T Ordinary Thinking
Objective Questions

Reversible and Irreversible reaction

A reversible reaction is one which
[MP PET 1986]
(@) Proceeds in one direction
(b) Proceeds in both directions
(¢) Proceeds spontaneously
(d) All the statements are wrong
Which of the following is a characteristic of a reversible reaction
a) Number of moles of reactants and products are equal
b) It can be influenced by a catalyst
c) It can never proceed to completion

d) None of the above
The reaction CaCO; = CaO +CO,(g) goes to completion in

lime kiln because

(
(
(
(

[MP PMT/PET 1988; CPMT 1990]
a) Of the high temperature

(
(b) CaO is more stable than CaCOg4
(
(

c) CaO is not dissociated
d) CO, escapes continuously

In the given reaction N, +0O, = 2NO, equilibrium means that

(@) Concentration of reactants is changing where as concentration
of products is constant

(b) Concentration of all substances is constant

(c) Concentration of reactants is constant where as concentration
of products is changing

(d) Concentration of all substances is changing

Which of the following reactions is reversible

[MADT Bihar 1980]

H, +1, ——2HI
H,SO, +Ba(OH), ——BaSO, +2H,0
() NaCl+ AgNO; —— NaNO; + AgCl

(d) Fe+S——FeS
All reactions which have chemical disintegration

[MP PMT 1990]
Is reversible

@)

(b) 1s reversible and endothermic

(c) s exothermic

(d) 1s reversible or irreversible and endothermic or exothermic
Amongst the following chemical reactions the irreversible reaction is

(@ H,+I1, = HI

(b) AgNO; + NaCl = AgCl+ NaNO,
() CaCO,; =CaO+CO,

(d) 0O, +2S0, =250,

[AFMC 1993]

[MADT Bihar 1984]



Equilibrium state

In any chemical reaction, equilibrium is supposed to be establish
when

[CPMT 1974, 80, 89; EAMCET 1975, 77, 79;
MP PMT 1990; NCERT 1980; MP PET 1995]

Mutual opposite reactions undergo

CHRY

Concentration of reactants and resulting products are equal

n
~

Velocity of mutual reactions become equal

o~ o~ o~ —~

==
==

The temperature of mutual opposite reactions become equal
ich of the following conditions represents an equilibrium
a) Freezing of ice in a open vessel, temperature of ice is constant

(
(b) Few drops of water is present along with air in a balloon,

temperature of balloon is constant

(c) Water is boi]ing in an open vessel over stove, temperature of
water is constant

(d) All the statements (a), (b) and (c) are correct for the
equilibrium

When rate of forward reaction becomes equal to backward reaction,

this state is termed as

[NCERT 1975, 80; CPMT 1973, 74, 77]

(b) Reversible state

(d) Al of these

(@) Chemical equilibrium
(¢) Equilibrium

A =B, the system will be known in
[MP PMT 1990; NCERT 1977]

In chemical reaction
equilibrium when
(@) A completely changes to B
(b) 50% of A changes to B
(c) The rate of change of A to Band B to A on both the sides are
same
(d) Only 10% of A changes to B
A chemical reaction is at equilibrium when
[NCERT 1975; CPMT 1974; MP PMT 1996;

KCET 1993; IIT 1978; Manipal MEE 1995; Pb. PMT 2002]
(@) Reactants are completely transformed into products
b

C

d

~

—~
=

The rates of forward and backward reactions are equal

Formation of products is minimised

/\/\
= L

Equal amounts of reactants and products are present
N, +3H, = 2NH; at equilibrium
[NCERT 1977]

In the chemical reaction
point, state whether

(@) Equal volumes of N, and H, are reacting
(b) Equal masses of N, and H, are reacting

(©)

(d) The same amount of ammonia is formed as is decomposed into

N, and H,

The reaction has stopped

For the reaction PCly(g)+Cl,(g) = PCl;(g) the position of
equilibrium can be shifted to the right by [MP PMT 2004]
(@) Increasing the temperature

(

b)
(¢) Addition of Cl, at constant volume
d)

(

If a system is at equilibrium

Doubling the volume

Addition of equimolar quantities of PCl;and PClg

the rate of forward to the reverse

reaction is [UPSEAT 2004]
(@) Less (b) Equal
() High (d) At equilibrium

Chemical equilibrium is dynamic in nature because
[T 1977]
(@) Equilibrium is maintained rapidly
(b) The concentration of reactants and products become same at
equilibrium

() The concentration of reactants and products are constant but
different

(d) Both forward and backward reactions occur at all times with
same speed

The number of gram molecules of a substance present in unit

[MP PMT 1993]
(b) Normal solution
(d) Active mass

volume is termed as
(@) Activity

() Molar concentration

Law of mass action

According to law of mass action rate of a chemical reaction is
proportional to [AFMC 2005]

(@) Concentration of reactants

(

b)
(c) Concentration of products
d)

(

In a reaction the rate of reaction is proportional to its active mass,
[NT1979]

Molar concentration of reactants

Molar concentration of products

this statement is known as

(@) Law of mass action

(b) Le-chatelier principle

(¢) Faraday law of electrolysis

(d) Law of constant proportion

The active mass of 64 gm of Hl in a two litre flask would be
[CPMT 1979]

(@ 2 (b) 1

() 5 (d) o025

Under a given set of experimental conditions, with increase in the

concentration of the reactants, the rate of a chemical reaction

(@) Decreases

(b) Increases

(¢) Remains unaltered

(d) First decreases and then increases

The law of mass action was enunciated by

(@) Guldberg and Waage (b) Bodenstein
(c) Birthelot (d) Graham

Theory of ‘active mass’ indicates that the rate of chemical reaction is

[MP PMT 1995]

directly proportional to the [MP PET 1990]
(@) Equilibrium constant
(b) Properties of reactants
(¢) Volume of apparatus
(d) Concentration of reactants
The rate at which substances react depends on their
[MP PMT 1997]
(@) Atomic weight (b) Molecular weight
(¢) Equivalent weight (d) Active mass
Which is false [AMU 1999]

(@) The greater the concentration of the substances involved in a
reaction, the lower the speed of the reaction

(b) The point of dynamic equilibrium is reached when the reaction
rate in one direction just balances the reaction rate in the
opposite direction

(c) The dissociation of weak electrolyte is a reversible reaction
(d) The presence of free ions facilitates chemical changes
Chemical equations convey quantitative information on the
[Orissa JEE 2002]
(@) Type of atoms/molecules taking part in the reaction

(b) Number of atoms/molecules of the reactants and products
involved in the reaction

() Relative number of moles of reactants and products involved in
the reaction

(d) Quantity of reactant consumed and quantity of product formed



In the thermal decomposition of potassium chlorate given as

2K C|O3 —>2KCI +30,, law of mass action
[MADT Bihar 1983]
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Cannot be applied
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Can be applied

Can be applied at low temperature
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[= ™
= —

Can be applied at high temp. and pressure

Law of equilibrium and Equilibrium constant

For the system 3A+2B = C, the expression for equilibrium
constant is

[NCERT 1981; CPMT 1989; MP PMT 1990;

RPMT 1999; Pb. PMT 2002; Pb. CET 2002]

o BAE o ]
[3A][2B]

[A’[B)’ PR (&
© T 9 ArEr

In the reversible reaction A+ B = C+ D, the concentration of
each Cand D at equilibrium was 0.8 mole/litre, then the equilibrium

constant K will be [MP PET 1986]
(a) 6.4 (b) o0.64
() 16 (d) 16.0

4 moles of A are mixed with 4 moles of B. At equilibrium for the

reaction A+B =C+D, 2 moles of C and D are formed. The

equilibrium constant for the reaction will be [CPMT 1992]
1 1
= b —

@ 2 (b) >

(c) 1 d) 4

On a given condition, the equilibrium concentration of HI,H, and

I, are 0.80, 0.10 and 0.10 mole/litre. The equilibrium constant for

the reaction H, +1, = 2HI will be [MP PET 1986]
(@) 64 (b) 12

() 8 (d) o8

In which of the following, the reaction proceeds towards completion
(@) K=10° (b) K=107

(¢ K=10 d) K=1

A reversible chemical reaction having two reactants in equilibrium. If
the concentrations of the reactants are doubled, then the
equilibrium constant will
[CPMT 1982, 90; MP PMT 1990,2004; MNR 1992;
UPSEAT 2002; KCET 1999; Pb. CET 2004]
(@) Also be doubled (b) Be halved
() Become one-fourth (d) Remain the same

The equilibrium constant in a reversible reaction at a given
temperature [ATIMS 1982]

(a) Depends on the initial concentration of the reactants

(b) Depends on the concentration of the products at equilibrium
(¢) Does not depend on the initial concentrations

(d) 1tis not characteristic of the reaction

Pure ammonia is placed in a vessel at temperature where its
dissociation constant (@ ) is appreciable. At equilibrium

[T 1984; Kurukshetra CEE 1998]
(a) K, does not change significantly with pressure
b) «a does not change with pressure
( g P

(c) Concentration of NH 5 does not change with pressure

(d) Concentration of H, is less than that of N,

For the system A(g)+2B(g)= C(g), the
concentrations are (A) 0.06 mole/litre (B) 0.2 mole/litre (C) 0.216

molellitre. The Keq for the reaction is

equilibrium

[CPMT 1983]
(a) 250 (b) 46
) 4x107° d) 125
The equilibrium constant for the given reaction H, +1, = 2HI
is correctly given by expression
[CPMT 1984]
o K LRl b K, [l
[HI] [2H1]
[H101,] HIJ?
© K, :2—22 (d) . :Q
[H1] [H,][l,]

Partial pressures of A, B C and D on the basis of gaseous system

A+2B = C+3D are A=0.20;B=010; C=030and D = 0.50
atm. The numerical value of equilibrium constant is
(@) m.z2s (b) 18.75
(€ s d) 375
For the reaction A+2B = C, the expression for equilibrium
constant is

[MNR 1987; MP PMT 1999; UPSEAT 2002]

[AI[ET [AE]
Y @ Y
. o] , ]
) [AIBP @ EA

2 moles of PClg were heated in a closed vessel of 2 litre capacity.
At equilibrium, 40% of PC|5 is dissociated into PC|3 and C|2.
The value of equilibrium constant is
[MP PMT 1989; RPMT 2000; UPSEAT 2004;
Kerala CET 2005]
(@) 0.266 (b) 0.53
() 2.6¥NR1990] d) 53

For which of the following reactions does the equilibrium constant
depend on the units of concentration

[ATIMS 1983]
1

1
5 Naw +5 02

NO,, =
) © >

(b) Zng +Culyy = Cug +2Znge
() C,H;OH( +CH3;COOH ;= CH;CO0C,Hs, + H,0,
(Reaction carried in an inert solvent)

(d) COClyg = COg +Clyg

Unit of equilibrium constant for the reversible reaction H, +1, =

2HI is [DPMT 1984]

(a) mol™ litre (b) mol?litre

() mol litre® (d) None of these

The decomposition of N,O, to NO, is carried out at 280K in
chloroform. When equilibrium has been established, 0.2 mol of



20.

21.

22,

23.

24.

25.

N,O, and 2x107% mol of NO, are present in 2 litre solution.

The equilibrium constant for reaction N,O0, = 2NO, is

@) litre*mole™ (b) litremole™

()  molwSepar (d)

molelitre?!

(@) 1x107? (b) 2x10°° 26.  For the reaction 250, + 0, = 2SO, the units of K are
() 1x107° (d 2x107° [CPMT 1990]
Concentration of a gas is expressed in the following terms in the (a) litremole™ (b) mol litrel
calculation of equilibrium constant [EAMCET 1982]
(@) No. of molecules per litre () (mol |itr€l)2 (d) (Iitremole’l)z
b) No. of li
(b) No. of grams per litre 27. A quantity of PC|5 was heated in a 10 litre vessel at 250°C ;
() No. of gram equivalent per litre
(d) No. of molecules equivalent per litre PCl;(g) = PCl;(g)+Cl,(Q). At equilibrium the vessel contains
0.1 mole of PClg0.20 mole of PCl; and 0.2 mole of Cl,. The
The unit of equilibrium constant K for the reaction A+B = C Jibri f th ..
would be [CPMT 1987] equilibrium constant of the reaction 1s
[KCET 1993, 2001; MP PMT 2003]
@ mol litre* (b) litremol™ (a) 0.02 (b) 0.05
() mol litre (d) Dimensionless (c) o004 (d) 0025
28. A mixture of 0.3 mole of H, and 0.3 mole of |, is allowed to
In a reaction A+B = C + D, the concentrations of A, B, C and
D (in moles/litre) are 0.5, 0.8, 0.4 and 10 respectively. The react in a 10 /itre evacuated flask at 500°C . The reaction is
equilibrium constant is [BHU 1981] H, +1,= 2HI, the K is found to be 64. The amount of
(a) oa (b) 10 unreacted |, at equilibrium is  [KCET 1990]
(¢) 10 (d) oo @) | ®) & mcl
a 0.15 mole 0.06 mole
In a chemical equilibrium A+B = C+ D, when one mole each (c) 0.03 mole (d) 0.2 mole
of the two reactants are mixed, 0.6 mole each of the products are . g
P . 29. In a chemical equilibrium, the rate constant of the backward
formed. The equilibrium constant calculated is
[CBSE PMT 1989] reaction is 7.5x10™* and the equilibrium constant is 1.5. So the
@ 1 (b) 036 rate constant of the forward reaction is [KCET 1989]
(c) 225 (d) 4/9 () 5x107* (b) 2x107°
For the reaction Nz(g) +3H2(g) = 2NH 3(g)» the correct (©) 1.125%x1073 d 9.0 x1074
expression of equilibrium constant K'is 30. 28 g2 of N, and 6 g of H, were kept at 400°C in 1 Jiere
[CPMT 1984, 2000]
NHLT2 NTHLF vessel, the equilibrium mixture contained 27.54Qg of NH 3. The
(a) 2[—3]3 (b) KZM approximate value of K. for the above reaction can be (in
[N,][H,] [NH;]
2INH, ] N, 3[H, ] mole litré) [CBSE PMT 1990]
x
O Kb @R g @ 75 b 5o
2 2 3 (¢) 25 (d) 100
The suitable expression for the equilibrium constant of the reaction 31 The equilibrium concentration of X,Y and YX, are 4, 2 and 2
2NOq, +Clyq = 2NOCl, is
@ g g moles respectively for the equilibrium 2X +Y =YX, . The value
[CPMT 1983, 87] of K, is [EAMCET 1990]
2
(a) . :M b) K, :w (@) 0.625 (b) 0.0625
[2NO][CI,] [NOJ°[CI,] (©) 625 (d) 0.00625
[NOCI]Z [NOCI]Z 32. An amount of solid NH ,HS is placed in a flask already containing
(€ K¢ :W d K :W ammonia gas at a certain temperature and 0.50 atm. pressure.
2 2 Ammonium hydrogen sulphide decomposes to yield NHj; and
A + B = C + D If finally the concentration of A and B are both H,S gases in the flask. When the decomposition reaction reaches
equal but at ec_|u1|1brmm concentration of D will be twice of that of equilibrium, the total pressure in the flask rises to 0.84 atm. The
A then what will be the equilibrium constant of reaction. [BHU 2005] . .. .
equilibrium constant for NH,HS decomposition at this
@ 4/9 (b) 9/4 )
temperature is
(© 1/9 () 4 [AIEEE 2005]
If in the reaction N,O0, =2NO,,a is that part of N,0, which (a) 030 (b) 018
dissociates, then the number of moles at equilibrium will be[MP PET 1990; MH CET agot; KCET 2005] (d) om
@ 3 (b) 1 33. In the reaction A+ 2B = 2C, if 2 moles of A, 3.0 moles of B
() @ —a)z d (Q+a) and 2.0 moles of C are placed ina 2.0 | flask and the equilibrium

In the gas phase reaction, C,H, + H, = C,Hy, the equilibrium
constant can be expressed in units of
[CBSE PMT 1992; Pb. PMT 1999]

concentration of C is 0.5 mole/|. The equilibrium constant (K)

for the reaction is [KCET 1996]

(a) 0.073 (b) 0147



34.

35.

36.

37.

38.

39.

40.

41.

42,

(¢) 0.05 d)
In a 500ml capacity vessel CO and Cl, are mixed to form

0.026

COCl, . At equilibrium, it contains 0.2 moles of COCI, and 0.1
mole of each of CO and CO, . The equilibrium constant K, for

the reaction CO +Cl, = COCl, is

[CBSE PMT 1998]
(@ 5 (b) 10
() 15 (d) 20
A reaction is A+B —>C+D. Initially we start with equal
concentration of A and B . At equilibrium we find the moles of

C is two times of A . What is the equilibrium constant of the

reaction [BHU 1998; KCET 2000]
@ 4 (b) 2
() 1/4 (d 1/2

4.5 moles each of hydrogen and iodine heated in a sealed ten litre
vessel. At equilibrium, 3 moles of HI were found. The equilibrium

H, (@) + 1,(9) = 2HI(g) is

constant for

[EAMCET 1998]
(@ 1 (b) 10
© s @) 033
An equilibrium mixture of the reaction

2H,S5(9) = 2H,(9)+S,(g) had 0.5 mole H,S , 0.10 mole H,
and 04 mole S, in one litre vessel. The value of equilibrium

constant (K) in mole litre is
[ANIMS 1998; 11T 1992; AFMC 1999; UPSEAT 2001]

(a) 0.004 (b) 0.008

(¢) 0.016 (d) 0.a60

At 3000 K the equilibrium pressures of CO, CO and Oare 0.6,0.4
and 02 atmospheres respectively. K for the reaction,
2C0O, =2CO +0, is [JIPMER 1999]
(a) 0.089 (b) 0.0533

() 0433 (d) o0a77

The rate constant for forward and backward reactions of hydrolysis

of ester are 1.1x1072 and 1.5x107° per minute respectively.
Equilibrium constant for the reaction is
CH,;COOC,H; + H,0 = CH,;COOH +C,H;OH

[AIMS 1999]
(a) 433 (b) 533
() 6.33 (d) 7.33
At a certain temp. 2H/ = H + I Only 50% H/ is dissociated at
equilibrium. The equilibrium constant is

[DCE 1999]

(@) o025 (b) 10
() 3.0 (d) o.50
When 3 mole of A and 1 mole of B are mixed in 1 /itre vessel the
following reaction takes place Ag) + B(g) = 2C ). 1.5 moles of C
are formed. The equilibrium constant for the reaction is[MP PMT 2000]
(@) 0.2 (b) o0.25
() o0.50 (d) 4.0
A 1 M solution of glucose reaches dissociation equilibrium according

to equation given below GHCHO = C4;H,,O What is the

concentration of HCHO at equilibrium if equilibrium constant is

6x10% [MP PMT 2000]
(@) 1.6x10°M (b) 3.2x107°M
() 3.2x107*M (d 1.6x107*M

43.

45.

46.

47.

48.

49.

50.

51.

0.7,0.1 and

respectively. The equilibrium constant for the reaction

Equilibrium concentration of HI, I, and H, is

0.1M

I, +H, = 2HI is [JIPMER 2000]
(@ 36 (b) 49

() 049 (d) 0.36

For the equilibrium N, +3H, =2NH;,K, at 1000k is
2.37x107%. If at equilibrium [N,]=2M,[H,]=3M, the
concentration of NH is [JIPMER 2000]
(a) 0.00358 M (b) 0.0358 M

(c) 0358 M (d) 358 M

In the reaction, A+ B = 2C, at equilibrium, the concentration of

A and Bis 0.20 mol I each and that of C was found to be

0.60 mol I, The equilibrium constant of the reaction is

(@) 24 (b) 18

() 4.8 (d) 9

15 moles of H, and 5.2 moles of |, are mixed and allowed to

attain equilibrium at 500° C . At equilibrium, the concentration of
HI is found to be 10 moles. The equilbrium constant for the
formation of HI is
[KCET 2005]

(a) 50 (b) 15
(c) 100 (d) 25
In a chemical reaction equilibrium is established when

[MP PET 2001]
(@) Opposing reaction ceases
(b) Concentration of reactants and products are equal

(¢) Velocity of opposing reaction is the same as that of forward
reaction

(d) Reaction ceases to generate heat
For the reaction H, + 1, = 2HI the equilibrium concentration of
H,,l, and HI are 8.0, 3.0 and 28.0 mo/ per litre respectively, the

equilibrium constant of the reaction is

[BHU 2000; CBSE PMT 2001]
(a) 30.66 (b) 32.66
(c) 34.66 d) 36.66

Change in volume of the system does not alter the number of moles
in which of the following equilibrium

[AIEEE 2002]
(@) Nag) + Oz = 2NO)

(b) PClgggy = PClyg) +Cly
() Ny +3Hyg = 2NH ¢
(d) SO,Clyg = SOy +Clyg

The rate of forward reaction is two times that of reverse reaction at
a given temperature and identical concentration. K is [KCET 2002]

(@ 25 (b) 2.0
(¢) 05 (d) 15
Write the equilibrium constant K for
CH,COOH +H,0 =H,0" + CH,COO"
[Kerala (Med.) 2002]
_ [HO'IH0]
[CH;COO][CH ;COOH]

(@)



52.

53.

54.

55.

56.

57.

58.

59.

« _ [H3071[CH,C00 ]
[H,O][CH;COOH]
_ [H30"][H,0]
[CH ;COOH][CH ;C00 ]
« _ IH;01[CH;C00 ]
[H,O][CH ;COOH]

constant (K) for  the

(b)

()

(d

The equilibrium reaction

HA+B = BH" + A™ is 100. If the rate constant for the forward o1
reaction is 10'then rate constant for the backward reaction is[CBSE PMT 2002]

@ 107 ®) 10°
() 1073 (d 107°
9.2 grams of N204(g) is taken in a closed one litre vessel and
heated till the following equilibrium is reached N,Oyq =

2NO -

At equilibrium, 50% N,O,, is dissociated. What is the

equilibrium constant (in mo/ litre’) (Molecular weight of

N,O, =92) [MP PET 2003] 63.
(@) ou (b) o4
(¢) 02 (d) 2

Two moles of NH; when put into a previously evacuated vessel

(one litre), partially dissociate into N, and H,. If at equilibrium

one mole of NH is present, the equilibrium constant is

(@) 3/4 mol?litre® (b) 27/64 mol” litre?

() 27/32 mol?litre? ) 271 mol? litre?

In a reaction, reactant ‘A’ decomposes 10% in 1 hour, 20% on 2 hour
and 30% in 3 Aour. The unit of rate constant of this reaction is

(@) sec™t (b) mol litre* sec™
(c) litremol™ sec™ (d) litré mol 2 sec™

In the reaction PC|5(g) = F’C|3(g) +C|2(g).

The equilibrium concentrations of PC|5 and PC|3 are 0.4 and 0.2 65.

mole/litre tespectively. If the value of K is 0.5 what is the

concentration of Cl, in moles/litre ~ [EAMCET 2003]
(@) 2.0 (b) 15
(¢) 10 (d) o5

In Haber process 30 /itres of dihydrogen and 30 /itres of dinitrogen

were taken for reaction which yielded only 50% of the expected 66.

product. What will be the composition of gaseous mixture under the
aforesaid condition in the end

[CBSE PMT 2003]
(@) 20 litres ammonia, 25 litres nitrogen, 15 /itres hydrogen
(b) 20 litres ammonia, 20 /itres nitrogen, 20 litres hydrogen
(c) 10 litres ammonia, 25 /itres nitrogen, 15 litres hydrogen
@

20 /itres ammonia, 10 Jitres nitrogen, 30 Jitres hydrogen 67.

For the reaction equilibrium N,O, = 2NOyq, the
N,O, and NO, at

4.8x1072and 1.2x1072mol litre* respectively. The value of

concentrations  of equilibrium  are

[AIEEE 2003]

3x107* mol litre?

K. for the reaction is

(@) 3.3x10% mol litre*  (b)
() 3x107% mol litre?
32 moles of hydrogen iodide were heated in a sealed bulb at

444°C

till the equilibrium state was reached. lts degree of

60.

62.

64.

(d) 3x10° mol litre* 68.

dissociation at this temperature was found to be 22%. The number

of moles of hydrogen iodide present at equilibrium are  [BHU 1982]
(@) 2.496 (b) 187
(c) 2 d 4

56 g of nitrogen and 8 g hydrogen gas are heated in a closed vessel.
At equilibrium 34 g of ammonia are present. The equilibrium
number of moles of nitrogen, hydrogen and ammonia are
respectively [KCET 2004]
(@) 122 (b) 2,21
() 112 (d) 232

The reaction, 2502(9)+02(g)¢ 2503(9) is carried out in a

1dm? vessel and 2 dm? vessel separately. The ratio of the reaction
velocities will be [KCET 2004]
@ 1:8 (b) 1:4
() 4:1 (d) 8:1

The compound A and B are mixed in equimolar proportion to form

the products, A+B = C+D. At equilibrium, one third of A
and B are consumed. The equilibrium constant for the reaction is [KCET 2004]

(@) o5 (b) 4.0
() 25 (d) o025

Calculate the partial pressure of carbon monoxide from the
following

CaCO, —=—>Ca0,+CO, T; K, =8x107?

COyg +C) >2C0O,, ; K, =2 [Orissa JEE 2004]
(a) 0.2MP PET 2003] (b) 04
() 16 d 4

The equilibrium constant for the reaction Ny +Oyq) =

2NOq, at temperature T is 4 %107 . The value of K, for the
[MP PET 2005] 1
reaction NO(g) = E N 29+ Eoz(g) at the same temperature is

() 4x107* (b) 50

() 2.5x102 (d) o.02
What is the equilibrium
Pa(s) +502() = PsOuo(s)

expression for the reaction

[AJEEE 2004]
@ K;=[0,F (b)

(©) K, =[P,Opl/[PIOF° (d)

In the reaction, H, + 1, = 2HI. In a 2 litre flask 0.4 moles of

K¢ =[P,04/5[P1[0,]
K. =1/[0,F

each H, and |, are taken. At equilibrium 0.5 moles of HI are
formed. What will be the value of equilibrium constant, K,

(@) 202 (b) 254

(¢) 0284 (d) m

Ammonia carbonate when heated to 200°C gives a mixture of NH

and CO, vapour with a density of 13.0. What is the degree of
dissociation of ammonium carbonate
[Kerala PMT 2004]

@ 3/2 (b) 1/2
(c) 2 (d 1
(e) 5/2

2 mol of N, is mixed with 6 mol of H,in a closed vessel of one
litre capacity. If 50% of N, is converted into NH j at equilibrium,

the value of K, for the reaction Nz(g) + 3H2(g) = 2NH 3(g) 18



69.

70.

.

72.

73.

74.

(@) 4/27 (b) 27/4
() 1/27 d) 24
(6 9
For a reaction H, +1, = 2Hlat 721K the value of equilibrium
constant is 50. If 0.5 mols each of H,and I,is added to the
system the value of equilibrium constant will be

[DCE 2004]
(@) 40 (b) 60
(¢) 50 (d) 30

What is the effect of halving the pressure by doubling the volume
on the following system at 500°C

Hyg) + gy = 2Hl g [UPSEAT 2004]

(@) Shift to product side

(b) Shift to product formation

(c) Liquefaction of H/

(d) No effect

When NaNO; is heated in a closed vessel, O, is liberated and
NaNO, is left behind. At equilibrium

[T 1986; Roorkee 1995]

(@) Addition of NaNO, favours forward reaction

(b) Addition of NaNO, favours reverse reaction

(c) Increasing pressure favours reverse reaction

(d) Increasing temperature favours forward reaction

Hag +COxsg = COg) +H 0. if the

initial concentration of [H,]=[CO,] and X moles/litre of

For the reaction :

hydrogen is consumed at equilibrium, the correct expression of K

is  [Orissa JEE 2005]

X2 1+ x)?
(@) [ (b) L)

x2 x2
(c) W (d) 1 X2

0.6 mole of NHin areaction vessel of 2dn7 capacity was brought to
equilibrium. The vessel was then found to contain 0.15 mole of H
formed by the reaction

2NH ) = Ny +3H g

Which of the following statements is true [KCET 1999]
(@) 0.5 mole of the original NHhad dissociated at equilibrium

(b) 0.55 mole of ammonia is left in the vessel
(c) At equilibrium the vessel contained 0.45 mole of N,

(d) The concentration of NHat equilibrium is 0.25 mole per dm

5 moles of SO and 5 moles of O are allowed to react to form SO in
a closed vessel. At the equilibrium stage 60% of SO is used up. The
total number of moles of SO, O and SO in the vessel now is[KCET 2001]

(@) 10.0 (b) 85
(¢) 105 (d) 39

Kp & K¢ Relationship and Characteristics of K

In which of the following reaction, the value of K will be equal to
K. [MP PMT 1995]

(@ H,+I1,= 2HI (b) PCly = PCl; +Cl,
(¢ 2NH; = N, +3H, (d) 2SO0, +0, =250,
Equilibrium constants K; and K, for the following equilibria

1 K
NO(g) + EOZ == NO,(9)

and 2NO,(g) _X 2NO(g) + O,(Q) are related as
S

[CBSE PMT 2005]
1
@ Kp= - b) K,=K{
1
K 1
K, ==L d =
(o) 2 2 (d) 2 Klz

For the reaction PCl3(g)+Cl,(g) = PCls(g) at 250°C,
the value of K, is 26, then the value of Kp on the same
temperature will be [MNR 1990; MP PET 2001]
(@) o.61 (b) 057
(c) 0.83 (d) o0.46

The relation between equilibrium constant K, and K, is

[T 1994; MP PMT 1994; CPMT 1997; AMU 2000;
RPMT 2000, 02;MP PET 2002; Kerala PMT 2002]

(@) K=K, RD™ b) Ky =KRT)™

K An
o v <[

CH4COOH , +C,HsOHy = CH4COOC,Hs +H,0y,

In the above reaction, one mole of each of acetic acid and alcohol

d K, -K,=RT)™

are heated in the presence of little conc. H,SO,. On equilibrium
being attained
[CPMT 1985; MP PET 1992]
(@) 1 mole of ethyl acetate is formed
(b) 2 mole of ethyl acetate are formed
(c) 1/2 moles of ethyl acetate is formed
(d) 2/3 moles of ethyl acetate is formed
If the equilibrium constant of the reaction 2HI = H, +1, is

0.25, then the equilibrium constant of the reaction H, +1,=
2HI would be [MP PMT 1989, 95]
(@) 1o (b)
() 30 C)
For N, +3H, = 2NH; + heat

[CPMT 1990; MP PMT 1997; RPMT 1999;
MP PET 2000; KCET 2001]

@@ K, =K(RT) (b) K, =K.(RT)

(© K, =K (RT)? d) K, =K RT)™

In the reaction N,(g)+3H, = 2NH;(g), the value of the

equilibrium constant depends on
[CPMT 1990; AlIMS 1991; MP PET 1996]

(@) Volume of the reaction vessel



(b) Total pressure of the system
(c¢) The initial concentration of nitrogen and hydrogen
(

d) The temperature
chemical

For the CaCO4(s) =

CaO(s)+CO,(9), AH: can be determined from which one of the
[ANIMS 2005]

equilibrium,

following plots

g g
@ 3 \ ® 3 /
1T T
©

In pCO
pCo

\ (d) /

In which of {5 following equilibria, the value"of K, is less than
K¢ [MP PMT 1993]

@ H,+l,= 2HI

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

© N,+0,= 2NO

(d CO+H,0= CO,+H,
. 1
Two gaseous equilibria SO, + Eoz(g) = SOgq and

2503(5) = 250 y4) + Oy have equilibrium constants K; and
K, respectively at 298 K. Which of the following relationships
between K; and K, is correct

[CPMT 1988; CBSE PMT 1989; MP PET 1993, 95;
RPMT 1999; MP PMT 2001]

@ K=K, (b) Kz:Kf

1 1

K, =— d K,=—

(c) 2 Klz (d) 2 Kl
H, +1,=2HI

In the above equilibrium system if the concentration of the reactants
at 25°C is increased, the value of K¢ will

[BHU 1979; CPMT 1990; CBSE PMT 1990]
a) Increase
b) Decrease
Remains the same
Depends on the nature of the reactants

At a given temperature, the equilibrium constant for reaction

PCl;(g)= PCl3(9)+Cl,(g) is 2.4x107°. At the same
temperature,  the  equilibrium constant  for  reaction
PCl;(g9)+Cl,(9) = PClg(g) is [KCET 1992]
(@) 2.4x107° (b) —2.4x1073

() 4.2x107 (d) 4.8x1072

20.

21.

22,

23.

For the reaction C(S)+CO,(g) = 2CO(Q), the partial pressure
of CO, and CO are 2.0 and 4.0 atm respectively at equilibrium.

The K, for the reaction is [Roorkee 1990]

(@) o5 (b) 4.0

(¢) 80 (d) 320

K' for the synthesis of HI is 50. K for dissociation of HI is[Roorkee 1990]
(@ 50 (b) 5

() o2 (d) o0.02

In which one of the following gaseous equilibria K is less than
K. [EAMCET 1989; MP PET 1994; Pb. PMT 2000;
KCET 2001; CBSE PMT 2002]

(@ N,0,= 2NO, ) 2HI=H,+1,

(©) 280,+0,= 250, (d) N,+0, = 2NO

For which of the following reactions K, = K

[KCET 1991; IT 1991; EAMCET 1992;
AIIMS 1996; KCET 2000; AMU 2000]

a) 2NOCI(g) = 2NO(g) + Cl,(9)
b)  N;(9)+3H;(9) = 2NH;(9)
o) H,(9)+Cly(g) = 2HCI(g)
d) N,04(9) = 2NO,(9)

For the reaction H,(Q)+ 1,(g) = 2HI(g) at 721K the value of
constant (K;) is 50. When the

equilibrium equilibrium

concentration of both is 0.5 M, the value of Kp under the same

conditions will be [CBSE PMT 1990]
(@) 0.002 (b) 02

() 50.0 (d) 50/RT

In which of the following reaction K, > K [AFMC 1995]
(@ N, +3H, = 2NH,4 (b) H,+1, =2HI

() PCl; +Cl, = PCly (d) 2S0,;=0,+2S0,
For the reaction PCl;(g)= PCl;(g)+ Cl,(g)
[MP PET 1996]

@ K, =K, b) K, =K (RT)™

(© K, =K.(RT) d) K, =K.RT)

Hy(@)+1.(0) =

2HI(Q) is 64. If the volume of the container is reduced to one

fourth of its original volume, the value of the equilibrium constant

The equilibrium constant of the reaction

will be [MP PET 1996]
(@) 16 (b) 32

() 64 (d) 128

For the following gaseous reaction H, +1,= 2HI, the
equilibrium constant [MP PMT 1996; MP PET/PMT 1998]
@ K,>K; b K, <K,

(c) Kp =K, (d) Kp =1/K,

For the reaction

2NOy() = 2NO(g) + Oy,

(K. =1.8x10® at 184°C)
(R =0.0831kJ /(mol.K))



24.

25.

26.

27.

28.

29.

30.

3L

When K and K; are compared at 184°Cit is found that

[ATEEE 2005]
(@) K, is greater than K
(b) K, isless than K
(© Kp=K,
(d) Whether K is greater than, less than or equal to K;

depends upon the total gas pressure
In equilibrium CH4;COOH + H,0 = CH,COO + H3;0
The equilibrium constant may change when

(@) CH3COO™ are added (b) CH3;COOH is added
(c) Catalyst is added (d) Mixture is heated
For reaction 2NOClg) = 2NO(g)+ Cl,(g),

3x107°L mol™. The value of Kp is nearly

() 7.50x107° (b) 2.50x107°
(c) 2.50x107* (d 1.75x107*

For which one of the following reactions Kp =K,

KC at 427°C is

[ATIMS 2005]

[MP PET 1997]
N, +O, = 2NO

250, = 250, +0,

@ N,+3H,=2NH, (b)
() PCl; = PCl; +Cl, )

The equilibrium constant for the reversible reaction, N, +3H, =

2NH, is K and for the reaction %NZ +%H2 = NHj the

equilibrium constant is K’'. K and K’ will be related as
@ K=K’ b K =VK

© K=+vK’ d KxK'=1

(Kp) for  the
PCl;(g) — PCl;(g)+Cl,(Q) is 16. If the volume of the container

The  equilibrium  constant reaction

is reduced to one half its original volume, the value of Kp for the

reaction at the same temperature will be

[KCET 1996]
(@) 32 (b) 64
() 16 d) 4
2NO, = 2NO +0,; K =1.6x10 "
NO +%02= NO,K"="? [CPMT 1996]
! 1 ! 1
() K 1 (d) N f th
c =— one of these
JK
The value of K o for  the following reaction

2H,S(g) = 2H,(9)+S,(9) is 1.2x107° at 106.5°C. The
value of K for this reaction is

[EAMCET 1997; ATIMS 1999; AFMC 2000; KCET 2001]

(@) 1.2x1072 (b) <1.2x1072
(c) 83 (d >1.2x1072
Which statement for equilibrium constant is true for the reaction
A+B=C [CPMT 1997]

(@) Not changes with temperature
(b) Changes when catalyst is added
(c) Increases with temperature

32.

33.

34.

35.

36.

37.

38.

39.

(d) Changes with temperature
The equilibrium constant for the reaction N, +3H, = 2NH, is
K, then the

NH3$%N2+%H2 is

equilibrium  constant for the equilibrium

[CBSE PMT 1996; UPSEAT 2001]
@ 1/K (b) 1/K?

c \/E d i
(o) (d) T<

Which of the following statements regarding a chemical equilibrium

is wrong [IPMER 1999]
(@) An equilibrium can be shifted by altering the temperature or
pressure

(b) An equilibrium is dynamic

(¢) The same state of equilibrium is reached whether one starts
with the reactants or the products

(d) The forward reaction is favoured by the addition of a catalyst

The reaction between N, and H, to form ammonia has

K, =6 %x1072 at the temperature 500°C. The numerical value of

Kp for this reaction is [UPSEAT 1999]
() 1.5x107° (b) 1.5x10°
() 1.5x10° (d) 1.5x10°

For the gaseous phase reaction

2NO= N, +0, AH°=+43.5 kcalmol™
Which fAbepRsNL is correct
1
() Ki/aries with addition of NO
(b) K decrease as temperature decreases
(¢) Klncreases as temperature decreases
(d) Kis independent of temperature

[MH CET 1999]

For the reversible reaction,

No@) +3Hoq) = 2NH 5

at 500°C, the value of K is 1.44 x 10~° when partial pressure is

measured in atmospheres. The corresponding value of K, with

concentration in mole /itre, is
NIT Screening 2000; Pb. CET 2004]

[
a) 1.44x107°/(0.082x500)>

(

(b) 1.44x107°/(8.314x773)7
(¢) 1.44x107°/(0.082x773)
(d) 1.44x107°/(0.082x773)7

A chemical reaction is catalyzed by a catalyst X. Hence X
[ATIMS 2000]

(@) Reduces enthalpy of the reaction

(b) Decreases rate constant of the reaction

(c) Increases activation energy of the reaction

(d) Does not affect equilibrium constant of reaction

At 490°C, the equilibrium constant for the synthesis of H/is 50, the
value of K for the dissociation of H/ will be

[KCET 2000]
(@) z0.0 (b) 2.0
() 02 (d) o.02
In which of the following case Kis less than K
[AFMC 1997; Pb. PMT 2000]

250, + 0, = 250,
PCl, = PCl, +Cl,

(@) H,+Cl, = 2HCI (b)
(©) N,+0,=2NO (d)



40.

42,

43.

a4.

45.

46.

47.

48.

CaCO3(S) = CaO(S) + COZ(g) which of the following expression

is correct [MH CET 2000]
@ Kp =(Pcao + Peo, / Peacos)
b) Kp= I3(:02
(€ Kpx(Pgyo x PCOZ)'PCaCOS
@ K,[CaO][CO,]
[CaCO,]

If K, is the equilibrium constant for the formation of NH, the

dissociation constant of ammonia under the same temperature will
be [DPMT 2001]

(a) K, ® JK,
© K d 1/K,

3.2 moles of hydrogen iodide were heated in a scaled bulb at 444°C
till the equilibrium was reached. The degree of dissociation of A/ at
this temperature was found to be 22%. The number of moles of
hydrogen iodide present at equilibrium are [MH CET 2001]

(a) 187 (b) 2.496
() 4.00 (d) z2.00
The K for S 2Hl) is 64. If the volume of the

container is reduced to one-half of its original volume, the value of the

equilibrium constant will be [JIPMER 2001]
(a) +28 (b) 64
(¢) 32 d) 16

A reversible reaction H, + Cl, = 2HCl is carries out in one litre

flask. 1If the same reaction is carried out in two litre flask, the

equilibrium constant will be [NPMER 2001]
(@) Decreased (b) Doubled
(c) Halved (d) Same

For the reaction

2NO ) = 2NOg) + Oyg) K, =1.8x107° at 185°C At 185°C

1 .
the Kfor NO(g)+ EOZ(Q) = Noz(g) 18
[JIPMER 2001]
1.95%10°

0.9x10°

(@) 1.95x107° (b)

() 7.5x102 (d)
1

If for Hz(g) +ESZ(S) = st(g) and

Hy(g) + Blyg) = 2HBr,

The equilibrium constants are Kand Krespectively, the reaction

1
Brz(g) +H,Sg = 2HBrg, + £y Sy would have equilibrium

constant [MP PMT 2001]
@ KixK, (b) K, /K,
(@ Kp/K (@) K3 /K

Some solid NH,HS is placed in a flask containing 0.5 atm of
NH;, what would be pressures of NH; and H,S when

equilibrium is reached

NH, HSg = NH3 ) +H,S,, K, =0.11 [UPSEAT 2001]
(@) 6.65 atm (b) 0.665 atm
(¢) 0.0665 atm (d) 66.5 atm

In which of the following reactions, increase in the volume at
constant temperature don’t affect the number of moles at
equilibrium. [AIEEE 2002]

(@ 2NH, = N,+3H,

49.

50.

51

52.

53.

34

55.

56.

1
() C) + 5 Oyg = CO)

(€)  Hyg+ Ozg = H20yq,

(d) None of these
A chemical reaction was carried out at 300 K and 280 K. The rate
constants were found to be Kand K respectively. The energy of

activation is 1.157 x10* calmole™ and R =1.987 cal. Then
(@ K;~0.25K, (b) K, ~0.5K,

(e K, =4K; d) K, =2K;

AN, the change in the number of moles for the reaction,

Cpo szoll(s) +1202(g) = 12C02(g) +11HZO(|)

at 25°C'is

@@ o (b) 2
(c) 4 (d) -1

Value of Kp in the reaction

MgCOs = MOy, +COyq is

[Pb. PMT 2002]

[CBSE PMT 2000; RPMT 2002]

@ Kp= P002
Pco, x P,
(b) Kp =Pco, x ——=— MO
MgCO4
Pco, x Pyqo
(@ Kp=—Fp—
MgCO4
P
@ Kp =g
Pco2 X Pygo

For N, +3H, = 2NH equilibrium constant is & then equilibrium

constant for 2N + 6H = 4NH is
[RPMT 2002]

@ Jk (b) k?
) Jk+1

For the reaction, PClyg)+Clyg) = PClgg), the value of K at

() ki2

250°C is 26. The value of K, at this temperature will be

[UPSEAT 1999, 2000, 02]
(@) o.61 (b) 0.57
(¢) 083 (d) o046
tenfold pressure  on  the

A
Ny +3H g = 2NH 3(g) @t equilibrium, makes K

increase in reaction

[MP PET 2003]
(@) Unchanged

() Four times

(b) Two times
(d) Ten times

If equilibrium constant for reaction
2AB = A, + B, , is 49, then the equilibrium constant for reaction
1 1
AB= — A, + =B, will be
2 2
[EAMCET 1998; MP PMT 2003]
(@) 7 (b) 20
(c) 49 (d) 2
In the manufacture of ammonia by Haber's process,
Ny +3H,; = 2NH5,) + 92.3kJ ,
which of the following conditions is unfavourable

[KCET 2004]

(@) Increasing the temperature



57.

58.

59.

60.

61.

62.

63.

64.

(b) TIncreasing the pressure

(c) Reducing the temperature

(d) Removing ammonia as it is formed

The chemical equilibrium of a reversible reaction is not influenced
by [KCET 2004]

(@) Pressure

(b) Catalyst

(c) Concentration of the reactants

(d) Temperature

Of the following which change will shift the reaction towards the
product

1,(g) = 21(g), AH2(298K) = +150 kJ

a) Increase in concentration of /

[ANIMS 2004]

(b) Decrease in concentration of |,
(c) Increase in temperature
(d) Increase in total pressure

For the reaction, Co(g) +C|2(g)= COC|2(g) the KP/Kc is

equal to [ATEEE 2004]
(@) ~RT (b) RT
(¢ 1/RT (dy 1.0

Consider the following reversible reaction at equilibrium, 2H,0,
= 2Hy) +Oyqy; AH =241.7kJ

Which one of the following changes in conditions will lead to

maximum decomposition of H,O(g)  [Kerala PMT 2004]

(@) Increasing both temperature and pressure

(b) Decreasing temperature and increasing pressure
(¢) Increasing temperature and decreasing pressure
(d) Increasing temperature at constant pressure

For reaction, 2A(g)= 3C(Q)+D(S), the value of K_ will be

equal to [Pb. CET 2003]
@) K,(RT) (b) K,/RT
() =K, (d) None of these

In the reaction, A,(g)+4B,(g) = 2AB,(9)

AH < 0 the formation of AB, is will be favoured at
[IIT Screening 1990; MP PET 2004]

a) Low temperature, high pressure

b
c

d

The formation of SOj takes place according to the following
reaction, 250, + O, = 2S0,; AH =-45.2 kcal

The formation of SO is favoured by [UPSEAT 2004]

& =

High temperature, low pressure

Low temperature, low pressure

A/\/\/\
=0l

High temperature, high pressure

(@) Increasing in temperature

(b) Removal of oxygen

(c) Increase of volume

(d) Increasing of pressure

What is the effect of increasing pressure on the dissociation of

PCI; according to the equation
5 g q

PCly4) = PClyq) +Clyg) —x cal [UPSEAT 2004]

(@) Dissociation decreases
(b) Dissociation increases

(c) Dissociation does not change

65.

66.

67.

68.

69.

(d) None of these
If equilibrium constants of reaction, N, + O, = 2NO is K; and

1

=N, +%O2 = NO is K,, then [BHU 2004]

2
@ K =K, b K=K,
1
(C) Kl = 2K2 (d) Kl _EKZ

For the following reaction in gaseous phase CO + %OZ — CO,;
Ko /K, is [DCE 2002]
(b) (RT)?

@ RT)*

(@) (RT)?
(© (RT)
For the reaction Ny +Oyq = 2NO(,, the value of K, at

800°C is 0.. When the equilibrium concentrations of both the
reactants is 0.5 mol, what is the value of Kp at the same

temperature [KCET 2005]
(@ o5 (b) o1
() o.0 (d) o0.025

Ag) +3Bg =4C, . Starting concentration of A is equal to B,

equilibrium concentration of A and C are same. K, =

[Kerala CET 2005]

(@) 0.08 (b) 08
(c) 8 (d) 8o
(e) 1/8

NH,COONH , = 2NH 3 +COyq if equilibrium pressure
is 3 atm for the above reaction Kp for the reaction is

(@) 4 (b) 27
(¢) 427 (d) 1127

Activation energy, Standard free energy and

Degree of dissociation and Vapour density

The vapour density of completely dissociated NH ,Cl would be
a) Slight less than half that of NH ,CI

b) Half that of NH ,CI

c) Double that of NH ,CI

d) Determined by the amount of solid NH,Cl in the

experiment

In an equilibrium reaction for which AG? =0, the equilibrium

constant K = [BHU 1987]
@ o (b) 1
() 2 (d) 10

For a system in equilibrium AG =0 under conditions of constant
(@) Temperature and pressure

(b) Temperature and volume

() Energy and volume
(d) Pressure and volume

A reaction attains equilibrium when the free energy change
accompanying it is [KCET 1989]
(b) Zero

(@) Positive and large



(c) Negative and large (d) Negative and small

AGO(H|,g)E+l.7 kJ . What is the equilibrium constant at

25°C for 2HI(g) S H,(9)+1,(9) [KCET 1992]
(@) 24.0 (b) 3.9
() 2.0 (d) o5

The standard state gibbs free energy change for the given

isomerization reaction cis-2-pentene = trans -2 -pentene is
—3.67kJ /mol at 400K . If more trans-2-pentene is added to the
reaction vessel, then

[CBSE PMT 1995; BHU 1999; AFMC 2000]
a) More cis —2—pentene is formed
b) Equilibrium is shifted in the forward direction
9
)

In a reversible reaction, the catalyst  [KCET 2003]

Equilibrium remains unaffected

(
(
(
(d) Additional trans—2—pentene is formed

(@) TIncreases the activation energy of the backward reaction
(b) TIncreases the activation energy of the forward reaction

(c¢) Decreases the activation energy of both, forward and backward
reaction

(d) Decreases the activation energy of forward reaction
For the reaction H,(9)+1,(9)= 2HI(g), the equilibrium
constant changes with
[T 1981; MNR 1983, 85; NCERT 1984; MP PMT 1987, 97;
MP PET/PMT 1988; CPMT 1976, 90; UPSEAT 2000]
a) Total pressure

b) Catalyst

(
(
(¢) The amounts of H, and |, taken
(d) Temperature

Calculate ~ AG°for  conversion of oxygen to ozone

3/20,(9) > O4(9)at 298 K, if K, for this conversion is

2.47x107%° [DPMT 2004]
(a) 163kJ mol™ (b) 2.4x10%kJ mol™
(¢) 1.63kJ mol™ (d) 2.38x10° kJ mol™

Le-Chaterlier principle and It’s application

When in any system at equilibrium state pressure, temperature and
concentration is changed then the equilibria shifted to such a
direction which neutralize the effect of change. This is known as

[MP PMT/PET 1988; DPMT 1985]
a) First law of thermodynamics
b) Le-chatelier's principle
Ostwald's rule

C

d

Hess's law of constant heat summation

(
(
(©)
(d)
N, +0, = 2NO —Qcals

In the above reaction which is the essential condition for the higher

production of NO [CPMT 1971, 89; MP PMT 1985

(@) High temperature (b) High pressure
(¢) Low temperature (d) Low pressure

A reversible reaction is in equilibrium. If a factor is changed which
affect it, then

—
Ll
Nat

The speed of forward and backward reaction increases

—~
o
=

The speed of forward and backward reaction decreases

(c) Only the speed of that reaction increases which nullifies the
factor causing increase of speed

(d) No difference

Which of the following reactions proceed at low pressure

[MP PET 1985; CPMT 1984; MP PMT 1995; RPMT 1997]
(@ N, +3H, = 2NH4 (b) H,+I1, = 2HI
@) PCI5 = PCI3+CI2 (d N,+0, = 2NO

Le-chatelier principle is applicable

(@) Both for physical and chemical equilibrium

(b)
() Only for physical equilibrium
(d) Neither for (b) nor for (c)

In the following reversible reaction

250, +0, = 2SO0, +Q Cal

Only for chemical equilibrium

Most suitable condition for the higher production of SO, is

[NCERT 1974; DPMT 1983, 89; 1IT 1981; MP PET 1992;

MP PMT 1990, 91, 94, 99; CPMT 1973, 77, 84, 89, 94, 99]

(@) High temperature and high pressure
(b) High temperature and low pressure
(¢) Low temperature and high pressure
(d) Low temperature and low pressure

When the pressure is applied over system ice = water what will
happen ?

[MP PMT 1990; CPMT 1983; NCERT 1978; DPMT 2002]
a) More water will form
b) More ice will form

There will be no effect over equilibrium

)
d) Water will decompose in H, and O,

The reaction A+ B = C + D +heat has reached equilibrium. The
reaction may be made to proceed forward by

[T 1978]
(@) Adding more C
(b) Adding more D
() Decreasing the temperature
(d) TIncreasing the temperature

On the velocity in a reversible reaction, the correct explanation of
the effect of catalyst is [MP PMT 1987]

(@) 1t provides a new reaction path of low activation energy
(b) 1t increases the kinetic energy of reacting molecules
(c) 1t displaces the equilibrium state on right side
(d) 1t decreases the velocity of backward reaction
Select the correct statement from the following
[MP PMT 1985]

a) Equilibrium constant changes with addition of catalyst

—~

b) Catalyst increases the rate of forward reaction

—

c) The ratio of mixture at equilibrium is not changed by catalyst
(d) Catalyst are active only in solution

According to Le-chatelier principle, if heat is given to solid-liquid
system, then [MNR 1990]

(@) Quantity of solid will reduce



(b) Quantity of liquid will reduce
(c) Increase in temperature

(d) Decrease in temperature

In the reaction A(Q)+2B(g) = C(g)+QkJ, greater product
will be obtained or the forward reaction is favoured by
[MNR 1988; MP PMT 1989, 97]
(@) At high temperature and high pressure
(b) At high temperature and low pressure
(c) At low temperature and high pressure
(d) At low temperature and low pressure
vessel

Following gaseous reaction is undergoing in a

C,H, +H, = C,Hy; AH =-32.7 Kcal
Which will increase the equilibrium concentration of C,Hy
[NIT 1984; MP PET/PMT 1988; MADT Bihar 1995]
a) Increase of temperature
b) By reducing temperature

)
)

C

d

By removing some hydrogen

o~ o~ o~ —~

By adding some C,Hg
The effect of increasing the pressure on the equilibrium

2A+3B=3A+2B is [EAMCET 1980; MP PMT 1991]
) Forward reaction is favoured

b) Backward reaction is favoured

c) No effect

a
d) None of the above

For the equilibrium 2NO,(g) =

increase in temperature would

(
(
(
(

N,O,(g) +14.6kcal the
[CPMT 1974, 78]

(@) Favour the formation of N,O,

(b) Favour the decomposition of N,O,

(¢) Not alter the equilibrium
(d) Stop the reaction

Which of the following factors will favour the reverse reaction in a
chemical equilibrium [ANIMS 1982]

(@) TIncrease in the concentration of one of the reactants

(

b)

() TIncrease in the concentration of one or more products

(d)

In the formation of SO; by contact process, the conditions used
are [CPMT 1984]

(a) Catalyst, optimum temperature and higher concentration of
reactants

Removal of at least one of the product at regular time intervals

None of these

(b) Catalyst, optimum temperature and lower concentration of
reactants

(c) Catalyst, high temperature and higher concentration of
reactants

(d) Catalyst, low temperature and lower concentration of reactants

Given reaction is 2X(gas) + Y(gas) = Zz(gas) +80kcal

Which combination of pressure and temperature gives the highest
yield of Z at equilibrium [NCERT 1979]

(a) 1000 atm and 500°C
b) 500 atm and 500°C
¢) 1000 atm and 100°C

(
(
(d) 500 atm and 100°C

20.

21.

22.

23.

24.

25.

26.

Consider the reaction HCN @ = H(Jraq) +CN @) - At
equilibrium, the addition of CN (;q) would [NCERT 1979]
(a) Reduce HCN (ag) concentration
(b) Decrease the H(J;q) ion concentration
(c) Increase the equilibrium constant
(d) Decrease the equilibrium constant
In the gaseous equilibrium H,X, + heat = 2HX, the
formation of HX will be favoured by [CPMT 1977]
(@) High pressure and low temperature
(b) High temperature and low pressure
() Low temperature and low pressure
(d) High temperature and high pressure
Raising the temperature of an equilibrium system
[MP PMT 1987]

(@) Favours the exothermic reaction only

(b) Favours the endothermic reaction only

(c) Favours both the exothermic and endothermic reactions

(d) Favours neither the exothermic nor endothermic reactions
Reaction in which yield of product will increase with increase in
pressure is [NCERT 1984]

(@) Hag +laq = 2Hlg

(®) H20¢) +COy) = COyq +Hyg
() H20g) +C) = CO +Hyy

(d) COg) +3Hyqg = CHyg +H20()

In reaction N 2Ag) 3H2(g) = 2NH 3(9);AH =-93.6kJ, the
yield of ammonia does not increase when [CPMT 1988]
(@) Pressure is increased

(b) Temperature is lowered

(c) Pressure is lowered

(d) Volume of the reaction vessel is decreased

The equilibrium which remains uneffected by change in pressure of
the reactants is

[CPMT 1987; KCET 1991; EAMCET 1992;
MP PET 1992, 95; MP PMT 1999]

—
LY
=

Nog) +O2g = 2NO,
(b) 2502(9) +02(g) = 2503(g)
() 2031 = 304y

(d) 2NOyq = N,O4q

The endothermic reaction (M + N S P) is allowed to attain an

equilibrium at 25° . Formation of P can be increased by[BHU 1981]
(@) Raising temperature

(b) Lowering temperature

(c) Keeping temperature constant

(d) Decreasing the concentration of M and N

According to Le-chatelier's principle, an increase in the temperature
of the following reaction will

N, +0O, = 2NO —43,200kcal [MP PMT 1985, 93]

(@) Increase the yield of NO
(b) Decrease the yield of NO



27.

28.

29.

30.

3

32.

33.

34.

35.

(c) Not effect the yield of NO
(d) Not help the reaction to proceed in forward direction

In the manufacture of NHj; by Haber's process, the condition

which would give maximum yield is
N, +3H, = 2NH; +Qkcal
[NCERT 1978; EAMCET 1980; MNR 1987; AFMC 1999;
CPMT 1983, 84, 86, 94; MP PMT 1999]

(@) High temperature, high pressure and high concentrations of
the reactants

(b) High temperature, low pressure and low concentrations of the
reactants

() Low temperature and high pressure

(d) Low temperature, low pressure and low concentration of H,

Suppose the reaction PC|5(S) = PC|3(S) +C|2(g) is in a closed

vessel at equilibrium stage. What is the effect on equilibrium

concentration of C|2(g) by adding PClg at constant temperature[MP PMT 1992]

(@) Decreases
(b) Increases

b)
() Unaffected
(d)

In which of the following equilibrium reactions, the equilibrium

Cannot be described without the value of Kp

would shift to the right, if total pressure is increased [KCET 1993]
(@ N, +3H,= 2NH, (b) H,+I1,= 2HI
(¢ H,+Cl, = 2HCI (d N,O0,= 2NO

In which of the following gaseous equilibrium an increase in
pressure will increase the yield of the products

[EAMCET 1988]
(@ 2HI=H, +1, (b) 2SO, +0, =2S0,
(9 H,+Br,=2HBr (d H,0+CO=H,+CO,

In the reaction A(g)+B(g) = C(Q), the backward reaction is
[EAMCET 1986]
(@) Decrease of pressure (b) 1Increase of pressure

(c) Either of the two (d)
The formation of NO, in the reaction 2NO +0O, = 2NO, +
heat is favoured by

favoured by

None of the two

[Rookee Qualifying 1998]
(@) Low pressure (b) High pressure
(¢) Low temperature (d) Reduction in the mass of

PCI5(9)= PCIg(g)+CI2(g), the forward

reaction at constant temperature is favoured by

For the reaction

[T 1991; AMU 2001]
a) Introducing an inert gas at constant volume
b) Introducing chlorine gas at constant volume

(¢) Introducing an inert gas at constant pressure
(d) Decreasing the volume of the container

Which of the following conditions is favourable for the production
of ammonia by Haber's process  [MP PET 1994]

(@) High concentration of reactants
(b) Low temperature and high pressure
() Continuous removal of ammonia

(d) Al of these

According to Le-chatelier's principle, which of the following factors
influence a chemical system [MP PMT 1996]

(a) Concentration only
(b) Pressure only

() Temperature only

36.

37.

38.

39.

40.

4.

42,

43.

(d) Concentration, pressure and temperature

If pressure increases then its effect on equilibrium

C(s)+ H,0(g) = CO(g) + H,(Q) it is satisfied in

given

[BCECE 2005]
(b) Backward direction
(d) None of these

(@) Forward direction

() No effect

The exothermic formation of CIF; is represented by the equation
Clyg +3Fyg = 2CIR g, ; AH =-329kJ

Which of the following will increase the quantity of CIF; in an

equilibrium mixture of Cl,, F, and CIF, [AIEEE 2005]

a) Increasing the temperature
b) Removing Cl,
c) Increasing the volume of the container

(
(
(
(d) Adding F,

What would happen to a reversible reaction at equilibrium when an
inert gas is added while the pressure remains unchanged

(@) More of the product will be formed

(b) Less of the product will be formed

() More of the reactants will be formed

(d) 1t remains unaffected

Formation of SO; takes place according to the reaction

250, +0, 5 2504;AH =—45.2kcal

Which of the following factors favours the formation of SO,

[MP PET/PMT 1998]
a) Increase in temperature
b) Increase in pressure
Removal of oxygen

)
d) Increase in volume

For the chemical reaction 3X(g)+Y (g) = X3Y(g), the amount of

X3Y  at equilibrium is affected by [T 1999]

(@) Temperature and pressure

(b) Temperature only

(c) Pressure only

(d) Temperature, pressure and catalyst

In N2 +3H = 2NH 3 reversible reaction, increase in pressure
will favour [DPMT 1996]
(@) Reaction in forward direction

(b) Reaction in reverse direction

() Wil not exert any effect

(d) 1n backward and forward direction equally

In the reaction N, +3H, — 2NH ;, the product increases on

(@) Increasing temperature
(b) Increasing pressure

Increasing temperature and pressure both

)
(d) Decreasing temperature and pressure both
) None of these

In which of the following system, doubling the volume of the
container cause a shift to the right [ATIMS 1996]

(@ H,(9)+Cl,(g)=2HCI(g)
(b) 2CO(g)+0,(g) =2CO,(g)



44.

45.

46.

47.

48.

49.

50.

51.

(©)  N2(9)+3H,(9) = 2NH(g) 52.

(d) PCl5(g) = PCl3(9)+Cl,(9)

Which of the following information can be obtained on the basis of
Le-chatelier's principle

[ATIMS 1998; Pb. PMT 1999; BHU 2000; DPMT 2004]
(@) Entropy change in a reaction
(b) Dissociation constant of a weak acid
(¢) Equilibrium constant of a chemical reaction 53.
(d) Shift in equilibrium position on changing value of a constant
The equilibrium 2502(9) + Oz(g) = 2SO0 3(g) shifts forward, if

[CPMT 1988]

(@) A catalyst is used
(b) An adsorbent is used to remove SO as soon as it is formed
(¢) Low pressure
(d) Small amounts of reactants are used 54.

The equilibrium SO ,Clygy = SO g, + Clyg) is attained at 25°C

in a closed container and an inert gas helium is introduced which of
the following statement is correct

[MP PMT 2000]
a) More chlorine is formed

b) Concentration of SO, is reduced 55
c) More SO,CI, is formed

d) Concentration of SO,Cl,,SO, and Cl, does not change

Which of the following equilibria will shift to right side on
increasing the temperature [MP PMT 2000]

(@ €Oy +Hy0( = COyy + Hy
(b) 2SO0, + 0, = 2SO

(
(
(
(

2(g) 2(g) 3(9)

) 56.
() H20 = Hag +5(02)g)
(d) 4HClyy + 0, = 2H,0 + 2Cl,

Sodium sulphate dissolves in water with evolution of heat. Consider
a saturated solution of sodium sulphate. If the temperature is raised,
then according to Le-Chatelier principle 57.

(@) More solid will dissolve

(b) Some solid will precipitate out from the solution
(c) The solution will become supersaturated

(d) Solution concentration will remain unchanged

Consider the equilibrium

N,(@)+3H,(g) = 2NH;(g); A H = — 93.6 K. The maximum
yield of ammonia is obtained by 58
[UPSEAT 1999; AMU 2000] )

Decrease of temp. and increase of pressure

Y
~

Increase of temp. and decrease of pressure

Decrease of both the temp. and pressure

—~ = =
o o
Nas i Y

d

Increase of both the temp. and pressure

In the equilibrium AB = A+ B ; if the equilibrium concentration
of A is doubled, the equilibrium concentration of B would become:[AMU 2000]
(@) Twice (b) Half 59.
() 4 d) w8
Le-Chatelier’s principle is applicable only to a

[MP PET/PMT 1988; KCET 1999; AFMC 2000;

Pb. CET 2002]

(@) System in equilibrium (b) Tlrreversible reaction 60.

(c) Homogeneous reaction (d) Heterogeneous reaction

In a vessel containing SO3,50, and O, at equilibrium, some

helium gas is introduced so that the total pressure increases while
temperature and volume remain constant. According to Le—Chatelier

principle the dissociation of SO,

[UPSEAT 2000]
(b) Decreases
(d) Changes unpredictably

(@) Increases

() Remains unaltered
Hz(g) + |2(g) = 2H I(g) AH = +q cal, then formation of HI

[AMU 2000]
(@) 1s favoured by lowering the temperature
(b) 1s favoured by increasing the pressure
(c) 1s unaffected by change in pressure
(d) 1s unaffected by change in temperature

In which of the following equilibrium systems is the rate of the
backward reaction favoured by increase of pressure

[KCET 2001]

(a) PCly = PCl, +Cl, (b) 2S0,+0, =250,

(©) N,+3H,=2NH, (d) N,+0,=2NO

Which of the following equilibrium is not shifted by increase in the
pressure [MP PMT 2001]

(@) Hag) + Iy = 2Hl)
(b) Ny +3Hyq = 2NHy,
() 2CO(g) +Og(gy = 2C04

(d) 2C5) +Oqq) = 2COg)
According to Le—Chatelier’s principal adding heat to a solid and
liquid in equilibrium with endothermic nature will cause the [JIPMER 2000; MP |
(@) Temperature to rise
(b) Temperature to fall
(¢) Amount of solid to decrease
(d) Amount of liquid to decrease
On addMBRETF290P)inert gas at constant volume to the reaction
N, +3H, = 2NH; at equilibrium
[Pb. PMT 2001]
(@) The reaction remains unaffected
(b) Forward reaction is favoured
() The reaction halts
(d) Backward reaction is favoured

Le-Chatelier principle is not applicable to [MH CET 2001]

(@) Hag +lag = 2Hl

(b) Fegy+Si) = FeSg,

() Ny +3Hyg = 2NHy,
() Nag) +0syq = 2NO,

For the reaction: A + B+ Q@ = C + D, if the temperature is
increased, then concentration of the products will

[AFMC 2001]
(@) Increase (b) Decrease

(¢) Remain same (d) Become Zero

Hog+ lag) = 2Hl)

In this reaction when pressure increases, the reaction direction [RPMT 2002]



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

(@) Does not change (b) Forward
(¢) Backward (d) Decrease

The rate of reaction of which of the following is not affected by

pressure [MP PMT 2002]
(a) PCl, +Cl, = PC, (b) N, +3H,=2NH, n
() N,+0,=2NO (d) 280, +0, =280,
In the equilibrium N + 3H = 2NH + 22 kcal, the formation of 72
ammonia is favoured by [MP PET 2000, 02]
(@) Increasing the pressure
(b) TIncreasing the temperature
(c) Decreasing the pressure
73.

(d) Adding ammonia

a) Low temperature and high pressure

b

C

KN

High temperature and high pressure

~

(
(
() High temperature and low pressure

(d) Low temperature and low pressure

For a reaction if Kp > K, , the forward reaction is favoured by[RPET 2003]
(@) Low pressure (b) High pressure

(c) High temperature (d) Low temperature

A2(g) + BZ(g) = ZAB(g) ; AH =+ve [BHU 2003]

a) Unaffected by pressure
b) It occurs at 1000 pressure
c

(
(
(c) 1t occurs at high temperature

(d) 1t occurs at high pressure and high temperature

Consider the reaction equilibrium, 250 2Aq)* Oz(g) = 2503(9);

AH® = —1984/. On the basis of Le-Chatelier’s principle, the condition

The reaction 250, + O, = 280;; AH = - veis favoured by[CPMT 2002; Pb. PMT20%le for the forward reaction is

(@) Low temperature, low pressure

(b) Low temperature, high pressure
(¢) High temperature, high pressure
(d) High temperature, low pressure

Which of the following will favour the reverse reaction in a chemical
equilibrium [Kerala (Med.) 2002]

a) Increasing the concentration of the reactants
b) Removal of at least one of the products at regular intervals

(c) Increasing the concentration of one or more of the products
(d) Increasing the pressure

e) None of these

Under what conditions of temperature and pressure the formation

of atomic hydrogen from molecular hydrogen will be favoured most[UPSEAT 2000, 01, 02]

(@) High temperature and high pressure
(b) Low temperature and low pressure
(¢) High temperature and low pressure 2,

(d) Low temperature and high pressure
The formation of nitric oxide by contact process N, + O, = 2NO.

A H = 43.200 kcal is favoured by
(@) Low temperature and low pressure

[AMU 2002]

(b) Low temperature and high pressure
(¢) High temperature and high pressure

(d) High temperature and excess reactants concentration
The chemical reaction: BaOys) = BaOy) +O0yg) A H =+ ve In

equilibrium condition, pressure of O depends upon

[CBSE PMT 2002] 3
(@) Increase mass of BaO
(b) Increase mass of BaO
(c) Increase in temperature
(d) Increase mass of BaO and BaO both
The yield of product in the reaction
Aygy* ZB(g) = Cg)+ QK. would be high at 4.
[UPSEAT 2002]

a) High temperature and high pressure
b) High temperature and low pressure
) Low temperature and high pressure
d) Low temperature and low pressure
Which reaction is not effected by change in pressure
[UPSEAT 2003]

2C+0, =2c0
PCl, = PCl, +Cl,

(@) Hy+l,=2HI ®)
(¢ Ny +3H,=2NH,4 (d)

(@) Lowering of temperature as well as pressure

) Increasing temperature as well as pressure

) Lowering the temperature and increasing the pressure
) Any value of temperature and pressure

T

If dissociation for reaction, PCl; = PCl; +Cl,

Critical Thinking

Objective Questions

Is 20% at 1 atm. pressure. Calculate K

[Kerala (Med.) 2003]
(a) 0.04 (b) 0.05
(¢) o0.07 (d) o0.06

Ammonia under a pressure of 15 atm at 27°C is heated to 347°C in
a closed vessel in the presence of a catalyst. Under the conditions,

NH ; is partially decomposed according to the equation,

2NH; = N, 4+ 3H, .The vessel is such that the volume remains
effectively constant where as pressure increases to 50 atm. Calculate
the percentage of NH; actually decomposed. [1IT 1981; MNR 1991; UPSEAT 2001]

(a) 65% (b)
() 625% (d) 64%

61.3%

K for the following reaction at 700 K is 1.3x107 atm The Kat
same temperature for the reaction 250, + O, [] 2SO will be [ATIMS 2001]

(@) 1.1x1072 (b) 3.1x107°
() 5.2x1072 (d) 7.4x107

For the reaction 2NO, ) = 2NO (g + Oy

K. =1.8x10"° at 185°C At 185°C, the value of K, for the

reaction NO(g) +%02(g) = NOZ(Q) is [UPSEAT 2000]

(a) 0.9x10° (b) 7.5x102

() 1.95x107° (d) 1.95x10°

The gaseous reaction A + B = 2C+ D; + Qis most favoured at [Karnataka CET 2003)



5.

280, =280, +0, . If K, =100, a =1, half of the reaction is

completed, the concentration of SO; and SO, are equal, the

concentration of O, is [CPMT 1996]
1
(@) 0.001M (b) ESOZ

(c) 2 timesof SO, (d) Data incomplete

p for the reaction

2503 = 250y + Oy is 1.80x107° and kPis 14, (R =

At 700 K the equilibrium constant K

8.314 Jk mol). The numerical value in moles per litre of K for this
reaction at the same temperature will be
[AFMC 2001]

() 3.09x107" mol-fitre (b) 5.07 x1078 mol-itre

() 8.18 x10° mollitre ) 9.24 x107° moliitre
0. mole of N,O,) was sealed in a tube under one atmospheric

conditions at 25°C. Calculate the number of moles of Noz(g)

present, if the equilibrium N,O,,) = 2NO,,, (K, =0.14) is
reached after some time

[UPSEAT 2001]

() 1.8x102 (b) 2.8 x102

(c) 0.034 (d 2.8x107?

The partial pressures of CH;OH,CO and H, in the equilibrium
mixture for the reaction
CO +2H, =CH;0OH

at 427°C are 2.0, 1.0 and 0.1 atm respectively. The value of K for
the decomposition of CH;OH to COand H, is

[Roorkee 1999]
(@) 1x10%aem (b) 2x10%atm™
() 50 atm? d) 5x10%atm?

One mole of a compound AB reacts with one mole of a compound
CD according to the equation

AB+ CD = AD+ CB.

3
When equilibrium had been established it was found that Zmo]e

each of reactant AB and CD had been converted to AD and CB.
There is no change in volume. The equilibrium constant for the

reaction is [Kerala (Med.) 2003]
9 1

a) — b) —

@ 76 (b) 9
1

© 3 @ o

For the reaction CO(g)+ H,0(g) = CO,(g)+ H,(Q) at a given
temperature, the equilibrium amount of CO,(g) can be increased
by [T 1998]
(@) Adding a suitable catalyst

(b) Adding an inert gas
(

c) Decreasing the volume of the container

(d) Increasing the amount CO(Q)

At constant temperature, the equilibrium constant (K) for the

decomposition reaction  N,0, = 2NO, is expressed by
_ (4x?P)
T’

where P = pressure, X = extent of decomposition. Which one of
the following statements is true

[T Sereening 2001]
(@) Kincreases with increase of P
(b) K increases with increase of x
(¢) K increases with decrease of x
(

d) K remains constant with change in Pand x

R Assertion & Reason

For ATIMS Aspirants

Read the assertion and reason carefully to mark the correct option out of
the options given below :

@
®)
(©

@)
e

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion The equilibrium constant is fixed and is the
characteristic of any given chemical reaction at a
specified temperature.

Reason The composition of the final equilibrium mixture
at a particular temperature depends upon the

starting amount of reactants. [ATIMS 2000]

Assertion  : K, = K¢ for all reaction.

Reason At constant temperature, the pressure of the gas
is proportional to its concentration.

Assertion : The equilibrium
CaSO 4.5H,0(s) = CaS0O 4.3H,0(s) + 2H,0(g)

) [CaSO ,.3H,0][H,0]?
is Kc =
[CaSO 4.5H,0]
Equilibrium constant is the ratio of the product
of molar concentration of the substances

produced to the product of the
concentrations  of  reactants  with  each

constant for the reaction

Reason
molar

concentrations term raised to the power equal to
the respective stoichiometric constant.
Assertion On cooling a freezing mixture, colour of the

mixture turns to pink from deep blue for a
Co(H0)"
2_
CoCly (aq)+6HZO(I)'

Reaction is endothermic so on cooling, the

+4Cl _(aq) =

reaction. (aq)

Reason
reaction moves to backward direction.

Assertion : If Qg (reaction  quotient) < K¢ (equilibrium

constant) reaction moves in direction of
reactants.

Reason Reaction quotient is defined in the same way as

equilibrium constant at any stage of he reaction.

Assertion NaCl solution can be purified by passage of

hydrogen chloride through brine.
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This type of purification is based on Le-
Chaterlier's principle.

According to Le-Chatelier's principle addition of heat

to an equilibrium solid = liquid results in decrease
in the amount of solid.

Reaction is endothermic, so on heating forward
reaction is favoured.

Equilibrium constant has meaning only when the
corresponding balanced chemical equation is
given.

Its value changes for the new equation obtained
by multiplying or dividing the original equation
by a number.

Equilibrium constant for the reverse reaction is
the inverse of the equilibrium constant for the
reaction in the forward direction.

Equilibrium constant depends upon the way in
which the reaction is written.

The value of K gives us a relative idea about the
extent to which a reaction proceeds.

The value of K is independent of the
stochiometry of reactants and products at the
point of equilibrium.

Catalyst affects the final state of the equilibrium.

It enables the system to attain a new equilibrium
state by complexing with the reagents.

For the reaction,

2NH4(@)= N,(g) +3H,(Q), the unit of

Kp will be atm.
Unit of K, is (atm)™".

Effect of temperature of K, Or K depends on
enthalpy change.

Increase in temperature shifts the equilibrium in
exothermic direction and decrease in temperature
shifts the equilibrium position in endothermic
direction.

For a gaseous reaction,
XA +yB :IC+mD,Kp=KO

Concentration of gaseous reactant is taken to be
unity.

lce =water, if pressure is applied water will
evaporate.

Increase of pressure pushes the equilibrium
towards the side in which number of gaseous
mole decreases.

1
SOz(g)+502(g) = S0,4(g)+ heat.

Forward reaction is favoured at high temperature
and low pressure.

Reaction is exothermic.

For a reaction H,(9)+1,(g) = 2HI(Q) if the

volume of vessel is reduced to half of its original
volume, equilibrium constant will be doubled.

According to Le-Chatelier principle, reaction
shifts in a direction that tends to undo the effect
of the stress.

ASWEIS

Reversible and Irreversible reaction

1 b 2 c 3 d 4 b 5 a
6 d 7 b
Equilibrium state
1 c 2 b 3 a 4 c 5 b
6 d 7 c 8 b 9 cd 10 cd
Law of mass action
1 b 2 a 3 d 4 b 5 a
6 d 7 d 8 a 9 c 10 a

Law of equilibrium and Equilibrium constant

1 d 2 d 3 c 4 a 5 a
6 d 7 c 8 a 9 a 10 d
11 b 12 c 13 a 14 d 15 d
16 c 17 a 18 b 19 b 20 c
21 a 22 b 23 d 24 d 25 b
26 a 27 c 28 b 29 c 30 a
31 b 32 d 33 c 34 b 35 a
36 a 37 c 38 a 39 d 40 a
4 d 42 d 43 b 44 c 45 d
46 a 47 c 48 b 49 a 50 b
51 b 52 b 53 c 54 d 55 b
56 c 57 c 58 c 59 a 60 c
61 d 62 d 63 b 64 b 65 d
66 d 67 d 68 a 69 c 70 d
71 abecd 72 a 73 d 74 b

Kp & K¢ Relationship and Characteristics of K

1 a 2 d 3 a 4 b 5 d
6 d 7 c 8 d 9 a 10 b
11 c 12 c 13 c 14 c 15 d
16 c 17 c 18 c 19 d 20 c
21 c 22 c 23 a 24 d 25 d
26 b 27 b 28 c 29 c 30 b
31 d 32 d 33 d 34 a 35 b
36 d 37 d 38 d 39 b 40 b
41 d 42 b 43 b 44 d 45 c




46 c 47 b 48 d 49 a 50 a
51 a 52 b 53 a 54 a 55 a
56 a 57 b 58 c 59 c 60 c
61 b 62 a 63 d 64 a 65 b

66 b 67 b 68 c 69 b

Activation energy, Standard free energy and
Degree of dissociation and Vapour density

1 b 2 a 3 c 4 c 5 a

6 c 7 a 8 c 9 a 10

(2]

11 a 12 c 13 b 14 c 15

T | T

16 c 17 a 18 c 19 b 20

21 b 22 d 23 c 24 a 25 a

26 a 27 c 28 b 29 a 30 b

31 a 32 be 33 c 34 d 35 d
36 b 37 d 38 d 39 b 40 a
LY a 42 b 43 d 44 d 45 b
46 d 47 c 48 b 49 a 50 b

51 a 52 b 53 c 54 a 55 a

56 c 57 a 58 b 59 a 60 a

61 c 62 a 63 b 64 c 65 c

66 d 67 a 68 c 69 a 70 d

4| a 72 a 73 c

Critical Thinking Questions

11 d

11 d 12 e 13 c 14 d 15 e

16 e 17 e




S Answers-and Solutions

Reversible and Irreversible reaction

Reversible reaction always attains equilibrium which proceeds
both sides and never go for completion.

In a reversible reaction some amount of the reactants remains
unconverted into products.

In lime klin CO, escaping regularly so reaction proceeds in
forward direction.

The reaction is not reversible.

Equilibrium state

When rate of forward reaction is equal to the rate of backward
reaction then equilibrium is supposed to be established.
Equilibrium can be achieved only in closed vessel.

When rate of forward reaction is equal to rate of backward
reaction the reaction is said to be in equilibrium.

At equilibrium rate of forward reaction is equal to the rate of
backward reaction.

According to Le-chatelier principle when concentration of
reactant increases, the equilibrium shift in favour of forward
reaction.

At equilibrium, the rate of forward & backward reaction
become equal.

Law of mass action

According to law of mass-action, “at a given temperature, the
rate of a reaction at a particular instant is proportional to the
product of the active masses of the reactants at that instant
raised to powers which are numerically equal to the numbers of
their rtespective molecules in the stoichiometric equation
describing the reaction”.

[HI] = 64gm_ _
128 x 2litre

Active mass is the concentration in moles/litre.

As we increase the concentration of substance, then speed of
the reaction increases.

Chemical reaction quantitatively depend on the reactant and
product molecule.

Law of equilibrium and Equilibrium constant

(d)

(d)

Equilibrium constant for the reaction , 34 + 2B = C'is
[l
[AT[B]?
Suppose 1 mole of A and B each taken then 0.8 mole/fitre of C and

D each formed remaining concentration of A and B will be (1 —
0.8) = 0.2 mole/litre each.

. _[C1[D] _0.8x0.8 _

=16.0
[A][B] 0.2x0.2
A+B = C+D
Initial conc. 4, 4 0 o0

After T time conc. (4-2) (4-2) 2 2

20.

21.

23.

(©)

[CI[D]_2x2 _,
[AI[B] 2x2

H, +1, = 2HE [H]] = 0.80, [H,]=0.10, [I,]=0.10

Equilibrium constant =

_ [HI? 0.80x0.80
° [H,][,] 0.10x0.10

Those reaction which have more value of K proceeds towards

completion.
K. is a characteristic constant for the given reaction.

Equilibrium constant is independent of original concentration
of reactant.

Kp is constant and does not change with pressure.

For reaction A+2B= C

[C] 0.216

K= = =250.
[A][B]? 0.06x0.12x0.12

A+2B=C+3D

« - [pCl [pD]? _0.30x0.50x0.50x0.50
[pA] [pBT? 0.20x0.10x0.10

PCl; = PCly+Cl,
2 0 0

=18.75

2x60 2x40 2x40

100 100 100
Volume of container = 2 /itre.
2x40 o 2x40
K, = 100 ><22>< 61600 X2 _0266.
100x 2
AN =1 for this change
So the equilibrium constant depends on the unit of

concentration.
Unit of K, = (atm)*"
Unit of K, =(mole/litrg™"
=[mole/litrd® =0
-3 2

2 XE
K INO P | 2 _
[N,0,] [72} 107!

2

ForA+ B= C+D
_[C]I[D]  0.4x1
" [Al[B] 0.5x0.8

A+B=C+D
Initial 11 00

remaining at equilibrium 0.4 0.4 0.6 0.6

k _IC1[D] _0.6x06 36 _, .o
[A][B] 0.4x0.4 16

__INH,P?
[N,][H,T°

A+B= C+D



24.

25.

27.

28.

29.

30.

3.

32.

33.

(d

(©)

x X 0 0
2x 2x

k, - [CIDl_2x.2x _,
[Al[B]
N,0, = 2NO,

1 0
(1-a) 2a

X. X

total mole at equilibrium =(1—a)+2a =1+«

__[CoHel  _ [mole/litrg
" [C,H,1[H,]  [mole/litrd [mole/litrg

= litre/mole. or litre mole.

02 02
K :[PC|3] [Cl,] _10 10 —0.04.
¢ [PCI,] [0.1/10]
I L) 64 — x?2
° [H[,]°  0.03x0.03

x? =64x9x107"
x=8x3x107=0.24
x is the amount of H/ at equilibrium amount of |, at
equilibrium will be
0.30-0.24 =0.06
K

K,=—"

Kb

Ky =K, xK, =1.5x7.5x10* =1.125x1073

N, +3H, = 2NH,

Initial cone. 1 3 0
at equilibrium 1-0.81  3-2.43 1.62
0.19 0.57
28

No. of moles of N, = — =1 mole
28

6
No. of moles of H, = 5 3 mole

No. of moles of NH, :27&:1_62 mole
17
~ O INH,P .62
°TIN,1[H,P  [0.19] [0.57F
DXl 2 1005,

°IXPIY] 4x4x2 16

NH,HS = NH; +H,S,

a 0.5atm
a—-X 0.5+x X

Total pressure =0.5+2x =0.84
ie, Xx=0.17
Ko =P, -Pry,s =(0.67).(0.17)-0m39

A + 2B = 2C
Initial cone. 2 3 2
at eqm. 2.5 4 1

34. (b)
35. (a)
36. (a)
37. (c)
38. ()
39. (d)
40. (a)
4. )
42. (d)
43 ()

105
2

Molar £:1.25 i:Z
2 2

_ [o.5P°
[L.25]x[2]?
CO +Cl, = COCl,
0.1 0. 0.2
. 0. 0.

1
[col=55. [Ch]=5 . [CoCl]=%

02

_[eocl] 4 05 _2 ,e_4g
[coj[cl,] " 01 01 5
0. .

- X —

5 0

A+ B= C+ D
2a 2a

(6]

at equilibrium 2 a
_2ax2a _
axa

K 4

H, +1, = 2HI

4.5 4.5 0
x X 2x

Initial conc.

from question 2x =3
X =§=1.5
2
So conc. at eqm. 4.5-1.5 of H,
=45-15 of |, and 3 of H/
~ [HI?  3x3 1
[1,1[H,] 3x3
2 2

[H,ST [0.51°
Peo P[P 2
_[Peo] [202] _[04] xgo.z] —0.0888.
[Peo, ] [0.6]
K=1.1x10"2; K, =1.5x107°
K -2
AR . )
K, 1.5x10
2HI = H, +1,
% % o4
[Ho][lo] _ 25%25 _ e
[HI>  50x50
A+ B —52C
(3-0.75) (1-0.75) 15
_[cP 1.5) 2.25

T[AI[B] 2.25x025 225x0.25
6HCHO :’( CgH.,05 forward reaction
CgHy,04 ELEN 6HCHO  backward reaction

16 16
oo 2] o[
K, 6x10

K, =1.6x107* M

_ [H1]? _ [0.77 _
¢ [H10,] [0.1[0.1]




44.

45.

46.

47.

48.

49.
50.

52.

53.

54.

56.

57.

58.

59.

60.

__INH,T
R R TRE
2.37x10% =—X__ _x? ~0.12798
[2] [3]
x=0.358 M.
d A+B = 2C
_ e _ _[06F _
° [Al[B] [0.2]1[0.2]
@ H, + 1, = 2HI
15 5.2 0
(15-5) (5.2-5) 10
[HIF  10x10 _

¢ TIH,IIL]  10x0.2
(c¢) Rate of backward reaction = Rate of forward reaction
2 2
c :—[HI] :—(28) =32.66
[Ho1[l;] 8x3
(@) Nyg +0Oyg =2NO); An=2-2=0
(b) The rate of forward reaction is two times that of reverse

reaction at a given temperature and identical concentration

K

is 2 because the reaction is reversible. So

equilibrium
k-Ki_2_,
K, 1
K K 5
b) K,=— K, :_f:£:103
K, K, 100

_[NO,J*  4x(0.05)?

L= = =4x0.05=0.2
[N,O,] 0.05

INH,P° _ 1x3° _

(d) 2NH, = N,+3H,; K 27

tinitia»l 2 8 02 0 2 [NH 3]2 1

atequil. 1 1 3
@ Kk =[PCLIICL]_02xx oo

[PCl5] 0.4

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

30 30 0

30-x 30-3x 2x

ZXZIO;XIEZE)
2

N, =30 -5 =25 Jitre

H, =30-3x5 =15 Jitre
NH; =2x5 =10 Jitre

K= [NO,J* _[L.2x107%]?

(c) S =0.3x107 =3x10"°
[N,0,] [4.8x1077]
(a) £><3.2 =0.704
100
" at equil. moles of H1 =3.2-0.704 = 2.496
(©) N, +3H, = 2NH, .. @)
at t=0 56gm 8gm Ogm
= 2mole 4mole Omole
at equilibrium 2-1 4 -3 34gm

=1mole = 1mole = 2mole

61.

64.

65.

66.

67.

According to eq. (i) 2 mole of ammonia are present & to

produce 2 mole of NH 3, we need 1 mole of N, and 3 mole
of H, hence 2—1=1 mole of N, and 4 =3 =1 mole of

H, are present at equilibrium in vessel.

(d) 280,(9)+0,(9) = 2505(9)
For 1dm®* R =k[SO,]*[0,]

{2

2
For 2dm® R = K[l} [1}1
2|12] 8

So, the ratiois 8 : 1
1.1
k[CIIDI _3 3 _1_;op
[AlB] 2 2 4
373
So, K=0.25
(b) Given, CaCO,(s)—2—>CaO(s)+CO,(g) T
C(s)+CO,(g) = 2CO(9)

2
_IPCOT 100 = ikpy < Kp,]

P, = ;
* [pCO,]
PCO =[8x1072 x2] =Y16x107% =4x107 =0.4
(b) N,(9)+0,(g) = 2NO(g)

2
Kc—&:4x10’4

" [N,1[0,]

1 1
NO, = EN2(9)+502(Q)

K':[N2]1/2[02]1/2: 1 _ 1
’ [NO] JKe  ax10*
1 10 g
2x107%2 2
(d) Py(s)+50,(g) = P,04(s)
_ [P405,(s)]
¢ PO, @)

We know that concentration of a solid component is always

taken as unity K, =

[0,1°
(d) H, + I, = 2HI
0.4 0.4 0.50
0.4-0.25=0.15 0.4-0.25=0.15/2 050/2
]
, 05
L 2 __05x05 ...,
[H,1[1,] [0.15][0.15] 0.15x0.15
2 2
(d) NH,COONH, = 2NH, +CO,
D-d

0 = ——— where D is the density (initial)
(n-1)d



_molwt 78 _

D 39
2 2
N = no. of product = 3 d = final density
o= w =1 , 80 X =1
3-1)13

a b 0
N,+3H, = 2NH,
(a-x) (b-3x) (2x)

68. (a)

50% Dissociation of N, take place so,

2x50 =1;valueof X=1

At equilibrium
2
(L4 o4
[11[3] 27 27
The equilibrium constant does not change when concentration

of reactant is changed as the concentration of product also get

changed accordingly.
We know that PV =nRT

70. (d)
1
P become EP& V beome 2V so,

%PxZVzPVanT

So there is no effect in equation.

7. (abed)All options are true for that equilibrium.
72.  (a) Hjg) +COyq = CO +HL0,
Initial conc. 1 1
At equili (- x) (1-x) X
K = Pco-Pho X.X X2

" Py Peo,  A-X)A-X) @)
Kp & K¢ Relationship and Characteristics of K

1 (@) N, =N then K, =K,
where N = no. of moles of product

N, = no. of moles of reactant.

___[No,] . [NOJ*[O,]
@ S T om0,7 T o,
[NO,I* 1 [NO,] 1
[NOJ?[0,] K, [NOJ[0,1'% /K,
1 1
= Kl—ﬁ; KZ*K_lZ-
3 (@ K, =K. (RT)" =26(0.0821x523)" =0.61.

Ang=1-2=-1

In presence of little H,SO, (as catalyst) about 2/3 mole of

each of CH;COOH and C,HgOH react to form 2/3 mole
of the product at equilibrium.

6. (d) K for reaction 2H/ = H, +1,is 025 K, for reaction
1 1
H, +1, = 2Hiwillbe K, =—=—"—=
K, 0.25

Because 11" reaction is reverse of I

(@)

(d)

For the reaction,

CaCO, = (@30, + CO,
K = Peo, and K =[CO]

(*+ [CaCO] =1and [Ca0)] = 1 for solids]
According to Arrhenius equation we have
K= AefAHor /RT
Taking logarithm, we have

AH?
RT(2.303)

This is an equation of straight line. When log K is plotted
against 1/ 7. we get a straight line.

logK, =logA -

(~+logK, =logpco, )

logpco,

The intercept of LT es Tog A slope = —-AHP [ 2.303 R

Knowing the value of slope from the plot and universal gas
constant R, AH° can be calculated.

(Equation of straight line : ¥'= mx + C Here,
AH? (1
logK, =———L—| = |+logA
9% =75 303R (Tj g
Y m x C
Ky, =K, (RT)™; When An=2—(2+1)=—1, ie negative,
Kp <K¢-

_ 1801
[0,][0,]"*

Reaction is reversed. Hence
1

T 24x1079)

_[SOP0] , _ 1

1 :
[SO,)° Ky

2

=4.2x10°

_ [Pl _4x4 _

8.
*IP 2

coz]
K¢, for Hy +1, = 2H/ is 50
Kc2 for 2HI=H, +1,

1 1
K. = =—=0.02
2 K 50

€
K, = K (RT)"
An = —1 for reaction 250, + 0, = 2SO0,
So for this reaction Kp is less than K, .
K, =K, RT)*; An=2-2=0

For the reaction H, +1, = 2H/

..50.0
For reaction 2303 = 02 + 2502

AN is + ve so Kp is more than K, .



20. (c)

21 (c)

22, (c)

23. (a)

24, (d)
25 (d)

By K, = K (RT)*"

An =2-1=1
Kp =K.(RT)
For this reaction there is no change in equilibrium constant by

change of volume.

If An =0 then Kp =K,
k, =k, (RT)™
An=3-2=1; k, >k,.

Equilibrium constant depends upon temperature.
2NOC] = 2NO + CI.

K= K (RT)

K =3 X 10" (0.0821 X 700) =172.41 X 10*

=172 X 10
' n 1
27. (b) K'=K"; Hence HZE
LK =KY2 :\/E
29. (¢) 2NO,=2NO+0, .. @)
K=16x10"
NO +%02 =NO, .. (i)
Reaction (ii) is half of reaction (i)
2
(_Moro) 0
[NO,]
[NO,]

34. (a)

" [NO] 0,1
On multiplying (i) and (ii)

Kk ZINOT[0,]  [NO,]  _[NOT[O,1”
[NO,J*  [NO][0,]" [NO,]
KxK':i,; K:i,z; K =t
K K JK
K, =K (RT)"; An=1
So K, will be less than Kp‘
K; for N, +3H, = 2NH,
1 3
K2 for NH3 = ENz +EH2
2 1/2 3/2
Kok, - NHal NI [H ]
[N,]1[H.] [NH;]
K, x K, :i; K, = !

K, /K,
K, =K. RT)"; An=2-4=-2
K, =6x107x(0.0812x773)

6x1072

p=————————=15x10".
(0.0812x773)

1
K

35.

36.

37.
38.

39.

40.

41.

42.

43.

45.

46.

—~ =
o, oL
= =

(©)

2.303 ]Og ﬁ = ﬁl'—rz;-rl]
K; R T,xT,
AH = +ve for the reaction

N, +3H, = 2NH,
4 2

AnN=2-4=-2

K, = K [RTI*™; K, =KRT]?

K, 1.44x10”°
[RT]? [0.082x773] 2
Catalyst does not affect equilibrium constant.

K for dissociation of H/=?

c

Hy +1, = 2HI

K, =50, K, :%:o.oz

250,+ 0, = 250, for this reaction
3 2

An=-1 ;. K, >Kp

CaCOg) = Cal,) +COyy,

Ky =Peo,

Solid molecule does not have partial pressure so in calculation

of Ky only Peg, is applicable.
1 3

NH3= ENZ +EH2
12 3/2

KC=M and lNz-ﬁ-§H2~——‘NH3
NH 2 272
[NH;]

© T INTH,

So for dissociation= —

c
Given X = 220 and a=3.2
_ 22
. [HI ]at equilibrium =3.2 |1-——|=2.496
100
K, does not depend upon initial concentration of reactants or
product.
Ko and K are characteristic ~for a given reaction if
AN =0 then there is no change.
2
o :&[022]:1_5“10—63 K, :LZ]M
[NO,] [NOJT[O,]
Ky =5 18x10"° =—1_ =K, =7.5x10?
o Tz poxl0 T =T =K, = ox
c2 ¢
_[H,8] [HBr]?
= K, =
SRGEIEHE [H.][Br,]

_[HBrP x[s,]Y2 K, _

T BRIx[H,S] K,

3



47.

50.

51.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

2

2
K, =P 011=L = p2-0.44
4 4

or p=+0.44 =0.66444 ~0.665atm
C1pH 2044 +120,, — 12C04q +11H,0
An=12-12=0

In this reaction gaseous molecule count

MgCO; — MgQ, +COy,

K, = Peo,

K, = KJ[RTI™; An=-1, K, =26

R =0.0812T =250+ 273 = 523K

K, =26[0.0812x523] " =0.605 ~ 0.61
2AB= A, +B,

K, = [?53;]1322]

For reaction AB = l A2 + l Bz
2 2

K_% K, = JKe =39 =7,

For this reaction AN is negative & AH is positive so it take
forward by decrease in temperature.

Chemical equilibrium of reversible reaction is not influenced by
catalyst. It is affected by pressure, temperature & concentration
of reactant.

AH s positive so it will shift toward the product by increase
in temperature.

CO(g) +Cl,(g) = COCl,(g)
An=1-2=-1
1

K
K, =K JRTI"; . =2 =[RT]'=—
p = K[RT] K. RTI™ =—=

AH is positive so reaction move forward by increase in

temperature & value of AN=3-2=+1 is positive so it
forward with decrease in pressure.

2A(9)—— 3C(9)+D(s)

For this reaction, Al’lg =3-2=1

1 Kp KP
Kp = KC[RT] or — =RT or KC ==
K, RT

According to Le-Chatelier principle exothermic reaction is
forwarded by low temperature, in forward direction number of
moles is less, hence pressure is high.

In this reaction AH is negative so reaction move forward by

decrease in temperature while value of AN=2-3=-1ie,
negative so the reaction move forward by increase in pressure.

PCl;(g) = PCl;(9)+Cl;(9)
For this reaction AN=2-1=1

Value of AN is positive so the dissociation of PClg take
forward by decrease in pressure & by increase in pressure the

dissociation of PClg decrease.

N,+0, = 2NO .. )

66.

67.

68.

69.

5.

1 1
ENZ +EOZ=NO ...... (ll)

For equation number (i)
__[NoP?
" INLIO;]
For equation number (ii)
- [NO]
N [Nz]lIZ[Oz]llz

From equation (iii) & (iv) it is clear that

K, =(K)Y2 = /K, ;  Hence, K, = /K,

b) K, =KRT]™

2

Any=1-15=-05

K
K, = K JRTI™M? .. K—p =[RT]*?

c

(b)  Nog) + Oz =2NO
K, =0.LK, =K (RT)*"
An=0,K, =K, =0.1

()
A + 3B - 4C
a b 0
(a - X) (b - 3,\') 4x

[cr* _ AX.4x.4x.4x

T[AIBF  @@-x)b-3%)

C

Given a=b,a—-x=4x=>a=5x=b

_ Ax4Ax4x4x  4AxAxAaAxAax
BGx —x)bx —3x)  4x.2x.2X.2X

C

(b) Equilibrium pressure = 3atm

NH ;COONH ») = 2NH 3 +CO 5y

Ky = PR, -Peo, =3°.3=27

Activation energy, Standard free energy and
Degree of dissociation and Vapour density

Normal molecular weight
experiment al molecular wt.

(b)

NH,Cl = NH, + HCl

. nor.mol.wt.
*»a =1 ..Experimental Molecular wt = —
(b) 1f AG®° =0
AG°® =-2.303 RT logK,
logK, =0 (-logl=0)
Kp =1.

(d) AG° =-2.303x8.314x107° x 298 logK,



1.7=-2.303x8.314 x107° x 298 xlogK ,
K, =05

Equilibrium shifts backward by Le-chatelier’s principle.

Decreases the activation energy of both forward and backward
reaction.

Equilibrium constant changes with temperature, pressure and
the concentration of either reactant or product.

As we know that, AG® =—-2.303RT log Kp
Therefore, AG® =-2.303x(8.314)x(298)
(l0g2.47 x107%°)

AG° =16,3000Jmol ™ =163 KJ mol™*

Le-Chaterlier principle and It’s application

(@)

N, + O, = 2NO; Q cal
The above reaction is endothermic so for higher production of
NO, and the temperature should be high.

At low pressure, reaction proceeds where volume is increasing.
This is the

PCly = PCl, +Cl, .

favourable condition for the reaction.

Reaction is exothermic and volume is decreasing from left to
right so for higher production of SOj there should be low

temperature and high pressure.

Water

lessvolume

Ice =
more volume

On increasing pressure, equilibrium shifts forward.

Exothermic reaction is favoured by low temperature to proceed
in forward direction.

Effect of catalyst is that it attains equilibrium quickly by
providing a new reaction path of low activation energy. 1t does
not alter the state of equilibrium.

On increasing temperature equilibrium will shift in forward
direction due to decrease in intermolecular forces of solid.

Both An and AH are negative. Hence, high pressure and low
temperature will forward reaction.

Exothermic reaction, favoured by low temperature.

AN =0, No effect of pressure.
The reaction is endothermic in reverse direction and hence
increase in temperature will favour reverse reaction.

A reaction is in equilibrium it will shift in reverse or backward
direction when we increase the concentration of one or more
product (from Le chatelier’s principle).

According to Le chatelier’s principle.

The reaction takes place with a reduction in number of moles
(volume) and is exothermic. So high pressure and low
temperature with favour the reaction in forward direction

At equilibrium, the addition of (CN) would decrease the
H +)ion concentration to produce more and more HCN to

nullified the increase of CN "aq.

20.

21.

22,

25.

26.

27.
28.

29.
30.

32.
37.

39.

40.

42.
43.

46.

47.

48.

49.

53.
54.

55.

56.

57.

58.

H,X, +heat = 2HX.

Reaction is endothermic and volume increasing in forward
direction so according to Le chatelier’s principle for formation
of HX, Temperature of the reaction should be high and
pressure should be low.

According to Le chatelier’s principle.
In reaction CO +3H, = CH, + H,0

Volume is decreasing in forward direction so on increasing
pressure the yield of product will increase.

In endothermic reaction rate of forward reaction can be
increased by raising temperature.

Being endothermic, the forward reaction is favoured by high
temperature.

According to Le chatelier’s principle.
On adding more PClg, equilibrium shifts forward.

According to Le chatelier’s principle.
Increase in pressure causes the equilibrium to shift in that
direction in which no. of moles (volume) is less.

(b,c) According to Le-chatelier’s principle.

(d)

(b)
)

(©)
(@)

By increasing the amount of F, in the reaction the amount of
CIF; increases.

According to Le chatelier’s principle when we increase pressure
reaction proceeds in that direction where volume is decreasing.

Factors affecting equilibrium are pressure, temperature and
concentration of product or reactant.

According to Le chatelier’s principle.

Increase in volume, ie, decrease in pressure shifts the
equilibrium in the direction in which number of moles

increases (An positive)

At constant volume. Three is no change in concentration
(closed container).

1
H,0(g9) = Hyq + 5 Ou)

In this reaction volume is increasing in the forward reaction. So
on increasing temperature reaction will proceed in forward
direction.

When temperature increases precipitation of sodium sulphate
takes place. Because reaction is exothermic so reverse reaction
will take place.

For high yield of ammonia low temperature, high pressure and
high concentration of the reactant molecule.

Since An=0.

The rate of backward reaction favoured by increase of pressure

in the reaction as AN is positive
PCl; = PCl; +Cl,

H2(9>2+'2(g) = 2HI

An=0; v K =K,

Solid + liquid = Solution AH =+ve
Increase in temperature favours forward reaction.

Addition of an inert gas of constant volume condition to an
equilibrium has no effect.

Le chatelier principle is not applicable to solid-solid

equilibrium.



(a) A+§+Q = C+D K =,/1/1.8x10® =7.5x102

The reaction is endothermic so on increase temperature 5. (d) Conc. is not known so we can’t calculate.
concentration of product will increase.
6. a) 2505 = 250, +0
(@) 1In that type of reaction the state of equilibrium is not effected (@) 2 8 23 2
by change in volume (hence pressure) of the reaction mixture.

-3
(C) N2+02 — ZNO;AnZO An=3-2=+1; Kp:180><10
(c) High temperature and low pressure. [RT]*" =(8.314 x700)*
(d) High temperature and excess concentration of the reactant 5
concentration. _ KP — 1.8x10
c
() Low temperature and high pressure. (RT)™  (8.314x 700)1
@ Hy+ly=2H = An=2-2=0. =3.09x107" mole-litre.
(d) Low temperature and low pressure. 7. © N,O, = 2NO,
(¢) 1t is an exothermic reaction hence low temperature and 01 0
increasing pressure will favour forward reaction (1-00) 20,
Critical Thinking Questions v Pecol
IfV and T are constant (PocO.1+ o)
20 | |20 P=(0.1+a)/0.1
[PCL,][CI,] [100 100
b - - 2 2
®) K [PCI,] 80 K, = [24] x{ P } or Kp=40—“=o.14
100 [01-¢] |01+ [0.1-¢]
_02x02 004 _ a=0017
-~ 08 08 NO, =0.017 x 2 =0.034 mole
(b) 2NH; = N, + 3H 8. d) CH;OH — CO +2H
3 2 2 ( ) 3 2
Initial mol a
it mele 0 0 [H,2[CO0] 0.1x0.1x1 0.01 10x107
Mole at equilibrium (& — 2X) X 3x [CH,OH] = > -5 T 5
Initial pressure of NH 5 of a mole =15 atm at 27°C _5x10-.
The pressure of 'a’ mole of NH; =p atm at 347°C
9. (d) AB+CD = AD+CD
15
300 apo mole at t=0 1 1 0 0

p=3latm Mole at equilibrium (1 - Ej (l - EJ = [ij (3]
4 4 4 4

At constant volume and at 347°C, mole oc pressure

aoc 31 (before equilibrium) 0.25 025 = 0.75 0.75
. a+2Xoc50 (after equilibrium) K, = 0.75x0.75 _ 0.5625 _
0.25x0.25 0.0625
% = % 10.  (d) According to Le-chatelier's principle.
L0 n. () K, (equilibrium constant) is independent of pressure and
X = 5 a concentration.

. % of NH; decomposed :2—X><100 asselion & Reaszon
a

2. (e) Assertion is false but reason is true.
_ 26>2< 19a %100 = 61.33% Kp # K, for all reaction.
xa
K, = K (RT)™
d K, =K (RT)" R = Gas constant P «(RT)
AN = number of moles of products — number of moles of
_ Kp _ 13x 1073 —74%x10°2 reactants in the balanced chemical equation.
¢ (RT)™  (0.0821x 700)71 So, if for a reaction AN =0. Then K, =K,

(b) Reaction is reversed and halved. 3. (e) Assertion is false but reason is true.



K. =[H 20]2, because concentration of solids is taken to be
unity.

Both assertion and reason are true and reason is the correct
explanation of assertion.

CO(H,0)Z" (Pink) while CoCI;™ (blue). So, on

Cooling because of Le-chatelier’s principle the reaction tries to
over come the effect of temperature.

Assertion is false but reason is true.

c d
aA+bB =cC+dD, Qc :%
[AI°[B]
If Q. > K, reaction will proceed in the direction of reactants.

If Q. <K, reaction will move in direction of products.

If Q. =K, the reaction mixture is already at equilibrium.

Assertion is true but reason is false. This is based on common
ion effect.
NaCl = Na* +Cl~; HCl= H" +CI”

ions increases due to ionisation of

HCI which increases the ionic product [Na*][CI7]. This

Concentration of Cl~

result in the precipitation of pure NaCl .

Both assertion and reason are true and reason is not the

correct explanation of assertion, solidtheat = liquid, so on

heating forward reactions is favoured and amount of solid will

decrease.

aA+bB = cC+dD

« _ LTI

NNER
For 2aA+2bB = 2cC+2dD

_[cFoF*
“[AFEF

O)

Hag + 12 = 2HIg

_ WP
=)

For reverse reaction 2H I(g) = HZ(g) + |2(g)

1
© P Ke

The value of K depends on the stoichiometry of reactants and
products at the point of equilibrium. For eg., if the reaction is

multiplied by 2, the equilibrium constant is squared.

Catalyst does not affect the final state of the equilibrium. It
enables the system to attain equilibrium state earlier by
providing an alternative path which involve lower energy of

activation.

_Pi, xPy, _ (atm)*(atm)
(atm)?

K

o = (atm)?

PnH,
or AN=4-2=2.
Unit of K for given reaction = (atm)2 .

According to Le-Chatelier's principle endothermic reaction
favours increase in temperature. However exothermic reaction

favours decrease in temperature.
K, = KC(RT)An ; where An=(I+m)—(X +Yy)

Concentration of solids and liquids is taken to be unity.

Increase in pressure favours melting of ice into water because

at higher pressure melting point of ice is lowered.

As assertion is exothermic, low temperature favours forward
reaction. High pressure favours forward reaction as it is

accompanied by decrease in the number of moles.

There is no change in number of gas molecules. Therefore the
expression for K'is independent of volume. Hence K will remain

same.



Chemical Equilibrium

Une mole of SU; was placed n a litre reaction vessel at a certan
temperature. The following equilibrium was established 2SO, =

250, +0,

At equilibrium 0.6 moles of SO, were formed. The equilibrium

constant of the reaction will be  [MP PMT 1991]
(a) 0.36 (b) 0.45
(¢) 054 (d) 0.675

For the following homogeneous gas reaction 4NHj; +50, =

4NO +6H,0, the equilibrium constant K_ has the dimension

of [CPMT 1990; MP PET/PMT 1998]
(a) Conc™® (b) Conc*
(¢) Conc™ (d) 1t is dimensionless

Consider the imaginary equilibrium

4A + 5B = 4X+ 6Y
The equilibrium constant K has the unit
(@) Mole fitre (b)
(¢) Mole fitre (d)
For the reaction CO(g)+2H,(g) = CH;OH(g), true condition

is

[RPMT 2000]

Litre mole'

Litremole’

@ K,=K; b) K, >K,
(0 K, <K, (d K¢=0 but K, #0
. 1 Ko .
For the reaction CO(g)-FEOz(g) = CO,(9); e is
c
equivalent to [MP PET/PMT 1998; AIEEE 2002]
(@ 1 (b) RT
1 1/2
€ — d (RT)
VRT
2N,05 ->4NO,+0, what is the ratio of the rate of
(9) (9) ()
decomposition of N,Oj to rate of formation of NO,
[DCE 2003]
(@) 1:2 by 2:1
() 1:4 d 4:1

The reaction quotient (Q) for the reaction

Nag) + 3Hzq) = 2NH ;5

. [NH,J* o i .

is given by Q = ————="— The reaction will proceed from right
[N,][H]

to left is [CBSE PMT 2003]

@ Q-0 ® Q=K

(0 Q<K d @-K;

ET Self Evaluation Test -8

Where K, 1s the equilibrium constant
In the thermal dissociation of PClg the partial pressure in the
gaseous equilibrium mixture is 1.0 atmosphere when half of PCl; is

found to dissociate. The equilibrium constant of the reaction (Kp)

in atmosphere is [JIPMER 2002]
(a) o025 (b) 050
() 100 (d) 03

HIl was heated in a closed tube at 440°C till equilibrium is
obtained. At this temperature 22% of HI was dissociated. The
equilibrium constant for this dissociation will be

[MP PET 1988, 92; MNR 1987; UPSEAT 2000]
(@) 0.282 (b) 0.0796
() 0.0199 (d) 199
The following equilibrium exists in aqueous solution CH ;COOH
= CHZ;COO™ +H™ . if dilute HCI is added without a change
[MNR 1987]

in temperature, then the

(a) Concentration of CH3;COO™ will increase

(b) Concentration of CH3;COO ™ will decrease

(c) Equilibrium constant will increase

(d) Equilibrium constant will decrease
Which of the following is not favourable for SO ; formation
250,(9)+0,(g) = 2505(g); AH = -45.0kcal

[T 1984; MP PET 1997]

(@) High pressure

(b) High temperature

(c) Decreasing SO 5 concentration

(d) Increasing reactant concentration

120gm of urea are present in 51itre solution, the active mass of
urea is [MP PMT 1994]
(@) oz (b) 0.06

(c) 04 (d) o0.08

For the system 2A(g)+B(g)=3C(g), the expression for

equilibrium constant K'is [NCERT 1973; DCE 1999]

[2A]x[B] [A]* x[B]
Q) ————— b) ————
(@) [3C] (b) S

[3C] [cT®

c d
A TSN
If concentration of reactants is increased by 'X', then K becomes[AFMC 1997
(@) In(K/x) (b) K/x
() K+x d K

S Answers and Solutions

(SET-8)



250, = 250,+0,
(1-0.6) 0.6) (0.3)
K = [SO,J°[0,] _0.6x0.6x0.3

. =0.675.
[SO,] 0.4%0.4

K has the units of (CONC)™", where AN =10-9 =+1
Unit of K = (unit of concentration)™

= (mole litre)™
An=10-9=1
K

¢ = mol Litre.
When n, > n, then Kp <K,

where N, = no. of moles of reactant

N, = no. of moles of product.

For CO +%02 ~——‘C02

11t 1K 1
K, =K.,(RT) 2 =K.RT) 2; 2= |—
p = Kc(RT) <(RT) K. ,/RT
2N,05 — HNO, + 0,

Rate of decomposition of N,Og

__1 KIN,0s]
20 dt
Rate of formation of NO, = lM
4 dt

.. Ratio=2:1
If Q> K, reaction will proceed right to left to decrease

concentration of product.

PCl; = PCl, +Cl,
Initial conc. 1 0 0

At equilibrium 0.5 0.5 0.5

2
K, = PX2 :1X0'5X02'5:0'5X0'5:£:O.3
(1-x%) [1-(0.5)]

0.75 3

*k%

()

2HI=H, +1,

Initial conc. 2 moles 0 0

at equilibrium £>< 2 022 022
100

=2-0.44=156
_[H,] [ZIZ] _ O.22><0.222 0.0199.
[HI] [1.56]

When adding H#C/in CH3;COOH solution the concentration

+ .. . . . . .
of H™ is increased. So reaction is proceed in reverse direction

and the concentration of CH;COQ "™ is decreased.

The reaction is exothermic so high temperature will favour
backward reaction.

. moles
Active mass = —
litre
_ wtingm/molecularwt. 120/60 2 _ 4
a Vin litre 5 5
_ [cP
[AI%[B]

There is no effect of change in concentration on equilibrium
constant.
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