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Tiine . Equilibrium’

‘9.1 INTRODUCTION
It is a well established fact that many reactions- do not-g‘o to
completion. They proceed to some extent leaving considerable

amounts of unreacted reactants, i.e., the resulting mixture

contains both reactants and products. When such a stage is

reached in a course of reaction that no further reaction is
apparent, it is said in' chemical language that the reaction has
attained the state of equilibrium where the composition of the
system becomes fixed. At equilibrium state both the forward and

. backward reactions move with equal speeds, i.e., the rate of,

disappearance of reactants is exactly equal to rate of the
appearance of reactants from the products. The study of chemical
- equilibrium helps in the elucidation of the optimum conditions

for the greater yields of the products in the case of those reactions -

which attain equilibrium in the course of reaction.

Chemical reactions can be c1a551ﬁed as irreversible and.

" reversible reactions.

Irreversible reactions: )
proceed in such a way that reactants are completely converted
into products, i.e., the reactions which move in one direction, i.e.,
forward direction only are called irreversible reactions. In such
reactions, products do not react together to produce reactants
again, I. e., the reaction does not move in backward direction. For
example, when solutions containing equimolar concentrations of
barium chloride and sodium sulphate are mixed, reaction occurs
and practically whole of barium is prec1p1tated as barium
_sulphate.

 BaCl, + Na,SO, RN BaSO, + 2NaCl

. C S : - ppt.

The reaction between BaSO, and NaCl, i.e., backward
reaction, is not possible under the experimental conditions. In

such reactions the arrow (—) is placed between reactants and .

products which indicates the direction of the chemical change.
Some more examples of irreversible reactions are given below:

The chemical reactions ‘which -
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1. (a) Thermal decomposition of potassium chlorate,

2KClO, ——> 2KCl + 30,

Heat
(b) Decomposition of ammonium nitrite,
NH4NO2 — N, +2H,0
2. Pre01p1tat1on reactions,
(8 AgNO; + NaCl —>AgCl + NaNO;
- +(b)  Pb(NO,), + 2KI—>PbI2 + 2KNO;.
3. Neotrallsatlon reactions,
H,80, + 2NaOH—>NaZSO4 +2H,0

"Strong acid ~ Strong base
4. Redox and combustion reactlons,
" (a  SnCl, +2FeCl, —> SnCl, + 2FeCl,
(b) - 2Mg+ 0, —2MgO
© ‘ C2H50H+302 ——2C0, +3H,0
Reversible reactions: The chemical reactions which take
place in both directions under similar conditions are called

-reversible reactions. In such reactions, the products also react

with each other and produce reactants again. For example, when
hydrogen is passed over heated magnetic oxide, metallic iron and
water are produced.

Fe,0, +4H, —3Fe + 4H20

On the other hand, if steam is passed over powdered iron at the
same temperature, magnetic oxide of iron and hydrogen are
formed. ; '

3Fe + 4H,0 —— Fe;0, + 4H,

If the reaction is carried out in a closed vessel, it is found that
in no case the reaction proceeds to completion. It is, thus, clear
that either of the two reactions can take place 1ndependently if
steam or hydrogen is,allowed to escape from system by carrying
out the reaction in open vessel but if a closed vessel is used and
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nothing is allowed to escape both forward and backward

reactions can take place in the vessel.
Reactions which thus proceed in both the directions and

do not reach to completion are known as reversible reactions. -

The reaction proceeding from left to right is conventionally
called the forward reaction and the opposite one proceeding
from right to left is called the reverse or backward reaction. In
such reactions the arrow (—) or sign of equality (==) is replaced
by two half arrows (=) pointing the reaction in both the
directions. This sign (<) represents the revers1b111ty of -the
reaction. -

3Fe + 4H,0==Fe;0, + 4H, )
Some examples of reversible reactions are given below:
CaCO, = Ca0+CO, ,
CH,COOH + C,H;OH = CH,COOC,H; + HZO
2HI === H2 +1,
PCl; —PCl, +Cl,
N, +3H, = 2NH,
250, + 0, ==2S0,
N, + 0, ==2NO
NH,HS == NH, + H,S
CO, +H, ==C0+H,0

9.2 STATE OF CHEMICAL EQUILIBRIUM

The most important characteristic property of a reversible
reaction is that it always attains a state of chemical equilibrium.
Consider a general reversible reaction in a closed vessel.

A+BT—=C+D

In the initial state only 4 and B are present both react with each
other, i.e., rate of forward reaction is maximum as only the
concentrations of 4 and B are involved (at the beginning, the
concentrations of products C and D are nil). As soon as the
products C and D are produced, the backward reaction starts
functioning. By the expiry of time, the rate of forward reaction
decreases as the concentrations of 4 and B decrease while the rate
of backward reaction increases as the concentrations of products

~ C and D increase. Ultimately, a stage comes when the rate of

forward reaction becomes equal to rate of backward reaction. ’

This state is called the equilibrium state.

‘Equilibrium state

1 | Time at which system
. has reached equmbnurn

- Time —»

Fig. 9.1

At equilibrium state,
Rate of forward reaction = Rate of backward reaction.

It can be shown graphically as in Fig. 9.1. ‘

Thus, chemical equilibrium in a reversible reaction is the
state at which both forward and backward reactions or two
opposing reactions occur at the same speed.

This state will continue indefinitely if the conditions such.as
temperature and concentration aré not changed. At the state of
equilibrium, the concentrations of reactants and products in the
reaction mixture attain a constant value and the concentrations do
not change with time. »

When hydrogen gas and iodine vapours are heated in a closed
vessel at a constant temperature 717 K, the two react to form
hydrogen iodide. In the initial stage, the colour of the reaction
mixture is deep violet due to the presence of large amounts of
iodine. But as the reaction progrésses, the intensity of the colour
decreases as more and more iodine is converted into hyd:ogc*-
iodide. After sometime, the intensity of the colour of the reaction—
mixture becomes constant. The constancy of intensity of colour
indicates that concentration of both reactants and products have
become constant and state of equilibrium has been attained.

. The stage of the reversible reaction at which the
concentrations of the reactants and products do not change
with time is called the equilibrium state.

‘ B Or ‘

The state in which the measurable properties of the system
(such as pressure, density, colour or concentration) do not
undergo any further noticeable change with time under given
set of conditions is said to be a state of equilibrium. '

The equilibrium state is dynamic and not static in nature. The.
reaction does not stop but both the opposing reactions are going
on continuously with same speeds. At this stage, the number of
moles of substances produced per second in the forward reaction .

“is equal to the number of moles of substances whlch disappear

per second in the backward reaction.

Characteristics of Equ:llbrlum State .
(i) Equlhbnum state can only. be achieved if a revers:ble

réaction is carried out’in closed space.

No product can leave nor any reactant from outside can enter
the space. If the system is not closed, some of the products may -
escape and thus, the backward reaction will not occur.

(i) Chemical equilibrium, at a given temperature, is
characterised by constancy of certain propemes such as pressure,
concentration, density or colour.

(11} Chemical equilibrium can be attained from elther side,
i.e., from the side of reactants or products.

| PHI==H, +1,
At equilibrium, each reactant and each product has a fixed

concentration and this is independent of the fact whether we start
the reaction with the reactants or with the products.
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This reaction can be graphically represented as,

T * Kinetic ! Equilibrium
region ! region ’
ENC : ! ,
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. Time —»
Fig. 9.2

~ (iv) Equilibrium state can be attained in a lesser time by
" the use of a positive catalyst, i.e., the relative concentrations
" .of reactants and products remain the same irrespective of
the presence or absence of a catalyst. Thus, a catalyst does
' not change the equilibrium state but it helps in attaining it rapidly.
“(v) Itis dynamic in nature i.e., both the reactions move with
same speed However, the reaction seems to have come to. stand
still because the concentratlons of reactants and products do not
-change. i
- Reversible chemical reactions are classified into two types
heterogeneous and homogeneous reactions.
" Heterogeneous reactions: The reversible reaction in which
more than one—phase is present.

CaCO,(s) == Ca0(s) + CO,(g)

MgCO; (s) == MgO(s) + CO,(g)
2N3202(s) +2H,0(/) == 4NaOH(}) + 0,(g)
-3Fe(s) + 4H,0() == Fe30,(9) + 4H,(g)

Homogeneous reactions: The reversible reaction in which
only one-phase is présent, 7. e., all the reactants and products are
in the same physical state.

, Hy(g) +1L, (9 == ZHI(g)
CH,;COOH()) +C , HsOH(I) == CH;€00C, Hs (I} + HZO(I)

Hornogeneous revemble reactions are further classified into
three types:

“First type: When there is no change in number of
molecules. Examples are

W H2+12\——-‘—“‘2HI

G INO==N, +0,

(ii)) CH;COOH + C;H;OH
Second. type:
molecules.

== CH,COO0C,H; + H,0
_When there is an increase in number of

PCls ==PCl} +Cl,
“2NH; =N, +3H,

Third type: When there is a decrease in number of

molecules. -
N, +3H, ==2NH,
280, + O, ===280;
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9.3 THE LAW OF CHEMICAL EQUILIBRIUM
‘ (Apphcat:on of Law of Mass Action)

Consider a reversible homogeneous reaction which has attalned
equilibrium state at a particular temperature.

A+B=—C+D

Let the active masses of 4,B,C and Dbe [4],[B],[C ]and [ D]
respectively at equilibrium.

According to law of mass action,
" Rate of forward reaction <[A][B]

or Rate of forward reaction = k, [4][B]

(where, & is the velocity constant for forward reaction).
Similarly, .

Rate of backward reaction o< [C][D]
or Rate of backward reaction = k,[C][D]."
(where, k, is the velocity constant for backward reactmn)

At equilibrium, , S

Rate of forward reaction = Rate of backward réaction,

ie., k, [41[B]=k,[CI[D]
" & _Iclp]
k, [4][B]

Since, k, and k, are both constants, the ratio k,/k,, is also a new
constant say K ., i \
_[Clp) |

. [A]03] ) e {1)

K. is known as equilibrium constant. K has a definitevalue
for every chemical reaction at a given temperature regardless of
the concentration of the reactants.

Considering a more general homogeneous reversible reaction
at a particular temperature which is under chemical equilibrium,
mA; +myAy +ma Ay + =0 B + nyBy + nyBy +

Rate of forward reaction =k, [4,]™[4,]™[4;5]™ ...

Rate of backward reaction = k,[B; 1" [B,]?[B5]"
At equilibrium,
kp (A ] A2 [ 4517 . = k[ B 1 [ By )2 (B3 17 ..
ke BB, (B, 10
ky 414,17 4517 .
The equilibrium constant, at a given temperature, is the

ratio of the rate constants of forward and backward
reacnons

or

=K. . (i)

. Or
The equilibrium constant may be defined as the ratio
between the product of the melar concentrations of the
products te that of the product of the molar concentrations of
the reactants with each concentration term raised to a power

~equal to stoichiometric coefficient in the balanced chemical

equation.
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The value of ethbnum constant is mdependent of the
following factors:

1. Initial concentrations of the reactants mvolved
2. The presence of a catalyst. v
3. The direction from whlch the ethbnum has been

- attained.

4. The presence of inert materials.

The value of equilibrium constant depends on the followmg
factors:

1. The mode of representation of the reaction:
Conventionally, the concentrations of the products are put in the
numerator and the concentrations of the reactants in denominator
in the equilibrium law equation. Consider the reversible reaction,

. A+B==C+D

The equilibrium constant for the reaction,
_[Clo]
[41[B]

Now, if the products are made reactants, z e, the reactton is
reversed,

o (D)

[+

C+D :“ A +B
The equilibrium constant for the reaction is
,_[41[B]
° [ClIID]

The equilibrium constarit, K/, is actually the reciprocal of
K. . ie,

"(m

2. Steichiometric representation of the chemical
equation: . (a) When a reversible reaction can be written with
the help of two or more stoichiometric equations, the value of
equilibrium constant will be numerically different in these cases.
For example, the dlssocmtlon of NO, can be represented as:

2NO, wiNz +20, e @)
oo N@r—%m+% | . (i)
For equatlon (i), the value of K, = w . (iii) .
[NO, 1? .
12
For equation (11), the value of K/ M - (iV)
[NO, | s

Thus, the two constants are related to each other as:
K/ =JK, -~ . LW
In general, when a balanced equation.having equilibrium
constant X, is multiplied by a certain value n, the equilibrium
constant for the new equation will be equal to (X, ).

A+B==C+D, Czﬁﬂﬁﬂ
[4]1(B]
nd +nB —=nC + nbD, K;=W=(Kc)"
‘ : [41"[B] ,

'(b) Consider the following chemical ¢q‘uation,’
N,(g)+ 0,(g)+ Cl, (g)==2NOCl(g)

___Nocr? .G)
¢ [N,1[05][Cl, ] '
Suppose the above equation is split into two as:
M)+ Oy R) == NG K=ol i)
g g)+—"2NO(g); = .. (i)
’ ’ ' N[0, ] .,
f L o mwNoanr
2NO(g)+ Cl,(g)=—2NOCl(g); K,)=—o— .. iii)
- v [NOJ*[C1,]
Combining above two equations, & o
: 2 2 2
K XK, = [NO} x [NOC1] [NOCI]

N,1I0,1 [NOP[CL,] [N,II0,1CL,] ©

Thus, when an equation (having equilibrium constant, X .}
written in two steps (having equilibrium constant K, and AZ ),———
then K =K 1 XK, 27 .

3. Use of partial pressures instead of concentratmns
When the reactants and products are in gaseous state, the partial
pressures can be used instead of concentrations at a definite
temperature, as the partial pressure of a substance 1 is proportlonal
to its concentration in the gas phase.

Consider a general reversible homogeneous gascous reaction
m 4, +my A, +m3{43_ ==nB, +m,B, +n,B; +
Let the partial'pressures of various reactants and products be
PAy, pAy, pAy, ..., and pB,,pB,, pB;,.. respectively at
equilibrium. The equilibrium constant for the reaction,
K, (pBl)"‘(p}i‘z)”z(pB;)"3
T pA™ (pdy )™ ( PA3 )"’3
The value of K, for the above reaction can be gwen as:
‘ [B,1" [B, (B, 1" .
[4,1"[4,]™ [A3]"’3

()

‘KC‘

- (i)
Férgm ideal gas, ‘ ‘.sz nRT
or. : , pi—'iRT- o

"= Active mass X RT
(where n= numbcr of moles and V' = volume m litres. Thus

= molar concemratlon or active mass).

Substttutmg the values of partlal pressures in eq. (i),
[B,1" (RT )" -[B,1™(RT )" -[B;]" (RT )™ ..

74,1 RT Y™ [ 4,7 (RT Y™ (4] RV
or’Kp = {[?l]ni {B,1"[By]™ .. }RT )"1""'2*:3 +* |
(4,17 [4,17[45)™ L JRT Yttt
P2 ]
or K,=K, (RT)

(RT )™
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=K, (RT ™"~ *"
— KC ( RT )A?i
An = total number of molecules of gaseous products
— total number of molecules of gasecus reactants.

Three cases may arise:
First case: When, An=0,

K,=K, (RT)’ =K,

... (iii)

Second case:  When, An = +ve or An> 0,

- K,>K,
Third case: When, An=—veor An <,
K,<K,
4. Temperature: According to Arrhenius equation,
k=Ae EIRT . ()

- where, k =rate-constant, -E= activation - energy, - R =-gas
constant, T’ = absolute temperature and e = exponential constant.

log—lizz—-——E— 11 .. (i1}
ky  2303R|T, T
when, T. » > 1
for forwe-d reaction,
. / — -
k E
log L—i}?——’i—— 11 . (i)
ky | 2303R|T, T |
for backward reaction, ‘ ,
|k - 1]
log 2 £y 1L - (V)
ky, 2303R | T, T, |
Subtracting eq. (iv) from eq. (iii), we get

log(kfszbz\Jz_(Ef-—Eb){i 1}

ky Ik, 2303R |T, T,
K, AH
or log | =2 |=~ ——— 11 (V)
- , K, ) 230R|T, T,

where, AH is the heat of reaction at constant volume and

‘K, and K, are the equilibrium constants of a reaction at

temperatures 7, and T, (7, >T)).

The effect of temperature can be studied in the following three

cases: :
"First case: AH = 0, i. e. , neither heat is evolved, nor absorbed.

So, ! log K, —log K, =0
or : log X, =log K,
. or ' K, =K,

" Thus, equilibrium constant remains the same at all
{emperatures. - : :
~ Second case: When, AH = +ve, i e, heat is absorbed, the
reaction is endothermic. The te\mpeerre T, is higher than 7.
Thus, [—l _L \ is negative.
‘ ' y I ‘
So, , log K, ~log K, =+ve

or log K, >log K|
or K,>K,

The value of equilibrium constant is higher at higher
temperature in the case of endothermic reactions.

Third case: When AH =-ve,ie, heat is evolved, the
reaction is exothermic. The temperature T, is higher than 7.

1 1. .
Thus, — —— | i$ negative.
L, T,
So, log K, ~log K| =~ ve
or log K >log X,
or K, >K,

The value of equilibrium constant is lower at higher
temperature in the case of exothermic reactions.

logoK fogy K

T e
(a) Endothermic reaction
(Plots of log K versus T)

T —

(b) Excthermic reaction

Fig. 9.3

Units of Equilibrium Constant , !

The units of equilibrium constant vary in case of different
reactions. ‘K has no units for a reaction in which total number of
moles of reactants and products are the same. For example, for
dissociation of nitric oxide, X, has no units.

INO==N, + 0,
[N, ][0, ]
[NOT?

K =

€

K . will have units for a reaction in which the total number of
moles of reactants and products are different. For example, for
decomposition of PCl, the K, has mol/litre units.

PCly —=PCl; +Cl,
K = [PCL;]ICL, ]
¢ [PCl]
In the formation of ammonia, -
N, +3H, <= 2NH;
_ [NHy)
N, JH, P
K . has litre” mol 2 units.
In general; unit of K, = M1
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~1

where, M = mol litre

reactants.

Note: (i) The above relation can be used in homogeneous liquid system
also

An = number of moles of product or products
~ number of molés of reactant or reactants
(if) Similarly, the unit of K, = [atm] "
where, An = number of gaseous moles of product or products
- number of gaseous moles of reactant or reactants.

9.4 REACTION QUOTIENT OR MASS
ACTION RATIO -

Let us consider a reaction:

A+ B==C+D
[C 1[D]
o= [4][B]

Q is denoted as Q. or O, depending upon whether the
concentration is taken in terms of moles per litre -or partial

pressures respectively. With the help of mass action ratio we caxy v

determine whether the reaction is at equilibrium or not.
(I) When,Q, =K _orQ, = K , then the reversible reaction is
-at equilibrium, i.e., the rate of forward and backward reaction
becomes equal. :

(II) When, 0, <K, or Qp <K, then the reaction is not at
equilibrium. The reactlon will be fast in forward direction, i.e.,
reaction has a tendency to form product/products.

Rate of forward reaction > Rate of backward reaction.

(II1) When, Q. > K. orQ, > K , then again the reaction is
not at equilibrium. The reaction will be fast in backward
direction, i.e., have a tendency to form reactant/reactants.

Rate of forward reaction < Rate of backward reaction.

Q=0 K ‘ T Q=
I J |
| — Bl

(Reactant only)

{Product only)

Reaction goes towards

Reaction goes towards
left, formmg more reactants
N

right, forming more products

_1i33e8 WiSoME Sowvep EXAMPLESY $932: :

Example 1.

For the reactions,
N, +3H, =—2NH,
and . YN, +3%H,= NH,

write down the expression for equilibrium constant K , and K /.
Howis K, related to K[ 7

~ Solution: For equatlon N, +3H,——2NH;,
[NH; |*

K,=—>31 . ()

[N J[H, TP

and Az = number of gaseous moles of .
product or products — number of gaseous moles of reactant or

and for equation, N, + 3 H,= NH,,
K= EiHﬂ 3/2 - (i)
[N, 17" [H, ]
Squaring equation (ii),

2
ko)t =BT .. (i)
[N ][H, )’ |
Equations (i) and (iii) are same
© Thus, K,=(K.)

or ' ' 1/K . =K. »
Example 2.  The equilibrium constant for the reaction,
N, +20, = 2NO,

-at a particular temperature is 100. Write down the equilibrium

law equations for the following reactions and determine the
values of equilibrium constants:

INO, ——N, +20, A1)
NO, =V N, +0, .. (i)
The equilibrium constant for the reaction,
N, + 20, —2NO,
NO, I? :
K. =~[—2]2=100 .. (a)
[Nz 10,1 )
The equilibrium constant equation for reaction (i),
© N 1[0, ]’
[NO, J*
This equation is reciprocal of eq. (a)

So, K =— =L 1x107

Solution:

- (b).

The equilibrium constant equation for reaction (i),
_IN,1"%[0,] |
*T O INOy]
Comparing egs. (b) and (¢), '
K, =K, =v10? =107 =0.1
. Example 3. The value of K , for the reaction,
N,(g)+3H,(g)=—2NH;(g)

.. (¢}

s 0 50 at 400°C. Find the value of K, a1 400°Cwhen concentra-

tions are expressed in mol litre™ and pressure in atmasphere

Solution: Applymg the relatlonshlp,
K, =K (RT Y
K =050, R= 008211tre -atm deg ™! mol ™! -

T(400+273)= 673K, An=(2-4)=-2
K, =05(0.082x 673)>

= 0.5(55.185)2 = 1.64 x 107
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, Example 4. Determine K , for the reaction,
' 1 1 1, .
—N'z(g)+ 50:(8)+ 5 Bry(g) == NOBr(g) .

Jrom the followmg data at 298K; ,
_:The equilibrium constants for the following reactzons

2N0(g)‘—Nz(g)+Oz(g)
and NO(g)+— Br2 (g)== NOBrg)

are 24 % 10° and 1.4 respectively.
. Solutioh “The net reactzon is,
5 N, (g) + - 02 (@+= Br2 @)= NOBr(g}
X - [NOBr] .
"(nel) [N ]1/2 02 ]I/Z[Br ]Ul

o Consadermg the glven equatlons
: 2N0(g)

N, (g) +0,(2); equmbnum constant = 2.4 x 10°
o N, (g) + 02 (&) ’M 2NO(g); equilibrium constant = ﬁ
S o , 24x10
i 4 .
> N,(g) + 2 0,(g) ==NO(g);
. ; k 1/2
e , 1
Equilibrium constant = | ————
d o (2_.4x 103"]
‘ =0.6455x 107"
_ NO). ., a5 i
- NO(g) + 5 Br,(g) == NOBr(g)
. INOBI . _.,_ )
] G . W—Kc =14 . ) e (11)
Multiplying both equaﬁons o
_INO]. [NOBrl o/ ome Asg1a
L1710, INOIBr 77 e e
or [N' ']m [2(;5;][}3 77 =K, =09037x107%
217710, 1)
=9.037x1071
Example 5. ' The equilibrium constant, K,, for the
'reactwn «
. Ng(g)+ 3H2(g)W2NH3 (g)is1.6x 10'4 atm™? at 400°C.

What will be the equilibrium constant at 500°C if heat of

* reaction in this temperature range is — 25.14 kcal?

- G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

Usingvth‘e relation,

Solution:
) o - sz AH I:Tg,r-?‘l}
Kp1 T 2:303R 7,1,
leen

AH = —25.14keal;
R=2x10"* keal deg ™ mol™
T, =400+ 273=673K, T, =500+ 273= 773K

K, -2514 [7?3 6731

=1. 6>< 10‘4

(1:6x107%)  2.303x2x 107 | 773x 673
| - 25.14 x 10° x 100
log K, =log (1.6x107*)~ ke
8 Kp =loe , ) 2303x 2% 773X 673

- =-3.7960- 1.049 = - 4.8450
K, =1429x 107° atm™

Example 6." The equilibrium cbﬁstant for the reaction;
Hy(g)+ S(s)==—H,S(g)

is 18.5 at 925 K and 9.25 at 1000 K respectively. Calculate the
enthalpy of the reaction.

Solution:  Using the relation, .
log K2 _AH [Tz —Tl}
K, 2303R| T,T,
log 925 AH 75
185 2303x8314 9251000
~0301= AH 75
, 2.303 x 8.314 x 925 x 1000
or - ' AH =-71080.57T mol ™"

B
B e
e ———————

musm,qmm OF onlscrm Quzsnous

1. For the hypothetlcal reactions, the equilibrium constant (K)
values are given:
AT==B;K,=2B+=C;K,=4,C==D;K;=3
The equilibrium constant (K ) for the reaction 4 = D is:

. i ‘ - [PMT (Kerala) 2005}
(@48

)6 (c) 2.7 @12
(e)24 )
[Ans. (e}]
[ﬁint The reaction A == D is obtained by addmg the three

given reactions.
NS . K= KiszxK3~2x4x3 24] ;
2 If, in the reaction N;O,(g) = 2NO,(g), x is that part of
_N,0, which dissociates, then the number of molecuies at

equilibrium will be: (KCET 26¢5),
@1 (b)3 -
©) (1+x) - @ (+x)
[Ans. (©)] ‘ '
[Hint: N,0, = 2NO,

9

t=0 i
feq. 1~x 2x

Total rfumber of molecules at equilibrium =1~ x + 2x = (1 + x)]

M
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3. A schematic plot of In K vs

inverse of temperature for a
reaction is shown in the figure.
The reaction must be:

(AIEEE 2005)

log Keg, ~—

(a) exothermic
{b) endothermic
{(c) one with negligible enthalpy change
(d) hlghly spontaneous at ordinary temperature
[Ans.  (3)]

[Hint: K, = 4 ¥RT

AH®
logK, =logd - ————
& Rep =108 2.303 RT

Y=C+ MX
Slope of the line will be positive, when, AH °
reaction is exothermic.]
4. Given: .
Ny(g) +3H,(g) = 2NH;(g); K,
N,(g) + O,(g) = 2NO(g); K-

1 \
H,(g) + 3 0,(g) = H,0(g); K,

1T -

= -ve, i.e, the

. The equilibrium constant for

INH, (g) + % 0,(g) = 2NO(g) +3H,0(g)

will be; ©ICBSE (Med.) 2867]
. 2 3
@ KKK, wiE KKy g%k
3 KZ Ki

[Ans {d)]

. [NH, INOP " [H,0]

{fint: K, = K, = Ky = .
Mint: K= LT 2 0,0 10,17

The equilibrium constant for

2NHy(g) + 3 Oa(g) = 2NO(g) + 3H,0(g)

will be: .
[NOP[H,0F _ K, X 1<33]

INH, [0, K,
5. What is the equation for the equlhbrlum constant (K, )for the
(EAMCET 2006}

following reaction?
TX

-A(g)+ 1B<g>— %C(g)

[ ]1/2[ ]1/3 [ ]3f2

K, = b) K, = —ssn
® [CT"? ® £ " [47[BT
[C]Zf3 B :{C]")B )
TR *“m
{Ans. (o}]
[Hmt Coefﬁcxent goes to the power of respective active mass.
[C ]2!3

6. Forthe followmg three reactions (1), (n) and (iii), equilibrium.
constants are given:

() COg) + H,0(g) = Coz(g)+ Hz(g), Ky

"energies for the forward and

(if) CHy(g) + H,0(g) == CO() + 3H,(g); K,

(iii) CH, (g) + 2H,0(g) === CO, (g) + 4H,(2); K,

2 (AIEEE 2008)
Ky =K;

Which of the following relations is correct ?
@K;K3; =K} (b) K,

(© KK, =K, ()K= klxz, :
[Ans. (d)] ‘ :
[Hint : Reaction (iil) is obtamed by addmg i) and (11} hence
K 3 =K X K,]
9.5 ACTIVATION ENERGIES FOR
FORWARD AND BACKWARD
REACTIONS

In a reversible reaction, the molecyles of the reacfants in the
forward reaction and the molecules of the products in the

backward reaction follow the same path and. form the sameé

activated complex. However, the activation energies of both
forward and backward reactions are different. Fig. 9.4 (a) and (b)
show the activation energies, E, ( f) and E, {b) respectively, for
the forward and backward reactions for exothermic and
endothermic reactions. Mathematically, £, (f) and E,(b) are
related to overall energy change, AE, in the process as:

AE=E (f)—E,(by=AH (At constant volume)

Threshold»ebnerg, :

Threshold energy -

Energy — -

Y

Energy —

Products Reactants

.- Progress of reaction —

Fig. 9.4 (b) Activation
energies for the forward
and backward reactions
where forward reaction

is endothermic

Progress of reactton —
Fig. 9.4 (a) Actlvatlon

backward reactions where
forward reaction is
exothermic
For exothermic reaction,
E ()<E, ()
Thus AF is negative. .
On the other hand, for the endothermlc reaction,
E,(f)>E,(5).
Thus, AE is posttive
Heat of reaction AH = Activation energy of forward reaction
' —Activation energy of backward reaction.
Example 7. For tke dissociation of gaseous HI, the energy
of activation is 44.3 keal. 'Calculate the energy of activation for
the reverse reaction. Given, AH for the formation of 1 ”1016 of HI
from H, and I, is —1.35keal.

Solution: _
2HI(g) =—=—H,(g) +1,(g);

-

E, =44 3kcal
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-;-Hz(g)%lz(g);——"““ HI(g);  AH =-1.35kcal
| 2HI(g) == H,(g) +1,(g); AH =2x1.35= 2.70kcal
AH=E,(f)-E,(b) .
2.70=44.3~ E, (b)
- E,(b)=(443-2.70)
o = 41.60kcal

- Example 8. For a reaction X —Y, heat of reaction is
+ 83.68 kJ, energy of reactant X is 167.36 kJ and energy of
activation is.209.20kJ. Calculate (i) threshold energy (i) energy
of product Y and (iii) energy of activation for the reverse reaction
(Y - X). :

Selution: (i) Given, E, (f)=209.20kJ
‘ " AE=+8368k)
Energy of reactant, X = 16736k

" Threshold energy = Energy of reactant X + Activation energy
. for forward reaction
: =167.36+ 20920 = 37656 kJ
(n) Energy of reaction, AE = Energy of product — Energy of
. reactant
Energy of product = 83.68 +167.36= 251.04 KJ
(iii) Activation energy for backward reaction
- = Threshold energy — Energy of product
=376.56—-251.04=125.52KkJ

9.6 STANDARD FREE ENERGY CHANGE
OF A REACTION AND ITS
EQUILIBRIUM CONSTANT

Let AG° be the difference in free energy of the reaction
. ‘when all the reactants and products are in the standard state
~-(1 atmospheric pressure and 298 K) and K. or K, be the
thermodynaniic equilibrium constant of the reaction. Both are
related to each other at temperature 7 by the following relation:
’ AG° =-2.303RT log K,
and AG®=-2303RT log K, (incase of 1dea1 gases)
This equation represents one of the most important results of
' thermodynarnics- and relates to the equilibrium constant of a
reaction to a thermochemical property. It is sometimes easier to
calculate the free energy in a reaction rather than to measure the
equilibrium constant.
Standard free energy change can be thermodynamically
calculated as:
AG°=AH®-TAS®
Here, AH ° = standard enthalpy change,
AS ° = standard entropy change
-RTlog, K , = AH°~TAS® -

loger Ag ——i{f
log o K AS®  AH°

»"2303R 2.303RT

G.R.B. PHysICAL CHEMISTRY FOR COMPETITIONS

- AS°
I t =
ntercep 2.303R
I AW
Slope = e
log, 6Kp P 2.303R

Fig. 9.5

(i) When, AG®=0,then X =1.

(ii) When, AG®° > 0, i.¢é,+ve, then K, < 1. Inthis case reverse
reaction is feasible, fe., less concentration of products at
equilibrium state. -

(iii) When, AG° <0, ie.,
forward reaction is feasible showing thereby a large
concentrations of products till the equilibrium is reached.

Example9. For the reaction,
2NOCI(g)~——=2NO(g)+ Cly(g), %

calculate the standard equilibrium constant at 298 K. Given that
the values of AH*® and AS° of the reaction at 298 K are 77.2 kJ
mol ™' and 122 JK ™" mol™".

Solution: Using the relation,
AG°=AH® - TAS"®
=77200- 298 x 122
= 40844 J mol

" . Let the equilibrium constant be K °. We know that,

AG® =-2303RT log K?
AG® _ 40844
2303x8314x298  2.303x 8.314 x 298
=~-7.158
K° =695x1078

or logK, =-

Example 10. AG® for %NQ(g)+%H2(g)x————NH3(g)

is =16.5.kJ mol ™. Find out K, for the reaction at 25°C. Also

report K, and AG® for Nz(g)+3Hz(g)"""'*2NH3(g) at
25°C.

Solution:
3
log K, =~ AG® - (-16.5x16°) 28917
2.303RT 2.303x 8314 % 298
K =779.41

K, for reaction Nz(g) +3H2(g)@2NH3(g) is equal to
{?70-1 i© = 6.07%10°

AG° = - 2303 8.314 x 298 log 6.07x 10° joule
= - 32.998 kJ mol "

~ve, then X, >1. In this case
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9.7 EQUILIBRIUM CONSTANT
 EXPRESSIONS FOR SOMF
REACTIONS '

Case I: Homogeneous gaseous equilibria when, An= 0.
Synthesis of hydrogew iodide: ~The formation of hydrogen
iodide from hydrogen and iodine is represented by the equation:
H,(g) +1,(g) == 2HI(g)
Let a start be made with ‘a’ moles of hydrogen and ‘b’ moles of
I,. These are heated in a sealed bulb having a volume ¥ litre by
keeping the bulb-in a thermostat till equilibrium is established. If

‘at equilibrium, x moles of each of H, and I, have reacted, 2x
moles of HI will be formed.

- Thus, the active masses of various reactants and products
present at equilibrium are:

[Hy]= (an) mol L™
- (b-x)
[ 4

LL]= mol L™

HI]= 2% ol L
v

Applying law of mass action,
2
)
oo o \v) 4
© ML) (u) [b_j) (a=x)(b-x)
v Vo)

When, 2 = b = 1, x becomes degree of formation of HI and

2
. K, - 4x .
o (1—-x)
The equilibrium constant, K ps can also be calculated

considering partial pressures of reactants and products at
equilibrium.

| H,(g) + I,(g) ==2HI(g)
Initial no. of moles a b 0
No. of moles at equilibrium -~ (¢~x) (b~x) 2x

Total number of moles at equilibrium
=(a-x)+(b-x)+2x=(a+b)

Let the total pressure of the system at equﬂlbrlum be P i

atmosphere.
Partial fH,, (@)
artial pressure of H,, m— .
P PP Pe TR
Partial f1 (-0
ial pressure of1,, = -
p 2> Py (@+b)
. ‘ 2x
Partial pressure of HI, py, = -P
' (a+b)
( 2x } P2
__(pm )’ - a+b o 4x?
(Pu, Np1y) [a-x Px (b—x) p (a—x)b-x)
a+b a+b

Thus, K,=K,
This also follows from the relationship, K , =K . (RT "

An=0, So Kp=KC,

i.e., for all gaseous reactions of first type, K, and K are
identical. Both K, and X', have no units. o

4x*
(a-x)b-x)
does not include the volume term; hence K . 18 independent of
pressure. Thus, change of pressure will not alter the final state
of equilibrium.

.(b) Effect of adding substances (Reactants or products):
On adding H, to the equilibrium mixture, the value of
denominator of equation K, =4x’/[(a—-x)(b-x)] wil
increase. To maintain the constant value of X, the value of
numerator must also increase. This can happen 1f more of Hlis _
formed, i.e., hydrogén combines with iodine to form more of HI.
Thus, the reaction moves in a direction in which the added
hydrogen is used up. A similar effect is observed when iodine is
added to the equilibrium mixture.

The reverse effect is observed when HI is added to the

(a) Effect of pressure: The equation, K =

- equilibrium mixture, i, e., HI decomposes into H, and I,.

(¢) Effect of temperature: The formation of HI from
H,andI, is an exothermic reaction, i.e, by increasing
temperature, the value of equilibrigm constant, X', decreases.
Thus, the yield of HI decreases, i.e., high temperature is not”

favourable for greater yield of HL

"(d) Effect of adding an inert gas: Addition of an inert gas
to equilibrium mixture wig make no effect on equilibrium state as
in the first type of reactions, volume and pressure changes have
no effect on equilibrium state.

Case Il: Homogeneous gaseous reaction when, An > 0.

Dissociation of PCl5: The dissociation of PCl takes place
according to the equation: '

PCl5(g) == PCl;(g)+ Cly(g)

Let a moles of PCl5 be taken in a closed vessel of volume ¥V’
litre. Tt is heated and by the time equilibrium is established, x
moles are dissociated into PCl, and Cl,. One molecule of PCl 5

on dissociation gives one molecule of PCl, and one molecule of

Cl,. Thus, x moles of PCl; will give x moles of PCl, and x moles
of Cl,.

At equilibrium,

1=(a-%) X en1=Z
[PCIS]' v a[pCIS}‘_Va[C12]"V

Applying law of mass action,

X _x
_PCLICL]_ 7y K
¢ [PCl;] (a- x) (a-x)V
. N V -
When, a = 1, x becomes degree of dissociation and
2
K, =—2 (units = mol L™")

(d-x)v
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Calculation of K ,:  Let the total pressilre at equiiibrium be

P. Total number of moles at equilibrium
={g—-x)+x+x={a+x)

P = (a-— ) P =% P - .
PCls Pl pPCl (a+7) Pa, (@+x)
X, P * .
K = Prciy X Pai, _ (a+x) (at+x) _ x*p ]
3 Pras , (a—x]‘P (a~x)a+x)
’ \a+x

- (units = atm)
{(a) Effect of pressure: In this case, K, = x? I{a-x)V. If
pressure is increased, the value of ‘¥’ decreases, i.e. , the value of
denominator decreases. To maintain constant value of X, x must
also decrease. In other words, the dissociation of PCl decreases
Thus, the increase. of pressure would suppress the dxssocmtlon of

“PCls.

(b) Effect of concentration: If PCl; is added to the
equilibrium mixture, the rate of forward reaction increases, i.e.,
dissociation of PCl increases. In case PCl; or Cl, is added, the
rate of backward reaction increases. Th1s shall decrease the
dissociation of PCl;.

, (c) Effect of temperature: The dissociation of PCl; is an
~ endothermic reaction. Thus, the value of equilibrium constant
increases with increase of temperature. It is thus concluded that
dissociation increases with the increase of temperature.

(d) Effect of adding an inert gas: When an inert gas is
added at constant volume the equilibrium state is not disturbed.
In case an inert gas is added at constant pressure, the volume
increases, To maintain the constant value of K .,x must also

“increase. Thus, the addition of an inert gas at constant pressure
increases the degree of dissociation of PCl;.

Case 11I: Homogeneous gaseous reaction when, An < 0,

Synthesis of ammonia: The formation of ammonia from
nitrogen and hydrogen is represented by the equation:

N,(g) +3H,(g) ~—2NH;(g)

Let a start be made by mixing ‘ ¢’ moles of N, and ¢ 5’ moles of
hydrogen in a closed vessel of ¥ litre capacity. By the time
equilibrium is established “x” moles of nitrogen have combined
with 3x moles of hydrogen and produced 2x moles of ammonia.

At equilibrium, N, ]= (a; x)
(& - 3x)
H;]= v
2x
[NH; ] = 3
Applying law of mass action,
C N IH, P

3
1% 4x?y ?

x}(b—bcf T @—x)b- )
V V .

IE

"G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

Ifa=1land b =3, then,
_ v
271-x)*"

(units = mol 2 L?)

The effect of various factors at equilibrium is discussed here.

(a) Effect of pressure: By increasing pressure, the volume
term decreases. The value of x must increase to maintain the
constant value of X . In other words, the formation of ammonia
increases with increase of pressure.

(b) Effect of concentration: By increasing the
concentration of either nitrogen or hydrogen in the reaction
mixture, the rate of forward reaction increases, i.e. , the formatlon
of ammonia increases.

{¢) Effect of temperature: The synthesis of amimonia is an

exothermic reaction. The value of equilibrium constant decreases -~

with increase of temperature. Thus, high. temperature is not

‘favourable for the synthesis of ammonia.

Calculation of X , : Let the total pressure at equilibrium be P.

Total number of moles at equilibrinm
=(a-x)+{(b-3x)+2x=(a+ b - 2x)

-2 o p. N Clnl )
Py = o F P T e 2
_ (b~3x)
Pre = b - 2%)
’ 2
) 2x P}
- [Pnu,] _ {a+b—2x)
7 [PNZ}[PHZF {a—x) P— (b—3x) P3 o
{a+b—-2x) {a+b-2x) .

_ 4x* (a+b-2x)°
(a-x)(b-3x)* P?

Case 1IV: Homogeneous liquid system: Formation of

ethyl acetate:

The reaction between alcohol and acid to fonn ester is an
example of hompgeneous equilibrium in liquid system.

CH,COOH(!) + C,H;OH(!) == CH;COOC, Hs () + H,0(])

Let a start be made by mixing ‘@’ moles of an acid and ‘b’ moles
of an alcohol. By the time equilibrium is established, x moles of
ester and ‘x” moles of water are formed, 7. e., x moles of acid and x
moles of alcohol have been consumed. Let ¥ be the total volume.
At équilibrium, the active masses of reactants and products are:

, (a—x) (b—x)
[CH,COOH] = L [CoH;OH) = ——

[CH,COOC, Hy ] = —;;andl [H,0]= g
Applying law of mass action,
x
_ [ester][water] _ v X-?

[acid][alcohol] (a - x}( b- x)
. vV Vv

(units = atm™2) -
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2

_ x
(a—x)(b-x)
2
Ifa=b=1,thenk, ——x—z—, (K , has no units)
(1-x) '

This does not involve the volume term. Thus, K,
affected by the change of volume.
Case V: Heterogeneous equlllbrla
Law of mass action can also be applied to the study of
equilibria in which the substances are not in the same phase.
Considering the decomposition of solid NaHCO; to produce
solid Na,CO,, gaseous CO, and H,O.
2NaHCO, (s) =— Na,CO;(s) + CO,(g) + H,0(g)
Applying the law of mass action,
[Na,C0;][CO, |[H,0]
[NaHCO; 12

It involves two pure solids, Na,CO; and NaHCO,. It is
customary not to include the concentratlons of pure SOlldS in
equilibrium expressions.

is not

KI

K [NaHCO,;]?
2l 8 —[CO,1[H,0
¢ [Na,CO,] (€02 1tH;0]
or K. =[C0,][H,0]

In terms of partial pressures we have K, = pcq,
Similarly, in reactions in which a reactant or product occurs as a
pure liquid phase, the concentration of that substance in the pure
liquid is also constant. As a result, the concentrations of pure
solid and pure liquid phases do not appear in the equilibrium
constant expression.
Many other examples of heterogeneous equilibria are
“available. Such as:
1. Decomposition of CaCO,,
" CaCO,(s) == CaO(s) + CO,(g)
K. =[CO,] or K, = pco, .
When CaCO; is heateéd in a closed vessel at a definite
temperature, the pressure or concentration of CO, produced
becomes constant irrespective of the amount of CaCO, taken.
2. Reaction of steam on heated iron,
3Fe(s) + 4H,0(g) =="Fe;0,(s) + 4H,(g)
[H,]" Pu,

K. = orK’ =
¢ 01" 7 puo

3. Reaction of steam on heated carbon,:
C(s) + H,0(g) =— CO(g) + H,(g)
= [CO][Hz]_ or K, = Pco X Pu,
- [H,0]
4. Dissociation of ammonium carbamate,
NH,COONH, (s) = 2NH;(g) + CO,(g)

K, =[NH,1*[CO,]1; K

- Puyo

» =L Pan, 1* X[ Peo, ]

X PH,0-

i e e o8 W SoME SoLvED EXAMPLES) 89%5: ;!
" Example 11. For the following reaction,
H,(g)+1,(g)~—2HI(g),
Ifinitially 25mL of H, and 20mL of I, are present in a container
and at equilibrium 30 mL of HI is formed then calculate

equilibrium constant. |AIPMT (Mains) 2009]
Solution: The given reaction is :
H,(g) +1,(g) == 2HI(g),
to 25mL 20 mL 0.
e 25-x 20—-x 2x

Give, 2x=30mL .. x=15mL
Equilibrium constant may be calculated as,
[HI]*  [30]* _ 900

c =

(][] [10][5] 15
- "Example 12. In the reaction, ' o
Hy(g) +1,(g) = 2HI(g)

the amounts of H,,I, and HI are 0.2 g, 92525 g and 44.8 g
respectively at equilibrium at a certain temperature. Calculate
the equilibrium constant of the reaction.

Solution: H,(g) +1,(g)=— 2HI(g)
Applying law of mass action,
[Hl]
¢ [H,10,]
Let the total volume be V litre, then
[ ]_02 0.1 1, ]= 9.2525 _ 00364
2wy 254V ¥V
448 035 -l .
HI]=——=——mol L™ respectivel
[ ] 128V vV P y
Gl
So, 'Kc" 14 _035x0.35 _
0.1 00364 01x00364

v
Example 13. 0.5mole of hydrogen and 05 mole of iodine
react in a 10 litre evacuated vessel at 448°C; hydrogen iodide is
Jormed. The equilibrium constant, K , for the reaction is 50.

(a) Calculate the number of moles of iodine which remain
unreacted at equilibrium.

(b) What is the value of K ,?
Solution: (a) Hy(g) + L,(g) —— 2HI(g)

Initial moles 0.5 0.5 -0
No. of moles at equilibrium (0.5-x) (0.5-x) 2x
2
K, = ¥ 5
(0 5-x)X0.5-x)
=/50=7.07
(0.5- x)
_ 2x=05%x7.07- 7.07x
or 2x+7.07x=0.5%x7.07
= 93X 707 _ 139 mole

9.07
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(b) No. of mcles of I, at equilibrium = (0.5~ 0.39)= 0.11mole ‘
K, =K (RT )A”
AsAn=0, . K,=K_ =50

Example 14. 25ml of H, and 18 mL of I, vapours were
heated in a sealed glass tube at 465°C and at equilibrium 308 mL

of HI was formed Calculate the percentage degree of

dissociation of HI at 465°C.

Solution: Since, the number of moles in a gas under the
same conditions of temperature and pressure are proportional to
volumes (Avogadro’s Law), the volumes in mL of gases may be
used instead of concentrations in the case of reversible reactions
in which there is no change in the number of molecules of
reactants and products.

2x=30.8mL

So, x =154 mL
Vol, of H; atequilibrium = (25~ 154)y=96ml. ~ -
Vol. of I, at equilibrium =(18 —15.4) = 2.6 mL

[HI*  (30.8)°

Given,

—

[H,][1,] 9.6x26
Consider the equation,
2HI(g) == H,(g) +1,(g)
Lex the degree of dissociation be x
, 2 , 1 1
4(1-x) K, 38
1_ & Lo L x A
38 4(1-x)? 61644 2(1-x)
‘or - x=10.245, ie, 24.5% dissociated

Example 15. 3.2 mole of HI were heated in a sealed bulb
at 444°C till the equilibrium state was reached. lts degree of
dissociation was found to be 20%. Calculate the number of
moles of hydrogen iodide, hydrogen and iodine present at the
equilibrium point and determine the equilibrium constant.

Selution: The dissociation of HI is represented by the equation,’
2HI(g)==H,(g) +1,(s)
(1-x) x/2 x/2
Degree of dissociation, x = 0.20 and initial concentration of
HI, 2 = 3.2mole.
At equilibrium,

No.of moles of Hl = a(1-x)=32x 0.8= 2.56
No. of moles of H, = f—é—)f =32x0.1=0.32

No. ofmolesoflz_g.if =32x0.1=032
2 .
K, = X _ 02x02 _ 00156
4(1-x)? 4x0.8x08
Also, x <051 032x032

[

[HI?  2.56x2.56
=0.0156

G.R.B. PHYSICAL CHEM)STRY For COMPETITIONS

Example 16.  The equilibrium constant of the reaction,

4;(8)+ B, (g)==24B(g)
at 100°C is 50. If a one litre flask containing one mole of A, is
connected to a two litre flask containing two moles of BZ, how
many moles of AB will be formed at 373 K?

Solution: A,(g)+ B, (g) = 24B(g)
* Initial no. of moles | 2 0
No. of moles at equilibrium (1-x) (2-x) 2x
(Total volume =3 litre)
Active masses Q_:_xz Q:—i)— =
3 -3 3
Applying law of mass action,
(4B _ [ 3 J 4y’
- N2
[4,1(8,] (1 XJL ] (I=x)(2-x)
But, [ A——
1- x)(Z - x)
or 4x* = (2-3x +x2)50
©or C 2= (-3 X2 )25
or 23x% - 75x+ 50=0
75%4/(75)? — 4% 23% 50
- 2% 23

x=2.317 or 0.934
The value of x cannot be more than 1,1 e., greater than the
number of moles of 4, and hence x = 0.943.

No. of moles of 4B = 2x = (2x 0.934)
= 1.868

Example 17. The vapour density of N,O4 at a certain
temperature is 30. Calculate the percentage dissociation of
N, Oy at this temperature.

Solution: N,0,(g) ==2NO,(g)
Mol. mass of N,O, = (28 + 64) =92
92

. "Vapour density, D= == 46

Let the degree of dissociationbe x

Given, d = 30 '

" Applying the relationship,
_D-d_(46-30) 16

=0.533
d 30

Degree of dissociation = 53.3%

" Example 18. 3g mole of phosphorus pentachloride is
heated in a flask of 4 litre volume. At equilibrium it dissociates to
give 40% of phosphorus trichloride and chlorine. Calculate the
equilibrium constant. '
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Solution: Degree of dissociation = 0.4

PCls(g) = PCly(g)+C,(g)
a(l-x) ax ax = {(at equilibrium)
Given,a=3,x=04and ¥ =4, '
So, at equilibrium,

3(1-04) 3x0.6

4

[PCl5]= mol L™

3x04

[PCl, 1= mol L™

3x0.4

[Cl,]=2 7 mol L

Applying law of mass action,
_[PCl, ‘I[CIZ] 3x04x3x04
¢ [PCLs] 4x3x 0.6
Example 9. N 04 is 25% dzssoczated at 3?°C and one

atmospheric pressure. Calculate (i) K , and (ii) the percentage
dissociation at 0.1 atmosphere and 37°C,

Solution: (i) N,04(g) ==2NO;(g)

=02mol L

Initial 1 0

At equilibrium {1-x) 2x
Total moles = (1- x)+ 2x = (1 + x)
_(1=x7, _ x
Pra0, 1+xJ o T

Given, x = 0.25and P = 1atm

(1-025 |

N :
Pno, = {MJ x1=0.4 atm

1+0.25
: 2
K, = (Pno,) _04x04 o
PN,0, 0.6

(ii) Let the degree of dissociation of N,O, at 0.1 atm be ‘o’
" then,

1-a ' 20
= x 0.1 and = x 0.1
a0, (Ha} Pro: = iy
N2
2
e () E ,
X - 1+ 40°x0.1  04a

14 PV = — - 2
[1 aJxO.l (I-a)1+a) (1-a?)
I+o
0.40.°
T (-a?)
o =0.632

Hence, dissociation of N0, = 63.2%

or

Example 20. 1.0 mole of mtrogen and 3.0 moles of PCis
are placed in 100 litre vessel heated to 227°C. The equilibrium
pressure is 2.05 atm. Assuming ideal behaviour, calculate the
degree of dissoctation for PCls and K, for the reaction,

PCls{g)==PCly(g)+ClL(g)

Solution: PCls(g)==—=PCl;{g)+ Cl,(g)
Tnitial 3 0 0
Atequilibium  3(1-x) . 3x 3x

_ {x = degree of dissociation)
Total moles = 3(1~x)+ 3x + 3x=3(1+x)

1 mole of nitrogen is present, hence actual total number of
moles at equilibrium = 3(1+x)+ 1

According to gas equation,

=nRT
Given, P'=2.05 atm, ¥ =100litres, R =0.082 R
and T = (273 +227) = 500K
2.05% 100
So, =2 =
0.082 % 500
or 3+x)+1=5

3x=1 or x=0333

Thus, 3(1+x)+1=3+3x0333+1=4+0999
. 3(1-x) :
At equilibrium, = % 2.05
d Pras = v
P = pPey, = 3 x2.05
POs 7 0C Ty e ay” 7
X 2.05% —% %205
(Gx+4) Gx+4)
Kp= 3(-x)
X 2.03
(3x+4)
P %205 3x(0.333)7 x2.05
C3Gx+4)1-x) (4 +0.999)(0.667)
=0.204 atm
Example 21. For a gas reaction, 3H,(g)+ N, (g)v~—

2NH,(g), the partial pressures of H, and N, are 0.4 and 0.8
atmosphere, respectively. The total pressure of the entzre system
is 2.8 atmosphere. What will be the value of K, if all the
concentrations are given in atmospheres?

Solution: Ny (g)+3H,(g)v—2NH,(g)

Partial pressures 0.8 0.4 [2.8—(0.8+ 0.4)= 1.6]

at equilibrium

Applying law of mass action,

{ Pnu, )
(o, X Pu, )

1.6x 1.6

K —_— =
0.8x04x04x0.4

" =50atm™?
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Example 22. One mole of nitrogen and three moles of
hydrogen are mixed in a 4 litre container. If 0.25 per cent of
nitrogen is converted to ammonia by the following reaction: -

N,(g)+3H,(g)==2NH;(g)
calculate the equilibrium constant (K _ ) in concentration units.
What will be the value of K for the following equilibrium?

EN 2(g)+ - Hz(g)MNHa (8)

Solution: N,(g) + 3H,(g) == 2NH3(g)
At equilibrium (1 - x) (G-3x) . 2x(x=0.0025)
Active masses 17.0:0025) (3 - 0.0075) (0.0050)

: 4 4 . 4

- Applying law of mass action,

| [0.0050\2
_ INH3? 4
N 1H;° (0.99%}[2.9925)3
4 4 )

=1.49% 107> litre* mol™

K for the reaction, A .
1 3 . L
3 Ny (g)+ 5 H,(g)==NH;(g)

K =K, =y149x 107

=3.86x 107 litre mol ™

is equalto JK .

Example 23. In an experiment one mole of acetic acid and
one mole of alcohol were allowed to react until equilibrium was -

established. The equilibrium mixture was found to contain 2/ 3
mole of ester. Calculate the equilibrium constant of the reaction.
Solution:

CH,COOH(l) + C2}I50H(I) = cmacooczﬁs(z) + H20(I)

Initial no. 1 1 0 - 0
of moles ' '
No. of .

(molesat 2], (1 _ZJ 2 2
-equilibrium | © 3 3 3 3
Active 1 1 2 2
masses v v 3V 3V

¥V is the total volume in litres.
Applying law of mass action,
‘ [ester][water]
.=

[acid][alcohol]
2 2
ETAEY D
[ - 4
1 1
e X e
3V 3v

Example 24 Ammonium kydmgen sulphide dzssaczazes
according to the equation:

- G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

NH HS (s)y==NH, (g)+ H,5(g)
If the observedpressure at equilibrium is 1.12 atm at 380 K, what

' is the équilibrium constant K , of the reaction?

Solution: NH,HS(s) = NH,(g) + H,S(g)

P, = Pi,s =%>< 1.12=0.56 atm

K, = Pau, X Pyys = 056X 0.56=0.3136
Example 25. A vessel at 1000 K contains carbon dioxide
with a pressure of 0.5 atm. Some of the carbon dioxide is
converted to carbon monoxide on addition of graphite. Calculate
the value of K , if total pressure at equilibrium is 0.8 atm.

(11T 1993)

Solution: ~ CO,( g) +C(s) ==2C0(g)
~ Initial - 0.5atm

At equilibrium (0.5 —x) atm

At equilibrium, the total pressure is 0.8 atm.

Oatm

Pt = Pco, T Peo
08=(05~x}+2x=05+x
or , x=03atm
Applying law of mass action, '

_(pco) _(2%03) _ 036
Peo, 0z 02

=18atm .

Example 26. A4 sample of CaCO;(s) is introduced into a
sealed container of volume 0.654 litre and heated to 1000 K until

- equilibrium is reached. The equilibrium constant for the reaction,

CaCOs (s) == CaO(s)+ CO,(g).-

is 39% 1072 atm at this temperaiure. Calculate the mass of CaO
present at equilibrium.

Solution:  CaCO,4(s) =— CaO(s) + CO, (g)
’ K, =pco, ‘

Let the number of moles of CO, be formed =n

_ Peo, XV 39x107% x 0654

" RT  0082x1000

, =3.11x10™* mol

The amount of CaQ(s) formed will als{) be=311x 107 mol
Hence, mass of CaO formed = 311x 107 x 56= 00174 g

Example 27. The decomposition of ammonium carbamate
at 3(°C is represented as:

NH,COONH ;(s)===2NH;(g)+ CO,(g)
The equilibrium constant K, is 2.9x 107 atm®. |

What is the fotal pressure of gases in eéuiiibrfum' with
NH,COONH ;(s)ar 30°C?

Selution: NH,COONH,(s) == 2NH,(g) + CO,(g)
(1-x) V 2x x
K, = (Pnn, )? x Pco,
29%107° = (2x)? xx=4x"

At equilibrium

2x atm e e e
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L1/3 .
= 0.0194 atm

_[2.9>< 1075
4 /7

Total pressure = 2x + x = 3x = 3x 00194 = 0.0582 atm

~ Example 28. In an experiment starting with Vmole of ethyl
alcohol, 1 mole of acetic acid and 1 mole of water at 100°PC, the
equilibrium mixture on analysis shows that 54.3% of the acid is
esterified. Calculate the equilibrium constant of this reaction.
Solution:

CH;COOH(() + C HSOH(I) CH,COOC,H; () + H,O0(!)
Initial 1 _ 0 1
At 1—x 1- X I+x
equilibrium o .
1-0.543 1-0.543 0.543 1+0.543
Given, x = 0.543 .
Applying law of mass action,
_ [ester]{water] 0.543x 1.543 _
[acxd] [alcohol} 0.457% 0.457 -

 Example 29. The equilibrium constant for the reaction,

CH,COOH(I)+ C,HsOH(I)v= CH,COOC,Hs (I} + H,0(I)"

is 4. What will be the composition of the equilibrium mixture

when one mole of acetic acid is taken along with 4 moles of ethyl

alcohol?
‘Solution:
CH,COOH()) + C,H;OH(!) == CH,CO0C,H(}) + H,0())
Initial 1 4 0 0
At equilibrium 1-x 4 ~x X x
[ester][water] x2 :
" lacid[alcohol]  (1-x)(4—-x) '
X =4(1-x)4-x)
=44 -5x+x%]
=16- 20x + 4x°
or 3% - 20x+16=0
_20+,/400-192 20+ 14.42
o= 6 6
x=0.93 or 3. 7366

The value 5.7366 1s not possible, hence x = 0.93
Thus, the composition of mixture at equilibrium is
[CH;COOH] =(1~ 0.93) = 0.07 mole
[C,HsOH] = (4 - 0.93)'=3.07 mole
[CH;CO0C, Hs ] = 0.93 mole
"~ [H,0]1=0.93 mole

RUSTRATIONS OF OBJECTIVE QUESTIONS

7. For the reaction, N,(g) + O,(g) _ 2NO(g), the value of

K, at 520°C is 0.1. When the equilibrium concentrations of
both the . _acaants is 0.5 mol, what is the value of K » at the

same temperature? " (KCET 2005)
(a) 0.5 by 0.1 (c) 0.01 (d) 0.025

JAns.  (b)]

Mint: K, =K (RT)"

- 10.

11.

For the feaction, Hy(g)+1,(g) =

Since, An = 0,hence, K, = K ]
A(g)+ 3B(g)= 4C(g), initial concentration of A is equal

to that of B. The equilibrium concentrations of 4 and C are
equal. K, of the reaction will be:

(2) 0.08 () 0.8 ©38 @80
(e) 1/8 :
[Ans. ()]
[Hint: A(g)+ 3B(g)v=4C(g)
t=Q a a ’ ]
tgq, a-—x Cl - 3x 4x
a—x =4xgiven
a=5x
cr [4x]* 256
.= =t =" =8)
C[41[BT [4x)2x]® 32

Fora hypothétical reaction:
44(g)+ 5B(g)~—4P(2)+60(g)

The equilibrium constant X -has-units: e

(a) mol L™ (bymol™' L
(c) (mol L™ (d) unitless
[Ans. (a)] :

[Hint: Unit of K, = (mol L™ )**

=(mol L") =mol L]
Startmg with 1 mol of O,; 2 mol of SO,, the equlhbnum for
the formation of SO;(g) was established at a certain
temperature. If V' is the volume .of the vessel and 2x is the

nurmber of moles of SO, present, the equﬂlbnum constant will
be:

<V 4x?
el by —

(@ (1-x) . : ()(Z—x)(l—x)

(1-x) : x? .

© = e g

[Ans. (2] .

[Hint: 250,(g) + 0,(g) == 2804(g)
0 nla g
S e

. H
_ [s0,7 _ [2x/V]? v |
T [S0,1(0,] [Z—Zx]z{l—} -
V 14

== 2HI(g), K = 47.6, if the
initial number of moles of each reactant and product is 1 mole,
then at equilibrium: [JEE (Orissa) 2006]

(@) []=[H s, 1>HI]  (b) [I,]<[H,}[1;]1=[HI]
©) Ll=[HLL]1<H] (& L]>HLE]l= [HI]
[Ans. {c)] E )
pine: &, =20

int: K=
[H: L]

H,l= [12] will be same at equlhbnum since it 1s same at initial

" state.

1’
‘LY
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K, [1;1* =[HT)?
47.6(1,1% =[H1]?
1] <[HI]}

12 In a closéd vessel of volume ¥V, & mol of nitrogen and b mol of
oxygen are made 1o react to give nitric oxide, according to the
reaction: -

N,(g) + 0,(g) = 2NO(g)
If at equilibrium, 2x mol of NO are obtained, then:
BV (Pune) 2006]

2
(@) K, = L S |
(@a-x)b-x) V
W K= P Ly
{a—x)b—x)
. 2
-
K= -0
A 2
(d) KC - Adxc .. .
{a —x}b~x)
[Ans. (d)]
[Hint: N,(g) + O,(g) == 2NO(g)
t=0 a b 0
- b 2
W &2 (B Z
.
K, = [7] S ]
B [m) ( uj (@a-x)b-x)
vV ]\ V

13. Equivalent amounts of H, and I, are heated in a closed till -

equilibrium is obtained. 1f 80% of the hydrogen can be
converted to HI, the K, at this temperature is: (VITEEE 2607;

(a) 64 (b) 16 () 0.25 (d) 4
[Ans. (a)] ‘
[Hint: Hy(g) + L(g) = 2HI(g)
t=0 1 1 0
1-08 1-08 2x08
e 4 Vo
[HI)? v
= = = 64
¢ UH,] 02 02 :
14 V

14. Equimolar concentration of H, and I, are heated .to
equilibrium in a 2 litre flask. At equilibrium, the forward and
backward rate constants are found to be equal. What
_percentage of initial concentration of H, has reacted at

“equilibrium? : FEACT {Werala) 2003]
(a) 33% (b) 66% :
(c) 50% (d) 40%
. (€)20% :
{Ans. (@)] :
[Hint: Hy(g) + L(g) = 2HIg)
o 1 1 0
N S S T
o 2 2 2

TR L\ ()’
ky [Hzl[lﬂ [1_—-5\| /I—-_x]
Al
_ 4x?
(1-xy
o2
1-x
x=0.33

% of H, reacted = 33 |

9.8 LE CHATELIER’S PRINCIPLE

There are three main factors which can change the state of
equilibrium in a reversible system. These are concentration,
pressure and temperature. Le Chatelier, a French chemist,

- presented a qualitative principle known. as Le Chatelier’s’
principle which - can - describe-- the —effect - of change —in———

concentration, pressure and temperature on any reversible system
whether physical or chemical.

According to this principle, if a system at equilibrium is
subjected fo a -change of concentration, pressure or
temperature, the equilibrium shifts in the direction that tends.
to undo the effect of the change.

Or
If a system at equilibrium is subjected to a change of any.

one of the factors such as concentration, pressure or

temperature, the system adjusts itself in such a way as to
annul the effect of that change.

(a) Change in concentration: If an additional amount of
any reactant or product is added to the system, the stress is
relieved as the reaction that consumes the added substance occurs
more rapidly than its reverse reaction, i.e., if any of the reactants
1s added, the rate of forward reaction increases and if any of the
products is added, the rate of backward reaction increases.

In general, . a chemical equilibrium, increasing the
concentrations of the reactants results in shifting the equilibrium
in favour of products while increasing concentrations of the
products results in shifting the equilibrium in favour of reactants.

(b} Change in pressure: Ifasystem in equilibrium consists
of gases, then the concentrations of all the components can be

~ altered by changing the pressure. When the pressure on the

system is increased, the volume decreases proportionately. The
total ymber of moles per unit volume will now be more than
before.»According to Le Chatelier’s principle, the equilibrium

. will shift in the direction in which there is decrease in number of

moles, i.e., towards the direction in which there is decrease. in
volume. : ,

In general, an increase in pressure applied to a system at
equilibrium, favours the reaction in the direction that
produces smaller number of moles of gases and 2 decrease in
pressure favours the opposite reaction. If there is no change in
number of moles of gases in a reaction, a pressure change does
not affect the equilibrium.

(¢) Change in temperature: A chemical
(reversible) mvolves two opposing reactions,

reaction
forward and
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backward. If one reaction is endothermic, the other will be
exothermic -in nature. When heat energy is added by raising
temperature, the system can relieve itself from the stress if the
reaction ‘which absorbs heat moves faster, i.e., endothermic

reaction is always favoured with increase of temperature.
Conclusions:
(i) Increase in concentration of any substance favours the
reaction in which it is used up.
(i) High pressure is favourable for the reaction in which there
is decrease in volume.
(iii) A rise in temperature favours the endothermic reaction.
~ (d) Roie of catalyst: Positive catalyst increases the rate of
both forward and backward reactions equally; the equilibrium

will be attained in less time, i. e., same amount of prL duct will be
formed in less time. ,

On the other hand, negative catalyst lowers the rate of both

forward and backward reactions * equally.” Same amount of

product will be formed in more time.
* Catalyst does not affect equilibrium constant and heat of reaction.

Summary of Le Chateher s Prmcnple

Effect of inert gas addition
R Condmon S  Effect
i AV =0,V = Constant | Ar=0,+veor-ve No effect T
AV #0,V # Constant- | An=0 No effect
AV # 0,V # Constant An>0 Forward shift
AV # 0,V # Constant An<0 | Backward shift

where, An =number of gaseous moles of product — number of
gaseous moles of reactant

Effect of temperature and pressure
Effectof Am; Side with

e UG

Nsture cef reaction’ imcreased fewer mole of ~ Effect of
“ mcrease in P
temperafare -Vgas B ‘
ontherrnic backward shift 0, neither no shift
‘Exothermic . backwardshift -ve; right  forward shift
Endothenmc ‘forward shift ~ve; right forward shift
Endothesmic  forward shift +ve; left backward shift
Exothermic backward shift  +ve; left backward shift
Exothermic - - backward shift -ve; right  forward shifi
“‘Endothermic  forward shift +ve; left backward shift
Endothermic  forward shift +ve;, left backward shift

Application of Le Chatelier’s Principle

(a) Formation of HI: '

H,{g) +1,(g) == 2Hl(g) + 3000 cal “ :

Effect of concentration When concentraion of H, orl, is
" increased at equlhbnum the system moves in a direction which
* decreases the. concentration, ie., the rate of forward reaction
increases thereby increasing the concentratlon of HI.

Effect of pressure: As there is no: «change in the number oi
moles in the reaction, the equilibrium state remains unaffected by
change of pressure.

Effect of temperature: By increasing temperature, the
equilibrium state shifts towards the reaction which-moves with

i

absorption of heat. The formation of HI is an exothermic
reaction. Thus, the backward reaction moves faster when
temperature is increased.

In short, we can say that the favourable conditions for greater
yield of HI are:

(1) High concentratlons of H, and 1, and

(ii) Low temperature.

(b) Formation of nitric oxuie.

N, (g) + 0,(g) == 2NO(g) — 43200 cal
Efféct of concentration: _ When concentration of N, or O,
is increased, the system moves in a direction in which N, or O, is ™
used up, ie., rate of forward reaction increases thereby -

increasing the concentration of NO. R

Effect of pressure: In the formation: of nitric oxide, the'

number of moles remains the same, i e., no change in volume -

oceurs. Consequently, the equilibrium state is not affected by any
change in pressure. L B n
Effect of temperature: The formation of NO is endother-
mic in nature. If the temperature is raised, the equilibrium shifis
in the direction in which heat is absorbed. The concentration of
NO will, therefore, be higher at higher temperature.
- Thus, favourable conditions; fo‘r greater yield of nitric oxide are:
(i) High concentrations of Nz .and 03 and
{(ii) High temperature
(¢) Dissociation of PCl;:

PCls(g) = PC13(g) + c12(g) ~15000 cal

Effect of concentration: When ‘concentration of PCl s Is
increased at equilibrium, the rate of forward reaction increases as
to decrease the added concentratlon Thus, more of PC13 and Cl,
are fcrmed :

Effect of pressure The volume increases in the
dlssoc:lamm of PCI 5. When pressure is increased, the system
moves in the direction in which there is decrease in volume.

‘Thus, high pressure does not favour dissociation of PCl5.

. Effect of temperature:- The dissociation of PCls is an

. endothermic reaction. Thus, increase of temperature favours the
--dissociatton.

. Thus, favourable conditions for dissociation of PCl; are:
(i) High (_:oncentratlon of PCl 5,

(ii) Low pressure and

(iii) High temperature. -

(d) Formation of ammonia.‘

N, (g)+3H,(g)=—2NH,(g); AH =—-22.4 kcal/ mol

(i) At high pressure reaction will shift in forward direction
to form more product.

(ii) When concentration of N, and H, is raised or
concentration *of NH, is lowered, then again the
equilibrium shxfts in forward direction to form more
ammonia,

If concentration of only one reactant is raised, then again
the equilibrium shifis in forward direction till the other
reactant is available for reaction.
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(iii) The reaction shifts in forward direction at low temperature.

9.9

(i) Sol d = Liquid &

But at very low temperature the rate of reaction becomes
very low; thus moderate temperature is favourable for
this reaction.

APPLICATION OF LE CHATELIER’S
PRINCIPLE TO PHYSICAL EQUILIBRIA

Gas

When temperature is raised, the above equilibrium shifts in
forward direction.

(ii) Effect of pressure on boiling point:

When pressure is

raised, condensation of vapour takes place. Thus, vapour
- pressure is lowered. Now more heat is required to equate vapour
pressure with atmospheric pressure as a result of which boiling
point increases,

(iii) Effect of pressure on meltmg pomt
“types of solids:

'I‘here are {two

(a) Solids whose volume decreases on melting, e.g., ice
diamond, carborundum, magnesium nitride and quartz.

Solid (higher volume) &= Liquid (lower volume)

The process of melting is facilitated at high pressure, thus
melting point is lowered.

{b) Solids whose volume increases on melting, e.g., Fe, Cu,
Ag, Au, etc.

Solid (lower volume) === Liquid (higher volume)

In this case the process of melting become difficult at high
pressure; thus melting point becomes high.

() Solubility of substances:

When solid substances are

dissolved in water, either heat is evolved (exothermic) or heat is
absorbed (endothermic).

In such cases,

KCl + ag. = KCl(ag.) - heat

solubility increases with increase in

temperature. Consider the case of KOH; when thls is dissolved,
heat is evolved.

In such cases,

KOH + ag. ——= KOH(aq.) + heat

solubility decreases with increase in

temperature.

(d) Solubility of gases in liquids:

When a gas dissolves in

liquid, there is decrease in volume, Thus, increase of pressure
will favour the dissolution of gas in liquid.

&LUf?RATfOMS OF OBJECTIVE QUESTIONS

15.

Consider the following reversible reaction at equilibrium:
2H,0(g) === 2H,(g) + O,(g); AH =+24.7kJ

which one of the following changes in conditions will lead to

maximum decomposition of H,O(g )?

{a) Increasing both temperature and pressure

(b) Decreasing temperature and increasing pressure

(c) Increasing temperature and decreasing pressure

(d) Increasing temperature at constant pressure

(e) Increasing pressure at constant temperature

[Ans. (¢)]

16.

17.

18.

19.

Ay No(g) + Oy(g) S 2NO(g)

[Hint: Reaction is endothermic and An>0, hence, the
formation of product will be favoured by increasing the .,
temperature and decreasing the pressure.]
The exothermic formation of CIF; is .represented by the
equation:

Cly(g) +3E(g) v 2CIK(g); AH =-329K]
Which of the following will increase the quantity of CIF, in an
equilibrium mixture of Cl,, F, and CIE?
(a) Increasing the temperature
{b) Removing Cl, -
{c) Increasing the volume of the container
{(d) Adding F,
[Ans, (d)]
[Hint: Equilibrium will shift in forward direction by increasing
-he concentration of reactant.]
Which among the fol]owing reactions will be favoured at low
pressure?

(ATERE 2B03)

b) Hy(g) + I,(g) < 2HI(g)

(¢) PCls(g) == PCl3(g) + Cly(g)

(d) Na(g) + 3H,(g) ¥ 2NH,(g)

[Ans. (¢)]

[Hint: On lowering the pressure, equlhbnum favours the .
direction of higher volume.]

At constant pressure, the addition of argon to:

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

will:

(a) shift the equilibrium in forward direction

(b) shift the equilibrium in backward direction
(c) not affect the equilibrium
(d) stop the reaction

[Ans. (b)]

[Hint: If volume is not constant, the addition of inert gas
favours the direction where volume is increasing. ]
The equilibrium reaction that is not influenced by volume
change at constant temperature is: JCBET (&R 206¢

(a) Hy(g)+1,(g)= 2HI(g)
(b) N,(g)+3H,(g)v= 2NH,(g)
(©) N,0,(g) == 2NO,(g)
(d) 2NO(g )+ 0,(g ) == 2NO,(g)

[Ans. (a)]

[Hint: When, An = 0, there is no effect of pressure and volume
change on the equilibrium.]
N,{(g)+ 3H,(g )+ 2NH,(g) + Heat
What is the effect of the increase of temperature on the
equilibrium of the reaction ? CROEY 20659
(a) Equilibrium is unaltered
(b) Reaction rate does not change

(c) Equilibrium is shifted to the left

(d) Equilibrium is shifted to the right

[Ans. (¢)] ‘

[Hint: The given reaction is exothermic, therefore, the cquilibrium

will shift in backward direction by the increase of temperature ]



" 9.10 CALCULATION OF DEGREE OF
" DISSOCIATION FROM DENSITY.
- MEASUREMENTS

Degree of dissociation is defined as the fraction of one molecule
dissociated. It is denoted by x or o.. Its value is always less than 1.
‘When the value becomes equal to 1, it is said that the substance is
completely dissociated.

The degree of dissociation in the case of second type of
reactions (reversible) is determined by measuring density of
reaction mixture at equilibrium.

Consider the general reversible reaction,

A = ?’{B §
Initial no. of moles ‘ 1 0
No. of moles at equilibrium (1= x) nxoo.

Total number of moles at equlhbhum (1- x) + nx-
=l+(n- l)x
Let the 1n1t1a1 Volume be ¥ litre. Thus, the volume at equ1hbr1um
={1+(n-Dx]V..

Let ‘d’ be the observed vapour dens1ty at a particular
temperature when -degree of dissociation is ‘x* and D be the
vapour density when there isno dlssoc1at10n Again,

1 , ’ .

Doc— .7 - ¢

g ()

and doe 1 . (i)
» [T+ (r-Dx]V

Dividing eq. (i) by eq. (i), o

D o
— =1+ {n-1x
g 1Tl
D
or = —-l=n-Dx
, ~-1=(n=1)
.D-d
or o e = (= 1) X
7 (n-1
or _b-d ... (i)
(n—1d
_ M-—-m
(n-1Dm
initial molecular mass

where, M =
: m= molecular mass at equilibrium.
In the d1ssoc1at10n of PCl;, NH,Cl and N,0,, the value of

n=2. »

' PCl; ==PCl, +Cl,

NH,Cl == NH, + HCl

N,0, ==2NO,
_D=d _D-d

So, =
2-)d d
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Calculation of Degree of Reaction using

Pressure-Temperature Determination

- Let us consider the following gaseous reaction:
PCl5(g) == PCl;(g) + Cl,(g)
Initial pressure and temperature are P, and 7). At cquilibrium,
pressure and temperature are P, and 7, respectively. The volume
of vessel is constant, equal to ‘}".

PCli(e) =—=PCli(@+Cly(®) n ¥ T P

t=0 4~ 0 - 0 a ¥V T, P

feq a - ax ax ax a+ax VT, P
Tnitial state PV=aRT, = . MO
Equilibrium state PV =(a+ ax)RT 2 )

Dividing equation (i) by eq. (i), we get

A_ T
P, (1+x)07,
) T P.
C(+x)=12
2B
_LP TP
TP,

-~ (USTRATIONS OF OBJECTIVE QUESTIONS =

21. At equilibrium:
the observed molecular weight of N,Q, is 80 g mol™' a
350 K. The percentage dissociation of N?O4(o )at 350 K is:

S R T

(a) 10% (b) 15% (€) 20% (d) 18%
(e) 13% .
[Ans. (b))
[Hint: Degree of dissociation may be calculated as,
Mo © n=2(number of gas moles .
(n=m produced by 1 mol reactant)
- 22-380 (M =92, m = 80)
(2 - 1)80
= E = (.15
80

Percentage dissociation = 0.15:¢ 100 =15]
22. The vapour density of PClg is 104.25 but when heated to

230°C, its vapour density is reduced to 62. The degree of
dissociation of PCly at this temperature will be:

{a) 6.8% {(b) 68% (c) 46% (d) 64%
[Ans. (b)]
[Hint: The reaction is::
w © PCL(g) == PCly{g) + Cly(g)
£ n=2
D~-d 10425-62
(n»l)d (2-1)x 62
= (.68

Percentage dissociation = 0.68 x 100 = 68%]
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. Examplel. At a certain temperature, equilibrium
constant (K _ }is 16 for the reaction:
§0,(g)+ NO,(g)~=50;(g)+ NO(g)

If we take one mole of each of the four gases in one litre

container, what would be the equilibrium concentration of NO

and NO,? L
Solution: - 80,(g) + NO,(g) == S05(g) + NO(g).
Initial concentration 17 1 1
Equilibrium concentration ~ 1-x 1=-x 1+ x 1+x
Applying law of mass action,
_ [SO51NO] _ (1+x)(1+x) _
¢ [802][N02] (I=x)1-x)
1+ =4orl+x=4- 4x
l x
. 3
or 5x=3,z.e.,x=g=0.6

Conc. of NO, at equilibrium = {1 0.6) = 0.4 mole
Conc. of NO at equilibrium =(1 + 0.6) =1.6 mole
Example 2. Ar 817°C, K, for the reaction between
CO,(g)and excess of hot gmpkzte (s) is 10 atm.
(@) What are the equilibrium concentrations of the gases at
817°C and a total pressure of 5atm?
(b) At what total pressure does the gas contain 5% CO, by

volume? T 2000
Solution: (a). CO,(g) + C(s) = 2CO(g): K, =10atm
Given. ' Peog) T Pco, @) =3 atm
Let Pcog) = X atm
So, Pco,g =(5— x) atm

K [Pco ] x?
- 5-
Pco, ( x) .
2
or 10=—=
(5-x)

or x* +10x-50=0

On solving, we get
x=3.66

or Mole fractlon CO at equilibrium = 73.2% (by volume)
Pco, gy = 1.34 atm

or Mole fraction CO, at equilibrium = 26.8% (by volume)
{b) Let the total pressure be P atm
Given, % CO, (by volume) = 5and % CO (by volume) = 95

5 ! 95
=—xP=0.05Pand =t X P=0Q95P
Pco, 00 Pco 100
5
L =10= [Pcol” _ 0.95Px 0.95P _ 18.05P
Pco, 0.05P

or : P =0.554 atm

MISCELLANEOUS NUMERICAL EXAMPLES/

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

P/ /L

Example 3. At 700K, o, and H, react to form CO and
H, O. For this process K ,. is 0.11.1f a mixture of 045 mole of CO,
and 045 mole of H, is keated to T00K.

(i) Find out the amount of each gas at equilibrium state.

(ii) Afier equilibrium is reached another 034 mole of CO,
and 034 mole of H, are added to the reaction mixture. Find the
composition of the mixture at the new equilibrium state.

Selution: (i) CO,(g)+ H,{(g) =——CO(g)+H,0(g)

T ial no.of moles (45 0.45 0 0
~of molesat 045-x 045-x x x
equilibrium
Applying law of mass action, ) 7
_ [COI[H,0] _ XXX X _on
©IC0,1H,] (045-x)(045-x) (045-x)°
SO, ——‘-x—— =
- (045-x)
x=011
At equilibrium, [CO,]=[H,; 1= 0.34 mole
[CO]=[H,0]=0.11mole o
(i) 0O, + H, =— CO '+ H,0
Initial moles 034+ 034 0.34+-0.34 0.11 0.11
’ = (.68 =0.68
At equilibrium  0.68 -y 0.68 -y 011+ y 011+ y
_[COIH,01 _ (0.11+ »(@.11 + y)
° 7 [CO,1H,] (068~ (068~ )
or 011+y_0133
068y
or 0.114 y=0.33%0.68 ~ 033y
or A y=0.086

At equilibrium, [COl=[H,0]=0.11+ 0.086 = 0.196 mole
{CO,1=[H,]= 0.68 — 0.086 = 0.594 mole

. ,Examplé 4. A mixture of SO,,S50, and O, gases is

_maintained in a 10 litre flask at a temperature at which the
* equilibrium constant for the reaction is 100

250,(g)+0,(g)~==1250, (g)

(;) If the number of moles of SO, and SO; in the flask are

equal, how many moles of O, are present?

(it} If the number of moles of SO, in the flask is twice the
number of moles of SO, , how many moles of oxygen are present?
~ Selution: (i) 250,(g) + 0,(g) =—=12505(g)

At equilibrium, let the number of moles of each of SO, and
SO3 be n; and of oxygenn,,ie.,

n
80,]=-L
[SO,] 0
[02].72——"2
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n
S0,1=—
(50, 10

5

Applying law of mass action,

[SO;1°
- 3 - . =100
[SO,1°[0,] ﬂ\) ny
10, L10
or. n, = 0.1 mole -

Oxygen = 0.1 mole

(ii) Let the number of moles of SO, be = n,
So, number of moles of SO; = 2n
Let the number of moles of oxygen be = n,

ny =04 mole
~ Oxygen = 0.4 mole

Example 5. Ar 250°C and 1 atmospheric pressure, the
vapour density of PCls is 57.9. Calculate (i) K, for the reaction,

PCLs (g)==PCL (g)+ 1, (g),

at 250°C, (ii Y the percentage dissociation when pressure is doubled.

Solution: (i) Mol. mass of PCl = 208.5
Vapour density, D = &;35 =104.25

Observed vapour density, d = 57.9

Degree of dissociation, oL = b-d = 104.25- 579

d 579
= (.80
PCls(g) == PCl,(g) + Cl,(g)
At equilibrium - o o

(1-0.80) 080  0.80

* Total number of moles = (1+0.)=(1+ 0.80)=1.80

Partial pressure of PClg = 92 x 1= !
: 1.80 9
Partial pressure of PCl; = 080 x 1= 4
1.80. 9
Partial pressure of Cl, = 080 X J= %
. %
So, K, = PPC'13 Pa, _ 4;‘9>_<4/9=1_6= 178
Prcis /9 9

(ii) Let the degree of dissociation be 0. when pressure is 2
atmospheres.

At equilibrium
(I-o) (-o) 5
pred “ fond X
Prais =) (+a)
=% . p= aﬂ x 2
Pras "oy T vy
44 o
= P= X2
Pa: =07y (1+a)
. la X2 X la X 2 ., .
g, =) Are) o7 5oy
a-a) , (1-a*)
(1¥0) .
’ 2 L
or @ —=0.89
(1-a”)
or o? =0.89-0.89¢.°
or . 1.890.% = 0.89
QE:%
1.89
o = 0.686

. Thus, PCly is 68.6% dissociated.

=, - Example 6;. For the reaction,

CO(g)+2H,(g) = CH;0H(g)
hydrogen gas is introduced into a five litre flask at 327°C,
containing 0.2 mole of CO(g) and a catalyst, until the pressure is
4.92 atmosphere. At this point 0.1 mole of CHOH(g)is formed.
Calculate the equilibrium constants K | and K . HESELLS
Solution: Let the number of moles of hydrogen introduced .

- be mmoles.

Total moles of CO and hydrogen = 0.2+ m

Applying, PV =nRT
P =4.92atm, V = 5litre, R-=0.082,
T =(273+327)= 600K

4.92x5=10.082x 600x (0.2+m)

492x5
or 0.2+ m = i
: 0.082 x 600
- or m = 0.3 mole

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

: 02—-x 03-2x X {No. of moles
or 02-01 03-02 0.1 at equilibrium)
or 0.1 0.1 0.1

ol ol o

(Active masses)
5 5 5
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Applying law of mass action,

0.1
= [C‘%OH{ — 3 -2500mol? 12
[COItH, ™ 0.1 [EJ'
5 5)
We know that, K , =K (RT )™, An=-2
or K , =2500(0.082 % 600)
or K, = _ B0 5307 atm?
P 492x 492
Example 7. When sulphur in the form of Sg is heated at

900 K the initial pressure of 1 atm falls by 29% at equilibrium.
This is because of conversion of some S¢ to S ,. Find the vafzee of
equilibrium constant for this reaction. S

Solution: Sg(g)+== 4S,(2)
Initial mole 1 0
At equilibrium l-x 4x
(1-029) (4x0.29)
= (.71 = 1.16
Applying law of mass action,
_Ips,I' 6y

, =2.5582am’ .
[ps,] 071 o
"Example 8. For the equilibrium,
AB(g)~— A(g)+ B(2),
K , is equal to four times the total pressure. Cae’culate the number
of moles of 4 formed. -

Solution:  Let the total Lq uilibrium pres&ure be

Given, K,=4r

Let the start be made with 1 mole of AB{g)and the degree of
dissociation be x. ‘

P atm

AB(g)==A(g)+ B(g)
At equilibrium  1-x X X

Total moles at equilibrivm=1~x+x+x=1+x

Thus, p = Partial pressure of 4 = IL -P

+Xx

py = Partial pressure of B = X .p
i+x

: -
P 4p = Partial pressure of A8 = Xp
I+x

+

Applying the law of mass action,

Kp:prPB _ I+x W x
Paip fl—x '
. e P
I+ x

So, 4P = -P

or 4—4x2=x?'

or s =4

2
or X=-—

Vs
Hence, number of moles of 4 formed =72_- times initial
, 5
moles of 4B taken
Example 9. 0.15 mole of CO taken in a 2.5 litre )‘Zas/c is

maintained at 705 K along with a catalyst so that the following
reaction can take place:

COg)+2H,(g)~—CH,0H(g)

Hydrogen is introduced until the total pressure of the system is
8.5 atm at equilibrium and 008 mole of methanol is formed.
Calculate (i) K ,; and K . and (ii) the final pressure if the same
amount of CO and H, as before are used, but wztfz Ho catalyst 50
that the reaction does not take place. RIEEERK

Solution: (i) Let the total number of moles of gases be n at,,_
equilibrium. o :

Applying equation, PV =nRT

Given, P=8.5atm; V' =2.5L;

R=0.082fatmLmol™ K~
. 85x%x25
0.0821x 705

2H,(g) == CH;O0H(g)
(nH3 )y 0
[(nH; )g — 2] - x=0.08
Number of moles of CO at equilibrium
= (0.15 - 0.08) = 0.07 mole
Number of moles of H, at equilibrium
= total moles — moles of CO — moles of CH,OH
= (0.367 - 0.07 - 0.08) '
=0.217mole

Applying law of mass action,
0.08
_ ICH;0H] _ 2.5

[CO][HQ]Z 007 0217]
25 LZ.S

K, =K (RT)*" =151.6x (0.0821x 705)~

"and T = 705K
= (1,367 mol
CO(g) +

Initial mole 0.15
Atequilibrium  0.15~x

=151.6mol™ L?

Now,

= 0.045 atm™
(ii) Since, [(ny, )y — 2x}=0.217
or (1w, ) =0217+2%0.08
= 0.377 mole
(e Yo =0.15
Total moles (115 )= 0.377+ 0.15= 0.527

Hf ngRT  0.527x0.0821x 705
~Hence, Do = =
A vV 2.5
=12.20atm

- Example 10.  The equilibrium constant for the reaction,

CO(g) + Hy0(g)==C0y(g) + H,(g),
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at 986°C is 0.63. 4 mixture of 1.0 mole of water vapour and 3.0
mole of CO is allowed to come to equilibrium. The equilibrium
pressure is 2.0 atm.

(i) How many moles of H~ are present at equilibrium?

(i) Calculate the partial pressures of gases in equilibrium
mixture. firErgnd
Solution: (i) [n the given reaction, An = 0, hence, K, =K ,

CO(g) + Hy0(g) == CO4(g) + H,(g)
Atequilibrium ~ (3-x)  (1-x) X X
Applying law of mass action,
XXX

Gox)l-x)
x? =0.633-4x+x°)
0.37x% +2.52x-1.89=0

ot . x? +6.8lx-51=0"
— 68146 ) 81— -5 172
x= 681"[68“{6? Ax(5.1)] =0.68 mole = H,

(ii) Partial pressure of CO, = partial pressure of H,

= mole fraction x total pressure

=0—58><’) 0.34 atm

Partial pressure of CO(g) =

ES—tf'—ﬁgz><2=1.16atm

&'3—@)-><2:0.163tm

Partial pressure of H,O(g) =

- Example 11.  The equilibrium constant K, for the

reaction, -

250, (g) + 0, (g) =250, (g)
is 900 atm™ at 800 K. 4 mixture containing SO, and O, having
initial partial pressure of 1and 2 atm respectively is heated at
constant volume to equilibrate. Calculate the partial pressure of
each gas af 800K.

Solution: The system in the initial stage does not contam
S$0,.80; will, thus, decompose to form SO, and O, until
equilibrium is reached The partial pressure of SO; will decrease,
Let the decrease in partial pressure be 2x.

250, (g) + O4(g) = 2804(g)

At equilibrium (2x)  (2+x) (1-2x)
Applying law of mass action,
- (1-2x)°
. Ky=——r (2+x)—2
o (2x)? (2 +x)
900= {2 2)
8x
or 122x g5
X
or x=0.0115atm

Thus, the partial pressures at equilibrium are:
Pso, =2x0.0115=0.023 atm

po, =2+0.0115=2.0115atm
Pso, =1-2x0.0115=0.977 atm

Example 12. What is the concentration of CO in
equilibrium at 25°C in a sample of a gas originally containing

1.00mol L' of CO,? For the dissociation of CO», at 25°C,

=2.96x 1077

Solutlon. 2C0,(g) == 2C0(g) + O, (g)
Atequilibrium  {1-2x) (2x) (x}

Applying law of mass action

K, =102lCOF _xx(F ) o, qgn
' [COE] ( 2¢)°

It can be assumed that | - 2x = 1.0as K is very small.

So, 4x* =2.96x 107"
or 0 x=195x10 mott 0 T

[COl=2x=2%x1.95x10""
=3.90x 107! mol L™

Example 13. Ammonia is heated at 15 atm from 27°C to
347°C assuming volume constdnt. The new pressure becomes 50
atm at equilibrium. Calcudate % of NHy actually decomposed.

SRR vy
Solution:  Pressure of NH; at 27°C = 15 atm
Pressure of NH; at 347° C= P atm

P15
620 300
P =3Tatm

Let @ moles of ammonia be present. Total pressure at

equilibrium = 50 atm
2NH,(g) == N,{(g)+3H,(g)
At equilibrium (a-2x) x  3x
Total moles a-2x+x+3x=a+2x
Initial number of moles _  Initial pressure

Moles at equilibrium N Equilibrium pfessqre

a 31

(a + 2\:) 50

19

X=—a
62
19 19
Amount of ammonia decomposed = 2x=2X -~ a= Yl a
. 9% a
% of ammonia decomposed = *x 100

31Xa
—613

Example 14. Calculate the per cent dissociation of
H,5(g})if 0.1 mole of H, S is kept in 0.4 litre vessel at 1000K for

the reaction,
2H, 8 (g) == 2Hz(g)+ S2(g)
The value of K, is 1 0>< 107,

| 615
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_Solution:  2H,S(g) == 2H,(g) + S,(g) -

At equilibrium 01-x) X x/2
Molar conc. (0.1~ x) X x

0.4 04 - 038

2
i) 6
2
_[H;] [322]= 0.4 0.3 1.0x 10°
[H,S] [0.1-):)
04 )
X3 ’
or —  _—=10x10"°
0.8(0.1-x)"

as x is very sﬁmil; 0.1-x~—0.1

3

————=10x107°
»,08><(01) o
Pesxw0®
or : . x:2><10"3 |
X o 2x107
. So, per cent dissociation = -

x100=2.0

- Example 15. The vapour density (hydrogen=1) of a
mixture containing NO, and N,0, is 38.3 a1 26.7°C. Calculate
-the number of moles of NO, in 100 grams of the mixture.

(MLNR 1993

Solution: N,0,(g) ==2NO,(g)
Atequilibrium (I-x) 2x
oS - ~d
x de ree of dissociation) =
( g d -
Given, d 383 Q— ;Mol. mas;of N204 92 92 _s6.n
S 46- 38.
So, _46-383 _
i 383 B
. Atequilibrium,  amount of N;O, =1~ 0.2 = 0.8 mol
and , amount of NO, =2x 0.2= 0.4 mol
Mass of the mixture = 0.8 X'92 +70.4 x 46

=73.6+184=920g
Since, 92 gram of the mixture contains = 0.4 mol NO,
So, ’

100 gram of the mixture contains = 04> 100

= (.43 mol NO,
Example 16. At temperature
dissociates according to the reaction,

24B,(g)==2A4B(g)+ B>(g)

with a degree of dissociation, x. which is small compared with
unity. Deduce the expression for x in terms of the equilibrium
constant, K , and the total pressure, P. (IT 1994

et

T the compound AB,(g)

G.R.B. PHysicAL CHEMISTRY FOR COMPETITIONS

Selution: 248, (_g):——‘ 24B(g)+ B,(g)
At equilibrium. (1-x) x x/2 3
Total moles at equilibrium =1~ x+ x+x/2
_24x '
- 2
2(1—~x) 2x x
=~ . P =P = )
P 4B, 2+ P 4B (2+x) Py, 2+1)
. . )
o, X _p| X P
_ (Pas) (PBZ ) L@+ x) 2+x.,
(Pas, ) (1 - %) p
(2+x)
x*P

B (2 +x)1-x)*

‘Asxis very small, 2+ x)— 2and (1-x) —> 1.

3
So, K,,=——XP :
2 o
2K -
or x3= L
‘ P

or LT L ,\’::( 2 -
A o . , V 7:\ P

‘Example 17. At 25°C and one atmospheric pressure, the
partial pressures in an equilibrium mixture of N, O, and NO, are
0.7 and 0.3 atmosphere, respectively. Calculate the partial
pressures of these gases when they are in equilibrium at 25°C and
at a total pressure of 10 atmospheres. S (VILNR 1999

Solution: N,0,(g) ==2NO,(g)
Atequilibrium - 0.7 0.3 atm
2
K, - ( Pno, ) _03x03 s
PN,0,

Let the degree of dissociation of N,0, be x when total
pressure is 10atmosphere.

N,04(g) +=2NO0,(g)
- At.equilibrium (1-x) 2x
Total number of moles = 1—x+ 2x =1+ x
{(1-x) 2x
= X 10; = x 10
Pr,0, = (1+x) Pno, a+x)
7 2
l\lix ) x10° 40x*
K, =0.1285= 1" Sl
[—:{J x 10 =%
I+x
Since, x is very small, (1-x)—1
So, o = 0.1285
’ 40

or ‘ - x=0.0566
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o (78 0 1200566 0 09436X10_gon
N204 T (14 x) 1+00566 10566
Pro. = —2X—x10= 2200566 1y 01132 10 107atm
2 (14 x) 1+0.0566 1.0566

Example 18. A 450°C, the equilibrium constant, K , , for
the reaction,
- N,(g)+3H,(g)~—2NH;(g)
was found to be 1.6 x 107 at a pressure of 200atm. If N, and H,
are taken in 1.3 ratio what is % of NH, formed at this
temperature?

Solution: N,(g) +3H,(g) —— 2NH;(g)

At equilibrium (I-x) (3-3x) 2x

Total number of moles = 1- x + 3— 3x+2x =4 — 2x

_(1-x) _(3-3x) . o 2x
oS oy PR T gy P T g Ty
2
2x
) P
( Pany) [4—'2x J _
P 3 . 3
N, X.(PHZ) l-x P 3—3xP
, \4-2x 4-2x )
_ax’(4-2x)
) (1- x)x 27x (1- x)* P2
‘ ' T 20h a2
16x107 =185 X @ZX)
27 (1-x)* x (200)
or x2(2-x)* _ 1.6x107° x 27x (200)*
1-x* 16
_16x 1078 x 27 x (200)?
TS
or G x)_200x1o—3xJ——1039
: (117;x)
or T %x=030

Moles of ammonia formed = 2x 0.30=0.60
Total moles at equilibrium = (4 — 2x)= (4 — 2% 0.30)=3.40

%0 of NHj; at equilibrium = % x100=17.64
Example 19. A mixture of SO, and O, at | atmosphere in
the ratio of 2:1is passed through a catalyst at 1170°C for

attainment of equilibrium. The exit gas is found to contain 87%
SOy by volume. Calculate K, for the reaction,

Soz(g)+%02 (g) =50, (g)

Solutio,n: The volumé of SO, and O, at equilibrium

=(100- 87)=13mL
Volume of SO, = % x13=8.67mL

Volume of oxygen = % x13 =433 mL

‘ 617
87 |
Pso; = 100 x 1=0.87 atm

Pso, = % x 1= 0.0867 atm

pog =%x 1=0.0433 atm
_ Pso, - 0.87
"~ Pso, x(o,)"” " (0.0867) x (0.0433)'2
0.87
~ (0.0867)x 0.208 .
=48.24 atm ™2
"N,0, dissociates as.
N,0,4(g)~—2N0,(g)
at 55°C and one atmosphere % decomposition of N ;0 is 50.3%.— -

At what pressure and same temperature, the equilibrium mixture
has the ratio of N,0, :NO, as 1:8?

K

Examplé 20.

Solution:
Case I: N,O,(g)~— 2N02(g)
At equilibrium  (1-x) 2x
_( —x) _ 2x
Praos =707 ) : Pro, 0
= .p ,
K = 1+x _ 4x°P

" [1_—1.},] (=)
1+ x

Given, x=0503 and P=1

K, =13548 atm o
Case II: N,0, =—2NO,
(1-% 2x
Given, (1-x) = 1
T 2x 8
_ x=08
Let the new pressure be P atm.
2
)= 4x°P 4% 0.8x0.8xP — 13548
(b=x ) (1+0.8)(1-08)
P =0.19atm
Example 21. At 627°C and one atmosphere SO; is .

partially dissociated into SO, and O, by the reaction,
. S0;(g)~—=250,(g)+1/20,(g).
The density of the equilibrium mixture is 0. 925 g Lt
the degree of dissociation?

What is

Solution: Let the molecular mass of the mixture at
. equilibrium be M, .
Applying the relatinn,
o dRT  0.925x 0.0821x 900
M mix — P = ] 1 :

=68.348
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Molecular mass of SO; =80

Vapour density of SO, , D= 8—20 = 40

Vapour den31ty of mixture, d = 53_5153___48-“ 34.174

Let the degree of dissociation be x.
D-d = 40-34.174 5.826x 2

(n=1d @- l}x 34074 4174

or x = 34% dissociated
i.e., SO; is34% dissociated.

Example 22. Denszt) of equilibrium mzxture 0f N,O, and
NO, at latm and 384K is 184 g dm™. Calculate the

equilibrium constant of the reaction.

=034

Solution: We know that,
' ' Pm=dRT
Ixm=184x (.0821x 384
m=29%x 2

Vapour density (d ) at equilibrium = 29
Initial vapour density = M /2= 92/ 2= 46

v= D-d =46-_29=0‘586
(n-1d 29 ‘
N,0, ==2NO,
=0 1 . 0
tog. I-x 2x (Total moles = 1+ x)
Cb=x o 2x P
Prnoy =1 P; Pno, -I—:EX
2 ' 2 .
K, = 4x’P _ 4% (0.586) Xl=2.OQatm

1-xr 1-(0.586)°
Example 23.  For the réaction,

! 3
NHs(g)v—ENz'(g)"'EHz(g)

* show that degree of dissociation of NH y is given as:

-1/
]+3~/_ P
4K,

where, * p’ is equilibrium pressure. If K , of the above reaction is
78.1 atm at 400°C, calculate K ..
Selution:

1
NH;(g) — ENZ + %Hz(g) Total moles
It=0 : 1 0 : 0 1
oy 1-a /2 3a/2 1+ o

1- [« ' 3a }
» [ ] > } P \p (B > partial
1 +a 20 +a) LZ(I +a), pressure)

i N, 12 [H, 1Y
7 [NH; ]

{w o I!.‘[ 30, }&’2

) arayt] | 20v e ” _ pa’27
F—_ap} | 4(1-a?)
1+

Solving fora, we get o = {1 + ==

~172
BJ_ ya
4 K,

K . can be calculated by using K
K, =781;T=673K; An=1

Example 24. The equilibrium constant K p Jor the
reaction, . ' ‘

_ An
p =K (RT)*

N, +3H, —=2NH,
is 1.64 x 107 at 400°C and 0.144 x 107* at 500°C. Calculate the

mean heat of formation of 1 mole of NH from its elements in this
temperature range. . : '

Solution: We know that, log—K—zziH— 1.1
T ~ DK, 2303R\T, T,
0.144 _  AH ( o ]
B4 2303x 1987107 (673 773

AH = —~25.14 kcal for 2 mole
=—12.57 kcal mol™

Example 25. When limestone is heated, quicklime is
formed according to the equation, ‘

CaCO5{s)v==CaO(s)+ CO,(g)
The experiment was carried out in the tempémture range
800—900°C. Equilibrium constant K , follows the relation,
log K, =7.282-8500/T
where, T is tempemtwe in Kelvin. At what temperature the

-decomposition will give CQ,(g) at 1 atm?

Solution: K, =pco, =1
log K, =7.282~ 8500
log 1=7.282- 8500
T
8500

T=——=1167.26K
7.282

=894.26°C

Example 26. Eguilibrium constant for the reaction of
iodine with propane according to the following equation was
determined.

Some results obtained ar 545 K were as given ahead:
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Initial Pressures (;mm Hg)

B TP ——

Ethbrmm Pressures (mm)

Y, CH - W H

CHJ
. 239  s058° o0 - 180 180
el 3583 162 227 0.645

Calculate equilibrium constant according to the following
equation,

1,(8)+ C3H ()= C3HI(g) + HI(g)
Solution: Ist experiment:
L + CHeg) == CiHl(g) + Hl(g)
t=0 239 . 505.8 0 0
L, (239-18) (505.8 - 1.8) - 1.80 1.80

_ Post X Pur 18X 1.8
P b, X e, 22.1% 504

K =29x%107*

Slmllarly, solve for second experlment ‘

Example 27. A1 817°C K , for the reaction.betieen C02
and excess hot graphite to form 2C0(g) is 10.

(i) What is the analysis (mole fraction) of the gases at
equilibrium at 817°C and a total pressure of 4 atm? What
is the partial pressure of CO, at equilibrium?

(ify At what total pressure will the gas mixture have 6% CO,

by volume? ‘
Solution: (i) CO,(g)+C(s)¥=" 2CO(g)
=0 1 0
ty 1-a 20
I-o : [ 20
Peq (1-&- a}p ]\1 + a]p
K,= 14_(? ;; 110= 140&0;

On solving, we get(x =0.62

- -0.62
X == — = ().2345 = 23.45% (by volume
0 T 1+06 b (by )

. Xgo =0.7655=76.55% (by volume)
Pco, = (0.2345x 4.0) atm = 0.938 atm

(ii) Let the'total pfessure be P atm.

L [Pcol’ 094X Px094xP
Kp =10= B
Pco, 006 x P
P =0.68 atm

Example 28. Ammonia under a pressure of 20 atm at
127°C is heated to 327°C in a closed vessel. Under these
conditions NH 5 is partially decomposed to N , and H  according
to the equation:

2NH;(g)~—N,(g)+3H,(g)
After decomposition at constant volume in a vessel the
pressure increases to 45 atm. What is the percentage of ammonia
dissociated?

l 619

" Solution:
2NH,(g) == N,(g) + 3H,(g) n P v T
t=0 a 0 . 0 a 20 ¥V 400
lo @ a0 aol/2 3aui2 a+ao 40 vV 600
VanTzaXRx400 )
P 20 -
V;nRTza(1+cx)xR.x600 e
P C e 45
On dividing, we get 1= _-400 x 45
, {1+ )20 600
a=10.5

Percentage dissociation of NH; =50

Example 29. When 3.06 g of solid NH, HS is introduced
into a two litre evacuated flask at 27°C, 30% of the solid -

-decomposes into..gaseous .ammonia .and. hydrogen sulphide.__

(i) Calculate K . and K , for the reaction at 27°C. (ii) What
would happen to the equzltbrzum when more solid NHHS is
introduced into the flask? GEE e

NH, HS(s) == NH; (g)+ H,5(g)

Moles of NH,HS = % =0.06

Solution:

Degree of dissociation = 0.3

. At equilibrium, 3 : ‘
03x 006 L 03
[NH;(g)]= — [H,S(g)]= = %X 0.06
. 0.3% 0.06X 0.3% 0.06
K. =[NH3(2)][HyS(g)]=—
. ’ 2% 2
=8.1x107
Now applytng, ‘
K, =K (RTY" =8.1x107 x (0.082x 300)*

=0.049
Since, NH,4HS is solid, so it causes no change in equilibrium. '
Example 30. A7 540K, 0.10 mole of PCl; are heated in a

8 litre flask. The pressure of equilibrium mixture is founa’ to be
1.0 atm. Calculate K , and K . for the reaction. : 5

Solutlpn. PCl, —PCl; + (1,
- Atequilibrium (mole) (0.1-x) x X
Totdl number of moles, 7 = (0.1 ~x)+x+x=(01+x)
PV =nRT
1% 8=(0.1+x)x 0.082x 540
or x=10.08
- _[PCIJIClL,Y X
‘7. [PCls]  (0.1-x)x8
_ 0.08x0.08 = 4%10 mol L~
(0.1— 0.08)8 :

K,=K_(RT)™ =K, RT (An=+1)
=4x107% x 0.082x 540=1.77 atm
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Example 31. 4t 817°C, K » Jor the reaction between
CO, (g)and excess hot graphite(s)is 10atm.
(a) What are the equilibrium concentrations of gases at
817°C and a total pressure of 5atm?

(b) At what total pressure, the gas contains 5% CO, by
volume?

- (T 20080)
Solution: (a) CO,(g)+ C(s)==2C0(g)
Atequilibrium (5~ x)atm ‘ x atm
_fcoP 4
7 [C02] (5~x)
7.
o 10=2
. S5—x
x* =50—-10x
2 +10x-50=0
- ~1044f100+200
: X = —366
2
Le., pco =3.66am; pey, = 1.34 atm
Concentration of CO=—p—=—-—’W-OO41mol litre™
RT 0.0821x1090
Concentration of CO,= P 134 0.015 mol litre™
, RT 0.0821x 1090
(b) CO,(g)+ C(s) == 2C0(g)
=0 1 6 . 0
lyy =~ l-o . 20
. I-a 20
R 4 e P
1+ - 1+a
2 N
o 2
K,= _da’p (D)
{1—& } l-a? -
, I+a
B ol
100 1+0o
o =095
2
From eq. (i), 10=wx
1—-{0.95)
p=027atm

Examplé 32. The value of K, islx 107 atm™ ar25°C for

the reaction 2NO(g)+Cl,(g) == 2NOCKg).
contains NO at0.02 atm and at 25°C. Calculate the mole of Cl,
that must be added if 1% of the NO is to be converted to NOCl at
equilibrium. The volume of the flask is such that 02 mole of gas
produces 1 atm pressure at 25°C. (Ignore probable association of
NO to N,0,). (IVY 2001)

A flask ™

Solution: 2NO(g)+ Cl, (g) == 2NOCI(g)
t=0  0.02 0 0
0.02x 99 0.02x1
“ 100 oo Thoo
(0.02x 0.01)* 10
(0.99% 0.02)2 x p

K :' [ Proci I’ _
[ Prnol’l 1?(?12] ;

‘p=0.102atm
PV=nRT
0.102xV =nx RXT - (0)
IXV=02xRXT .

n=0.0204 (no.of molesof Cl, at
equilibrium)

;

From eqs. (i) and (ii),

Pressure of Cl, involved in reaction

= é x pressure of I\OCI

=1 9—02~00001atm
2 100
PV= nRT

0.0001x ¥ =nx RT (1))
From egs. (i) and (i), n=2x10" (moles of Cl, involved
' ‘ ' in reaction)

Initial moles of C1, taken = 0.0204 + 2 x 10™
=0.02042 ~
Example 33, [n the following equilibrium,
N,0,(g)~==2N0,(g)

* when 5 moles of each is taken and the temperature is kept at

298 K, the total pressure was found to be 20 bar.
O el
3 AG; y,0, =100kT,AG;yg, =50k]

(a) Find AG of the reaction at 298 K.
(b) Find the direction of the reaction.

Given

(11T 2004)

. 2
Solution: Reactlon Quotient = &]— = 109 =10
Pns0,4 10
o - [ o
AGréaction =2A Gf NO, AG}’ N,Oy
=2%x50~-100=0

We know that, AG=AG®~2303RT log @,
=0-2303x 8.314 x 298 log 10
=~ 5705.8J= - 5.705kJ

Negative value shows that reaction will be in forward
direction..
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_ SUMMARY AND IMPORTANT POINTS TO REMEMBER

1. Irreversible and reversible reactions: Chemical

reactions can be classified as irreversible and reversible -

reactions. The reactions which move in one direction only are
called irreversible reactions. In these reactions products do not
react to produce original reactants. In such reactions an arrow
{(—) is placed between reactants and products. The chernical
reactions which take place in both directions under similar
conditions are called reversible reactions. In such reactions
products also react with each other to produce reactants again.
The sign ( == )is placed between reactants and products.

2. Chemical equlhbrlum Chemical ethbrlum is_the
most impottant characteristic property of reversible reactions. It

is the state at which- both forward and, backward reactlons occur .

at the same speed.
At equilibrium state, ‘
Rate of forward reaction = Rate of backward reaction
At equilibrium state, the concentrations of the reactants and

products do not change with time. The following are the»

characteristics of the equilibrium state:

(i) It can be achieved only if the reversible reaction is carnedv

out in a closed space.

(ii) It is characterised by constancy of certain propemes such

as concentration, pressure, density, colour, etc.

(iii) It can be attained from either side of the reaction.

* (iv) It can be attained in lesser time by use of a catalyst.

(v) It is dynamic in nature, i.e, reaction doe$ not stop, but
both the forward and backward reactions move with the same
speed.

(vi) Change of pressure, concentration or temperature favours
one of the reaction and thus shifts the equilibrium point in one
direction.

Reversible chemical reactions are classified into two types:

(i) Heterogeneous reactions:
which more than one-phase is present.

(i) Homogeneous reactions:
which only one-phase is present. These are further classified into
three types:

(a) When there is no change in the number of molecules,

ie,An=0. o
(b} When there is an increase in the number of molecules,
CLe,An=+ve.

{c) When there is a decrease in the number of molecules, ’

e, An=~ve.

3. Law of chemical equilibrium (Application of law of
mass action): Consider the general homogeneous reversible
reaction in which equilibrium has been attained at a certain
temperature. :

mlAI +1712f4’2 +m3A3 +...\—-n181 +}1sz + }1333 +

Rate of forward reaction = Rate of backward reaction
k/ [A] ]H?[ [Az ]1‘"2 [A3 ]m3 = k{) [B‘l ]”1 [B2 ]"2 [B3 ])13 .

The reversible reactions in

The reversible reactions in

BB RB R ) Ky

‘or =t =K

A A1 (A1 ) ke
The equilibrium constant, K _, at a given temperature, is the
ratio of rate constants of forward and backward reactions. It 1s
also defined as the ratio between the molar concentrations of the

. products to the molar concentrations ‘of the reactants with each

concentration term raised to the power equal to stoichiometric
coefficient in the balanced chemical equation.

The value of equilibrium constant is independent of the
followmg factors;

(i) Initial cbncentrauon of reactants
(n) The. dlr_ecnon from which equilibrium has been attained. -
(iii) The presence of a catalyst.
* (iv) The presence of inert materials. ‘
The value of equilibrium constant depends upon the following

~ factors:

(i) The mode of representation of the S “actzon Consider

the reversxble reaction,
A+B==C+D
_[C1p]
©1410B] |
The products are made the reactants, i.e., the reaction is
reversed:

ko L412]
(CID]
So, ~ K =1

<

(i) Stoichiometric representation of a chemical equation:
The value of equilibrium constant will be numerically different if
the reaction can be written with. the help of two or more
stoichiometric equations.

ie, 2N02(g) T==N,(g) +20,(g); K_.= [N, ]Y[GQZ.J_'
A _ [NO;]
= , ~[N21"%[0,]
or NO,(g) = (1/2)N()+O(), K, =2 -2
28 5(g 5(g NG, ]

 Thus, K; = 1}‘K‘c
(iii) Use of partial pressures: When the reactants and
products are in gaseous state, the partial pressures can be used
instead of concentrations at a definite temperature.

mlAl + mzf.{g + ”33‘43 "!"...\———\ nlﬁl +?3282 + ’3383 +
_ ( s, ) ( P,Bz)ﬁz ( ps3)”3
(Pa)" (Pa)™ (pg)™
K,=K (RT )™

where, An = total number of molecules of products — total
‘number of molecules of reactants.

3
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When, An=0, Kp‘=Kc;
An =+ ve, KP>KC;
and - - An = — ve, KP<KC;

(iv) Temperature: The value of equilibrium constant
changes with temperature. The values of equilibrium constants at
. two different temperatures are related by the following equation:

log K, - log K, =——Aﬂ—{i-—1 T, >T,

2303R\ T, T,
-When, AH =0, i.e., heat of reaction at constant
) volume is zero,
: Ky=K 1 )
When, AH = + ve ie., endothefmic reaction,
K,>K,
and when, AH =-—ve, le, exothermic reaction
: K, <K,

Umts ‘of “eqquilibrium “constant:
measured in terms of atmospheres. Therefore, units of K » Will be
(atm)*". Since, concentrations are measured in terms of moles per

litre, the units of K, are (mol L™)4*.
K, and K . will be pure numbers when, An = 0.
4. Equilibrium expressions for some reactions:
(a) Hy(g) + I,(g) = 2HI(g)
Initially a b 0
At equihbrmm (a X} {b X} (2x)
CHIP O 2o 4x? i
[Hz ] (a=x)}b-x) (a—x)b-x)
25
2 ( x) 7 : ‘2
K = [Pu] - (a+b) - 4x°
b4 7
Py, X P1, (_G-X_P Jib_x-P (q—x)(b‘-x)
\at+b Jla+b

<

So, ' K, =K, :
~(b) 2NO(g) == Nz (g + Oz(g)
Initially ' a ' 0 0
At eqailibriom (@~ x) x/2 x/2
‘ CINLI0,] x/2xx/2  x*
¢ NOP (a-x)  4a-x)

(©
CH,COOH(!) + C,H;OH(!) == CH;COOC,H; (/) + H,0(!)

Initially a . b ) 0
Atequil. {(a-x) (b x) X X
_ [CH;CO0C, 5 ](H,0] _ x*

~ [CH,COOH][C,H,OH] (a—x)(b-x)

(d) PCls(g) =="PCl;(g) + Cl,(g)

Initially a 0 0
At equilibrium

<

(a —x) x

. a-x X
Active masses w —

<fw ¥

“Partial “pressures are -

= R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

o LA
[PC13|[C1] vy o x?

K= -
. [PCls1 - (a=x) (a—-x)V
v

( x lx ) '
L : -P]x -P} )
Peciy X Pa,  \a+x atx ) ¥ p

.' Praig ' .V_(a—x.P (a +'x)(a.—x) A
- \a+‘x

K,=

(® - Ny(g) + 3H,(g) ==2NH;(g)
Initially a b 0 ‘
Atequilibrium (@ —x) (b-3x) 2

Active masses (g = xj {b - 3x) ) [E}
¥ V

_ INE; P ( 4772 '

V
N, I, [ M T (a—x)(b~3x)°
Zx 2
¢ Pany ) (a+b~2x)
P, X (pu, )’ @-xn [ -3 , B
La+b-2x), {a+b-2x)
. _ 4x*(a+b-2x)
(a-x)(b-3x)’ P?
5. ‘Activation energies for the forward and backward
reactions: Both forward and backward reactions follow the

same path and from the same activated complex. However, the
activation energies of both reactions are different.

.AE:Ea (f)—Ea (b) ) )
- For exothermic reaction, E, (f)<E, (b),ie, AE=-ve
For endothermic reaction, E, (f)> E, (b),i.e., AE=+ ve,
Threshold energy = Energy of réactants + Activation energy
of forward reaction
Threshold energy = Energy of products + Activation energy
of backward reaction

6. . Standard free energy change of a reaction and its
equilibrium constant are related to each other at temperature
T by the followmg relation:

AG°=-2303RT log X,

_ . AGe= ~TAS® .
When, AG® = —ve, the value of equilibrium constant will be
large positive quantity and when AG® is positive, the value of X
is less than 1, i.e, low concentration of products at equilibrium
state. o ‘

7. Degree of dissociation from density measurements:
Degree of disSoc‘i'z;‘tiQn in the case of reversible reactions in which
there is increase in the number of molecules can be determined by

¢

p=
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measuring density of the reaction mixture at equilibrium. Let d be
the observed density at a particular temperature when degree of
dissociation is x and D be the vapour density when there is no
dissociation. :

_ D-d
T (n—1d

8. Heterogeneous equilibria: Law of mass action can
also be applied to the heterogeneous system. In such systems the
concentrations of pure solids and liquids are not considered in
equilibrium expressions. .

C(s) + H,0(g) == CO(g) + H,(g)
_ Pco X Py, _ {COI{H, ]
i L [H,0]

Pu,0

i.e.,concentration of C(s) is not taken into account.

9... Le_Chatelier’s principle: .
which can describe the effect of change in concentration,
pressure and temperature on the reversible system whether
physical or chemical. It is stated as “If the system at equilibrium
is subjected to a change of any one of the factors such as
concentration, temperature or pressure, the system adjusts itself
in such a way as to annul the effect of that change” The
following conclusions have been derived from this principle:

(1) Increase in concentration of any substance favours the
reaction in which it is used up.

; where, # is the number of molecules of products.

K

(1) High pressure is favourable for the reaction in which there

is decrease in volume.
(iil) A rise in temperature favours the endothermic reaction.

It.is.a qualitative_principle._. .

Applications of Le Chatelier’s Principle
" (i) Ice water system (melting of ice):
Ice + Heat — Water

It is an endothermic process and there is decrease in volume.
Thus, the favourable conditions for melting of ice are:
(a) High temperature and (b) High pressure.

(ii) Solubility of gases in liquids: When a gas dissolves in
a liquid, there is decrease in volume. Thus, increase in pressure
will favour the dissolution of a gas in liquid. '

(iii) Formation of nitric oxide:

N,(g) + 0,(g) —= 2NO(g) - 43200 calorie

In this chemical reaction, there is no change in the number of
molecules and heat is absorbed (endothermic). Thus, favourable
conditions for greater yields of NO are:

(a) High concentrations of N2 and 02,

{b) Hightemperature-and - SRR e

(c¢) No effect of pressure and catalyst. :

(iv) N,(g)+ 3H,(g)~— 2NH;(g) + 22400 calorie: The
reaction involves decrease in number of molecules and evolution
of heat (exothermic). The favourable conditions are:

(a) High concentrations of N, and H,, k

(b) High pressure and

(c) Low temperature.

To speed up the rate of reaction at low temperature, a su1table
catalyst is always employed.
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1. Match List I (Equations) with List Il (Type of Processes) and
select the correct option:

List-I ‘ List-IT
(Equations) (Type of Processes)

(@K,>0 (1) Non-spontaneous

(b)AG°< RT log,Q (il) Equilibrium

©K,=0 (i) Spontaneous and

- endothermic

AH .

NS s (iv) Spontaneous

(A)a=(); b=(ii); c=(ii); d=(iv)
(B) a = (iii); b= (iv); c=(ii); d=(1)
(Cya=(v);b=(i); c=(i); d= (i)
Dya=(@i); b=(); c¢=(v); d=(iii) {CBSE (PMT)20610]
[Hint: When K, > Q; rate of forward reaction > rate of backward
" reaction, Le. process is spontaneous.
When AG® < RT log, O, AG® is positive, thus reactlon is non
spontaneous.
When K, = Q, reaction is at equthbnum
When TAS > AH ,AG will be negative only when AH = +ve, thus
- is spontapeous and endothermic.]

.. Matrix-Matching Problems (For IIT,As‘pir'ants):

[A] Match the Column-I with Column-II: -
o Column-I . . Column-J
@ Hz(g) 412(g) = ZHI(g) (p) Unaffected by
inert gas addition

(b) CACO,4 (s) = CaO(s) + CO,(g) (Q) Forward shift by

’ rise in pressure
and backward

shift by inert gas

, addition
(©)N,(g)+3H,(g)= 2NH;(g) (1) Unaffected by
' increase - in
pressure

(dPCl(g)+= PCly(g)+ Cl,{g} (8)Backward shift by
rise In  pressure
and forward shift
by inert gas
addition

[B] Match the reactions in the Column-I with the units of
equilibrium constant in Column-II: .
~ Columm-i o Colymin-H
(a) CaCO4(s) == CaO(s) + COy(g) (PImol L.

(B)PCL(g)s= PCly(g)+ Cl,(g} () Unitiess

(©VH,(g)+1,(g) = 2HI(g) (r) atm
(AN, (g) +3H,(g) = 2NH,(g)  (5)(atm)™?

[C] Match the reactions of the Column-I with the factors in
Column-II:

‘ Column—l ' Column-I}

"(a) Nz(g} + 3H2(g) = 2NH3(g) (p)Forward shift by

(Exothermic) rise in pressure

(b)28S0,(g) + O)(g) = 2803 (g) (q) Unaffected by
(Exothermic) change in pressure

- (©)N,(g)+ 0,(g)~ 2NO(g) (r) Forward shift by

(Endothermic) - rise in temperature
(DPCly(g) + Cly(g) === PCl;(g) (s)Forward shift by~
(Endothermic) lowering the
' temperature

[D] Match the reactions of the Column-I with the relations in
Column-11: ' ~

-~ Column-I .. - Column-II
(&) Hy(g) + T, () === 2HI(g) ®)K, = K (RT)
()N, (g)+3H,(g) == 2NH;(g) (DK, =K (RT)
(©PCls(g)==PClL(g)+ Cly(g) (K, =K (RT)*
() NH,HS(s) = NH;(g)+ H,S(g) O K, = K,
[E] Match the Llst-»I w1th List-II: -

List-1 - List-I1
(3)Q =K (p) Reaction is nearer to completion
bg<K ) (9) Reaction is not at equilibrium
©Q >K (r) Reaction is fast in forward direction
DK >>>1 " (8) Reaction at equilibrium
[F] Match the List-T with List-(l: '
sl o List-11
“(Reactiony = (K,/K.)

@) A,(g)+ 3B,(g) === 24B,(g) (PXRT')’

T (b)A4,(g)+ B,(g) < 24B(g) (@Q(RT )°

(© A(s) + %Bg(g);-—‘*— ABy(g) @ (RT )7
(d) 4B,(g) == AB(g)+ -i- B,(g) (S)(RT Y2
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} o

1. (C)a=1v);(b=1);(c=ii);{d = i)

[A] (ap, 1); (b-p, 1); (c—q}; (d~s8)
[B] (a-p, 1); (b~p, 1); (c—q); (d~s)
[C] (a-p, 8); (b-p, 8); (c~q, 1); (d-p, 1)

[D] (a—s); (b-1); (c—p); (d—q)
[E] (a-s); (b~q, 1); (c~q);(d~p)
[F] (a-p}; (b-q); {c—s); (d-1)

@ PRACTICE PROBLEMS ® _

. K, for the reactlon NH3(g)
298 K is 5.2 x 107°, What is the value of K, at 298 K for the
reaction,

> 1/2N,(g) +3/2 Hy(g), at

N,(g) +3H,(g) ¥ 2NH;(g)?

[Hint: K for reaction 1/2 N,(g) + 3/2H,(g) =~ NH, isKL R
e
1
T52%107°

K for the reaction, N, (g) + 3H,(g) == 2NH,(g), will be = (K?)?

S Ss7x10%)
52x107

The value of K » for the reaction,

2H,0(g) + 2CL{g) == 4HCl(g) + Os(g),

is 0.035 atm at 400°C, when the partial pressures are expressed
in atmosphere. Calculate the value of K for the same reaction.
[Ans. 6.342 %10~ mol L]

For the reaction,

2805(g) == 280,(g) + O,(g),

the equilibrium constant K, = 2.52x 1072 at 27°C; calculate
K ,. (Given, R = 0.082 litre-atm deg™

[Ans. 61.99x1077]
If K, for the reaction, Ny(g) +3H,(g) == 2NH;(g), is

2

1.64 x 107 atm™ at 400°C. What will be the equilibrium
constant at 500°C, if heat of reaction in this temperature range
is — 105185.8 joule?
[Ans. 144 %107 atm]
For the reaction, N,O,(g) == 2NO,(g), K , = 0157 atm at
300 K. Calculate the value of K, for the same reaction at the
same temperature.
[Ans. 6.38x10” mol L]
For the reaction, so,(g) + 140,(g) == SO4(g), the value
of K, is 1.7x 10" at 300 K. Calculate the equilibrium
constants for the following reactions at 300 K:
280,(g) + O,{g) ¥ 280s(g)
and - SO,.(g) == 80,(g) + V20,(g)
[Ans. 2.89x10%,5.88x1077 V
Determine K, for the following reactions:
(1) CO(g) + H,Xg) = CO,(g) + Hy(g);
K, =232at600 K

(b) N,O,(g) == 2NO,(g); K, = 4.62x 107 M at 298 K
(c) 280,(g) + Oy{g) — 280,(g);

K, =28x10° M

ie

mcl'l)

M at 1000 K

10.

1.

12.

13.

14.

[Ans. (a)23.2 (b) 11.45 kPa (c) 0.0337 kPa]
From the following data at 1000 K
COCl,y(g) === CO(g) + Cl(g); K, =10.329
2C0(g) + 0,(g) == 2C0,(g); K, =224 x10%
Calculate the equilibrium constant for the followmg reaction:
2C0CL(g) + 0,(g) == 2C0;(g) + Cly(g) - e
[Ans. 243 x10%

For the reaction, SO,(g)+ }450,(g) == S05(g), K, is

32(atm)™V?at 800 K and AH for the reaction is —187.9 kJ

mol™!. Calculate its value at 900 K, if it is assumed that AH
remains constant over this range of temperature.
[Ans. 1.387 atm™/?]
The equilibrium constants for the reaction,
No{g) + Oy(g) + 2NO(g), at 1727°C and 2227°C are
4.08 x 107" and 3.6 x 107 respectively. Calculate the enthalpy
change for the reaction. (Given, R = 1.987cal.}
[Ans. 43273 cal]
Calculate the equilibrium constant (X, ) for the reaction,
C(s) + COy{g) == 2CO( ), at 1300 K from the following
data:  C(s) + 2H,0(g) == CO,(g) + 2H,{g);

Kp (1300 K} = 3.9 atm
CO(g) + H,0(g):

Kp (1300K) = 0.7 atm

Hy(g) + CO,(g) =

[Ans. 1.91 atm]

., [cor [COF[H,0P _ [H,{CO,]
t: = ES = =
[}]lﬂ {COQ] p (net) [H») }2 [COq ]2 x [H2032
={0. 7)' x3.9]

The standard equilibrium counstant for the reaction,
PCly(g) == PCl(g) + Cly(g),

is 1.8 x 107" at 298 K. Calculate its AG® value.

[Ans. 3849 kJ mol™]
For the equilibrium, Ag ,C0~(v)‘—Ag20(s)+C02(g)
equilibrium constants are 3.98x10™ and 1.41x 107
respectively at 350 K and 400 K. Calculate the standard
enthalpy of decomposition.
[Aus.  83.06 k}/mol]
The equilibrium constant for the reaction,

N,(g) + 3H,(g) == 2NH,(g),
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17.
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20.
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22,

at715Kis 6.0%¥ 1072, If in a particular reaction, there are 0.25_
mol L7} of H, and 0.06 mol L™ of NH, present, calculate the -

concentration of N, at equilibrium.

[Ans. [N,]=3.84 mol LY

One mole of H,O and one mole of CO were heated in a 10 litre
closed vessel at 1260 K. At equilibrium, 40% of water was
found to react in the equation,

H,0(g) + CO(g) == H,(g) + COy(g)

(Calculate the equilibrium constant of the reaction.

[Ans. 0.44]
[Hint: H,0(g) + CO(g) ~— CO')(g) + Hy(g)
1-04) (1-04) 0.4 04

(at equilibrium)]
Two moles of PCl; were introduced in a 2 litre flask and
heated at 600 K to attain equilibrium. PCls was found to be
40% dissociated into PCl; and Cl,. Calculate the value of K .
[Ans. K, =0.267 mole ]
0.1 mole of PCl; is heated in a litre vessel at. 533 K. Determine
the concentration of various species present at equilibrium; if

the equilibrium constant for the dissociation of PCl at 533 K -

is 0.414.
[Ans. [PCl5]=0.0531 mol L™'; [PCl;]=0.0469 mol L™';
[Cl,]=0.0469 mol L' ]

At 1000 K, the equilibrium constant, X, for the reaction,
CO(g) + Cly(g) == COCl,(g)

is equal to 3.04. If 1 mole of CO and 1 mole of Cl2 are

introduced into a 1 litre box at 1000 K, what will be the final

concentration of COCl, at equilibrium?

[Ans. [COCI,]=0.568 mol L'

Given, that K, = 13.7at 546 K for

PCls(g) == PCls(g) + Cl,(g), calculate what pressure will

develop in a 10 litre box at equilibrium at 546 K when 1.00

mole of PCl; is injected into the empty box?

[Ans. P =8.93 atm]

[Hint: First determine degree of dissociation, then evaluate the

total pressure by applying, P = 7 RT where, n=1+ o]

In the following reaction,

2HI(g) = Hy(g) +1(g)
the amounts of H,, I, and HI are 7.8 g, 203.2 g and 1638.4 g
respectively at equilibrium at a certain temperature. Calculate
the equilibrium constant of the reaction.
[Ans. 0.019] i
Concentrations of two reactants 4 and B are 0.8 mol L™ each.
On mixing the two, the reaction sets in at a slow rate to form €
and D.

A+B—/—C+D

At equilibrium concentration of C was found to be-0.60 mol

L Calculate thesequilibrium constant.

[Ans. =9]

15 moles of hydrogen reacting with 5.2 moles of iodine form
10 g mole of hydrogen/ iodide. Calculate the equilibrium
constant of the reaction. .

[Ans. K, =50]

23.

24.

25,

26.

27.

28.

29.
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"In the dissociation of HI, it is found that 20% of the acid is

dissociated when' equ1l1br1um is reachéd. ‘Calculate the value
of K , for the equilibrium,
2HI(g) —— Hy(g) +I,(g)
[Ans. K, =1.56x107]
The equilibrium constant of the reaction,
A+B+—C+D

is unity. What per cent of 4 will be transformed if three moles
of 4 are mixed with 5 moles of B?

[Ans. 62.5%]

[Hint: At equilibrium,
A + B —C
B-x) G-x Cox

Find the value of x. % of A transformed = > x 100]

+
wlz =

2 moles of A and. 3 moles of B are mixed and the reaction is
carried at 400°C according to the equation,
A+B—2C
the equilibrium constant of the reactionr is 4. Find the
concentration of C at equilibrium.
[Ans. - 2.4 mole]
A combination of hydrogen and iodine is carried out by
heating 60 mL of hydrogen and 42 mL of iodine in a closed
vessel. At equilibrium 28 mL of hydroiodic acid is present in
the vessel. Calculate the degree of dissociation of HI.
[Hint: Hy(g) + L(g) —— 2HI(g)
. Atequilibrium (60 - 14) (42 —14)- 28 mL
_28x28 14
T46x28 23
2Hl(g) = H,(g) + L,(g)
1-x x/2 x/2 (.\; is -he degree of

_x2xx2 7 o
-2

P Xy 4
X 23

=2 =12817
20l-x 14

s

“iation)

or

x=0.72]
One mole of H,, 2 moles of I, and 3 moles of HI are injected

in a one litre flask. What will be the concentration of H,, 1,
and HI at equilibrium when K _ is 45.9?

[Ans. [H,]1=0316mol L', [I,]=1.316 mol L,
[HI] = 4.368 mol L™ ] ,
[Hint: H,(g) + Li(g) — 2HI(g)
- At equilibrium (1 - x) (2 -x) 3+ 2x)
2
= M =459,
(l x)2-x)

On solving, x = 0.684 mole]

Four moles of hydrogen iodide were taken in a 10 litre flask -
kept at 800 K. When equilibrium was attained, the mixture
was found to contain 0.42 mole of iodine. Calculate the
equilibrium constant for dissociation of HI.

[Ans. K,=1.76x107

The equilibrium constant, X, for the 1eact1on

Hy(g) +1,(g) = 2HI(g)
is 56.8 at 800 K. When the mixture was analysed, it was found
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to contain 0.316 mol/L HI at 800 K. What are the
concentrations of H, and I, at equilibrium? (Assume that
initial concentrations of H, and I, were the same.)
[Ans. [H,]=[I,]=0.0419 mol L]
At same temperature and under a pressure of 4 atm PCl; is

10% dissociation. Calculate the pressure at which PCl will be
20% dissociated, temperature remaining same. (1T 199%6)
[Ans. 0,96 atm]
The reaction of the formation of phosgene gas from CO and
Cl, is as follows:

CO(g) + Cly(g) = COCl,(g)

In an experiment, starting with equimolecular CO and Cl, ina
250 mL flask, the equilibrium mixture on analysis is found to
contain 0.05 mole CO, 0.05 mole Cl, and 0.15 mole COCl,.
Calculate the equilibrium constant of the reaction.
[Ans. =15mol~'L ]
At 35°C and 1 atmospheric pressure, N,0, is 27.2%

* dissociated irto NO,. What is the value of K, under these

conditions?

[Ans. K,=03195 atm | .
Nitrogen and hydrogen are added to a 5 litre flask under
pressure. The flask was sealed and heated. The equilibrium

mixture contained 19.0 g of ammonia, 0.16 g of hydrogen and -

3.4 g of nitrogen. Calculate the equilibrium constant, X, of
the reaction:

N,(g) + 3H,(g) == 2NH,(g)
[Ans. K, =5.02x10° mol™L*]
An equ111br1um mixture at 300 K contains N20 and NO, at
0.28 and 1.1 atm pressures respectively. If the volume of the
container is doubled, calculate the new equilibrium pressure of

the two gases. (T 1991)
[Hint: N204(g2 — 2NO,(g)
2
(Pvzo,) 028

When thie volume is doubled, the pressure becomes half and the
system again adjusts to achieve equilibrium.
N,04(g) ~—— 2NO,(g)

(505 )

(0.14 — x) (0.55 + 2x)
_(0.55+ 2x)
P (0.14 - x)
x=0.045
Pryo, = (0.14 = 0.045) = 0.095 atm
Pro, = (0.55+ 2% 0.045) = 0.64 atm]

=432

. At 21.5°C and a total pressure of 0.0787 atm, N,O, is 48.3%

dissociated into NO,. At what total pressure will the per cent
dissociation be 10.0%?

[Ans. 237 atm]

[Hint:
pressure by applying,

. 2
s
Kk, =~LL 0959

Gk

]

First calculate the value of X p' and then evaluate the .
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At 3000 K, chlorine gas dissociates into chlorine atoms in an
equilibrium reaction for which K =0.37. What is the
concentration of chlorme atoms in a vessel that orlglnally
contained 1.0 mol L™ of molecular chlorine?
[Ans. [Cl] = 0.54 mol L]
The equilibrium constant X ,, for the reaction,

N,(g) + 0,(g) —— 2NO(g)
at 1500°C is 120. If N, and O, at an initial pressure of 0.25 atm
each are maintained at 1500°C till equilibrium is established,
calculate the partial pressurc of N,, 0, and NO- in the
equilibrium mixture.

[Ans. py, = P07 = 0.04; pyo = 0.42 atm ]

Find K, for the following reaction,

S0,CL(g) =—— SO,(g) + Clz(g)

If sulphuryl chloride decomposes to the extent of 91 2% at
102°C and total pressure 1 atmosphere.. . —

[Ans. K, =4.94 atm]

If carbon dioxide is 2% dissociated at 1800°C and 1
atmospheric pressure,

2C0,(g) == 2CO(g) + 0,(g)
Calculqte K, for the reaction.
[Ans. X, =4.12%10"°

At a certain temperature, K for the reaction,

POCl,(g) == POCI(g) + Cly(g)

is 0.30. If 0.6 mole of POClI; is placed in a closed vessel of 3.0
litre capacity at this temperature, what percentage of it will be
dissociated when equilibrium is established?

[Ans. 68.5%]

A reaction carried out by 1 mole of N, and 3 moles of H,
shows at equilibrium the mole fraction of NH; as 0:012 at
500°C and total pressure 10 atmosphere; calculate K ,. Also
report the pressure at which mole percentage of NH, in
equilibrium mixture increased to 10.4.

[Ans. K, =1431x107 atm™; P =105.41 atm]

The degree of dissociation of N,O, into NO, at one
atmosphere and 40°C is 0.310. Calculate its K , at 40°C. Also
report degree of dissociation at 10 atmospheric pressure at the
same temperature. _

[Ans. - K, = 0.425 aim; degree of dissociation = 0.1025 ]

The vapour density of PCl at 200°C and 252°C are 70.2 and
57.2 respectively at one atmosphere. Calculate its value of
dissociation constant at these temperatures.

[Ans. K, =0.307,1.19]

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

atm]

- equilibrium is reached?

- NH,HS(s) = NH;(g) + H,S(g): K, =0.11
[Ans. NH, = 0.83 aim; H,S = 0.33 atm] (MLNR 1994)
[Hint:  NH,HS(s) == NH,(g) + H,S(g)

At equilibrium x+ 0.5 X

K,=@x+05x=011]
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SnOz(s) + 2H,(g) +== 2H, 00y, + Sni(s)
For the above reaction find X, if at 900 K, the ethbnum
mixture contains 45% H, by volume.
[Ans. K, =15]
The equilibrinm constant for the reaction is 9.40 at 900°C.

L S(@+CoT==CSy(2)
Calculate the pressure of two gases at equilibrium, when 1.42
atm of Sz‘and excess of C(s)come to equilibrium.
[Ans. pos =128 atm; pg, = 0.14 atm]
For the'reaction,
' CaCO0,(s) == Ca0(s) + CO,(g)

= |.16atm at 800°C. If 20.0 g of CaCO; were kept in a 10

lme container and heated up to 800°C, what percentage of
CaCO, would remain unreacted at equilibrium?

[Ans. 34%]
[Hint: K = peo, =1.16 atm
o XV LIOX10 35500
RT  00821x 1073

Initial amount of CaCO; = % = 0.2 mol

Unreacted CaCO; = 0.2 - 0.132
= 0.068 mol

% unreacted CaCO; = 0'028 x 100 =34]

~In the reaction, C(s) + CO,(g) == 2CO(g), the equilibrium

pressure is 12 ati. If 50% of CO, reacts, calculate X ,.

[Ans. K, =16 atm] _

A mixture of 0.373 atm of NO(g) and 0310 atm of
Cl,(g) is prepared at 500°C. The reaction,
2NO(g) + Cl,(g)y == 2NOCI, occurs. The total pressure at
equilibrium is 0.544 atm. Determine K, of the reaction.

[Ans. K, =5008atm™']

For the reaction,

34(g)+ B(g)=—2C(g)
at a given temperature, K, is 9.0. What must be the volume of
a flask if the mixture of 2.0 moles cach of 4,8 and C is

" obtained at equilibrium?

[Ans. V =6litre]
‘At 700K hydrogen and bromine react to form hydrogen

bromide. The value of equilibrium constant for this reaction is *

5% 10°. Calculate the amount of H,, Br, and HBr at
equilibrium if a mixture of 0.6 mole of H, and 0.2 mole of
brbmine is heated to 700 K. (TIT 1995)
[Hint: H,(g) + Bry(g) = 2HBr(g)
“Inittal 0.6 0.2 )
Since, equilibrium constant is very high the reaction will be
complete and bromine is coasumed.
Thus, 0.2 mole of Br, and 0.2 mole of H, will be consumed to
produce 0.4 mole of HBr. This can be palculated by applying law
of mass action.
2 2
[HBc]” K or 4x
[H, 1[Br, ] 0.6 —x}02 ~x)

x=060r02

=5x10°

52,
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The value of x cannot be more than 0.2 as Br, is a limiting
reactant. Thus, when reaction is complete,

H, =(0.6 - 0.2) = 0.4 mol; Br, =0; HBr = 0.4 mol
At thls point some HBr will dissociate.
2HBr(g) === Hy(g) + Brz(g)
At equilibrium (0.4 — 2x) 04+x) &)
04+xyxx 1

(04 -2x)y 5x10
or % =2 X 10"°(since, x is very small)
or x=2x10710
[Br,]=2x107"" mol; [H,]= 0.4 mol; [HBr]= 0.4 mol]

One mole of H,, two moles of I, and three moles of HI are

injected in a 1 litre flask. What will be the concentration of
H,,I, and HI at equilibrium at 490°C? The equlhbrmm

- constant for the reaction at 490°C is 45.9,

[Ans. 4.36 mol]

[Hy]= 0.316; [L1=1316;[HI] =

Solid ammonium carbamate dissociates to give ammonia and
carbon dioxide as follows:

NH,COONH,(s) === 2NH,(g) + CO,(g)

- At equilibrium, ammonia is added such that partial pressure of

NH, now equals to the original total pressure. Calculate the
ratio of total pressure now to the original total pressure.

[Ans.  3)7.]

Two solid compounds 4 and C dissociate into gaseous product
at temperature T as follows: !
) A(s)=— B(g)+D(g)

(i) Cls)==E(g)+D(g)

At 20°C, pressure over excess solid A is 50 atim
excess solid C is 68 atm. Find the tot~? pressurc
over the solid mixture.

[Ans.  84.38 atm]

Variation of equilibriv  onstant K with temperature /" is
given by van't Hoffequ. . om, ‘

" that over
> gases

AH®
2 303RT
A graph between log K and 7 ™' was a straight line as shown

in the figure and having 6 =tan™' (0.5) and OP =
Calculate:

{2) AH® (standard heat of reaction) when 7 = 298 K,
(b) 4 (pre-exponential factor),

log K =log 4 -

P

log K

O . T -1
{c) Equilibrium constant X at 298 K,
(d) K at 798 K, if AH® is independent of temperature.

[Ans. (a)9.574 Imol™"; (6) 4 =10'% (¢) 9.96 x 10°;
(d) 9.98 % 10°]
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o

2.303RT
It is equation of straight line of the type y = ¢+ mx

2.303R
_AH
2303 x 8314
AH° =9.574 } mol™

[Hint: (a)logK =log 4 -

Slope ‘m’ =tan 8=

(b) Intercept ‘¢ =log 4 =10

A4=10"
©) logK =10~ 9.574
2.303 % 8.314 % 298
K =9.96 % 10°

(@ log KZ i _[__l,

K,) 230R\T, T,
o Kz 9.574 (1 1}
B 006x10° 2303x8314 L2098 798

On solving, K,=998x10°]

When 0.112 mole of NO and 18.22'g of bromine are placed in
a 1.00 L reaction vessel and sealed, the mixture is heated to
350 K and the following equilibrium is established:

2NO(g) + Bry(g) == 2NOBr(g)
1f the equilibrium concentration of nitrosyl bromide is 0.0824
M, what is K7 ‘

[Ans. 106.74]
[Hint: 18.22

2NO(g) + Br,(g) == 2NOBr(g); mp,, = —— = 0.1138
(=0 0112 0.1138 0 160

57.
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0.112-2x7 01138 —x7] 2x
feo i 1 T

2x = 0.0824
[NO] = 0.112 - 2x
=0.112— 0.0824= 0.0296 M
[Br, ] = 0. 1138—@28& =0.0726 M
2 d
- [NOZBr] BN L2 S
[NOT’[Br,] [0.0296]°[0.0726]

Solid ammonium carbarate is put into a closed container and
allowed to come to equilibrium with the gaseous products at
35°C, the total pressure is found to be 0.30 atmospheres. What
is the value of K, for this reaction at 35°C?

[Ans. 4x107]

K, for the equilibrium of,

FeO(s) + CO(g) == Fe(s) + CO;(g)

- at 1000°C 1s-08.403; if CO(g}; at a pressure-of 1.0-atm and- -
“excess of FeO(s ) are placed in a container at 1000°C. What are

the pressures of CO{(g ) and CO,(g) when the equilibrium is
attained?

[Ans. pog =0.713 atm; pc02 = {)‘287 atm ]

A mixture of 1.0 mole of sulphur and 0.2 mole of hydrogen is
heated at 90°C in a one litre flask. The equilibrium constant
for the formation of hydrogen sulphide,
H,(g) + S(s) = H,S(g) is 6.8 x 1072, Calculate the partial
pressure of H, S at equilibrium.

{Ans.  py,s=0.397 atm]
Hint:

First determine the initial pressure of H, by applying

Po= % - RT = 5953 atm]

= OBJECTIVE QUESTIONS

Set-1: Questions with single correct answer
A reversible reaction is one which: .

(a) proceeds in one direction

(b) proceeds in both directions

{(¢) proceeds spontaneously

{(d) all the statements are wrong

An example of reversible reaction is:

(a) Pb(NO,), + 2Nal = Pbl, + 2NaNO,

{b) AgNO; + HCl = AgCl + HNO,

{c) 2Na + 2H,0=2NaOH + H,

{(d) KNO, + NaCl = KCl + NaNO,

Which one of the following is not a reversible reaction?
(8) 2HI(g) = Hy(g) +1o(g)

{b) PCl(g) = PCly(g) + Cly(g)

(c)- 2KCIO4(s5) = 2KCI(s) + 30,(g)

(d) CaCO4(s) = CaO(s) + CO,(g)

Which one is not correct for a reversible reaction?

{a) The reaction is never completed

- (a) active mass

(b) The reactants are present in the initial stage but after that
the reactants and products are always present in the
reaction mixture

(¢} At equilibrium only products are present

(d) When the reaction is carried out in closed space, it attains
equilibrium state after suitable time

The law of mass action was proposed by:

(a) Guldberg and Waage (b) Le Chatelier and Braun
(c) Kossel and Lewis (d) van’t Hoff

The rate at which a substance reacts, depends on its:

(b) molecular mass

{c) equivalent mass (d) total volume

Active mass is defined as:

* (a) number of g equivalent per unit volume
~(b) number of g mol per litre

(c) amount of substance in gram per unit volume

{d) number of g mole in 100 litre

8.50 g of NH, is present in 250 mL volume. Its active mass is:
(@ 1OML ' (b) 05ML'@© 1.5ML" @) 20M L
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Theory of ‘active mass’ indicates that the rate of a chemical
Teaction is directly proportional to the: |PET (MP) 1990)
(a) equilibrium constant (b) properties of reactants

(¢) volume of apparatus (d) concentration of reactants
The state of equilibrium refers to: [PMT (Ph.) 1993]
(a) state of rest (b) dynamic state

(d) state of inertness

In a reversible chemical reaction equilibrinm is said to have
been established when the:

- (@) concentrations of reactants and products are equal

12.

(b) opposing reactions cease

(c) speeds of opposing reactions become equal

(d) temperatures of opposing reactions are equal

A chemical reaction; 4 === B, is said to be in equilibrium

when:

(a) rate of forward reaction is equal to rate of backward
reaction .

(b) conversion of A to B is only 50% complete

(¢} -complete conversion of-4 to - B-has taken place

13.

14.

.15,

(d) only 25% conversion of 4 to B has taken place
The reaction between barium chloride and sodium sulphate goes
to completion because:
{(a) barium sulphate is almost insoluble
(b) the solubility of barium chloride decreases
(c) lattice energy of barium sulphate is very high
(d) the reaction is irreversible in nature
What is the equilibrium constant expression for the reaction,
B (s)+50,(g) === P,0yo(s)?
{Jamin Millia Islamia Engg. Ent. 2007; UPSEE 2607)

@ K, = 2Ol ) K, = Pl
[P, [0, ] 5[P]110;]
5 1
K. =[0,F d) K, =
(C) =1 3] @ ¢ [02]5
Equilibrium constant for the reaction,
Hy(g) +1,(g) == 2HI{g), is cormrectly given by the
expression: ~ ‘
, 5
(@) K, = Falll2] (b) K, =
[HI) [H, (1,1
© &, - I @ k, - 20
[(H, 11,1 [H, 11,]

16.

17.

- 18.

* and

Equilibrium constant for the reaction,

2NO(g) + Cly(g) = 2NOCI(g), is correctly given by the
expression:

@ K = [NOCIJ? ) Kk = 12NoCh

[INOF[Cl,] [2NO][Cl, ]
© k =NOL+[CL] o [NOFICL]
f NOCT] [NOCIP?

For the system, 34 + 28 v C,
equilibrium constant is;

2r n3

o LAT18]

[4T[BT [C]
@ e O oy © e
“The equilibrium constants of the reactions,

SO,(g) + %ogg) — 504(g)
280,(g) + Oy(g) S 2803(8)

the expression for
[JEE (WR) 2007]
C
@ 19
[4]108]

19.

20.

21.

22.

23.

.are K, and K, respectively. The relationship between

K and K, is:
(@) K, =K, (b) K; =K,
(© K{ =K, @ K, =K,

The equilibrium constant for the given reaction is 100.
N, (g) +20,(g) == 2NO,(g)
What is the equilibrium constant for the reaction given below:

1
NO,(g) == ENz(g) +0,(g)
(EAMCET 2009)

(a) 10 () 1
(¢} 0.1 (d) 6.01
For the reaction, 2NO,(g)w== 2NO(g) + O,(g}.

K, =1.8x107 at 185°C. The value of K at 185°C for the
reaction; L
NO(g) + —0,(g) == NO,(g) is: (MLNR 1993)

(a) 0.9x10° (b) 1.95x 107
(¢) 1.95% 10° d) 7.5x10°
The equilibrium constant for the synthesis of HI at 490°C is
50.0. The value of K for the dissociation of HI will be:

(11T 1990)
(dy 020 == -

{a) 0.02 (b) 50.0 (c) 0.50
Consider the following equilibrium,
1 AN
80,(g)+50,(g) == 805(g);
£
2805(g) == 280,(g)+ 0,(g)
What is the relation between K, and K,? [PET (MP) 1993]

@K, = (b)Klz——]’(C)Klsz (d)sz%

1
K> JK, K;

For the reaction 4B(g)+—= A(g)+ B(g), 4B is 33%,

[AMU (Med.) 2010]
() P=3K,

(d)P=8KP
Hint: . . 48(g)+= 4{g) + Blg)
fo I 0 ¢
! 1 1
o 73 3003
273 b4
- X =S
Pan = 34737 P75
/3 P
= e D g ¢ I
Pa =Py 473 p 4
PP
K —-4 4=£
P _‘L_’, 8
2
p=8K,]

. For a system, 4 + 2B == C, the et;uilibrium concentrations

are [4]=0.06, [B]=0.12 and [C ]= 0.216. The K, for the
reaction is:

(a) 125
(c) 4x107°

(b) 415
(d) 250



25,

- 26.

27.

28.

29,

“30.
- _masses) of reactants and products are proportional to:
" (a) partial pressure

31.

32.

33.

34.

35,

. equilibrium constant will be:

. CHEMICAL EQUILIBRIUM

The equilibrium concentrations of x, yand yx, are 4, 2 and 2

- respectively for the equilibrium 2x + y == yx,. The value

of equilibrium constant, K. is: (EAMCET 1990y

(a) 0.625  (b) 6.25 (c) 0.0625  (d) 62.5

4 mole of A are mixed with 4 mole of B when 2 mole of C are

formed at equilibrium, according to the reaction,
A+BT==C+D

the equilibrium constant is:

" (CPMT 1992)
(a) ¥2 (b) 2

() 1 (d) 4

If the equilibrium constant of the reaction 2HI{g) v H,(g)

+1,(g)h s 025, the equilibrium constant of

. Hy(@) +1,(g) == 2HI(g), under similar conditions, will be:
" (a) 4.0

{b) 3.0 (c) 2.0 (d) 1.0
HI was heated in a sealed tube at 400°C till the equilibrium
was reached. HI was found to be 22% decomposed. The

‘equilibrium constant for dissociation is:
- (a) 1.99

(b) 0.0199- (¢) 0.0796  (d) 0.282

For a reversible reaction if the concentrations of the feactants
are doubled at a definite temperature,
constant will:
(a) also be doubled (b) be halved

(¢} become one-fourth (d) remain the same

In a reversible gaseous system, molar concentrations (active

(b) total pressure
(¢) amounts of reactants and products
(d) none of the above
At 3000 K, the equlhbnum partial pressure of CO,, CO and
O, are 0.6, 0.4 and 0.2 atmospheres respectively. K , for the
reaction,
2C04(g)ys==200(g )+ 0,(g)is:
[BHU (Mains) 2010]
(a) 0.088 {b) 0.0533 (¢) 0.133 (d) 0.177
Equilibrium constant depends on:
(a) the actual quantities of reactants and products
(b) the presence of a catalyst
(¢} temperature

_(d) the presence of inert matenal

For the reaction, Hy(g) + Iz(g) +== 2HI{(g), the equlllbnum
constant, K, changes with:
(a) total pressure
(by catalyst
(c) the amounts of H, and I, taken
(d) temperature

2HI(g )= H,(g)+ L (g)
The equilibrium constant of the above reaction is 6.4 at 300 K.
If 0.25 mole each of H, and I, are added to the system, the
(CET Karnataka 2009)
(a) 0.8 by 3.2 (c) 1.6 {d) 6.4
3.1 mol of FeCl; and 3.2 mol of NH,SCN are, added to one
litre of water! At equilibrium, 3.0 mol of FeSCN?" are formed.
The equilibrium constant X, of the reaction :

Fe'' + SCN™ == FeSCN*"

will be : [BHU (Screening) 20“}}
(@) 6.66x107 (b) 0.30
(c) 3.30 (d) 150

then equilibrium
(CPMT 1990; MLNR 1992). |

36.

37.

38,

39.

40.

41.

42,

43.

44,

Therefore, K , and K, are related by

\ 631

[Hint:  Fe” +SCN == FeSCN*

ty 3t 32 0
o1 02 3
t, e =
L 1 1 ]

[FeSCN* ]

¢ [Fe* J[SCNT]

-3 =150]

01x02

K , and K/, are the equilibrium constants of the two reactions,
glven below

No(g)+ H»(g}‘——NHs(g)

No(g)+ 3H2(g)\—;" 2NH;(g)
[AMU (PMT) 2009)

(@) K, =K ®) K, =K,

(o) K, = 2K, @ K, =K, =
In which of the following equilibrium K, and K, are not
equal? [CBSE (PMT) 2010]
(a) 2NO(g) == Ny(g) + O,(g)

(b) SO,(g) + NO,(g) T S04(g) + NO(g)
(c) H,(g) +1,(g) <= 2HI(g)
(d) 2C(sy + O,(g)y = 2C0O,(g) -

Select the correct statement from the following: _
i(a) equilibrium constant changes with addition of a catalyst

(b) catalyst increases the rate of forward reaction

(c) the ratio of mixture at equilibrium does not change by
catalyst

(d) catalysts are active only in solution

In which of the following, the reaction proceeds towards

completion? {MLNR 1990}

(@ K =1 (b) K =107? '

(c) K = (d) K =10°

For the following reaction at 250°C, the value of K 15 26, then

the value of X , at the same temperature will be:

PCl,(g) + Cly(g) == PCl;(g) (MLNR 1990; CBSE 1993)

{a) 0.57 (b) 0.61 (c) 0.83 {d)y 0.91

In the reaction, PCl5(g) = PCl,(g) + Cl,(g), the amounts

S

of PCl;, PCl; and Cl, are 2 mole each at equilibriuvm and the

‘total pressure is 3 atmospheres. The equilibrium constant, K,

is: ur 1991)
(a) 1 atm (b) 2 atm (¢) 3 atm (d) L.5atm
In which of the following K, is less than K .2

GV N,O,(g) ¥ 2NO,(g)
(b) 2HI(g) == H,(g) +Lr(g)
{c) 280,(g) + O,(g) ¥ 2505(g)

G PCly(g) == PCly(g) + Cl,(g)
For a reversible reaction, the rate constants for the forward and
backward reactions are 2.38x 107" and 8.15x 107

respectively. The equilibrivm constant for the reaction is:

(a) 0.342 (b) 2.92

{c) 0.292 (d) 342

The equilibrium constant in a reversible reaction at a given
temperature: '
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45.

46.
- CH,COOH(/) + C,H;OH(/) == CH;COOC,Hy(!) + H,O(])

47.

48.

49.

50.

{a) depends on the initial concentration of the reactants

(b) depends on the concentration of products at equilibrium
{c) itisnot characteristic of the reaction

(d) does not depend on initial concentrations

1.0 g mole of ethyl alcohol and 1.0 g mole of acetic acid are
mixed. At equilibrium 0.666 g mole of the ester is present. The
value of equilibrium constant is: [PET (MP) 1993]

@ % ) % © 2 (d) 4

The equilibrium constant of the reaction,

is 4. If one mole of each of acetic acid and ethyl alcohol are
heated in presence of a little concentrated H,S0,, at
equilibrium the amount of ester present is: |PET (MP) 1992]
(a) 1 mole (b} 2 mole

(¢ - mole (d) — mole

1f dlfferent quantities of ethanol and acetic acid are used in the
following reversible reaction,
CH;COOH()) + C,H;OH())+— CH3COOC7H§(1) + H,O(H
the ethbmum constant will have values which will be?
(a) Different in all cases
(b) Same in all cases
{c) Higher in cases where higher concentration of ethanol is
used
{d) Higher in cases where higher concentration of acetic acid
is used
The reaction,
24(g)+B(g)==3C(g)+D(g)
is begun with concentration of 4 and B both at initial value of
IM. When equilibrium is reached, the concentration of D is
measured and found to be 0.25 M. The value for the
equilibrium constant for this reaction is given by the
expregsion JCBSE (PMT) 2010]

(@) [(0.75Y(025)]+[(L00Y (1L00)]

(b) [(0.75)°(0.25)]+[(0.50)*(0.75)]
(c) [(0.75) (025)] = [(0.50)* (0.25)]
(d) [(0.75Y (025)]+[(0.75)(0.25)]

Mint: 24(g) + Ble) = 3C() + D(g)
I 1 1 0 0
g 050 075 075 028
[C][D] (0.?5)3(0.25)]

[AT[B] (0.50)*(0.75)

The decomposition of N,O, to NO, is carried at 280K in
chloroform. When equilibrium has been established, 0.2 mole
of N,O, and 2x 107 mole of NO, are present in 2 litre

solution. The equilibrium constant for the reaction,
(a) 1x 107 ) 2x 107
(¢) 1x107° (d) 2x107°

The unit of equilibrium constant, K, for the reaction

4 + B == C would be:

(@) mol™' L (b) molL™" (c) molL (d) no unit

-1 9

s2.

53.

54.
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56.
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58.

59.

60.

(a) 30 .

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

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

(2) NO(g) == -]—Nz<g> + -1-02<g>
(b) CaH;OH(1) + CH,COOH(1) ==* CHyCOOC,Hy()

+ H,0(])
(c) 2HI(g) =~ Hy(g) +L1(g)
(d) COCL(g) == CO(g) + Cly(g)
The units of K, in the following reaction are:
N,(g) + 3H,(g) == 2NH;(g)
{a) atm (b) atm™ () atm® (d) atm™'

The equilibrium of formation of phosgene is represented as:
CO(g) + Cly(g) == COCly(g)
The reaction is carried out in a 500 mL flask. At equilibrium
0.3 mole of phosgene, 0.1 mole of CO and 0.1 mole of Cl, are
present. The equilibrium constant of the reaction is:
o {b) 15 (¢} 5 (d) 3
In an equilibrium reaction, for which AG® = 0, the equilibriom
constant X should be equal to:
(a) zero b 10 ) 1 (d) 2
The equlhbnum constant K, for the homogeneous gaseous
reaction is 107, The standard Gibbs free energy change AG®
for the reaction at 27°C (using R = 2cal K™ mol™!) is:
(a) zero (b) — 1.8 kcal
(c) — 4.154 keal (d) +4.154 keal
At 500 K, the equilibrium constant for reaction
cis-CyH,Cl, <= frans-C,H,Cl, s 0.6, At the same
temperature, the equilibrium constant for the reaction
trans-C,H,Cl, & cis-C,H,Cl,, will be:
(a) 1.67 (b) 0.6 (cy 176 (d) 1.64
Which one of the following oxides is most stable? The
equilibrium constants are given at the same temperature:
(a) 2N,05(g) == 2N,(g) +50,(g); K =1.2x 10
(b) 2N,0(g) == 2N,(g) + O,(g); K =3.5x10%
(¢) 2NO(g) == N,(g) + O4(g); K =22x10"
(d) 2NO,(g) == N,(g) +20,(g); K = 6.71x 10'®
In a chemical equilibrium, X, = K , when: A
|CEE (Bihar) 1992]
(a) the number of molecules entering into a reaction is more
than the number of molecules produced
(b} the number of molecules entering into the reaction is equal
to the number of molecules produced
(c) the number of molecules entering into the reaction is less
to the nurmber of molecules produced
{d) none of the above
In a general reaction, 4 + B === 4B, which value of
equilibrium constant most favours the production of 48?7
(a) 9.0x107° (b) 3.5% 1077
(c) 4.0x 1077 (d) 40x 107"

During thermal dissociation of a gas, the vapour density:
(a) remains the same

(b) increases

(c) decreases

(d) increases in some cases and decreases in others
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CHEMICAL EQUILIBRIUM

The vapour density of fully dissociated NH,Cl would be:

(a) less than half of the vapour density of pure NH,Cl

(b} double of the vapour density of pure NH,Cl

(c) half of the vapour density of pure NH,Cl

{d) one-third of the vapour density of pure NH,Cl

In the dissociation of 2HI =— H, +1,, the degree of
dissociation will be affected by:

(a) increase of temperature (b} addition of an inert gas

(c) addition of H, and I, (d) increase of pressure

In lime kilns, the following reversible reaction,
CaCO,(s) &= CaO(s) + CO,(g)

proceeds to completion'because of: (CPMT 1990)

(a) high temperature

{by CO, escapes
(¢} low temperature
{d) molecular mass of CaO is less than that of CaCO,

‘The equilibrium constant for the reaction,

CaCO,(s5) == CaO0(s) + CO,(g), is:
]

K = by K, = 2

@ K= 5 ) K, =[CO,]
@ k= ICOMERL gy g - SO
[CaCOy] [Ca0][CO, ]

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

equilibrium. The K, of the reaction is: (JIT 1992)
(a) 0.5 (b) 4.0
(c) 32.0 (d) 8.0

Iron fillings and water were placed in a 5 litre vessel and
scaled. The tank was heated to 1000°C. Upon analysis the tank
was found to contain 1.1 g of hydrogen and 42.5 g of water
vapour. If the reaction in the tank is represented by,

3Fe(s) + 4H,0(g) = Fe;0,(s) + 4H,(g)
the ‘valu_e of equilibrium constant, K, is:
(2) 30 (b) 0.03
)3 , (d) 0.003
Ammonium hydrogen sulphide is contained in a closed
vessel at 313 K when total pressure at equilibrium is found
to be 0.8 atm. The value of K, for the reaction,
NHHS(s) === NH,(g) + H,S8(g) is: ‘
(a) 0.16 {b) L6 (c) 0.016 (d) 16
Variation of K with temperature as given by van’t Hoff
equation can be written as:

K, AH [1 1
@ log 22=-—"2 |~
K,  2303R|T, T,
) Iog&:ﬂ 1_1
K, 2303R|T, T,
K, AH [1 1
© log 22 =" | o
K,  2303R|T, T,

(d) none of the above

Whep any system in equilibrium is subjected to a change in
pressire, concentration or temperature, the equilibrium is
shifted in the direction which tends to undo the effect of the
change. This statement is known as:

70.

71.
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(a) First law of thermodynamics

(b) Le Chatelier’s principle

(c) Hess’s law

(d) Ostwald’s law

Le Chatelier’s principle is applicable to:

{a) only homogeneous chemical reversible reactions
{b) ‘only heterogeneous chemical reversible reactions
(c) only physical equilibria

(d) all systems, chemical or physical, in equilibrium
In the melting of ice, which one of the conditions will be more
favourable?

" (a) High temperature and high pressure

(b) Low temperature and low pressure
(¢) Low temperature and high pressure
(d) High temperature and low pressure
Solubility of a gas in liquid increases on:
{a) addition of a catalyst {b) decreasing of pressure
(c) increasing of pressure” ~ {d) increasing of temperature —
When KOH is dissolved m water, heat is evolved. If the
temperature is raised, the solubility of KOH:
(a) increases (b) decreases
{(¢) remains the same (d) cannot be predlcted
The yield of product in the reaction,
A (g)+ 2B(g)==Clg)+ QK
would be higher at:
(a) low temperature and high pressure
(b) high temperature and high pressure
(c) low temperature and low pressure
(d) high temperature and low pressure
Manufacture of ammonia from the elements is represented by,
N,{(g) + 3H,(g) == 2NH;(g) + 22.4 kcal
The maximum yield of ammonia will be obtained when the
process is made to take place:

(a) at low pressure and high temperature
(b) at low pressure and low temperature

{c} at high pressure and high temperature

(d) at high pressure and low. temperature

In the reaction, 2505(g) + Oy(g) v 2804(g) + X cal, .
most favourable conditions of temperature and pressure for
greater yield of SO; are:

{(a) low temperature and low pressure -

(b} high temperature and fow pressure

(¢} high temperature and high pressure

(d) low temperature and high pressure

What is the direction of a reversible reaction when one of the
products of the reaction is removed?

(a), The reaction moves towards right hand sxdc

(b) The reaction moves towards left hand side

(c¢) The reaction moves equally on both the sides

(d) The reaction stops

In the reaction, Ny(g) +3H,(g) &= 2NHs(g), AH =~ 93.6
kJ, the yield of ammonia does not increase when:

(a) pressure 18 increased

(b) pressure is decreased

(c) temperature is lowered

- {d) volume of the reaction vessel is decreased
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“(a) 20000R (b) 0.02R

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

A cylinder provided with a piston has some PClg which-is in

equilibrium with PCl, and Cl,. The system is compressed with

the help of piston. Indicate the correct statement:

(a) some more PCl; will decompose

(b) the system remains unaffected

(c):PCl; and Cl, will combine to form PCly

(d) explosion occurs

In the manufacture of nitric oxide, the forward reaction is

favoured by:

(a) high pressure

(c) high temperature

The reaction,
C,H,(g) + Hy(g) == C,Hq4(g); AH = ~ 32.7 kcal

is carried out in a vessel. The equilibrium concentration of

C,H, can be increased by: o

(a) increasing the temperature

(b) decreasing the pressure

(b) lew pressure
(d) low temperature

--(c) removing-some-hydrogen; -~~~ - -~ - === -

(d) all of these
In an exothermic reaction, a 10°C rise in temperature will:
[PMT (Bangalore) 1993]
(a) decrease the value of equilibrium constant
(b) double the value of equilibrium constant
(¢) not produce any change in equilibrium constant
(d) produce some increase in equilibrium constant
If K, for a reaction,
A(g)+2B(g)~— 3C(g)+D(g)
is 0.05 atm at 1000 K, its K in terms of R will be:

—5
(©) 5x 107 R (d) 219

Consider the reaction, CaCO;(s) =—— CaO0(s) + CO,(g)
in closed container at equilibrium. What would be the effect of

- “addition of CaCO5 on the equilibrium concentration of CO,?

(AIIMS 1991)
(a) Increases

- (b) Decreases

85.

86.

(¢) Remains unaffected
(d) Data is not sufficient to predict it
XY, dissociates as:
. XY, (g)~— XY (g)+7Y(g)
Initial pressure of X7, is 600 mm Hg. The total pressure at
equilibrium is 800 mm Hg. Assuming volume of system to

remain constant, the value opr is: (BHU 1992)
(a) 50 (b) 100 (c) 200 (d) 400
[Hint: XhE) ~— XY (@+7Y()

600 — x x X

600 + x =800 or x =200 ]

Which of the following reactions will be favoured at low
pressure?

(@) Hy(g) +1,(g) = 2HI(g)
(b) N,(g) +3H,(g) = 2NH;(g)
(c) PCls(g) == PCl5(g) + Cly(g)

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

87.

According to Le Chatelier’s principle, adding heat to a solid
and liquid in equilibrium will cause the: (MLNR 1990)

88.

89.

90.

| 91,

92.

93.

94.

9s.

(a) amount of solid to decrease
(b) amount of hquid to decrease
(c) temperature to rise

"(d) temperature to fall

For the reaction:

24(g)+B(g)~— 3C(g)+ D(g)

two mole§ each of 4 and B were taken into a flask. The
following must always be true when the system attained
equilibrium:
(a) [4]=[B] () [4]1<[B]
© [B]=[C] (d) [4]> [B]
In a vessel containing SO;, SO, and O, at equilibrium, some
helium gas is introduced so that total pressure increases while
temperature and volume remain the -same. According to
Le Chatelier’s principle, the dissociation of SOj:

' (MLNR 1991)
(a) increases (b) decreases
(c) remains unaltered - - (d)- changes unpredietably -~
The equilibrium, SO,Cl,(g) == SO,(g) + Cly(g) s
attained at 25°C in a closed container and an inert gas, helium,
is introduced. Which of the following statements is correct?

~ (a) Concentrations of SO,Cl,, SO, and Cl, do not change

(b) More Cl, is formed : :

(c¢) Concentration of SO, is reduced

(d) More SO,Cl, is formed

The vapour density of undecomposed N,O, is 46. When
heated, vapour density decreases to 24.5-due to'its dissociation
to NO,. The % dissociation of N, O, is:

“(a) 40 (b) 57

(c) 67 (d) 87

. 1 .
K /K for the reaction, CO(g) + EOZ(g) — CO,(g) 1s:

®) —— () VAT

JRT

(a) RT @1

For the reactions,

"A—8B,K,=1; B=—0C,K,=3,C=—D,K,=5

K. for the reaction 4 —— D is:

(a) 15 (b) § © 3 @ 1
'[!{int: @zl’ [g_]=3,@= ;
. [4] [B] C]

Multiplying all the three, % =1Ix3x5]
The equilibrium constant of the reaction,
Hy(g) +1,(g) = 2HI(g) is 50. If the volume of the
container is reduced to one half of its original value, the
equilibrium constant will be:
(a) 25 (b) 50
(c) 75 (d) 100
C(s) + H,O(g) == CO(g) + Hy(g)
The above equilibrium when subjected to pressure:
) [PMT (Raj.) 1992]
(a) remains unaffected
(b) proceeds in the backward direction
(c) proceeds in the forward direction
(d) none of the above
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“(a) 1.2 atm

CHEMICAL EQUILIBRIUM

Reaction, 4 + B—— C + D + 38 kcal has activation energy

20  kecal. Activation energy for the reaction,
C+D—> A+ Bis: [PMT (Pb.) 1993]
(a) .20 kcal (b) —20 kcal

(c) 18 keal (d) 58 kcal

The equilibrium constant for the reaction,

CaS0, -5H,0(s) == CaS0, -3H,0(s) + 2H,0(g),
is equal to:
@ [CaSO, -3H,0][H,0F )

[CaSO, -5H,0] -[CaS0, -5H,0]

(©) [H0P (d) [H,0]
One mole of N,O,(g) at 300 K is kept in a closed container
under one atmosphere. It is heated to ‘600 K when 20% by

mass of N,0,(g) decomposes to NO,(g). The resultant
pressure is: ' : g

[CaSO, -3H,0]

(b) 2.4 atm

(c) 2.0 atm ° (d) 1.0 atm
equilibrium '

The constant for the

reaction,.

CNy(g) + Oy(g) == 2NO(g) is 4.0 10 at 2000 K. In the
presence of a catalyst the equilibrium is attained ten times

faster. Therefore, the equilibrium constant in presence of the
catalyst at 2000 K is: (MLNR 1994)
(a) 4x10™

(b)y 40x 107*

(c) 4x1072

(d) difficult to compute without more data

The equilibrium constant for a reaction, 4 + B —C + Dis
1x 1072 at 298 K and is 2 at 273 K. The chemical process
resulting in the formation of C and D is:

(a) exothermic

(b) endothermic

(c) unpredictable

(d) there is no relationship between AH and K

The equilibrium constant for the reaction, 4 + B—C+ D
is 2.85 at room ‘temperature and 1.4 x 107> at 698 K. This
shows that forward reaction is:

(a) exothermic

(b) endothermic

(c) unpredictable

(d) there is no relationship between AH and K

If £, and E, are the activation energics of forward and

backward reactions and the reaction is known to be
exothermic, then:

(@) E,>E,

(b) E r<E,

(c) E r=E,

(d) no relation can be given between E , and E,

K , for a reaction at 25°C is 10 atm. The activation energy for
forward and reverse reactions are 12 and 20 kJ/mol
respectively. The K, for the reaction at 40°C will be:

(@) 433x 107" M (b) 3.33x1072 M

(c) 3.33x 107" M (d) 433x 102> M
Concentration of pure solid and liquid is not included in the
expression of equilibrium constant because:

(a) solid and liquid concentrations are independent of their
quantities
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(b) solid and liquids react slowly
(c) solid and liquids at equilibrium do not interact with
gaseous phase ’
(d) the molecules of solids and liquids cannot migrate to the
gaseous phase
For an equilibrium reaction involving gases, the forward
reaction is first order while the reverse reaction is second
order. The units of X', for forward equilibrium is:
(a) atm (b) atm? (c) atm™  (d) atm™
At temperature T, a compound AB, (g ) dissociates according -
to the reaction: '
24B,(g) == 24B(g)+ B,(g)
with a degree of dissociation ‘x’ which is small as compared t6
unity. The expression for K , in terms of “x’ and total pressure
‘P’is Co
2

3

40% mixture of 0.2 mole of N, and 0.6 mole of H, react to
give NH; according to the equation:
N,(g) + 3H,(g) = 2NH;(g)

at constant temperature and pressure. Then the ratio of the
final volume to the initial volume of gases is:
(ay 4:5 (b) 5:4
(c) 7:10 (d) 8:5
Two systems,

PCls(g) == PCl;3(g) + Cly(g)
COCl,(g) = CO(g) + Cl,(g)
are simultaneously in equilibrium in a vessel at constant
volume. If some CO(g) is introduced in the vessel at constant
volume, then at new equilibrium, the concentration of:
(a) PClj is greater (b) PCl, remains unchanged
(c) PCls is less (d) Cl, is greater .
For the reaction, [Ag(CN),]” === Ag® + 2CN", the
equilibrium constant. K. at 25°C is 4x 107"; then Ag®
concentration in a solution which has 0.1 M KCN and 0.03 M
AgNO; is:
(a) 7.5% 10 (b) 7.5x 107"
(=) 7.5% 10" @ 7.5x 107" ,
When NaNO; is heated in a closed vessel, oxygen is liberated
and NaNO, is left behind. At equilibrium:
(a) addition of NaNO, favours reverse reaction

and

.(b) addition of NaNO, favours forward reaction

(c) increasing temperature favours forward reaction
(d) decreasing pressure favours reverse reaction
For the reaction,
CuS0O, -5H,0(s) == CuSO, -3H,0(s) + 2H,0(g)
which one is the correct representation?
@ K,=[ pu,ol (b) K, =[H,0)
(c) K, = K (RT)? (d) All of these
Which one is the correct representation for,
280,(g) + 0,(g) = 2504(g)?
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(o) [Hy]> [N, ]

G.R.B.
2
@ K, = [Ps?3]‘
[ Pso, I'[ po, ]
(SO,
b) K.=—7—
[SO,T°[0,]
= »
(©) K, = — 50 { 1 }
[ns0, 1" [10, ] Total mole

(d) All of the above
For the reaction,

PCls(g) == PCl,(g) + Cly(g) (1T 1991)
The forward reaction at constant temperature is favoured by:
(a) introducing inert gas at constant volume
(b) introducing chlorine gas at constant volume
(c) introducing an inert gas$ at constant pressure ¢
(d) none of the above
In a flask colourless N,O, is in equilibrium with brown
coloured NO,. At equilibrium, when the flask is heated to
100°C the brown colour deepens and on cooling, the brown

- - colour became less coloured. The change in enthalpy AH for

the system is:

(a) negative (b) positive (c) zero

Le Chatelier’s principle is not applicable to:
(a) Fe(s) + S(s) = FeS(s)

(b) Hy(g) +1,(g) == 2HI(g)

(c) Ny(g) +3H,(g) = 2NH;(g)

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

Densities of diamond and graphite are 3.5 and 2.3 g/mL
respectively. Increase in pressure on the equilibrium

(KCET 1993)
(d) not defined

Cdiamond — Cgraphi[e:
(a) favours backward reaction
(b) favours forward reaction
(c) hasno effect
(d) increases the reaction rate
For the reaction, N, +3H, <= 2NH; in a vessel, after the
addition of equal number of moles of N, and'H, equilibrium
state is achieved. Which of the following is correct?
(@) [Hy]=N,] (6) [Hy] <IN, ]
(d) [H, > [NH,]
If pressure is applied to the equilibrium of solid = liquid,
the melting point of the solid:
(a) will not change
(b) may increase or decrease depending upon its nature
(c) will always increase
(d) will always decrease
If concentrations of N,, H, and NH; are: I, 2 and’3
respectively, their concentration at equilibrium will be:
N, +3H, == 2NH;,

(a) (1-x) (2-3x) 2x

(b) (1-x/3) (@2-x) 2x/3
(c) (1-x) (2-x) 3 +x)
(d) (1 x) (2- 3x) 3+ 2x)

A reaction attains equilibrium, when the free energy change 1s:
(a) zero (b) positive and large
(c) negative and small (d) negative and large

AT G T
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If 340 g of a mixture of N, and H, in the correct ratio gave a

20% yield of NH;, the mass produced would be:

(16 g (b) 17 ¢ (c) 20g (d) 68 ¢
If the pressure of N, / H, mixture in a closed apparatus is 100
atm and 20% of the mixture then reacts, the pressure at the
same temperature would be:
(a) 100 (b) 90 (c) 85 (d) 80
The equilibrium constants for the reactlon Br, = 2B, at
500 K and 700 K are 1x 107'% and 1x 107 respectively. The
reaction is:
(a) endothermic
(c) fast (d) slow
If the concentration of OH ™ ions in the reaction:.

Fe(OH),(s) = Fe*" (ag.) + 30H (aq.)
is decreased by I, times, then equilibrium concentration of
Fe** will increase by: |CBSE (PMT) 2008]
(a) 64 times (b) 4times (c) 8times (d) 16 times
K, for A+ B==C+D is 10 at 25°C. If a container -
contains 1, 2, 3 and 4 mol per litre of 4,B,C and D
respectively at 25°C, the reaction shall:
(a) proceed from left to right (b) proceed from right to left
(c) be at equilibrium (d) none of these
In the preparation of CaO from CaCO; using the equilibrium,

CaCO4(s) —— CaO(s) + COy(g)

K, is expressed as:

log X,

(b) exothermic

= 7280~ 8500
T

For complete decomposition of CaCO, the temperature in
celsius to be used is:

(a) 1167 (b) 894
(c) 8500 (d) 850 "~ _
To the system, T

LaCl,(s) + H,0(g) == LaClO(s) + 2HCI(g) — heat
already at equilibrium, more water vapour is added without
altering 7 or ¥V of the system. When equilibrium is
re-established, the pressure of water vapour is doubled. The
pressure of HCI present in the system increases by a factor of :
(@2 ® 27 (03 (d) 4
For the chemical reaction,

3X(g)+Y(g)~—— XY (g)
the amount of X ;¥ at equilibrium is affected by: ([[T 1999)
(a) temperature and pressure
(b) temperature only
(c) pressure only
(d) temperature, pressure and catalyst
In a 500 mL capacity vessel CO and Cl, are mixed to form
COCl,. At equilibrium, it contains 0.2 mole of COCl, and
0.1 mole of each of CO and Cl,. The equilibrium constant X .
for reaction, CO + Cl, — COCIZ is: (CBSE 1998)
@ 5 (b) 10 (c) 15 (d) 20
The partial pressures of CH;OH, CO and H, in the equilibrium
mixture for the reaction,

CO + 2H, — CH;0H

- at427°Care 2.0, 1.0 and 0.1 atm respectively. The value of K p‘

for the decomposition of CH;OH into CO and H, is:
(IIT 1999)
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' CHEMICAL EQUILIBRIUM

(a) 1x 10% atm (by 2x 10% atm™
(c) 50 atm® (d) 5% 107 atm’

8 mole of a gas AB, are introduced into a 1.0 dm® vessel. It
dissociates as:

24B,(g) = A,(g) + 3B,(g)
At equilibrium, 2 mole of 4, are found to be present. The
equilibrium constant of the reaction is: (11T 1997)

(2) 2 mol® L™ {b) 3 mol® L
(c) 27 mol® L (d) 36 mol” L
At constant temperature, the equilibrium constant (K ,, ) for the

decomposition reaction,
N,0, == 2NO,

s expressed by:

_ 4x"P

P-4
Where, P = pressure, x = extent of decomposition. Which one
of the following statements is true? [T (Screening) 2000]
(a) K, increases with increase of P
(b) K, increases with increase of x
(¢) K, increases with decrease of x
(d) K, remains constant with change in P and x
Ce» “ider the reactions,

!
Noz(g)\-—ENz(g)*‘Oz(g) K,
NyO,(g)s== 2NO,(g) K,

-Give the equilibrium constant for the formation of N,O, from

N, and Oz' - (DCE 20006)
(@) —

1 [ K
— (b} —— + —(c d) =2
Kﬁ K2 ()ZK,‘KZ() KK, ()K,

[Hint: NO,(g) = 5 N,(g) + Ox(g) K,
Na(g) + 20,(g) == 2NO,(g)

1 .

K=—7 ¢

K} 0
N,O,(g)=—2NO;(g} K,

K -1 . ()

2NO, (g) == N,0,(g) X
Addmg egs. (i) and (i), :
1
N,(g) + 20,(g) == N,0 K=—5X—
N2(g) + 20:(2) 204(2) e Kzl

Phosphorous pentachloride dissociates as follows:
PCls(g) = PCl;(g) + Cl,(g).
If total pressure at equilibrium is P and the degree of
dissociation of PCly is x, the partial pressure of PCl; will be:
{AIEEE 2006)

)

At ¢ = 0a vessel (volume 1 litre) contains | mole N,, 3 mole

H,and2 mole NH;. The value of K . for N, + 3H, &= 2NH,

is 17.5 L* mol™. Then: .
{a; wial gaseous weight at equilibrium is more than 68 g

(b) total rmoer of moles (gaseous) at equilibrium are more
than 6 moles
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‘In the ethbrlum, SO,CL, —

(©) % is+veforte (0, Teq_ Ywhere, M is average molar

mass of the reaction mixture

{d) total gaseous weight at equilibrium is less than 68 g -

A vessel (volume =2 L) contains 60 g of water gas. When

steam is passed through the wvessel, the reaction,

CO + H, O+ CO, + H; occurs and equilibrium is attained:
n(H

(a) ( 2)
n(CO)

(b) n(H,)+ n(CO)= 4 (at any instant)

< 1(at equilibriumy)

© a;ﬁ > 0 (where, M is average molar mass of gas mixture
s

before the attainment of equilibrium)
aM
d) — <0
(@ ” ‘

A vessel contains CO, and CO with pressures 2 atm and 3 atm
respectively at 27°C. At a temperature of 2727°C, the reaction
2C0(g) = CO,(g) + C(s) occurs
attained. If the equilibrium pressure is 45 atm, then:
(a) K, =2/9atm™

(®) peo t Peo, —-4 5 at equilibrium
(¢) K,=16 atm™!

(d) %, d1sso<:1at10n of CO=0.333
A vessel (volume 8.2 L) contains H,(g) at 2 atm pressure.

" When H,S(g) at a pressure of 4 atm is introduced into the

vessel, the reaction, 8H,S(g) == 8H,(g) + S3(s)occurs at a
temperature of 2000 K. It is found that:

{n(Hg)} [__@_S_)}
n(HZS) at equilibrium ﬁ(Hz) ate=0

{a) maximum weight of solid formed is 32 g
(b) maximum weight of solid formed is 0.32 g
(¢) K,=K.RT '

(d) K, =256

Ng(g) and H,(g) are taken in a vessel in mass ratio of 7 : 1.

The only reaction N, + 2H, &= N,H,(g) occurs. Pressure
due to N,H, at equilibrium is 0.2 times of total pressure ‘P,
Then at equilibrium:

{a) partial pressure of N, = 2P/15

(b) partial pressure of H, = 8P/25

() 2pn, = pu,

@ pn, = 21’}-17

S0, + Cl2 at 2000K and 10
atm pressure, % Cl, = % SO, = 40 by volume. Then:

(@) K, =2atm

(®) M} = l at equilibrium
n(80,) 4

(c) K, = 8atm

(d) n(SOCL, )= n(S0,)= n(Cl,)

A 20 litre box contains O3 and O, at equilibrium at 202 K.
K,=2x 10" for 20; 77 30,. Assume that py, >> po,
and total pressure is 8 atm; the partial pressure of Oj is:

(a) exactly 1.6 % 107 atm
(b) sufficiently less than 1.6 X 10 atm

and equilibrium. 48—
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(c) slightly more than 1.6 x 1078 atm
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. the value of equilibrium constant for 4
(@) Ky +Ky + Ky

(d) very slightly less than 1.6 x 107® atm

For. the reactions, A4+ 8,8 —=Cand C
equilibrium constants are Ky, K, and X, respectively. What 1s
==D?

by K; x K; x K,

(¢) K\ K,/3 (d) None of these -

40== [1) 4, + @ 0, K = 5% 10°

0,; K =1.10x 107

 Which oxide is most stable?

(@) 40 (b) BO (© €O (d) DO
Which graph will show equilibrium condition?

@ § (b) &
5ol jied

- Time —

©) § {d) None of these

Time —»

For the reaction, N, + O, &= 2NO equilibrium constant
K. = 2. Degrees of dissociation of N7 and O, are:
1 1

1
”rf‘ff ®a

1—«}2 —\/

2

both d) __,_
() bothare =7 +f @ 1+«f§ 1-+2

4 +==2B,K,; C—D+E,K,. If degrees of
dissociation of 4 and C are same and K , = 2K, then the
- ratio of total pressure p/p’ =7
- {a) 12 (b) 173 (c) 1/4 (d 2

147.

148.

Equilibrium constants for four different reactions are given‘as:
K, =10% K, = 107 , K5 =10, K, = 1. Which reactxon will
take maximum time to attain equilibrium?

(a) K, =10° by K, =10""

{c) K5 =10 @ K,=1 :
Solubility of a solute in water is dependent on temperature as
given by,

S = Ae " where, AH = heat of solution

Solute + H,O(/) &= Solution; AH =+x
For a given solution, variation of log S with temperature is
shown graphically. Hence, solute is:

149.
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(a) CuSO,-5H,0

(b) NaCl o T

(c) sucrose log S

(d) CaO 1T —>
O

I
CH; — C—CH;(g) == CH; — CH;(g) + CO(g)
Initial pressure of CH,COCH, is 100 mm. When equilibrium

is achieved, the mole fraction of CO(g )is 1/3 hence, K, is:

(a) 100mm (b) 50rmam  (¢) 25mm. (d) 150 mm
In which of the following equilibrium, change in the volume
of the system does not alter the number of moles?

(AIEEE 2002)
() Ny(g) + O,(g) == 2NO(g) ‘
(b) PClL(g) == PCL{(g)+Cly(g) - -
() Ny(g) +3H,(g) ¥ 2NHs(g)
(d) SO,Cly(g) == SO,(g) + Cly(g)
‘What are the mcst favourable conditions for the reaction;

SOz(g) + — Oz(g) — 803(g) AHO =

to occur? [I)PMT 2002; JEE {Orissa) 2¢

(a) low temp. and high press.(b) low temp. and low press.
(c) high temp. and low press.(d) high temp. and high press. .
Consider the following reactions in which all the reactants and
products are in gaseous state

2P0 — P, +0,; K, =2.5x10°
PQ-{—%RZ == PQOR ; K,=5x10"
The value of K 5 for the equilibrium :
11 1, .
2° 277 2 [PET (Kerala) 2010]
(b) 25%10°
(d) 5x10°

(a) 25%107°
(c) 10x107°
(e) 5x107

[Hint: éPz + %QQ =pQ K=

X 1/2
1
PO+ %’Rz —=POR K,

1 1 1 N
—B+-0+—R, &= POR K;= xK
o Z‘Q SR Q 3 2

)
1
_ 5x107?
(2.5x10%)"?
=1%107]
Consider the following equilibrium in a closed container,
N,04(g) ¥ 2ZNO,(g)
At a fixed temperature, the volume of the reaction container is
halved. For this change, which of the following statements
holds true regarding the equilibrium constant (X »)and degree
of dissociation (o }? (11T 2002)
(a) neither K, nor ‘ot changes
(b) both K, and ‘o’ change
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(c) K, changes but ‘e’ does not

(d) K, does not change but ‘o’ changes
For the reaction, PCly(g) + Cl,(g) ¥ PCl;(g), the position
of equilibrium can be shifted to the right by:
‘ [PET (MP) 2004
(a) doubling the volume
{b) increasing the temperature ,
(c) addition of equimolar quantities of PCl, and PCl;
(d) addition of Cl, at constant volume ‘
The most favourable condition for the manufacture of NH, is:
. [CECE (Bihar) 2004]
(a) high temperature and high pressure
(b) low temperature and low pressure
(c) high temperature and low pressure
(d) low temperature and high pressure
The chemical equilibrium of a reversible reaction is not
influenced by: - (KCET 2004)
(a) catalyst - -- =--- - (b) pressure -
(c) temperature (d) concentration
Which of the following change will shift the reaction in_
forward direction?
1,(g) = 2I(g); AH® = +150 k] (ALIMS 2004)
{a) Increase in total pressure
(b) Increase in temperature
{¢) Increase in concentration of /
(d) Decrease in concentration of /,

«
For the reaction, CO(g) + Cl,(g) ¥==> COCl,(g) , the Eﬁ is

c

equal to: (AIEEE 2004)
(a) I/RT  (b) RT (c) VRT (dy 1
The equilibrium constant for the reaction,
Na(g) + O5(g) == 2NO(g)
at temperature T is 4 x 107
The value of K, for the reaction,
! 1
NO(g) =— 3 Ny(g) + 2 O0,(g)
at the same temperature is: (ALEEE 2004)
(a) 2.5x 10° (b) 50 {©) 4x 107 (d) 0.02

2 moles of N, are mixed with 6 moles of H, in a closed vessel
of one litre capacity. If 50% N, is converted into NH, at
equilibrium, the value of K, for the reaction,

N,(8) +3H,(g) ¥ ZNHs(g)

[PMT (Kerala) 2004].
(a) 427 (b) 27/4

(©) 1/27 () 27

(e} 9

For the reaction, Hy(g) + CO4{g) == CO(g) + H,0(g), if
the initial concentration of [H,] = [CO,] and x mol/litre of H,
is consumed at equilibrium, the correct expression of K, is:
[JEE (Orissa) 2005]
2 2 2 b)
X (1+x) X x°

b d
(1-x) ()(l—x)z (C)(2+x)2 @ 2

1-x

(a)

162. Partial pressure of O, in the reaction,

163.

164.

165.

166.

- () 0.532

For the reaction:

2Ag,0(s) == 4Ag(s) + 0,(g)
is: (DCE 2005)

@K, ®»Jk, ©ik, @%,

Two moles of PCls are heated in a closed vessel of 2 litre
capacity. When the equilibrium is attained 40% of it has been
found to be dissociated. What is the value of K, in mol/dm*?

|[PET (Kerala) 2005}

(b) 0.266 (c)0.133 (d)0.174
(e)0.25 :
[Hint: PCls(g) = PCliy(g) + Cly(g)
t=0 2 0 G
' leg, 2-08 9_8. %
2 2 . 2
08 08
. :[PCI3][C12]= 2 2 =0'—64-=0.266]
[PCl,] 12 2.4
2

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

‘K, =1.8% 107 at 184°C

R =10.0831kJ K™ mol™

when, K, and K are compared at 184°C it is found that:
(AIEEE 2005)

(a) K, is greater than K,

(b) K, isless than K,

() K,=K,

(d) whether K, is greater than, less than or equal to K,

depends upon the total gas pressure
[Hint: K, =K, (RT)™

An=3-2=1
K, =K, (RT )
K,>K.]

NH,;COONH,(s) &= 2NHx{(g) + CO,(g). If equilibrium
pressure is 3.atm for the above reaction; K , will be:
(DPMT 2005)
(a)4 27 (d) 1/27
[Hint: pyy, © peo, =211
P, =2 atmi peg, = latm
Ky = o, Plpco, 1227 x1=4]
A+ B+—=C + D. If initially the concentration of 4 and B
are both equal but at equilibrium, concentration of D will be
twice of that of 4, then what will be the equilibrium constant

of the reaction?  |BHU (Pre.) 2005; JIPMER 2006}

(c) 4127

4 9 1
a)— by~ c)— d) 4
()9 2 ()9 (d)
[Hint: A+ B &==C+D
t=0 a a o 4]
ey @~ X a-x x X
x=2{a~x)
3x = 2a
K= XXX x><x:4]

(a—x)(a—x):fx-f_
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15 moles of H, and 5.2 moles of I, are mixed and allowed to
attain equilibrium at 500°C. At equilibrium, the concentration
of HI is found to be 10 moles. The equilibrium constant for the

formation of HI is: (KCET 2005)
(a) 50 (b) 15 (c) 100 (d) 25
[Hint: H, + I, &= 2HI

t=0 15 5.2 0

leg 15-5 52-5 10

2
K, - [HIP 100 =501
[H,][L,] 10x02

For the reaction: 2NOCI(g) == 2NO(g) + Cl,(g), K, at
427°Cis 3x 10° L mol ™. The value of K , is nearly:
. (ATIMS 2005)
(@) 7.5x 107 (b)2.5x 107 (¢)2.5x 107 (d)1.75x 107
For the chemical equilibrium,
CaCO;(s) == CaO(s) + CO,(g)
AH ? can be determined from which one of the following plots?

(ATIMS 2005)
& o}
o O
o o
Q @
53 o
Qo °
1/T —
I0) -
o}
O
o
kS
log T — 1T —
(© _ (d)
[Hint: CaCO4(s) == CaO(s) + CO,(g)
Kp = PCOZ‘
According to Arrhenius equation:
K= Ae—AH,?/RT
log K, =log 4 — L
8 T O T 303RT
AH! 1 '
log Py, =log 4 — (0
g fco, =108 2.303R T (i)
Y=C+MX

Graph (a) represents (i) and its slope will be used to determine the
heat of the reaction.]
In gaseous reversible reaction,

N,(g)+ O,(g) == 2NO(g) + Heat
If pressure is increased, then the equilibrium constant would
be: [UGET (Manipal, Medical) 2006]

" (a) unchanged

(b) increased
(c) decreased .
(d) sometimes increased, sometimes decreased
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If the equilibrium constant for the reaction,
N,(g)+3H,(g)~— 2NH,(g)
at 750 K is 49, then the equilibrium constant for the reaction,

1 3
NH3(g)\:\EN2(g)+EH3(g)

at the same temperature is: [PMT (Kerala) 2006]
(a) 1/49 (b) 49 © 7 (d) 492
(e) 177

The equilibrium constant for the reaction,
- 1
80;(g) == 80,(g)+ - 0;(2)

isK,=49x107
The value of X, for the reaction,
280,(g) + 0,(g) = 2504(g)
(AIEEE 2006)
(b)2.40% 1073

(d)4.9% 1072

1
SO,(g) + 2 0,(8);

will be:
(a) 416
(c)9.8x 107

Mint: SO,(g) =— K, =49x107

) 2
K. = 3
49x107°

: =416.5=416]
For a reaction, H,(g)+ Iz(g)\— 2HI(g) at 721 K, the
vatue of equilibrium constant is 50. If 0.5 mol each of H, and
I, is added to the system, the value of equilibrium constant

250,(g) + O,(g) = 2505(g);

will be: _ [VMMC (Safdarjung) 2006]
(a) 40 (b) 60 (c) 50 (d) 30
[Hint: - Equilibrium constant does not change on adding the

reactant.
In the reaction, H, (g ) +1,(g)~— 2HI(g), in a 2 litre flask
0.4 mole of each H, and I, are taken. At equilibrium 0.5 mole
of HI are formed. What will be the value of equilibrium
constant K .7 [PMT (Raj.) 2006]
(a) 20.2 (b) 254 (c) 0.284 - (d) 11.1
For the reaction, Hy (g ) + 1,(g ) == 2HI(g ), the equilibrium
constant K, changes with: (VITEEE 2007)
(a) total pressure (b) catalyst
(c) the amount of H, and I, (d) temperature
Given the equilibrium system,
NH,Cl(s) == NH} (aq.) + Cl (aq.)

(AH® =+ 3.5 kcal / mol)

what change will shift the equilibrium to the right?
(VITEEE 2007)

(a) Decreasing the temperature
(b) Increasing the temperature
(c) Dissolving NaCl crystals in equilibrium mixture
(d) Dissolving NH,NO; crystals in the equilibrium mixture
The equilibrium constant (K ») for the decomposition of
gaseous H,O:

H,0(g)=—H,(g)+ —;Oz (g) is related to degree of

dissociation (0 ) at a total préssure P is given by:
[PMT (Kerala) 2007]
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P2 o3Py
@K,=————— ) K, =
O roara? O T T era”

32 2 3i2pliz
{c) K}=—H (d) Kp=_—P—T

(1-a)(2+a) T (-a)2+a)
02p :
) K, =
© 5= |
» posss—. 4 1
[Hint: H,0(g) = H,(g) + 502(8)
t=0 - 1 0 0
Ly I-a a /2

anl—a+a+g=1+z=[2+——a)
: 2 2

Wi . vz
o x (EJ 4
2 o F

a312P!!2

Tdtmer i)
The equilibrium constant for the reaction,

2NO,(g)== 2NO(g) + 0,(g)is2x 10 at 185°C
Then, the equilibrium constant for the reaction,

) 4NO(g )+ 20,(g) == 4NO,(g) at the same temperature

179.

180.

would be: [PET (Kerala) 2007]
(8) 2.5%x 107 (b) 4x 10712 (c) 2.5% 101 (d) 2x 10°
(e) 5x10°
1 mole of H, and 2 mole of1, are taken initially in 2 2 L vessel.
The number of moles H, at equilibrium is 0.2. Then, the
number of moles of I, and HI at equilibrium are:

[PMT (Raj.) 2007]
(a) 12,16 (b) 1.8,1.0 (c) 04,24 (d) 08,2.0
The dissociation equilibrium of a gas 4B, can be represented
as,

24B,(g)+— 24B(g)+ B,(g)

The degree of dissociation is x and is small as compared to 1.

The expression relating the degree of dissociation (x) with
equilibrium constant X', and total pressure P is:

(8) (2K fP)”‘? (b) K fP (©2K,/P - (d) (2K P) 3
[CBSE (PMT) 2008]
[Hint:  24B,(g)===24B(g) + By(g) -
t 2 0 0
Ly, 1-X) ' 2x  x Totalmoles=2+x
Partial 2(~x 2x o
pressure 2(~+x)XP mxp 2V+xxp

" | [V 2 }2 [ xp J
2 P
_ P Xbp | C+x) (2+x)

.% Pz, ) |:2(1 ~X) % PT

2+x
B 4xdx p
42+x)(1-x)?

181.

182.

183.

184.

185.

- €quilibrium ? (K = equilibrium constant)
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@0 =2,(1-x)=1

K, B

2

In which of the following reactions, the concentration of the
product is higher than the concentration of reactant at
{ALIMS 2008)
(@4d~==828; K=0001 (O)MzT=N; K =10
X +—=Y; K=0005 (R+==P; K =001
1.6 mole of PCl;(g) is placed in 4 dm? closed vessel. When the
temperature is raised to S00K, it decomposes and at
equilibrium 1.2 mole of PCl{g) remains. What is the K. value
for the decomp031tlon of PCls(g) to PCI3 (g) and Clz(g) at

o x=QK,P)]

500K? IPEE (heraia} st
(a) 0.013 (b) 0.050 (c) 0.033 (d)0.067
(¢) 0.045

Consider the following ‘statements regarding chemical
equilibrium:
1. For the gaseous reaction, the equilibrium can be estabhs
in open vessel.
2. The state of equilibrium is dypamic in nature.
3. If temperature is kept constant, the colour of the reactmg
system changes with time.
Which of the statements given above is/are conrect"
(RCHA Z00Y;
(@ I (b) 2 enly
(c) 3 only (d) 2 and 3 only
The dissociation constants for acetic acid and HCN at 25°C
are 1.5% 107 and 4.5x107'" respectively. The equilibrium
constant for the equilibrium:

'CN + CH,COOH == HCN + CH,CO0"

would be : [CBSE (PMT) 2009]
(a) 3x10* (b) 3x10°
(¢) 3x107° (d) 3x107™*

[Hint : Given

() CH;COOH+==CH,C00" +H" K
(ii)- HCN+— H' +CN~
(iiiy H"+CN-

=15%107°
K, =45x107"°
: 1 1
, Kz 45x10”
Adding (1) and (iii) we get
CH,COOH + CN"= CH,C0O0™ + HCN
K =15x10"° x—,l—m
4.5%107

=3x10%
One mole of N,0, is heated in a flask with a volume of 0.1

" dm?®. At equilibrium, 1.708 mole of NO, and 0.146 mole of

186.

N, 0, were found 134°C. The equilibriuro constant will be:
2? oy * “ 00 2 )

(2) 250 mol dm™ (b) 300 mol dm'3

{¢) 200 mol dm™ (d) 230 moldm™

What is the effect of a tenfold increase in pressure on K, inthe

reaction?

N,(g)+ 3H,(g) == 2NH;(g)
At equilibrium : (EAMCET 201



642

(a) a tenfold increase
(¢} no change

(b} atenfold decrease
(d) equalto X,

Set-2: The Questions given below may have more

than one correct answers

Unit of equilibrium constant is:

(a) (mol/L)' ~" - (b) (mol/L)y**
(c) (atm)®" (d) all of these
Which is/are correct? :

(8) 2.303 log K =~ AH®/RT + AS°/R

(b) AG® = -2.303RT log K

(c) —2303log K =—AH®/RT > + AS®/R
(d) 2.303log K = (/RT YAH® + AS®)

For the reaction, CaCO5(s) — CaO(s} + CO,(g), which is
correct representation?

(8 K,=( pco,) -
(c) K, =(CO,)/1 (d) All of these
1

N, + 0, &= 2NO, KI;[E} N, + [-;—] 0, = NO, K,;

) K,=K.(RT')

4
INOT=N, + 0,, K;; NO+== (éj N, + %] 0,,K,
Correct relation(s) between K|, K ,, K ; and K, is/are:

(a) K, xK;=1 (b) K, xK, =1

(c) yK; %K, =1 (d) none of these

For the reaction, N,O; == 2NO,, if degree of dissociation
of N,O, are 25%, 50%, 75% and 100%, the gradation of
observed vapour densities is:
(ayd >d,>dy>d,
{(c)d =dy=d;=d,

(by dy>ds>dy > d;
(d) none of these

The equation, o = is correctly matched for:

"=
@y A===nB/2+naC/3 (by A==nB/3+(2n/3C
©A—->n/2B+n/4)C (d) Av=—=(n/2)B+C

For a reaction, nd <= A4, degree of dissociation when 4
trimerises is:

d-D 3{d-D 4 d*b D-d
<a>2[——d J“”E( . ](‘”5( - V](cuz[ . ]

For the reaction,
PCl{g) v PCL(g) + Cl,(g)
the forward reaction at constant temperature is fayoured by:
(a) introducing an inert gas at constant volume
(b) introducing chlorine gas at constant volume
{c) introducing an inert gas at constant pressure
(d) increasing the volume of the container
(e) introducing PCl; at constant volume
Which of the following will favour the formation of NH; by
Haber’s process? '
(a) Increase of temperature (b) Increase of pressure
{c) Addition of catalyst (d) Addition of promoter

19.

11.

12.

13.

14,

18,
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Which of the following will not affect the value of equilibrium

constant-of a reaction? . )

(a) Change in the concentration of the reactants

(b) Change in temperature

{(c¢) Change in pressure

(d)} Addition of catalyst

Which of the following statements is/are wrong?

(a) At equilibrium, concentrations of reactants and products
become constant because the reaction stops

{b) Addition of catalyst speeds up the forward reaction more
than the backward reaction

(c) Equilibrium constant of an exothermic reaction decreases
with increase of temperature

(d) K, is always greater than K,

For the gas phase reaction,

C,H, + Hy == C,Hg; AH®=-136.8 kI mol™
carried out in a vessel, the equilibrium concentration of C,H,
can be increased by:

(a) increasing the temperature
(b} decreasing the pressure
(c) removing some H,
{d) adding some C,Hg
When NaNQ; is heated in a closed vessel oxygen is liberated
and NaNO, is left behind. At equilibrium, which are not
correct?
{a) Addition of NaNO, favours reverse reaction
{b) Addition of NaNO; favours forward reaction )
(¢} Increasing temperature favours forward reaction
{d) Increasing pressure favours reverse reaction
An increase in temperature increases which of the following?
1. The rate constant of a reaction
2. The ionic product of water
3. The equilibrium constant of an exothermic reaction
Select the correct answer using the code given below:
(SCRA 2007)
(a) 1 and 2 only ~ (b) 1and 3 only
(¢} 2 and 3 only (d) 1,2 and 3 only
In the following question, more than one answers are correct.
Select the correct answer and mark it according to the codes :
Codes : IBHU (Mains) 20190]
(a) 1,2 and 3 are correct (b) 1 and 2 are correct
(c) 2 and 4 are correct (d) 1and 3 are correct
Water gas, an industrial fuel, consisting CO and H, in
equimolar amounts is obtained by passing steam over red-hot ,
carbon in accordance with the reaction :
C(s)+ H,0(g ) == CO(g )+ Hy(g
AH = +130.5kJ
The yield of water gas can be increased by
(1) — Reducing the total presure of the system
(2} — Increasing pressure of steam
(3) — Raising the temperature
(4) — Introducing hot carbon

[BHU (Mulo<) 2008]
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Assertion-Reason TYPE QUESTIONS

‘Assertion’ (A) and “Reason’ (R). While answering these questions
you are required to choose any one of the following four:

—

(a) If both (A) and (R) are correct and (R) is the correct -

explanation for (A).

(b) If both (A) and (R) are correct and (R) is not the correct
explanation for (A).

(c) If (A)is correct but (R) is incorrect.

(d) If (A) is incorrect but (R) is correct.

. (A)K, can be equal to or less than or even greater than the
value of X,. :

R)K, =K, (RT Y
Relauon between K , and K, depends on the change in the
number of moles of gaseous reactants and products.

(A)For N,(g) +3H,(g) — 2NH3(g), the eqmllbnmn
- constant is ‘X" then for 1 Nz(g) + = Hz(g) == NH\(g)

the equilibrium constant’ w1ll be \f_ .

(R)If concentrations are changed to half the equilibrium
constant will be halved.

(A) A catalyst does not influence the values of equilibrium

constant.

(R) Catalysts influence the rate of both forward and backward
reactions equally.

(A) The active mass of pure solid and pure liquid is taken
unity. :

(R) The active mass of pure solids and liquids depends on
density and molecular mass. The density and molecular
mass of pure liquids and solids are constant.

(A) For PCli(g) = PCl;(g) + Cl,(g). If more Cl, is added
the equilibrium will shift in backward direction hence,
equilibrium constant will decrease.

10.

11.

®K, =

(R) Addition of inert gas to the equilibrium mixture at
constant volume, does not alter the equlhbnum

{A) At equilibrium AG = 0

(R) AG°= ~RTlog, K . at equilibrium.

(A) At equilibrium AG = 0

(R) The Gibbs free energy of reactants and products decreases
and become equal at equilibrium.

(A) Equilibrium constant of a reaction changes on changing
the stoichiometric coefficients of the reaction.

. (R) The reactions : N,(g)+ 3H,(g)+==2NH,(g)

and %Nz (g)+ %HQ (g) == NH,(g) have same equili-

brium constant,
{A) The @, for the reaction :
250,(5)+ 04(8) =>250,(g) is0. - [SOF
SO, P[0 —

(R) When Q. < K, the reaction is not dt equilibrium a 1 it

will be fast in backward direction,

(A)The equxhbrmm of [PCls{g)~— PCl,(g)+ Clz(g X] is

not affected by changing the volume of contamer
_ [PCL[Cly]
[PCL]
Equilibrium constant X, does not depend on the volume
of vessel. .
(A) The reaction : N,(g)+ 3H,(g) = 2NH,(g) will shift
in forward direction by increase in pressure.

(R) On increasing the pressure, the equilibrium will shift in
forward direction.
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I OBJECTIVE QUESTIONS | for

IIT ASPIRANTS _§

1. Ammonium carbamate when heated to 200°C gives a mixture

of NH; and €O, vapour with a density of 13. What is the
degree of dissociation of ammonium carbamate?

[CEE (Keralay 2004

3. 1
a)— - (b)— )2 - (d)1
() 5 (b) 5 (© (GY
S -
e —
(e) 5
[Hint: NH,— C— ONH, —» 2NH,(g) + CO,(g)
Initial vapour density D = W
L 39
2 .
_D~-d 39-13 26 =1

(n-l)d (B3-1)x13 T 26

here, 7 = number of moles of product formed by dissociation of 1
mole reactant.]
In the heterogencous equilibrium:

CaCO,(s) = CaO(s) + CO,(g)
what would be the effect of addition of CaCO; on the
equilibrium concentration of CO,?
(a) Increases (b) Unpredictable
(c) Decreases {d) Remains unaffected
[Hint: Gaseous components ar¢ not present on both sides,
hence, equilibrium will not be affected on addition of CaCO4

K » = Pco, = constant (at constant-temperature)]
For the reaction, N,O,(g) == 2NO,(g); if percentage
dissociation of N,Qy are 25%, 50%, 75% and 100%, then the
sequence of observed vapour densities will be:
(dy >dy>dy>d, (b)d,>ds>d, > d,

(©)dy=dy=dy=d, (@) (d, =dy)> (dy = dy)
Hint: Lesser is the percentage dissociation; greater is the -
vapour density.]

. Inasystem:

‘ A(s)y==2B(g)+3C(g)
if the concentration of C at equilibrium is increased by a factor
of 2, it will cause the equilibrium concentration of B to change
to: '
(a) two times the original value
(b) one half of its original value
©) 242 times the original value

@

L - times the original value
2.

For the decomposition of NH, (g ) in a sealed tube:
- 2NH;(g) == Ny(g) + 3H,(g)

(2) K, does not 6hange with pressure
(b) concentration of H, (g ) is less than that of nitrogen

10.

11.

(c) concentration of ammoni&does not change with pressure
(d) X, changes significantly with pressure
The equilibrium constant for the decomposition of water,

1
[H,0(g) = H,(g) + 5 O,(g)]
is given by:
3 172 ) 312 172

@K = __fx__é’-w_”_z by K = = 7z

(-ax 2~ oc) (-a)2+a)

3 12 i 3. 32

©K=2P_ _ "(d)Kz_O‘p—lﬁ
‘ N (1-o0)2+a)

On heating a mixture of SO,Cl, and CO, two equilibria are— -

simultaneously established:
SO,Cl{g) = SO,(g) + Cl(g)
CO(g) + Cly(g) == COCl(g)
On adding more SO, at equilibrium what will happen?
{a) Amount of CO will decrease
(b) Amount of SO,Cl, and COCl, will increase
(c) Amount of CO will remain unaffected
(d) Amount of SO,Cl, and CO will increase
Consider the reactions,
(i) PCls(g) == PCl4(g) + Cly(g)
(i) NyOu(g) — 2NO,(g)
The addition of an inert gas at constant volume:
(a) will increase the dissociation of PCl; as well as N,O,
(b) will reduce the dissociation of PCl; as well as N,O,
(c) will increase the dissociation of PCl; and step up the
formation of NO,
(d) will not disturb the equilibrium of the reactions
[Hint: At constant volume, inert gas will not affect any of the
equilibrium.]
Dengities of diamond and graphite are 3.5 and 2.3 g/mL
respectively. Increase of pressure on the equilibrivm
C (diamond) = C (graphite)
(a) favours backward reaction(b) favours forward reaction
(¢) has no effect (d) increases the reaction rate
A reaction at equilibrium involving 2 moles cach of
PCl;, PCl, and Cl, is maintained at 250°C and a fotal pressure
of 3 atm. The value of X, is:

(@2 (b)3 (c)4 @1
Hint: PCl; == PCl, + C},
At equilibrium 2 2 2
2 o2 2
Pegyg =gX3’PPC|3 =‘g %3, pay, =% X3
< A
K, = Py X Po, _1x1_ 4

1

is

In case of gaseous homogeneous reaction, the active mass of
the reactant is given by the expression:
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12.

13.

RT P PV n
() ) (b) YT © 7T (d) 7 RT
[Hint: PV = nRT
n_F
Vv RT
. -1 P
-~ Active mass (mol L.7') = —— ]

In the dissociation of I, (g)at 1000 K in a container of 1 litre:
L(g)==2 (g) K =107
Select the correct relation:

@[L]>[I7] G)I]<I"] ) I,]={"] (d)[12]=:,1£[1']

- [Hint: K M[L]i
' Y
o6 CE
L]
[L1>{T7]"
Acetic acid undergoes dlmensatlon, when dlssolved n
benzene :
0 HO\
2CH,—COOH == CH, — C< _r—cH,
OH...07

14.

15.

16.

Molecular mass of acetic acid is found 120. Which among the
following relation is correct?
D-d
byo =2
(b} [ 5 J

D-d
o =2
@a=2(27¢)

d-D 2d
coa=2 o= ——
© [ y ] @o =
where, d = Observed vapour density

D = Theoretical vapour density

[Hint: For association of molecule
_d~-D _ d-D
Td1-1/n) d(1-1/2)
_Ad-D)
= .__d_.]

The equilibrium:

" R(g) + 6Cly(g) = 4PCly(g)

. is attained by mixing -equal moles of P, -and Cl, in an -

cvacuated vessel. Then at equilibrium:

() [CL 1> [PCL4] () [CLL1>[B] -
(©)[P4]>[Cl,] (d) [PCl3] > [Fy]

In the reaction: 4 + B === 2C + D. The initial concentration
of 4 and B are 1 M each. The value of K, is 10°. What is the
equilibrium concentration of 47

(a)2x 1074 M b 2x li)f1 M (9) 0.005M  (d)0.0025 M
For the reaction: i

A(g)+2B(g)=3C(g)+ D(g) K, = 0.05amat 1000K
The value of K, is represented by:

_4
(3) 5x 107°R (b) Sx;)

[Hint:

-5
(© 5x 108 (d)> x}io

- An
K,=K.RT)

17.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

_5x107°
(1000 x R)! R

Match the List-I (cquilibria) wi’th List-I1 (conditions) and
_ select the correct answer using the options given below:

K, _ 005

< T RTY” ]

List-1
P. Hy(g) +1,(g) == 2HI(g) ‘
0. 250,(g) + O,(g) == 250,(g) .2. Low temperature
R. 2NH,(g) == Ny(g) +3Hy(g)

List-1I
1. High temperature

3. High pressure
4. Low pressure
S. Independent of

pressure
. P [4] R
(a) 1,3 2,3 2,4
) 2,3 1,4 1,3 )
© L5 %3 24
ey e 2,40 L5 L3

18.

19.

20,

21

22

" A: K [Fe(CN)g]

At constant pressure, the presence of inert gases:

(a) reduces the dissociation of PCl

(b} increases the dissociation:of PCly-

(c) does not affect the degree of dissociation of PCl

(d) steps up the formation of PCly

[Hint: PClg(g) == PCl,(g) + Cl,(g)

On adding inert gas, the equilibrium will shift towards hlgher
volume direction.]

Which of the following expressions is correct?
(@)K,=K, [RT} LK, =K [i)w
=n R >

p -t .-P ~An+i
DK,=K. [—Z“n—}

©K,=K, (— \
The most stable oxide of nitrogen will be:

() 2NO(g) === Ny(g) + Oy(g); = K =22x10°
(b) 2N,0(g) === 2N,(g) + O,(g); K =3.5x10?
(c) 2N,05(g) == 2N,(g) + 50,(g); K =12x10*
(d) 2NO,(g) === Ny(g) + 20,(g); = K =6.7x 10"

[Hint: Stability constant = %

. Smaller is the value of equilibrium constant greater is the
stability of oxide.]

Equilibrium constant for two complexes are:

2.6x10%7  (for dissociation)

B: K4[Fe(CN)s]  1.9x 10"

(a) 4 and B are equally stable(b) 4 is more stable than B .
(c) B is more stable than 4  (d) the predictable stability

[Hint: 1

Equilibrium constant for dissociation

(for dissociation)

Stability =<

- At the equilibrium of the reaction, N,O,(g) = 2ZNO,(g),

the observed meolar mass of N,O, is 77.70 g. The percentage
dissociation of N,O, is:
(2) 284 (b} 46.7

(c)22.4 (d) 18.4



23.

24.

25,

26.

27.

. _ - _ 1 4
(c)a—,/Kp+P ‘ (d)oz——————m
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[Hint: o= Mo =M
(n-1O)M

_ 92-717
C-1)x717

=(.184

% Dissociation = 18.4)

Consider the following statements :

In the Haber method of synthesis of ammonia

1. Increase of pressure favours the formation of NH,

2. Decrease of pressure produces more NH,

3. Increase of temperature dissociates NH;

4. Addition of inert gas favours the formation of NH,

Which of the statements given above are correct?
‘ (S5CRA 2009)

(@) land3 (b) 2and4 (c) land4 (d) 2and3

For the decomposition of PCIS(g) in a closed vessel, the

degree of dissociation is o at total pressure P.

v PCls(g) == PCls(g) + Cly(g); Kp'
Which among the following relations is correct?
K, ‘ [k +P
(@a= £ (bya = |2
K,+P K,

In the decomposition reaction of ammonia:

2ZNH,(g) ¥ N,(g) + 3Hx(g)
2 moles of NH, are introduced in the vessel of 1 litre. At
equilibrium, 1 mole NH, was left, the value of K. will be:

(a) 0.75 (b 0.70 {c) 1.75 (d) 1.70
[Hint: 2NH,(g) =2 Ny(g) + 3H,(g) -
'§=° 2 0 v
L4 1 2 3/2
&zmmmﬁ
[NH, T
1 (3]3
373
= —“——1-~—- =1.685=1. ’!]

By which of the following relations, the equilibrium constant
varies with temperature?

AHC 1y (1

MK, K, =2 [ d|=
(@K, -Ink, R I [T}
(b)anz-an,:-—-_A” Wy (1
R VN L;r

' 1
nkK, - Ink, = =
() Ink, - Ink, Tn (TJ

B l/T,
Ik, -Ink, = mz [

For dissociation of a gas N205 as:
\ 1
N,045(g) == 2NO,(g) + 3 0,(g);
If “D»’ is the vapour density of equilibrium mixture and F, is

the initial pressure of N,O5(g ), then its equilibrium pressure
must not be (M is molecular mass of N,O;):

28.

29.

30.

31

32.

33.

36.

" (a) 500

.{c) Large positive K

647

(M3 2D) (b)—
D 30 M

M 25D
(©) b @

(@) Ry

SO, (g )is heated in a closed vessel. An equilibrium:

280,(g) == 280,(g) + O{g)
is established. The vapour densuy of the mixture, in which
S0, is 50% dissociated, is:

(a) 26.5 b) 35 (c) 42 (d) 55
. _D-d
‘[Hmt. o -1
_40-d
T @-d
d =26.5]

When In K is plotted against—;: using the van’t Hoff equation,—

a straight line is expected with a slope equal to:
(a) AH®/RT. (b)-AH®/R (c)AH°/R  (d)R/AH®
AB.{g) dissociates as,

AB,(g)== AB(g) + B(g)
The initial pressure of 48, is 600 mm Hg and total pressure is
800 mm Hg. The equilibrium constant for the reaction will be:
{b) 100 (c) 200 (d) 400
For the gaseous reaction,

C,H, + H, == C;H,,

the equilibrium constant has the units:
(a) mol* dm™ (b) dm® mol ™ (¢) dm™ mol ™' (d) mol dm™
The equilibrium constant for the reaction:

H,(g) + Br,{g) === 2HBr(g)
is 67.8 at 300 K. The equilibrium constant for the dissociation
of HBr is:

(a) 0.0147
[Hint:

(b) 67.8 (©) 3390  (d)8.349

1
Kdissc-ciation = T K ]
formation

A large positive value of AG® corresponds to whlch of these?
(a) Small positive K {b) Small negative ¥

(d) Large negative K

Hint: AG® =-2303RT log K]

What is AG® for the following reaction?

' % N,(g) + % Hy(g) == NH,(g); K, = 4.42x 10" at 25°C

(a) — 26.5 kJ mol™ (b) - 11.5 kJ mol ™
() - 2.2 kJ mol™ (d) - 0.97 k¥ mol ™!
For the following reaction: K = 1.7x 107 at 25°C
Ag'(ag.)+ 2NH, (aq.) == [Ag(NH;),]"
what is the value of AG® in kJ?
(ay-412 (by-179  ()+17.9 (dr+4at2
If E:e,, for a given reaction is negative, which gives the correct
relationships for the values of AG® and X, ?
(8} AG®>0,K,, <1 ) AG°>0,K,, > 1
(©)AG° < 0,K,, >1 (d) AG® < 0,K,, <1
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37.

38.

39.
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The free energy of formatlon of NO is 78 kJ mor‘ at the
temperature of an automobile engine (1000 X). What is the
equilibrium constant for this reaction at 1000 K?

S Nu(g) 2 05(¢) == NO(g)

(a) 84 X 10‘5 (b) 7. 1,< 107 (c)4.2x 107" (d)l 7% 10“9
1280,(g) + O0,(g) == 2S04(g)

“(iven, that the equilibrium constant fu. *he reaction above has

a value of 278 at a particular temperature, what is the value of
equilibrium constant for the following reaction at same
temperature?

S0, (g) = Soz(g)+‘;1_;02(g)

(@)13x10° (6)1.8x 107 (c)3.6x 107 (d)6x 107>

In which of the following reactions, the increase in volume of
the container will favour the formation of products?
(a) C(s) + H,0(g) == CO(g) + H,(g)

) Hy(e) + 1(g) == 2HI(g)

() 4NH,4(g) +50,(g)

40.

41.

42,

. reaction:

43.

= 4NO(g) + 6H,0()
(d) 30,(g) = 204(g) ‘
Consider the reaction, whose K = 33,

S0,(g) + NO,(g) == S05(g) + NO(g)

If 0.1 mol each of SO, and NO, are placed in 1 L container,
what is the concentration of SO, at equilibrium?

(@) 0.003M (b)0.015M (c)0.085M (d)0.097 M
Reaction ) K
1 - ..
-2-Nz<g)+oz(g>v———-* NO,(g) K
ZNoz(g) ~— N204 (g) Kz

Using above equations, write down expressmn for K of the
followmg reaction: ,

‘ N204(g) = Nz(g) + - 02(8)
7.

K ' 1
a) KK by —2- c d
@ KK, (>K‘ yc)sz ()KzKZ
Cu® ions react with Fe?* ions accordmg;;

Co® + 2Ff:2+ == Cu + 2Fe3+

At equilibrium, the concentratlon of Cu?t
by the addition of:

(a) Cu®* (b) Fe?* (c) Cu (d) Fe**
Consider this equilibrium, for which AH < 0,

HgO(s) + 417 (aq.) + H,O() — Hgl?™ +20H
Which changes will increase the equlhbrlum concentratlon of
Hgl;™?

1. Increasing the mass of HgO(s)present.”

II. Increasing[I"]
III. Adding 1 M HCL
() I only
(c) I1 and 11! only

ons is not changed

(b) Il only
(d) 1, 1 and 1T

the followmg

44. Which of the following do not change the value of K for a

45.

46.

47.

reaction?
(a) Addition of catalyst
(b) Increase in ternperature
(c) Increase in pressure
(d) Removal of one of the products
For which of the following reactions at equilibrium at constant
temperature doubling the volume will cause a shift to the
right?
(a) N,O4(g) = 2NOy(g)
{b) CaCO,(s) === CaO(s) + CO,(g)
(c) 2CO(g) + Oy(g) == 2C0,(g)
{d) Ny(g) + Oy(g) =— 2NO(g)
In the reaction,
N,0,(g) == 2NO,(g) if D and d are the vapour
densities at initial stage and at equilibrium then what will be

the value of% at point 4 in the following graph?

' c
B2
9% s
o0
82
k=
A
‘2‘ —
(@0 {b) 1.5 ()1 (d)0.5
D-d
int: = -
Hin n-Dd
For the given reaction, n=2and o = at 4
D-d _
2-1d
‘ D
22 1
: d ]
~ A schematic plot of In X, versus inverse of temperature for a

reaction is shown below:

In Keg

4]

The reaction must be:

(a) exothermic

(b) endothermic

(c) one with negligible enthalpy change

(d) highly spontaneous at ordinary temperature
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din K AH®
int: We know that, S el
[Hin : ar  RT?
AH®
InkK,, =- +C .
. T

The plot has positive slope, hence AH © will be negative.]

48. The equilibrium:
NH,HS(s) == NH;(g) + H,S(g),
is followed to set-up at 127°C in a closed vessel. The total
pressure at equilibrium was 20 atm. The K, for the reaction is:

(2) 0.092 M* (b) 0.085 M*
(c) 3.045 M % (d) none of these
Hint: pNH,; =pH,S= %Q atm
K, = pNH; x pH,S =100 atm”
K, =K, (RT )™
100 =K, % (0.0821 x 400)°
K, = 0.092 M?]

49. 20% of N,O, molecules are dissociated in a sample of gas at
27°C and 760 torr. Mixture has the density at equilibrium

equal to:

(a)1.48 g/L. (0)1.84 g/L
(c)2.25g/L. (d)3.12g/L
Hint:  The reaction is:

n:23nda=£0—'=0.2

50.

51,

The equilibrium constants K ” and sz for the reactions -

X = 2Y and Z == P + Q; respectively are in the ratio of
1 : 9. If the degree of dissociation of X and Z be equal then the
ratio of total pressures at these equilibria is: - (AIEEE 2008)

@1:9 (b)1:36
©l1:1 @i:3
[Hint : X &==2Y Z==P + @
ty 1 0 1 0o 0
t, l—o 20 1-o o o
2 -
el ) i
1+ I+a I+a |
i BT
— A 1)
[Ha ] {Ha }
_4oh _ OB
-0l -0 :
fﬂ:%/ﬁ L nn
K, 1-d’/1-0’
1_4h
9 P
P 1
PQ'EE]

"Which of the following plots is correct about endothermic
reaction 7

100 InKp InKp
D = 46, initial vapour density l . ‘ l
d = vapour density at equilibrium i — Y.
a=2-4 @ (b)
(n-1)d '
. 46—d
2-1d
d=383 InKp
Molar mass equilibrium =2 x 383 = 76.6 ‘
Pm = dRT Here, d = density of gas mixture A ‘1 T ____, -
dmixy= 2 o _1XT66 31501 © @
RT 0.0821x300
1. (@ 2. (@ 3. (3 4. (@ 5 (@ 6. (b) 7. () 8- (d)
9. (a) 10. (d) 11. (b) 12. (a) 13. (¢) 14. (¢ 15. (b) 16. (d)
17. (©) 18. (b) 9.0 20, @ 21, (0) 22. (d) 23. (@) . 24. (2
5. d) 26 ) 27 () 28. (a) 29. (b) 30. (v) 31 (b) 32 (a)
33. (a) 34. (a) 35. (a) 36. (a) 37. (@ 38. (d) 39. (@ 40. (b)
41. (d) 42. (0 43. (9 4. (a,¢,d)

. (d 50. (b) 51. (b)

45. (b)) 46 () 47. (2) 48. (a)
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Integer Answer TYPE QUESTIONS

: XY zZW 6. A reaction at equilibrium involving 2 mel each of PCl;,PCl,,
This section contains 10 questions. The answer to [ @ ©@ O Cl, is maintained at 250°C and total pressure of 3 atm. The
each of the questions is a single digit integer, ranging O Q Q@ @ value of K, is :
from 0 to 9. If the correct answers to question numbers . % % e 7. For the reaction:

X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then | @ % % A(g)+B{g)e—=C(g)+D(g)
the correct darkening of bubbles will look like the |® ® © @ The .initial concentrations of 4 and B are equal. The
given figure : 5 % g % equilibrium concentration of C is two times the equilibrium
QRO® concentration of 4. The value of equilibrium constant is :
L0eo 8. N, + 0, == 2NO; K| :
1. For the reaction: 1 (N
AB(g)== A(g)+B(g) : SNt 50 ==NOK,
ABis 33% dissociated at a total pressure of p. Then, L wil INO == N + 02’ K,
be equal to: * p
2. If the reaction 4 =B, has AG°= 0, then its equlhbrlum NO'_‘ '“Nz += 02: K4
- constant will be equal to : ,
3. Consider the following reaction Ky xKy= ‘/- XK4 =% \/-3— XKy =z
A+B —E K, =6 ‘What will be the value of xyz?
B+C+==2D K, =4 9. 4.5 moles each of H, and I, are heated in a sealed 10 L vessel.
What will be the equilibrium constant (X, ) for the following At equilibrium, 3 mole of HI were found. The equilibrium
reaction? constan for :
' A+D==E+C ‘ Hy(g)+L(g)~—2HI(g)is: o
4. For the equilibrium of the reaction : 10. S0O,Cl, and Cl, are introduced into a 3 L vessel. Partial
NH,CI(s) = NH,(g)+HCl(g) K, = 81atm? pressure of 80,Cl, and Cl, at equilibrium are 1 atm ’and 2 atm
o ) ) ? ' respectively. The value of K, for the following reaction is 10.
Ig;al pressure at equilibrium will be x times the pressure of S0,ClL,(g) == S0,(g)+CL(g)
3 . The total pressure in atm at equilibrium would be :
The value of x will be
5. Mixing 4 moles of 4 with 4 moles of B forms 2 moles of C at
equilibrium, according to the following reaction : ‘
A(g)+B(g) = C(g)+D(g)
The value of equilibrium constant is :
[ Awoswerns
1. (8) 2. (1) 3. %) 4. (2) S5 (D -6 (D 7. (4) 8. ()

9. (1) 10. (8) *
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B =e Linkep CompreHeNstON Type QuesTions o= I

® Passage 1

Phosphorous pentachloride When heated in a sealed tube at
700 K, it undergoes decomposition as,

PCl(g)== PCL(g)+Ch(g); K,=38atm

vapour density of the mixture is 74.25.
Answer the following questions:
1. The reaction is:
(a) endothermic
(b) exothermic
(c) may be endothermic or exothermic

(d) unpredictable
2. Percentage dissociation of PCl may be given as:
© (a)4.04 {(b)40.4 (c)44.0 (d) 0.404

3. Equilibrium constant X, for the reaction will be:
@066 M (O05S6M (c)046M (H036M
4. If pressure is increased then the equilibrium will:
(a) be unaffected .
(b) shift in backward direction
(c) shift in forward direction
(d) cannot be predicted

5. When inert gas is added to the given reversxble process then
the equilibrium will:

(a) be unaffected

(b) shift in backward direction
(c) shift in forward direction
(d) cannot be predicted

o Passage 2

In Haber's process, the ammonia is manufactured according to
the following reaction:

Ny(g)+ 3H,(g) == 2NH, (g); AH® = ~ (22.4 /)

The pressure inside the chamber is maintained at 200 atm and
temperature at 500°C. Generally, this reaction is carried out in
presence of Fe catalyst.

Answer the following questions:

1. If K, for the given reaction is 1.44 x 107
will be: .

o) L44x 10°°
(0.082 x 500)2
5 )
(b) 144 x 10 - 1 L_l
(8314 x 773Y
-5
. 1.44 x 10 - mol L
(0.082x 773)
-5
) 1.44 x 10 - mol L
(0.082 % 773)"
2. The preparation of ammonia by Haber’s process is an

,thenthe value of K,

mol L™

exothermic reaction. If the preparation follows the following

temperature pressure relationship -for its % yield. Then for
temperature 7}, 75 and 7, the correct option is:

100 T3
80
K .
Nl
2 60 ;
> 1
2 40
20

-l

100 200 300 400
Pressure (atm) ——»

@7 >Ty > T, (O ES AT T
©L=01="T (d) nothing could be predicted
[Hint: The % yield will decrease with rise in temperature, since

it is exothermic.]
3. 500°C is considered optimum temperature for Haber’s process
because:
(a) catalyst has maxinmm activity at this temperature
(b) energy required is easily obtained at this temperature
(c) yield is maximum at this temperature
{d) rate is fast enough while the yield is also appremable at
this temperature
4. IfK » for the reaction is 1.44 x 107°, then the value of K » for
the decomposition of NH,,

2NH;(g) == Ny(g) + 3H(g)

w111 be:
(2) y1.44 x 107 (b) (144 x 107 )?
d)2.88x 107
Nax10® 1.44 x 10‘5 @

5. 30 litre H,(g) and 30 litre¢ were taken for the reaction in
Haber’s process which yields only 50% of the expected
ammonia due to reversibility of the reaction. What will be the
somposition of reaction mixture under the given condition?

- NH, : N, . H,

(a) 20L 20L 20L
) 10L 25L 15L
(©) 20L 10L 30L
(d) 20L 25L I5L

e Passage 3

When all the coefficients in a balanced chemical equation are
multiplied by a constant factor J, the equilibrium constant
(originally K Ybecomes K” . Similarly, when balanced equations are

_ added together, the equilibrium constant for the combined process is

equal io the product of the equilibrium constants for each step.
Equilibrium constant of the reversed reaction is numerically equal

to the reciprocal of the equilibrium constant of the original equatior.

Unit of K |, = (atm)®™; Unitof K, = [mol L' 1*"
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Answer the following questions;
1. Consider the reactions:

i) CO(g) + H0(g) == coz(g) + Hz(g) K 1

(i) CH,(g) + H,0(g) == CO(g) + 3H,(g); K,

(i) CH,(g) + 2H,0(g) == CO4(g) + 4H,(g); K,

Which of the following is correct?

(@ K=K, /K, (b)K; =K} /K;

© K, =KX, @K, =K, JK,

2. The equilibrium constants for the following reactions at 1400

K are given:
2H,0(g) === 2H,(g) + Oy(g); K, =2.1x 10“3
2C0;(g) == 2CO(g) + Oy(g); K, = 1.4 x 107"

_Then, the ethbnum constant X for the reaction,
- H(@+ COg(g) vm-—* CO(g) +H0®) .
is: -

@204 (b>205 @26 (@84
3. Given: 2NO(g) + O,(g) = 2NO;(2); K,

2NO, () == N;04(g) K
2NO(g) + Oy(g) == N,0,(g); K
Which of the following relations is correct?

@K;=K, /K, B K3 =K, xK;
©Ky=K, +K, @K, =k

I,
4. H;PO, is a tribasic acid, it undergoes ionization as:
-H,PO, == H + H,PO,; K,
H,PO; = H' + HPO; ;X
HPO;” == H' + PO;"; K,

Then, equilibrium constant for the following reaction will be:

- H,PO, == 3H* + PO;"

@) KKK, (b)K O K3 K K2

(d)—=

i 3

5, Consider the two reactions: .
XeFy(g) + H,0(g) <= XeOF,(g) + 2HF(g); K|

XeO,(g) + XeFy(g) v XeOFy(g) + XeO3F(g); K,

Then, the equilibrium constant for the following reaction will

be: .
XeO4(g) + 2HF(g) == XeO;Fy(g) + Hy0(g)
is given by: )
(@K,/K} OK,/K, ©KIK, (DK,/K,
e Passage 4

Mass action ratio or reaction quotient ( for a reaction can be
caleulated using the law of mass action, -

 A(g)+B(g)==C(g)+D(g)
| - _[Cpy
©= s

The value of Q decides whether the reaction is at equilibrium or
"not. :

At equilibrium, 0=K
For non-equilibrium process,Q 2 K

when Q > K, reaction will favour backward direction and when
Q < K, it will favour forward direction.
Answer the following questions:

1. The reaction quotient Q for:

Ny(g) +3H,(g) == 2NH,(g)
. [NH, ] , o .
is given by Q= ——==—_ The reaction will proceed in
[Nz}[Hz] '
backward direction, when: : A :
@g=K, ((bQP<K, (@©@>K. @o=0

2. For the reaction: , :
24+B—=23C at298K,K_ =49
A 3L vessel contains 2, 1 and 3 moles of 4,8 and C
respectively. The reaction at the same temperature:
. (&) must proceed in forward direction
(b) must proceed in backward direction
{c) must be in equilibrium -
(d) cannot be predicted . . .
3. In a reaction mixture contammg Hz, N2 and NH3 at pamal
- pressure of 2 atm;, 1 atm and 3 atm respectively, the value of
K, at 725 K is 428 x 107 atm™. In which direction the net
reactlon will go?
Ny(g) + 3H,(g) == 2NH,(g)
(a) Forward :
(b) Backward
{c) No net reaction
* {d) Direction cannot be predicted
4. Inthe following reaction: '
' 250,(g) + O,(g) == 2804(g)
the equilibrium is not attained. The rate of forward reaction is
greater than that of backward reaction. Thus, which of the
following is the correct relation between K , and 0,?
@K,=0, ®0,>K, ©0,<K, (HK,=0,=1
g In the reaction:
_ . PCls(g) = PCl4(g) + Cly(g)
a graph is plotted to show the variation of rate of forward and
backward reactions against time:
Which of following is correct?

Fémard
o
o]
o
Time —»

: g>kK O0=K g<K
() 3 2 1
(®). 1 2 3
(c) 2 3 1
(d) 2 1 3
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e Passage5

In a reversible chemical reaction, the rate of forward reaction
decreases and that of backward reaction increases with the passage
of time; at equilibrium the rate of forward and backward reactions
become same. , R _ ’

" Let us consider the formation of SO, in the following reversible
reaction : : . ' i ‘

280,(g)+0,(g) = 2504(g)

Fofquingkgraphs are plotted for this reaction:
Graph 1 o :

Conc.
m

1
1
i

1 ta ] ta
Time ——

o
Py

Graph 2

Reactants
Products

Conc. —»

" Time —

' Graph 3

" Free energy of _
" ‘reactants
R
Free energy of
products

X

Reaction progress

Answer the following questions:

L

In the graph (1), 4, B and C respectively are:

(a) SO4, SO, and O, ~ {b) SO;, O, and SO,
(c) 80,, O, and SO, (d) O,, SO, and SO,
In the graph (1), the equilibrium state is reached at:
@4 By @5 @1
~The graph(2) tells us that: s s
(a) the reaction is irreversible

(b) the reaction is reversible

(¢) the reaction is éxothermic

(d) the reaction is endothermic

.. The graph (2) tells us that:

{(a) equilibrium is never achievable
(b) equilibrium is achieved after the concentrations of
reactants and products become equal

(c) equilibrium is achieved before the concentrations of
* reactants and products become equal

(d) none of the above

From the-graph (3), it can be interpreted that:

*(a) equilibrium is achieved at X'
(b)- reaction is nearer to the completion
() AG=0at X

(d) all of the above

®
®
@
@
©

Passage 1. ) ’ b (a)
Passage 2. L)
Passage 3. - L. (©)
Passage 4. 1. (¢)
Passage 5. 1. @

SIS S

-(b)

® 5. ()
© 5. (b)
(@) 5@
© 5@
© 5. (d)

(@)
@
(®)

TR S

(b)
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& SELF ASSESSMENT &

ASSIGNMENT NO. 9

SECTION-I

_Straight Objective Type Questions

This section contains 10 multiple choice questions. Each
question has 4 choices (a), (b), (c) and {d), out of which only

“one is correct.
. By applying the law of mass action, the equilibrium constant

K for the reaction:

" HA + H,0+=> S HIO+ A~ [CET (J&K) 2007]

(@K = w K = [H;01(47]
- [H07){AT] [HA][H,0]
(© K = HEOIH,0] @k = AT
[471(H4] [H,0][H,0"]
For the reaction,
Ny(g)+ 3H,(g) == 2NH,(g) + Heat

When temperature increases:
(a) formation of NH; increases
{b) formation of NH, decreases
(c) concentration of N, decreases
(d) concentration of H, decreases
For the reaction 1 g mole of CaCO, is enclosed in 5L
container

CaCO,;(s) = CaO(s) + CO,(g) K, = 1l16atm  at
1073 K then percentage dissociation of CaC03 is:
(a) 65% {b) 100% () 6.5% (d) zero
The activation energy for forward and backward reactions are
50kJ/ mol and 40 kJ/ mol respectively. If K, and K, are the
equilibrium constants of reaction at temperature 7, and 7,
respectively and 7, > T} then: .
@K <K, MK =K, K >K, DK,=K
[Hint: AH =E;—E, =50-40=10kJ/mol. In endothermic
reactions, equilibrium constant increases with increase in
temperature.]
Given, X(g)+— n¥(g).
If degree of dissociation is @, then K, of the reactmn ina
vessel of 1 litre is:

@)1~

[PMT (Haryana) 2007|

)% Ul (g )

- I+a -«
Consider the following equation in a closed container,

- NyOu(g)== 2NO,(g)

at a fixed temperature, the volume of the reaction container is
halved, for this change, which of the following statement
holds true regarding the X', and degree of dissociation ‘o™
(a) neither X, nor o changes
(b) both X, and o change
() K, changes but o does not change
(d) K, does not change but o changes
The reaction, 4{g)+ B{g)~=—=C(g)+ D{(g)isstudied ina
vessel of one litre at 250° C. The initial concentration of 4 was
3x and that of B was x. At equilibrium, concentration of C was

found to be equal to the equilibrium concentration of B. What
is the concentration of D at equilibrium:

@32 cb>3x-% @x-3

SECTION-II

() x

Multiple Answers Type Objective Questions

8.

10.

11.

12.

Equilibrium constant does not depend on:

(a) catalyst (b) temperature

(c) pressure (d) inert gas
Which of the following reactions have X, < K7

(a)Hy(g)+1,(g)==2Hl(g) . ‘ —

(b) CO(g) + Cly(g ) == COCl,(g)
(¢) 2BrCl(g) < Bry(g) + Cl,(g)
(@) Ny(g) +3H,(g) == 2NH; (g)
Which of the following reactions are not affected by inert gas
addition?
(@) Nx(g)+ 0,(g)~— 2NO(g)
(6) 250,(g) + O,(g) = 250;(g)

{In arigid container of constant volume)
(¢) PCLy(g) + Cly(g ) == PCls(g)
(d) CO(g) + 2H,(g ) == CH,0H(g)
Which of the following are not affected by pressure change?
(a) CaCO4(s) v CaO(s) + CO,(g)
(b) 2NaNO, (s) + O (g ) = 2NaNOj;(s)
() NH,COONH, (s) == 2NH, (g) + CO,(g)
(d) C(s) + H,0(g) == CO(g) + H,(g)
The reaction,

280,{g )+ O0,(g) = 280, (g ) (Exothermic)
will shift in forward direction by:

(a) adding SO, at constant volume
(b) increasing volume of container
{c) adding SO, at constant volume
(d) adding inert gas at constant volume

SECTION-III

Assertion-Reason Type Questions

13.

‘This section containg 5 questions. Each questlon contains

Statement-1 (Assertion) and Statement-2 (Reason). Each
question has foHowmg 4 choices (a}, (b), (¢} and (d), out of
which only one is correct.
{a) Statement-1 is true; statement-2 is true; statement—2 is a
correct explanation for statement-1.
(b) Statement-1 is true; statement-2 is true; statement-2 is pot
a correct explanation for statement-1.
(c) Statement-1 is true; statement-2 is false,
(d) Statement-1 is false; statement-2 is true,
Statement-1: The value of equilibrium constant depends on
the stoichiometry of the equation.
Because



14.

16.

17.
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Statement-2: The value of equilibrium constant does not 18. Match the List-1 with List-1L:
change when the equation i$ multiplied or divided by a List-I List-I1
number, ‘ T
Statement-1: K, = K _ for all reactions. (8) 4(g)~— B(g)+ C(g) Pa= qK—_pfl_P
Because pt
Statement-2: K, and K, are interrelated by the equation K
’ ¢ b) A =24 o= 4
K, =K, (RTY™. (b) 4,(g) (&) @a PrK,
Statement-1: Catalyst does not change the position of ) M
equilibrium. - (¢) PCls(g)== PCl3(g)+Cl(g) () My, =
Because I+a
Statement-2: Catalyst only changes the equilibrium time. (d) N,O, (g) +— 2NO,(g) (s) Forward shift on
Statement-1: Free energy of both reactants and products are decreasing the
minimum at equilibrium. pressure
Because 19. Match the List-I with List-II;
Statement-2: The free energy of reactants and products ‘ List-1 List-IT
decreases with passage of time and become equal at {Mathematical process) {New equilibrium constant)
equilibrium. (a) Divided by oy K"
Statemrent-1: Addition of inert gases at equilibrium will L 1 —
support the dissociation of PCl; at constant temperature. (b) Multiplied by @ I
N Beca}lse (c) Reaction is reversed (DK, xK, xK;3x...xK,
Statement-2: Thg gdqmon of inert gas at constant volume will (d) n-equations are added (s) (K )/
not affect the equilibrium. , . . , )
. . 20. Match the List-I with List-11 for the following reaction:
SECTION-IV NH,HS(s) == NH;(g) + H,5(g)
Matrix-Matching Type Questions List-I List-II
This section contains 4 questions. Each question contains . g
statement given in two columns which have to be matched. @ gjfa?ﬁsfzﬁssme of ®) p NH3 % PH,s
Statements (a, b, ¢ and d) in List-] have to be matched with 4HISLS
statements (p, q, r and s) in List-II. The answers to these ®b) K P (@ Pun,y, T Pu,s
questions have to b{-:.'appmpnately bubbled as illustrated in the {c) Total pressure at © (s . X py,) (RT y?
following examples: equilibrium
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s), @K ' o) Z
then correct bubbled 4 x 4 matrix should be as follows: € ero
p 9 r s
al " JICJO] -/
"0 Q90
) GO,
JOJOJO] -/
1. () 2. (b 3. (© 4. (a) 5, (d) 6. (d) 7. (@ 8 (a,b,d)
9. (b.d) 10. (a,b) 11. {a,b,¢) 12. {a,b) <13, (© 14. (d) 15. (@) 16. (a)
17. (b) 18. (a-q;1,8) (b-p,q8) (c-q, 1.8) (d-p,9)

20. (a-s) (b-p) (c-q} (d-1)

19. (a-s) (b-p) (c-q) (d-1)



