and 3.4 respectively. The pH of their salt (4B) solution
is

(a 7.0 (b 1.0

) 72 (d) 69

(2017)

Addition of sodium hydroxide solution to a weak acid (HA)
results in a buffer of pH 6. If ionisation constant of HA is
1073, the ratio of salt to acid concentration in the buffer
solution will be

(a) 5:4 () 1:10

() 4:5 (d 10:1

(Online 2017)

50 mL of 0.2 M ammonia solution is treated with 25 mL of
0.2 M HCL. If pK, of ammonia solution is 4.75, the pH of the
mixture will be
(a) 475 (b) 3.75

(c) 925  (d) 825

(Online 2017)

The equilibrium constant at 298 K for a reaction,
A+ B —— C + Dis 100. If the initial concentration of all
the four species were 1 M each, then equilibrium
concentration of D (in mol L) will be
(a) 0.182 (b) 0.818 (¢) 1818 (d) 1.182

(2016)
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A solid XY kept in an evacuated sealed container undergoes
decomposition to form a mixture of gases X and Y at
temperature 7. The equilibrium pressure is 10 bar in this vessel.
K, for this reaction is

(a) 25 (b) 100

(c) 10 d 5

(Online 2016)
The standard Gibbs energy change at 300 K for the reaction
24 == B+ Cis 2494.2 ]. At a given time, the composition

1

of the reaction mixture is [A]= E, [B]=2 and [C]= E The
reaction proceeds in the [R = 8.314 J/K/mol, e = 2.718]
(a) forward direction because Q < K,
(b) reverse direction because O < K,
(c) forward direction because Q > K,

(d) reverse direction because Q > K, . (2015)

Gaseous N,0, dissociates into gaseous NO, according to
the reaction, NyOuy === 2NOy,,

At 300 K and 1 atm pressure, the degree of dissociation of
N,0, is 0.2. If one mole of N,O, gas is contained in a vessel,
then the density of the equilibrium mixture is

(a) 1.56¢g/L (b) 3.11g/L

(c) 4.56¢g/L (d) 6.22g/L (Online 2015)

For the equilibrium, 4, _ By, AH is —40 kJ/mol. If the
ratio of the activation energies of the forward (£)) and reverse
(E}) reactions is then

(a) E,= 60 kl/mol; Ej, = 100 kJ/mol

(b) E,= 30 klJ/mol; E}, = 70 kJ/mol

(c) E;= 80 kJ/mol; E}, = 120 kJ/mol

(d) E,= 70 kJ/mol; E, = 30 kJ/mol. (Online 2015)

The increase of pressure on ice ——— water system at

constant temperature will lead to

(a) no effect on that equilibrium

(b) a decrease in the entropy of the system

(c) a shift of the equilibrium in the forward direction

(d) an increase in the Gibbs energy of the system.
(Online 2015)

. 1
For the reaction, 802(3) +502(g) ESO3(8),

if K, = K(RT)" where the symbols have usual meaning then
the value of x is (assuming ideality)

1
@ 1 @ 5

How many litres of water must be added to 1 litre of an
aqueous solution of HCI with a pH of 1 to create an aqueous
solution with pH of 2?

(a) 9.0L (b) 0.1L

(b) —1 () —% (2014)

(¢) 0.9L (d) 2.0L

(2013)

The equilibrium constant (K, for the reaction
Ny + Oz(g) - 2N0(g) at temperature 7 is 4 x 10™*. The value

. 1 1
of K_ for the reaction, NO(g) - > Nz(g) + > Oz(g) at the same
temperature is
(a) 2.5x10?

©) 500

(b) 4x10*

(d) 0.02 (2012)
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The pH of a 0.1 molar solution of the acid HQ is 3. The value
of the ionization constant, K of this acid is

(@ 1x1073 (b) 1x107°

(¢) 1x107 (d) 3x10"! (2012)

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. If the total pressure at equilibrium is 0.8 atm, the
value of K is

(a) 1.8atm (b) 3 atm

(¢) 0.3 atm (d) 0.18 atm (2011)

At 25°C, the solubility product of Mg(OH), is 1.0 x 10!, At
which pH, will Mg?* ions start precipitating in the form of
Mg(OH), from a solution of 0.001 M Mg?* ions?
(a 8 (b) 9 () 10 @ 1

(2010)
Three reactions involving H,PO, are given below:
(@ H,;PO,+ H,0 —> H,;0" + H,PO,
(i) H,PO, + H,0 —> HPO, + H,0"
(iiiy H,PO, + OH — H,PO, + O*
In which of the above does H,PO,™ act as an acid?
(a) (i) only (b) (ii) only
(¢) (i) and (ii) (d) (iii) only (2010)
Solubility product of silver bromide is 5.0 x 1013, The quantity
of potassium bromide (molar mass taken as 120 g mol™!) to
be added to 1 litre of 0.05M solution of silver nitrate to start
the precipitation of AgBr is
(a) 5.0x10%g (b) 1.2x10710g
() 1.2x10°¢g (d) 62x107¢g (2010)
In aqueous solution the ionisation constants for carbonic
acid are

K, =42x107 and K,=4.8 x 10"

Select the correct statement for a saturated 0.034M solution
of the carbonic acid.
(a) The concentration of H" is double that of CO}.
(b) The concentration of COj™ is 0.034 M.
(c) The concentration of COJ™ is greater than that of HCO.

(d) The concentration of H" and HCO;™ are approximately
equal. (2010)

The correct order of increasing basicity of the given

conjugate bases (R = CH,) is

(@) RCOO <HC=C <NH, <R

(b) RCOO <HC = C <R <NH,”

() R <HC=C <RCOO <NH,”

(d) RCOO <NH, <HC=C <R (2010)

Solid Ba(NO,), is gradually dissolved in a 1.0 x 104 M

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

precipitate begin to form‘?(Ksp for BaCO, = 5.1 x 107

(a) 4.1x10°M (b) 51x10°M

(c) 8.1x10°M (d 81x107M

Four species are listed below :

(i) HCO; (i) H,0"

(i) HSO, (iv) HSOsF

Which one of the following is the correct sequence of their

acid strength?

(2009)
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(a) idi<i<iv<ii (b) iv<ii<iii<i

(c) ii<ili<i<iv (d) i<iii<ii<iv  (2008)

The pK, of a weak acid, (HA), is 4.80. The pK}, of a weak base,

BOH is 4.78. The pH of an aqueous solution of the

corresponding salt, B4, will be

(a) 922 (b) 958 () 479 (d) 7.01
(2008)

For the following three reactions (i), (ii) and (iii), equilibrium
constants are given

()  COy + HyOp == COy) + Hyy); K,

(i) CHy + HO0p — CO(g) + 3Hy; Ky

(lll) CH4(é) + ZHzo(é) pr— COZ(&) + 4H2(g), K3

Which of the following relation is correct?

(@ KiK' =K (b) KK =K;

(© K,K;=K, (d) K;=KK, (2008)

The equilibrium constants Kp1 and sz for the reactions

X == 2Yand Z == P + Q, respectively are in the ratio

of 1 : 9. If degree of dissociation of X and Z be equal then

the ratio of total pressures at these equilibria is

(a 1:9 (b) 1:36 () 1:1 (d 1:3
(2008)

In a saturated solution of the sparingly soluble strong
electrolyte AglO, (molecular mass = 283) the equilibrium
which sets in is

Aglo,, = Ag',, + 10,
If the solublllty product constant K of AglO, at a given
temperature is 1.0 x 10°%, what is the mass of AglO, contained
in 100 mL of its saturated solution?

(@ 1.0x10%g (b) 283 x102%¢g

() 2.83x1073¢g (d 1.0x107g (2007)

The pK, of a weak acid (HA4) is 4.5. The pOH of an aqueous
bufferd solution of HA4 in which 50% of the acid is ionized is
(a 70 (b) 45 (c) 25 (d) 9.5 (2007)

The first and second dissociation constants of an acid H,4
are 1.0 x 107 and 5.0 x 107'° respectively. The overall
dissociation constant of the acid will be

(a) 02x10° (b) 5.0x107

(c) 5.0x108 (d 5.0x1071 (2007)
Given the data at 25°C,

Ag+T > Agl+e ; E°=0.152V

Ag > Agt+e ; E°=-0800V

What is the value of log K, for Agl?

(2 303% =0.059 Vj

() —8.12 (b) +8.612 (c) —37.83 (d) -16.13

(2006)
The equilibrium constant for the reaction,
8Os == SOy + %Oz@
is K, = 4.9 x 1072, The value of K, for the reaction
250y + Oyq) == 2805, will be
(a) 416 (b) 2.40x1073

() 9.8x1072 (d) 4.9x107? (2006)
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Phosphorus pentachloride dissociates as follows in a closed
reaction vessel,

PClsg) === PCly + Cly,
If total pressure at equilibrium of the reaction mixture is P and
degree of dissociation of PCls is x, the partial pressure of PCl;
will be

2
w [Slre (Ere Srol)r
(2006)

An amount of solid NH,HS is placed in a flask already
containing ammonia gas at a certain temperature and
0.50 atm. pressure. Ammonium hydrogen sulphide
decomposes to yield NH, 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
(a) 030 (b) 0.18 (c) 0.17 (d) 0.11
(2005)

Among the following acids which has the lowest pK value?
(a) CH;COOH (b) (CHj;),CH - COOH

(c) HCOOH (d) CH;CH,COOH (2005)

What is the conjugate base of OH?

(@) O, (b) HO (c) O (d 0>
(2005)

Hydrogen ion concentration in mol/L in a solution of
pH = 5.4 will be
(a) 3.98x10%

(c) 3.68x10°

(b) 3.88 x 106

(d) 3.98x10° (2005)

For the reaction,

(K, =1.8 x 107 at 184°C, R = 0.0831 kJ/(mol.K)).

When K, and K, are compared at 184°C it is found that
(a) K, is greater than K.  (b) K, is less than K,

() K, =K.

(d) whether K, is greater than, less than or equal to K,
depends upon the total gas pressure.

(2005)

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

Clyg) + 3Fy ) == 2CIF3); AH =-329 kJ

Which of the following will increase the quantity of CIF; in
an equilibrium mixture of Cl,, F, and CIF;?

(a) Increasing the temperature

(b) Removing Cl,

(c) Increasing the volume of the container

(d) Adding F, (2005)

The solubility product of a salt having general formula MX,
in water is 4 x 1072, The concentration of M?* ions in the
aqueous solution of the salt is

(a) 20x10°M (b) 1.0x10*M

(c) 1L.6x10*M (d) 4.0x101°M (2005)
Consider an endothermic reaction X — Y with the activation

energies E, and E, for the backward and forward reactions,
respectively. In general



50.

51.

52.

53.

54.

5s.

56.

57.

(@) E,<E
() E,= Ef
(d) there is no definite relation between £, and ;.

(b) E,>E;

(2005)
The molar solubility (in mol L) of a sparingly soluble salt

MX, is 5. The corresponding solubility product is K. s is
given in terms of K by the relation

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

(c) s—(256K i (d) s=(K,, /256)”5 (2004)

The equilibrium constant for the reaction,
Nag) + Oxgp = 2NO, _
at temperature 7' is 4 x 107 The value of K, for the reaction :

NOy, — %Nz(g) + %Oz(g) at the same temperature is

(a) 2.5x107 (b) 50
(c) 4x10* (d) 0.02 (2004)
For the reaction, CO(g) + Clz(g) — COClz(g), the Kp/KL_ is equal
to
(a) 1/RT (b) RT (¢ JRT (@ 10

(2004)

What is the equilibrium expression for the reaction

Py 150, ) == P40y (,?
[P400] [P,Oy]
a) K, =——"= b) K,=z——
® [P,][O,T ®) S[P41[0,]
1
= 5 Kc 3
© K.=[0] @ K=o 5 o0y
The conjugate base of H,PO," is
(a) POS (b) P,Os () H;PO, (d) HPO;
(2004)

When rain is accompanied by a thunderstorm, the collected

rain water will have a pH value

(a) slightly lower than that of rain water without
thunderstorm

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

(c) uninfluenced by occurrence of thunderstorm

(d) which depends on the amount of dust in air.

Which one of the following statements is not true?

(a) The conjugate base of H,PO, is HPO; .

(b) pH + pOH = 14 for all aqueous solutions.

(c) The pH of 1 x 108 M HCl is 8.

(d) 96,500 coulombs of electricity when passed through a

CuSO, solution deposits 1 gram equivalent of copper at
the cathode. (2003)

(2003)

The correct relationship between free energy change in a
reaction and the corresponding equilibrium constant K is
(a) AG=RTInK, (b) ~AG=RTInK,

(c) AG°=RThK, (d) -AG°=RTInK, (2003)
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The solubility in water of a sparingly soluble salt 4B, is
1.0 x 107 mol L. Its solubility product will be
(a) 4x101 (b) 4x10710
(c) 1x10 (d 1x10710

For the reaction equilibrium, N;Ouq == 2NOy,

the concentrations of N,0O4 and NO, at equilibrium are
4.8 x 102 and 1.2 x 102 mol L' respectively. The value of K,
for the reaction is

(a) 3.3x10>mol L! (b) 3x 10" mol L!
(¢) 3x103 mol L! (d) 3x10°mol L!
Consider the reaction equilibrium:

280, + Oyq) = 28054, ; AH° =-198 kJ.

On the basis of Le Chatelier's principle, the condition
favourable for the forward reaction is

(a) lowering of temperature as well as pressure

(b) increasing temperature as well as pressure

(c) lowering the temperature and increasing the pressure
(d) any value of temperature and pressure. (2003)

(2003)

(2003)

In which of the following reactions, increase in the volume
at constant temperature does not affect the number of moles
at equilibrium?

(a) 2NH; - N, + 3H,

(©) Hag * Oz = HyOxp

(b) Cg + (1/2) Oyg — COy,
(d) None of these. (2002)
Change in volume of the system does not alter the number
of moles in which of the following equilibria?
(@) Ny * Oz(g) ZNO
(C) Nz(é) + 3H2(g,) f— 2NH3(é)
For the reaction

COp,y + (172) Oy =
(@) RT () RD!

(2002)

COy, K, /K. is

© &N @ ®0"
(2002)

Let the solubility of an aqueous solution of Mg(OH), be x
then its K is
(a) 43 (b) 108x° (c) 27x*

d) 9 2002)

Species acting as both Bronsted acid and base is
(a) (HSO,) (b) Na,CO,

(c) NH, (d) OH (2002)

1 M NaCl and 1 M HCI are present in an aqueous solution.
The solution is

(a) not a buffer solution with pH < 7

(b) not a buffer solution with pH > 7

(c) a buffer solution with pH < 7

(d) a buffer solution with pH > 7. (2002)
@ 8. (@ 9. (d) 10. (a) 11. (d) 12. (d)
© 20. (o) 21. (¢) 22. (a 23. (¢ 24. (b)
(b) 32. (d) 33. (d) 34. (d) 35. (b) 36. (¢)
(b) 44. (d) 45. (d) 46. (a) 47. (d) 48. (b)

@ 56. ) 57.(d) 58 (c) 59.(c) 60. (c)




%x/pxéwnwbl}o/ws/

1. (b) :H,S = H'+HS5 k= 1.0 x 107

HS = H'+ 8% k= 1.2 x 10713

H,S = S* + 2H"

K=k xky=10x107x12x 103 =12 x 102

2— +12 —20
kST g0, gsmp = 1221070 X[HS)
[HS] [H']
[H,S]=0.1M
[HCI] =02 M

As HCI is stronger acid so, [H] = 0.2 M
_12x1072°x0.1

[S*] - 20
027 3x1020M
2. (c) :(Na,S0,) (BaSO,)
My, = MY,
1M x50 = M, x 500
50 _1
27500 10

For just precipitation, O, = K

5 [Ba>] [SO2] = K,,(BaSO,)

Ba®" x % =10"" = Ba> =10 M in 500 mL
Initially, [Ba®"] in original solution (450 mL)
M, x 450 =107 x 500
-9
M, _00x10 109 M
450
3. (d) : The compound which can accept a pair of electrons is
known as Lewis acid. BCl; and AICI; have vacant orbitals and
their octet is not complete thus these can accept electron pairs
and behave as Lewis acids.
4. (b) : Al(CN); + H,O = Al(OH); + HCN
Weak base Weak acid
CH;COOK + H,0 = CH;COOH + KOH
Weak acid  Strong base
FeCl; + H,O = Fe(OH); + HCI
Weak base Strong acid
Pb(CH;COO), = Pb(OH), + CH;COOH
Weak base Weak acid
Hence, for the CH;COOK, nature of solution is basic.

5. (a) : According to Boyle’s law : Pressure o<
Volume

i.e., when volume of the container is increased, the pressure
decreases. To undo the effect of decreased pressure, the reaction
will move in a direction where pressure increases i.e., towards the
greater moles of gaseous substances. This is in accordance with
Le Chatelier’s principle.

6. (b) :PbClL, = Pb* + 2CI
N 2s

K, = [Po*][CI]?

32x108=sx 2s) =45 =>5=2x10M

(s = solubility of PbCl,)

Lubility — ppCl,
Solubility = ;1 me (in L)
01 1 3 0.1 _10°
== x—=2x10 LI A ~
K 278 7 =V 278>< 5 0.1798 ~ 0.18 L

7. (@)

8. (a) : NaOH + HCl —— NaCl + H,0

(a) 25 mL NaOH will react will 25 mL HCl
Total volume of solution = 75 + 25 = 100 mL

) 75 25
Millimoles of HCI left = 55 =10
Millimoles 10
i =—=—=0.1M
Concentration of HCI Volume 100

pH = —log[H'] = —log[0.1] = 1
(b) This will be a neutral solution i.e., pH = 7

55 45
(c) Millimoles of HCI left =———=5.5-4.5=1
10 10
1
Concentration of HCI = ﬁ=0.01 M
S pH=2
d) Millimol fHCllft—@—ﬂ—6 4=2
(d) Millimoles o e—lo o "6-4=
2
Concentration of HCI = E=O.O2M
s pH=1.69
9. (@d): CO + Cl, &= CocCl,
Initial moles 2 3 0
At equil. 1 2 1
1
[COCl,] 5 5
c= = =—=25
[CO][CL,] (1) (2) 2
5J\5
10. (@) : Ay = 24,
Pressure at ¢ =0 1 atm 0
At eq. l—£= 0.8 atm ZXE = 0.4 atm
100 100

2 2
Equilibrium constant, K,= (Py) _ (0.4) _
Py, 0.8

AG°=-2303 RT log K, =—2.303 x 8.314 x 320 log 0.2 = 4282.64 ] mol !
11. (d) :2N02(g) —_—> N204(g) 5 AH =

According to Le-Chatelier’s principle, when inert gas is added at
constant pressure, the total volume increases which leads to
decrease in molar concentration of reactant and product. Thus,
the reaction moves towards backward direction and
decomposition of N,O, increases. Addition of inert gas at
constant volume does not affect equilibrium.

On increasing the pressure, the reaction moves towards forward
direction (lesser moles).

On lowering temperature, the reaction moves to forward direction
as it is an exothermic reaction.

0.2

Y~

12. (d) : pH of a salt of a weak acid and a weak base is given by :
1 1
pH=7+ > (pK,—pK,)) =7+ 5 (3.2-34)=69
13. d):HA—> H + 4
[H'][47]

K= T

[Salt]

=10 - - _—
107 ; pH = pK, + log [Acid]



S [Salt] [Salt]
= —log[10™] + log—[Acid] =6=5+ IOg—[Acid]
[Salt] )
[Acid] Antilog 1 = 10

[Salt] : [Acid]=10:1

14. (o) : NH3 + HCl — NH4C1
. 50x0.2 25%0.2
Initial 1000 1000
After reaction : = 10 =5 0
Buffer solution : 5 0 5
[salt]

pOH = pK, + logm =4.75
pH=14-4.75=9.25

15. (¢): A + B = C + D
Initial conc. 1 1 1 1
At equilibrium 1-x 1 -x 1 +x 1+ x
Cl[D 1+ x)? 1+
Now, k. = ICIID) ICET e
[A][B] 1-x) 1-x

10-10x=1+x =9=1Ix = x=0.818

So, concentration of D at equilibrium =1 + 0.818 = 1.818 M
16. (@) : XY = X + Y

K, =y @)

pX:xXXPTOtal: E x 10 = 5 bar

1
Similarly, py = > x 10 = 5 bar

Now, K, =5 x5=25

17. @) :24=B+C

Given : T=300 K, AG°=2494.2 J, R =8.314 JK™' mol™'
AG° =-2.303 RT logk.

24942 = -2.303 x 8.314 x 300 x log K,

log K, = antilog (-0.4342) = K. = 0.3679

2X 1
[BI[C] _2%3
AP (1)

&

Here, Q. > K_ thus, the reaction will proceed in the backward
direction.

18. (b) : NyOy4 == 2NOy,
Att=20 1 0
At eqm. 1-a 20

where o is degree of dissociation.
1-a)x MNZO4 +200 X MNO2

Mol. wt. of mixture (M,,;, ) =

1+
_ (1-0.2)x92+2x%0.2%x46 —76.66
(1+0.2)
Now, as per ideal gas equation, PV = nRT
PM,,, = dRT
PM.__. 1X76.66
Lod=—" = =3.11¢g/L
RT 0.0821x 300

19. (¢) : 4y = B, AH=-40 kJ/mol

Bap) _2

Ea(h) 3

We know that, £,y — E,; = AH

2
Eyry = Eqpy = 40 = gEa(b) —Eqp) =—40

Eﬂ(b) =120 kJ/mOl, Ea(ﬂ = 80 kJ/mol

20. (o): Ice + Heat =  Water

More volume Less volume
On increasing the pressure on this system in equilibrium, the
equilibrium tends to shift in a direction in which volume decreases,
i.e., in the forward direction.

. 1
21. (c) : For the reaction, SOy + Eoz(g) =503,

Using formula, K, = K(RT)*'
where, An, = no. of products,) — no. of reactants,

:1—(1+1]:—1:x
2 2

22. (a) : Initial concentration of aq. HCI solution with
pH1=10'M
Final concentration of this solution after dilution = 102 M
MV=MWV,+V,) = 10 x1=102%2(1+V,)

0.1

—C=1+V, = 10=1+V, = V,=9L
0.01

23. (c) . N2(g) + Oz(g) —> 2NO(g), KC =4 x 10‘4 e (1)
By multiplying the equation (i) by %
1 1

5 No T 5 Oz —> NO

K. =K. =V4x107* =2x1072

. L 1 1
By reversing the equation (ii), we get NO(,) —> > Ny + 2 Oy

... (i)

1 1
K/'=—= =50.0
Kl 2x107
24. (b) : pH = 3; Molarity = 0.1 M

[H*]=K,C
H'=107H=1073
10°=/K,x01 = 10°=K,x01 = K,= 107

0.5 atm
0.5-P 2P
Total pressure = 0.5 - P +2P=0.8 = P=0.3
2
Peo _ (2P __(06)°

=1.8 atm

K = = =

p Po, (05-P) (0.5-0.3)
26. (¢) : (Ky)wgiom), = [Mg*J[OH]* -
1x101=[0.001][OH ? = [OH J* = 10—3 =10 = [OH ]=10*
10™
pOH =4
Thus, pH=14 -4 =10
27. (b): In equation (ii), H,PO, acts as a proton donor and thus,
acts as an acid.
28. (c) : Given, (K;,)ogp, = 5.0 x 10713
The required equation is, KBr + AgNO; —> AgBr + KNO;
Given, [AgNO;] = 0.05 M; [Ag"] = [NO;] = 0.05 M

[qu [Bri] = (Ks’p)AgBr

5x1071
= 0.05x[Br]=5x10"=

[Br']= 5 =1x107"M
510"



[K7=[Br]=[KBr] = [KBr]=1x10""M

Molarity = "KBr
Solution (L)
120
1x 1011 = DB /1200 1ot of KBr = 120)

= wgp, =1 %1011 x120=120x 10"1=12x10"¢g
29. (d): H,CO; = H' + HCO;; K, =4.2 x 1077
HCO; = H'+ CO; ;K,=4.8 x 107!

K, >> K,, so H,CO; ionises more than HCO; and hence,
contribution of H* is mostly due to ionisation of carbonic acid,
thus the concentrations of H" and HCO; are approximately equal.

30. (a): The order of acidity can be explained on the basis of
the acidity of the acids of the given conjugate base. Stronger is
the acid, weaker is the conjugate base. Since RCOOH is the
strongest acid amongst all, RCOO™ is the weakest base. Due to
sp hybridised carbon, acetylene is also acidic and hence a weak
base but stronger than RCOO~. As sp® carbon is less
electronegative than sp? nitrogen, R~ is more basic than NH;.

31. (b): K, for BaCO; = [Ba®"][CO3 ]

given, [CO31=1x10*M (from Na,CO5)

K,=51x107

251 x 107 =[Ba?] x [104] = [Ba?"]=5.1x10°M

Thus, when [Ba?'] = 5.1 x 10~ M, BaCOj precipitate will begin
to form.

32. (d) : HSOsF is the super acid. Its acidic strength is greater than
any given species. The pK, value of other species are given below :

HCO;, — 1025
H,0* — 174
HSO, — 192

Lesser the pK, value, higher will be its acidic strength. Hence
sequence of acidic strength will be
HSO,F > H,0" > HSO, > HCO;
33. (d) : Given that pK, = 4.8 and pK, = 4.78
pH=7+1/2 (pK,—pK,) =7+ 1/2 (4.80 — 4.78) = 7.01

34. (d): CO + HyO(, = COyy + Hy
_[CO,]H,] .
1~ [COJH,0] -0
CHy(g) + HyO) == CO + 3Hy
_ [colH, T
7 [CH,][H,0]
CHyig) + 2ZHy0) 7= COxq) + 4Hyy
K. LCONH, T
[CH,4][H,0]
From equations (i), (i) and (iii) ; K3 = K; X K,

i)

(iv)

35. (b): X—=—=2Y; Z—P+Q
Initial mol. 1 0 1 0o 0
At equilibrium 1 — o 20 1 —a [
20 :
. (220)
% _&_(14%1

Pi py 1-a
(1+oc P
o o
o PPy \Tva P2 )\Tva P

P b, l1-a
T+a P2

40,2 )2 . _ azpz .
= KPI = w () = sz —m (i)
K
. . p_ 1
Given is —Kp‘ =9 ..(iii)
2
Substituting values of from equation (i) and (ii) into (iii), we get
4u” )2
1-112 :l 4p1:l = ﬂ:L
a P, 9 P, 9 p, 36
1-o

36. (o): AglO, Ag' +10; [S = Solubility]

s

N
K,=8 = $=10x10°%
S=1.0 x 10 mol/L

1.0x107* x 283

=1.0x10*x 283 g/L = /L
g 1000 &
1.0 x107* x 283 x 1
_ 0 X107 x283x100 o/100mL
1000
=283 x10*g/100 mL =2.83 x 1073 g/100 mL
. [4]
: H= pK,6 +log —=
37. (d) : For acidic buffer, p pK, g [FA]
When the acid is 50% ionised, [47] = [HA]
pH =pK, + logl = pH = pK,
Given pK,=4.5 ;pH=4.5
pOH=14-45=95
38. (d): H,4 H +HA ;
[H]HA ]
= T o = 1x107
[H, 4]
H4A ——H +A,K275><1() (HA ]

_[H'P47]
[H,4]
39. (@) : Agly, te > Agy +1,E°=-0.152V
Agy — Agh + e, E°=—-0.800 V
Agly —>Ag + 1, E°=-0952V

=Kx K,=1x107x5x1071%= 5 x 1015

E°cn = 0.059 logk = -0952= 0'(159 logK,
or, logKg, = _09%2 -16.135
0.059

40. (a) : SOs) = SOy + 1/2 Oy

[SO,][0,]"2

=K. =49%1072 .. (i)
[SOs]
8O3 + 172 Oy) = SOy
[SOs;] , 1 -
7z =Ke= ) .. (i)
[SO,][0,] 49x%10
[SO,T° 1
2 —K7 = - 10000 _ 1 1o
[SO, 1" [0,] 49%4.9%10 24.01



. (a): PC15 @ — PCl3 @t C12 @
t= O
leg 1-x X X
Total number of moles=1—-x +x +x=1+x

X
Thus partial pressure of PCl; = [—]P

l+x
42. (d): NH,HS ;) = NH;,) +H,S,,
Initial pressure 0 0.5 0
At equi. 0 0.5 +x X

Total pressure = 0.5 + 2x = 0.84 = x = 0.17 atm
K, = Py % Pu,s = (0.5 +0.17)(0.17) = 0.11 atm?

43. (b) : Higher the pK,, value, weaker is the acid. Hence, strongest
acid has lowest pK, value.
44. (d) : Conjugate base of OH is O*.
OH = O* +H*

45. (d) : pH = — log[H"]

[H*] = antilog (—pH) = antilog(-5.4) =3.98 x 10°¢
46. (@) :K,=K.RD*;An=3-2=1

K,=K,.(0.0831 x 457)!

K,> K,

47. (d) : Cly,) + 3F,, =
Favourable conditions:
(i) As the reaction is exothermic, hence decrease in temperature
will favour the forward reaction.

(i) Addition of reactants or removal of product will favour the
forward reaction.

(i) Here An =2 — 4 =-2 (i.e., —ve) hence decrease in volume or
increase in pressure will favour the forward reaction.

2CIFy; AH =329 kJ

48. (b) : MXy,) = M?** () + 2X ()
s 2s
K, 2sP =45 = 4x107=45 = $=1x10"
: s=1x10*M = [M?>]=1x10*M
49. (a) : For endothermic reaction, AH = +ve
= AH=E,— E,, it means £, < E,
50. (d) : M X, (solid) = M*" ,, +4X
s 4s
Solubility product, K, = s x (4s)* = 256 s*
/5
g=7 Ky _ Ko
256 | 256
51. (b) : Ny + Oy = 2NO,
[NOJ® 4
K. =———=4x10
¢ [N21[0;]
1 1
NO = 3 Nag * 5 0x)
g NI (0,17 1 1 L _100_,
¢ INOT  JK. Jaxi0® 2x10° 2
52. (a) : CO, + Cly,y = COCly,
An=1-2=-1

K
Z2p_ -1 1
X, (RT)

= An
=K, (RT*" = RT

53. (d) . P4 () + 502 (9 ~— P4OIO (s)
[P404¢ (5]
[Py ) 1102

We know that concentration of a solid component is always taken
as unity.

=

1
[0,F
54. (d) : Conjugate base is formed by the removal of H* from acid.
H,PO, — HPO; + H*
55. (a) : Due to thunderstorm, temperature increases. As
temperature increases, [H] also increases, hence pH decreases.

=

56. (c) : pH of an acid cannot exceed 7. Here we should also
consider [H*] that comes from H,O.
Now [H'] = [H'lom et + [H'Jrom 1,0
=108+107=108+10x108=11x 108
pH = —log(11 x 107%) = 6.9587

57. (d): AG = AG° +2.303 RT logK,
At equilibrium, AG = 0
AG® = -2.303 RT logK,

58. (C): AB, = A% + 2B~
$=1.0x 10" mol L!
— 4] [B 2= 1.0 x 105 x (1.0 x 105) = 1.0 x 1013

59. (0):[N,0,4]=4.8x102 mol L' ; [NO,]=1.2x10"% mol L'

x ~INOL P _12x1072x1.2x1072
¢ INO4] 4.8x107

60. (c) : The conversion of SO, to SO; is an exothermic reaction,
hence decrease the temperature will favour the forward reaction.
There is also a decrease in volume or moles in product side. Thus
the reaction is favoured by low temperature and high pressure.
(Le Chatelier's principle).

=0.3x102=3x 103 mol L!

61. (d) : For those reactions, where An = 0, increase in volume
at constant temperature does not affect the number of moles at
equilibrium.

62. (a) : 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.

A 1 3 1
n. J— —— —_——
63. (0): K,=K.(RD* ; An=1- [1+2) 1 2 5

P _ =1/2
X, - (RT)
64. (a) : Mg(OH), — [Mg>*] + 2[OH]
X 2x
= [Mg¥] [OH]? = Ky, = (%) x (2x)? = x x 4x? = 43
65. (a) : According to Bronsted-Lowry concept, a Bronsted acid
is a substance which can donate a proton to any other substance
and a Bronsted base is a substance which can accept a proton
from any other substance.
(HSO,)™ can accept and donate a proton.
(HSO,) + H* —» H,S0,
(HSO,) — H" - SO}

66. (a):HClis astrong acid and its salt do not form bufter solution.
As the resultant solution is acidic, hence pH is less than 7.

==
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