Dynamic nature of equilibrium, Eq
processes, law of chemical equilib

Le-Chatelier’s principle.

71 Int

In discussing problems based on chemical equa-
tions in Unit-1 and thermochem.al equations in Unit
5, it was assumed that the reactants react completely
if taken in the ratio of their number of moles as
represented by the balanced chemical equation.
However, in a number of cases, it is observed that the
reaction does not proceed to completion. Instead, the
reaction mixture contains reactants as well as
products whose concentrations remain constant so
long as the conditions of temperature, pressure etc,
are kept constant. The reaction is then said to be in
equilibrium. Equilibrium is a general term which ap-
plies not only to chemical reactions but applies to
physical changes as well e.g. ice and water are in
equilibrium at 0° C and atmospheric pressure. Hence
equilibrium may be defined as follows -
~ Equilibrium Is the state of a process in

: e

In all processes which attain equilibrium, two
Opposing processes are involved. Equilibrium is
attained when the rates of the two opposing proces-
ses become equal.

g "the_v_opposing proc"e_iisasg{ volvemly pfgmml chan-
ge.s;tkeaqmlxbnmn umﬂed phys:cal equﬂlbrium

uilibrium in physical processes
rium, derivation of the relation

71

» Equilibrium in chemical
ship between Kp and K,

sented as

aA +bB &= xX +yY
where A and B are the reactants and X and Y are
the products. The double arrow between the reac-
tants and products shows that the reaction is taking
place in both the directions simultaneously.

Based on the extent of reaction before equi-
librium is attained, chemical reactions may be clas-
sified into following three categories :

7} Those reactions which proceed almost to
completion i.e. concentrations of the reactants left
is neglizible.

\(#i) Those reactions in which only a small
amount of the reactants reacts and equilibrium is
attained i.e. the amount of product formed is very
small and the amounts of the reactants left at equi-
librium are quite large.

\@##) Those reactions which proceed to such an
extent that the concentrations of the reactants and
products at equilibrium are comparable.

The extent to which the reaction proceeds
before equilibrium is attained depends upon the
experimental conditions. The aim of the industrial
as well as laboratory reactions is to determine the
conditions which help in getting larger amount of
the desired product, )

In this unit, we shall discuss some important
aspects related to equilibrium in physical and
chemical processes.
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7.2. Equilibria in Physical Processes

The dilferent types of equilibria involving
physical changes alongwith suitable examples are
briefly described below :

(1) Solid—Liquid equilibrium (Melting of
ice). I some ice cubes alongwith some water at rC
and normal atmospheric pressure are placed in a
thermos flask so that no heat can enter or leave the
system, the mass of ice and water is found to remain
constant. However, the two Opposing processes
going on at equilibrium are melting ol ice and
freezing of water.

Rate of ;neltmgoAf ice = Rate of freczing of water ;

The equilibrium is represented as
H,O(5) = H,O ()

Al equilibrium,

The temperature at which the solid and liquid
form of a pure substance are in equilibrium at the
atmospheric pressure is called the nonnal freezing
point or melting potnt of that substance.

(2) Liquid — Gas equilibrium (Evaporation of
water in a closed vessel). Consider a closed vessel
connected to a manometer and having arrange-
ment for evacuation and addition of liquid into it
as shown in Fig. 7.1. Suppose the vessel 1s hirst
evacuated. The level of mercury in both the limbs
of the manometer will be same. Now suppose water
is added into the vessel and the whole apparatus 15
allowed to stay at room temperaturc (or at the
desired temperature by placing it in a thermoslat).
It is observed that the level of mercury in the lelt
limb of the manometer begins to fall and that in the
right imb begins to rise. However, after some time,
the levels become constant, The system is then said
to have attained equilibrium. This obsetvation In-
dicates that in the beginning, more and more of the
water is changing into vapours (a process called
evaporation). Ultimately, the amount of water
vapours becomes constant i.e. now as much water
changes into vapours, the same amount of water
vapours change back into the liquid water (a
process called condensation). Thus at cquilibrium
|
|

]

e
| Rate of evaporation = Rate of condensation

The equilibrium is represented as
H,0 () == H,0 (2

The difference in the levels of mercury in the
two limbs gives the equilibrum vapour pressure of

TO VACUUM
PUMP

-

VACUUM

I

WATER/LIQUID

VLR,

FIGURE 7.1. Method of studying the vapour
pressure of a liquid {a) After svacuation
hefore adding the liquid (k) After adding
the liquid into the evaruated vessel,

water at the room temperature (or temperature of
the thermostat), as already discussed in unit 2.

(3) Solid — Solution equilibrium (Dissolution
of sugar in water). SUppose more and more of sugar
is added into a fixed volume of water at room
temperature and otirred thoroughly with a glass
rod. First, the sugar will keep on dissolving but then
a stage will come when no more sugar dissolves.
Instead, it settles down at the bottom. The solution
. now said to be saturated and in a state of equi-
librium (Fig. 7.2). At this stage, as many molecules
of sugar from the curface of the undissolved sugar
go into the solution (a process called dissolution),
the same number of molecules of sugar from the
<olution are deposited back on the surface of the
undissolved sugar (a process called precipitation).
As a result, the amount of the undissolved sugar
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1 ’
=== G SATURATED
SOLUTION

UNDISSOLVED
SUGAR

FIGURE 7.2. Eq.ui.llibrium between Undi&so]velt.i S

sugar and saturated solution.

and the concentration of sugar in the solution
remain constant,
Thus in this case, at equilibrium,

——

| Rate of dissolution = Rate of precipitation |

The equilibrium is written as

Sugar (Solid) —=

—== Sugur (in solution)

The amount of the solid in grams that dissolves in
100 g of the solveni to form a saturated solution at

« purticular temperature is called the solubilityof

that solid in the given solvent at that temperature.

(4) Gas—solution equilibrinom (Dissolution
of a gas in a liquid under pressure in a closed vessel).
The best example of this type of equilibrium is that
of a soda water bottle. The equilibrium that cxists
within the bolttle is

CO,(g) —=

=
The amount of the gas dissolved is governed
by Henry’s law which states as (ollows : —

CO, (in solutton)

; The mass of a gas dissolved in a given mass of a
solvent at any temperature is directly proportional
to the pressure of the pas above the solvent.
le mx p or m= kp
where k is a constant of proportionality and is ca
Henry’s constant. Iis value depends upon the nature
af the gas, nuture of the liquid and temperature.

Alternatively, as the mass of the gas dissolved
corresponds to the concentration of the gas in the

solution and the pressure corresponds to the con-
centration of the gas above the solution (in the
gaseous phase), we can write
Concentration of the gas
in the agueous solution
[ Concentration of the gas in the]
gaseous phase
Concentration of gas in the agueous solution
Concentration of gas in the guseous phase
(i.e. equilibrium pressure)
= Constant at constant temperature
e.g. for the equilibrizm

CO, 8 —= CO,(aq)

[CO, (aq]
[CO, )]

The reason why the gas fizzes out (bubbles
out) when a soda water boltle is opened is as fol-
lows :

In the sealed soda water bottle, the pressure
of the gas is very high above the liquid, so the mass
of the CO, gas dissolved is also high. As soon as the

bottle is opened, the pressure tends to decrease to
atmospheric pressure, so the solubility decreases
t.e. the dissolved gas escapes out.

To sum up, the results discussed above about

= Constant at constant temperature.

'i)hysica] equilibria are reproduced below :

() Solid = liquid equilibrium exists
only at one particular temperature /.e., the melting
point or freezing point. Thus for such an equi-
librium, temperature is constant.

(@) In iquid —= gas equi]ibrium,\the
pressure of the vapours above the liquid (i.e. vapour
pressure) is constant ‘at constant temperature.

(@) Insolid =—= solution equilibrium,
the solubility of the solid in the solution is constant
at constant temperature.

(iv) In gas —— solution equilibrium, the
mass of the gas dissolved is constant for constant
equilibrium pressure at constant temperature.

PROBLEMS ON PHYSICAL EQUILIBRIA

* EXAMPLE 1. If 0.200 g of iodine is stirred in
100 cm® of water at 298 K till equilibrivm is reached,
what will be the mass of iodine found in solution and
the mass that is left undissolved. After equilibrium is
reached with 0.200 g of iodine and 100 cm?® of water,

xxxxx s .

we add 150 cm?® of water to the system. How much
todine will be dissolved and how much will be left
undissolved and what will be the concentration of
iodine in solution ?

[, (aq)] at equilibrium =0.0011 mol L™ at 298 K
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Solution. As the solubility of iodine (con-
centration at equilibrium) is 0.0011 mol L~*
(Given), this means that at equilibrium,

1000 cm?® of water dissolve I, =0.0011 mole
— 0.0011 x 254 ¢
(- Molar mass of I, = 254 g mol ™)
= 02794g~028¢g
. 100 cm® of water dissolve 1, = 0.028 g
- 1, lelt undissolved = 0.200—0.028
=0.172¢g

On adding 150 ¢m® of water (o the above
solution, total volume of water = 250 cm3. As total
solubility of 1odine is 0.28 ? L™, therefore iodine

that will dissolve in 250 cm” of water
(.28
=) T 2 =
1000 % 250g = 0.070g
. I left undissolved = 0.200—-0.070 g
=0.130g
Moelar concentration of the solution
(-130 it
354 % 25p < 1000
= 0-0011 mol L1

EXAMPLLE 2. During bottling, a carbonated
beverage was made by saturating flavoured water at
0° C with CO, at a pressure of 4.0 aim. Later, the

bottle was opened and the soft drink allowed to come
fo equilibrium at 25° C with air containing CO, ot a

pressure of 4-0 % 10~4 atm. Find the concentration
of CO, in the freshly bottled soda and in the soda

after it had stood open and come to equilibrium. The
Henry's constants for aqueous solution of CO, are
gl L9 CLk = T T ot = Gt
At 25°C k = 3.2 x 1072 mol L™  atm ™!
Solution. By Henry's law, C = kp where Cis
gas concentration in solution, p is the partial pres-
sure of that gas and k is Henry’s constant.

(@) For the freshly bottled soft drink

C=kp
= (7.7x107? mol L™ atm™ ') x (4.0 atm)
= 0-308 mol L1

(7) For opened soft drink at equilibrium with

atmospheric CO,,
C=(32x10"2 mol L™ atm™!)x(4.0%10™* atm)
=128 X 107 mol L™

» EXAMPLE 3. Fill in the blanks (a to i} in the
following table which contains the solubility data of
oxygen in water at 299 K.

Fxpe. | Pressure | [0, (g)] foifﬂq}q,Ff [0 (),
OkPa | oir=! | motr ) (IO 60,
1 106-4 a 00012 b
I (5 0-080 d 0029
T 33383 0-13 € 0020
w ! 4661 f 00053 g
| v | 5988 A i 0-028
(N.CERT)
Solution. Expt. L.
PV = nRT or P=%RT = CRT
P
o= = Fl:_{?
106- 4 kPa
(8 314kPaLK 'mol 1) 299K)
=0-043 moi L

ie a=0-043mol L
_0-0012 _ 0-0012

Pt E T 20
d —_ 3
Bxpt. Il - = 0-029
or d=0-0023mol L™!
P = CRT = 0-080 X 8-314 X 299
— 198-9 kPa
ie. ¢ =198-9kPa
e
Expt. Tl 5% = 0-029
o ¢ = 00377 mol L1
P
Expt. IVf = C = o=
_ﬁl__ i -1
pF e it U
0-0053  0-0053
==y = 008
P 598-8
Expt.V. 4 =C = o1 = §7314 x 209
— 0-241 mol L™
;
L= 0028
i=0-028 X 0-241 = 0-0067 mol L™,
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7.3. General Characteristics of Equilibria

Invelving Physical Processes e

Some of the important characteristics of
physical equilibria are as follows :

1. At equilibrium, some observable property of
the system becomnes constant (as expluinedin section
2o

2. Equilibria involving gases can be attained
anly in closed vessels. This is because if the vessel is
open, the gas will escape and there will be no
equilibrium.

3. Equilibrium is dynamic In nature iLe. there
are two opposing processes taking place at equal
rates,

4.4t equilibrium, the concentrations of the dif-
ferent substances become consiant at consignt
temperature (as explained in equilibria (if), (i) and
(iv) above)

5. At equilibrium, there exists an expression
involving the concentrations of the substances which
is constant at constant temperature.

eg for CO ) = €O, (ag),

(€O, (ag)|
(€O, ()]

This constant is called equilibrium constant,

6. The magnitude of the equilibrium constant
represents the extent to which the process proceeds
before equilibruim is attained. For example, greater
value of the constant in the above case shows
greater dissolution of CO, in water.

= constant at constant temperature.

7.4. Equilibria in Chemical Processes 3

7.4.1. Reversible Reactions, In the various
processes described above involving physical chan-
ges, we have seen that two opposing processes take
place, the rates of which become equal when equi-
librium is attained. When opposing processes take
place in a chemical reaction, the reaction is said to
be a reversible reaction. A reversible reaction may
be defined more precisely as follows :

A reaction in which not only the reactants react to
Jorm the products under certain conditions but also
the products react to form reactants under the same
.m&wﬂadnmlbhmtﬁmhm_
ﬂfﬁaWMﬂhMﬂm&ﬁﬁe ;
Jorward direction but also in the backward direc-

tion under the same conditions is called a reversible

reaction.

It is represented by putting a double arrow
( == ) between the reactants and the products,
one arrow pointing lowards the products and the
other pointiag towards the reactants. For example,
a reversible reaction between A and B to form ©
and D is represented as
A+ B &= C+D

The concept of reversibility in a chemical
reaction may be explained with the help of the
following example :

If pieces of iron are placed in an open glass
tube heated from below and steam is passed from
the other end (Fig. 7.3 a), the following reaction
takes place :
3Fe(s) + 4H,0(p)

Iro

n Steam

*» Fe;0, (s) + 4H, (g)

Iron oxid=  Hydrogen

F!'ECEE OF IRON

— H,

HEATING
JFB 2004

—H, O
VAFOUR

) HEATING

HEATING

FIGURE 7.3. Reversible reaction occuring'
in a closed tube (c).

Again if in placs of iron, iron oxide (Fey0,) is
placed in the tube, heated from below and
hydrogen is passed over it (Fig. 7.3b), the following
reaction takes place :

Fe;0, (s) + 4H, (g) —— 3Fe (s) + 4H,0 (g)
Iion Water vapour

Since in both the above cases, the tube was
open, hydrogen in the first case and water vapour
in the second case escape out. However, if the tube
is closed (Fig. 7.3 c), both the reactions take place
simultaneously and hence the reaction becomes
reversible. It may be represented as

3Fe (s5) +4H,0 (g) = Fe;0,(s) + 4H, ()
Obviously, whereas the first two reactions can

g0 to completion (i.e. whole of iron can be con-
verted intoiron oxide in the first case and iron oxide
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into iron in the second case), the last reaction viz.
the reversible reaction does not go to completion.
In fact, ultimately, an equilibrium mixture of the
various reactants and products is obtained in a
reversible reaction (as will be discussed later).

A few more common examples of reversible
reactions carried out in closed vessels are given
below:

(f) CaCO, (s) == Ca0 (s) + CO, (e)
(i) N,O, ) == 2NO,(g)

(iii) PCly () = PClL(®) + Ch(®
@) By @)+ L@ == 2HI (@

») Ny (g) + 3H; (@) == 2NH; )
(vi) CH,COOH () + GH,OH () ==

Acetic acid Ethyl alcohol
CH,COOCHs () + H0()
Ethyl acctate Water

7.42. Irreversible Reactions
If @ reaction cannot take place in the reverse direc-
riomie the, o tormsad o et ik

It is represented by putting a single arrow
between the reactants and the products, poiating
from reactants towards products i.e.

AR Gl

A few examples of irreversible reactions are
as follows :
(i) AgNO, (ag) + NaCl (ag) —
AgCl (s) + NaNQ, (aq)
(ii) BaCl, (aq) + Na,80, (aq) —
BaSO, (s) + NaCl (aq)
(Gi)2Mg (g) + O, () — 2MgO (5)
It is interesting to note that a reversible reac-
tion becomes irreversible if one of the products
(which is gaseous) is allowed to escape oul. It is for
this reason that the reaction between iron and
steam is irreversible if carried out in the open tube
because hydrogen gas formed escapes out.
7.43. Concept of Chemical Equilibrium.
Consider the general reversible reaction
A+B = C+D

5

In the beginning (i.e. at time ¢ = 0), the con-
centrations of A and B are maximum and the con-
centrations of C and D are minimum (equal tozero,
because no C and D are yet formed). As the reac-
tion proceeds, the concentrations of A and B ure
decreasing with the passage of time whereas the
concentrations of C and D are increasing. There-
fore, the rate of forward reaction is decreasing
while the rate of backward reaction goes on in-
creasing.

Ultimately a stuge comes, when the rate of
forward reaction becomes equal to the rate of back-
ward reaction. The reaction is then said to be in a
state of chemical equilibrium.

The variation of the reaction rates with time
and ultimately the attainment of chemical equi-
librium may be represented diagrammatically as
shown in Fig. 7.4.*

f%e‘?&
C
o
L ?\'E;.F‘*GTHGN
i o
o 3‘?‘
L)
e
TIME ——»

shi FIGURE 7.4. "l.li'arhﬁ;::n. in reaction
rates for the forward and backward
reaction with time.

Examples. The following examples illustrate
how the equilibrium is attained :

(1) Decomposition of Calcium carbonate in a
closed vessel. If calcium carbonate is heated in a
closed vessel, the reaction is reversible as shown
below :

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

If the temperature of the furnace is kept con-
stant (say at 1073 K) and the vessel is connected to
a manometer (Fig. 7.5), the pressure (due to CO,
gas) first keeps on increasing and ultimately be-
comes constant. This is obviously due to the fact
that now as much of CO, is formed from CaCO;,
the same amount of CO, reacts with Ca0 to give

*This is the general diagram. For the evaporation of a liaurd w2 closed vessel, the disgrar is different as discussed in unit

2, under Vapour Pressure.

- =
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-

CaCOa

FURNACE

(a) INITIAL STATE
MANOMETER

CaCOi~Ca0+COy
( ; 'r.: : ::

FURNACE

(b} EQUILIBRIUM STATE
MANOMETER

FIGURE 7.5. Equillibrium in the
decomposition of CaCO5

back CaCQ,. In other words, the rate of forward
reaction and backward reaction have become
equal. Hence the reaction has attained chemical
equilibrium.

(2) Decomposition of NG, in a closed vessel.
The decomposition of N,Q, in a closed vessel is a
reversible reaction as represented below

N,Oy () 2NO; ()
(Colourless) {Reddish brown)

N,0, is almost stable at 0°C and is almost
colourless. Thus if N,O, is taken in a glass bulb

which is then sealed and placed in ice, it is almost
colourless, Now if the sealed glass bulb is shifted
into a vessel containing water at 25°C, the bulb
starts acquiring brown colour which first deepens
and then becomes constant. This indicates a state
of equilibrium in which the concentrations of
N,O, and NO, have become constant. That both

are present in the reaction mixture can be tested by
increasing the temperature of the bulb further
when brown colour deepens (indicating more dis-
sociation of N,0,) and by cooling the bulb down

from 25°C when the brown colour fades (indicating
combination of NO, molecules to form N,Q,).

(3) Combination of H, and I, to form HI. It is

areversible reaction as represented below :
H@ + LEe == 2H(
(Colourless)  (Purple) {Colourless)
If H, and I, (say in equimolar ratio) are

enclosed in a glass bulb at 500°C, the colour is deep
purple in the beginning but as the time passes, the
intensity of the colour decreases and then no fur-
ther change in colour is observed. This again indi-
cates that the reaction has attained a state of
equilibrium,

{4) Reaction between ferric nitrate and potas-
sium thiocyanate solutions, It is again a reversible
reaction and may be represented in the ionic form
as follows :

Fe’™ (ag)+(SCN)~ (ag)== [Fe(SCN)]** (aq)
(Yellow} {Colourless) (Deep red)

The details of this reaction have been dis-

cussed later in Section 7.14.

7.44. Dynamic Nature of Chemical Equi-
librium. When the equilibrium is reached, the most
important observable property is that the con-
centration of each of the reactants and products
becomes constant. For example, in the reaction
between H; and I, to form HI, the colour becomes

constant because the concentrations of H, , I, and

HI become constant. Similarly, in the decomposi-
tion of CaCO; in a closed vessel at a particular

temperature, the amount of CO, becomes constant
and in the dissociation of N;O, at a particular
lemperature, the percentages of N,O, and NO,

become constant. Thus when the equilibrium is
reached, it appears that the reaction has stopped.
However, this is not the case. The reaction is still
going on in the forward as well as backward direc-
tion but the rate of forward reaction becomes equal
to the rate of backward reaction. In other words, us
much of the reactants react to form the products,
the same amount of products react to give back the
reactants in the same time. Hence the equilibrium _
is dynamic in nature and not static.

Experiment to illustrate dynamic nature of
chemical equilibrium. In the Haber's process,
starting with definite amounts of N, and H, and

carrying out the reaction at a particular tempera-
ture, when equilibrium is attained, the concentra-
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tions of N,, H, and NH, become constant as shown
in Fig. 7.6. If the experiment is repeated by taking
deuterium (D,) in place of H, but with the same
amounts and exactly similar conditions as before,
equlibrium is attained containing D, and ND; in
place of H; and NH, but in the same amounts. Now
if the two reaction mixtures are mixed, then after
some time, it is found that the concentrations of
ammonia and hydrogen are same except that now
all forms of ammonia (e NH; NH,D,
NHD,, ND,) and all forms of hydrogen (i.e
H,, HD, D,) are present. This shows that at equi-
librium, the reaction is still going oni.e. equilibrium
is dynamic in nature.

% \ Hz[ﬂa.ﬁlﬂﬂ
7
14
=
& k Ny (Reactant)
g
o]
o
% NHa(Product)
Q
=
TIME —»

FIGURE 7.6. Representing the attainment
of equilibrium for the reaction

Na(@) + 3H20) T= NHy(@)

Experiments to illustrate dynamic nature of
physical equilibrium,

Expt. 1. Suspend a crystal of copper sulphate
in a saturated solution of copper sulphate con-
tained in a glass bottle (Fig. 7.7). After a few hours,
the shape of the crystal is found to be deformed and
CuSO, dust is found to accumulate at the bottom

of the bottle. This shows that although the solution
continues to remain saturated, the process of
breaking away of the particles from the CuSO,

crystal and the deposition of the particles from the
solution on the crystal continue at the same rate.
This is a special case of chemical equilibrium
(called solubility equilibrinm) in which rate of dis-
solution = rate of precipitation.

Expt. 2. In the system containing undissolved
sugar in equilibrium with the dissolved sugar in the
saturated solution, if the beaker is tilted 50 as to

CRYSTAL OF
COPPER SULPHATE

SATURATED
CuS04SOL.

<hift the undissolved sugar into one corner and at
the other corner a small amount of radioactive
sugar is added, it is found that the solution as well
as the undissolved ordinary sugar also become
radioactive but the total amount of undissolved
sugar (ordinary + radioactive) remains constant
(Fig. 7.8).

#
SATURATED
UNDISSOLVED —
ORDINARY SUGAR SOL.
SUGAR

UNDISSOLVED
RADIOACTIVE
SUGAR

FIGURE 7.8. Experimental proof of
dynamic equillibrium.

This experiment clearly proves that after the
attainment of equilibrium, the sugar molecules are
breaking off from the surface of the solid sugar and
passing into the solution but the same number of
sugar molecules from the solution are being
deposited back on the surface of the solid sugar.

Analogies to illustrate dynamic nature of
equilibrium. The following analogies will help to
understand the dynamic nature of equilibrium
more clearly :

() Suppose in a chicken-house, there are two
compartments separated by a door. Suppose one
compartment has white chickens and the other has
brown chicknes. If the door is now opened, some
chickens from each compartment rush to the other
compartment. After some time, however, a stage
comes when as many chickens of each type leave
each compartment as enter it and the percentage
of white and brown chickens in each compartment
becomes constant, Though the equilibrium is said
to have been reached, the movement of chickens
does not stop.
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(ir) If in a vessel fitted with a tap and contain-
ing some water, the water is coming in and going
out at the same speed, the level of water in the vessel
remains constant (Fig. 7.9). Thus it appears as if
nothing is happening to the water of the vessel.

FIGURE 7.9. Rate of inflow = Rate of cutflow
(level remains constant)

7.45. Characteristics of Chemical Equi-
librium, Some of the important characteristics of
chemical equilibrium are follows :

(i) At equilibrium, the concentration of each of the
reactants and the products becomes constant.

The experiments showing the constancy of
pressure in the evaporation of water and decom-
position of calcium carbonate and constancy ~f
colour at equilibrium in the decomposition of
N, O, (already discussed in section 7.4.3) prove the

above characteristic.
(ii) At equilibrium, the rate of forward reaction
becomes equal to the rate of backward reaction and
 hence the equilibrium is dynamic in nature.
The experimental proofs for this property
have already been discussed in section 7.4.4.

(i) A chemical equilibrium can be established only
if none of the products is allowed to escape out or
separate oul as a solid.

This is obvious because if any product is al-
lowed to escape out e.g. CO, gas in case of decom-
position of CaCO,, the reaction will no longer
remain reversible. A chemical equilibrium has a
meaning only for a reversible reaction.

Similarly, the reaction is irreversible if one of
tke products separates out as solid e.g,

AgNO, + KCl — AgCl | +KNO,

(iv) Chemical equilibrium can be attuined from
either direction i.e. from the direction of the reac-
tants as well as from the direction of the products.

To understand this characteristic, let us recon-
sider the reaction

N;O, () 2NO, ()
(Colourless) (Reddish brown)
Suppose two identical glass bulbs A and B are
filled with NO, gas at the same pressure. The bulb

Ais placed in ice and the bulb B is placed in boiling
water (Fig. 7.10). The gas in bulb A is found to be
almost colourless whereas in bulb B it is found to
be reddish brown. Experiments show that most of
the molecules in bulb A have the formula N,O,

whereas most of the molecules in bulb B have the
formula NO,. Now suppose both the bulbs are

placed in a vessel containing water at 298 K. It is
observed that the colour in the bulb A deepens
whereas the colour in the bulb B fades, Obviously,
the reaction taking place in bulb A is

e N
=

BOILING WATER

Caontains mostly NoD 4 Contains mostly NO,
(Almost colouriess) {Reddish brown)

o i ]

WATER AT 298K

Has the equillibrium
N3O S IO 5
{gale brown)

@

FIGURE 7.10. Equillibrium reaction NyO4 ==:2N0,
at (i) 273 (i) 373K and (i) 298K
N,0, 2NO,
(Colourless) (Reddish brown)
whereas the reaction taking place in bulb B is

————
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2NO,
(Reddish brown)
Ultimately, the colour in the two bulbs becomes
identical and no further colour change oceurs. This
shows a state of equilibrium in both the bulbs. Thus

the equilibrium can be reached from either side.

N,O,
(Calourless)

Similarly, reconsider the reaction
H,(g + L, = Z2HI(@
(Colourless)  (Purple) (Colourless)
If 1 mole of H, and 1 mole of 1 are taken in

bulb A at 500°C and 2 moles of HI are taken in an
identical bulb B at 500° C, the intensity of colour in
bulb A decreases while that of the bulb B increases
and ultimately both have the same intensity of
colour. This again proves that the equilibrium can
be attained from either direction.

vy A catalyst does not alter the state of equilibrium

This is obviously due to the fact that a catalys!
increases the speed of the forward reaction as well
as that of the backward reaction to the same extent.
Hence the equilibrium is not disturbed i.e. at equi-
librium, the concentration of each of the reactanls
and the products is the same as found at equi-
librium when no catalyst was added. The only effect
of adding the catalyst is that the equilibrium is
attained quieldy— i

?.5_, -L-H"N GTM_HSS Action :smmmEEEmrEE s

Guldberg and Waage, the two Norwegian
chemists, in 1864, put forward a law concerning the
dependence of the rate of the reaction on the con-
centration of the reactants, This law ic known as
Law of Mass Action. It states as follows :

' The rate at which a substance reacts s propartional

reaction is proportional to the product of the active
missof dherescnts,

Explanation of the term ‘Active Mass'. The
term ‘Active Mass’ used in the above definition
means molar concentration i.e. aumber of moles
dissolved per litre of the solution. For example,
supposex g of NaOH are dissolved in V litres of the
solution, Then we can say :

Concentration of NaOH solution

= xginV litres
X k v

= ——moles in V litres
40

(- Molar mass of NaOH = 40 ¢ mol 1)

x ik
LT moles/litre

This is the active mass of the given NaOH
solution,
‘ The active mass of a substance is usually rep-
resented by putting the formula of the substance in
square brackets. Thus in the above case, we can
wrile

X

40 %V
concentration i.e. moles/litre)

[NaOH] = M (M stands for ‘Molar’

Mathematical expression. Consider the reac-
tion
A + B —— Products
According to Law of Mass Action,
Rate at which A reacts « [A]
Rate at which B reacts « [B]
. Rate at which A and B react together
« [A][B] = & [A] [B]
where kis a constant of proportionality and is called
‘velocity constant’.
Again, consider the reaction
2A + 3B ——— Products
Ii can be written as
A+A+B+B+B
Rate at which first A reacts « [A]
Rate at which second A reacts « [A]
. Rate at which A reacts o« [A] [A] = [AT
Similarly rate at which B reacts
« {B] [B] (B] = [BP
. Rate of reaction between A and B
o« [A]*[BF
Hence, for the most general reaction
| aA+bB +¢C + ...— Products :
l_ Rate of reaction = [A]* [B]” [C]*.... \
" Thus the Law of Mass Action may be defined
in a more general way as follows :

Products

The ruteof reaction is proportional to the product
of the cctive musses of the reactants, each raised (o '
e poverequal o s stochiometc coeficient

/7.8. Law of Chemical Equilibrium Ssiiiimmssss

Law of Chemical Equilibrium is a result ob-
tained by applying the Law of Mass Action to a

T
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reversible reaction in equilibrium. For example,
consider the general reversible reaction

A+B = C+D

At equilibrium, suppose the active masses of
A, B, Cand D are represented as [A], [B}, [C] and
[D] respectively. Applying the Law of Mass Action,

Rate at which A and B react togetheri.e. Rate
of the forward reaction o [A][B]
= ke [A][B]
where 'kf is a constant of proportionality and is
called velocity constant for the forward reacuon.
Similarly, Rate at which C and D react
together i.e. Rate of the backward reaction
% [C][D]
= k; [C][D]
where k;, represents the velocity constant for the
backward reaction.
At equilibrium,

Rate of forward reaction = Rate of backward
reaction

ke[A][B] = Kk [C][D]

IS e
%, vatargaT(B] Taiegls X

Al constant temperature, as k; and k, are
constant, therefore, k/k, = K is also constant at
constant temperature and is called ‘Equilibrium
constant’. F

[Note : By convention, the active masses of the
products are written in the numerator and those of
the reactants in the denominator].

Again, consider the more general reversible
reaction

AT
TN Sl

Applying the Law of Mass Action, as before,

we get
XP [YP ... ;
Bl e o
[AF [B] ...
where K is equilibrium constant. It is constant at
constant temperature.

The above mathematical equation is called
the Law of Chemical Equilibrinm, Expressed in
words, it may be defined as follows :

b aGac e L o

The product of the molar concentrations of the
products, each raised to the power equal to ils
stoichiometric coefficient divided by the product of
the molar concentrations of the reactants, each
ruaised to the power equal to its stoichiometric coef-
Sicient is constant at constant temperafure and is
culled Equilibrium constant.

It is customary to use K, for equilibrium con-
stant expressed in terms of concentrations. Where
there is no doubt that Kisin terms of concenltration,
¢ 1s omitted.

Concentration Quotient or Reacticn Quotient
and Predicting the direction of reaction. For the
reaction
ad + bB = xX + y¥,

at any stage of the reaction, other than the stage of
chemical equilibrium, concentration ratio given on
the LHS. of eqn. (i) is called concentration
quotient or reaction gquotient. It is usually repre-
sented by Q, or Q. Thus

IXi* Yy
[4]° [B]®
(i) If @ = K, the reaction is in equilibrium

Concentration quotient, Q. =

(i if) If O > K, Q will tend to decrease so as to become
equal to K. As a result, the reaction will proceed in
the backward direction.

/ (iii) If ¢ < K, QO will tend to increase. As a resull,
the reaction will proceed in the forward direction.

The three cases may be represented diagram-
matically as follows :

&t
Q=K

Q=K

Q=K
Reaction will shift feaction In Reaction will shift
forward farming squilibrium backward forming

more products mare reactants

FIGURE 7.11. Direction of shift of reaction depending
upon the value of ) as compared with K.
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For Gas-phase Reactions, (i.e. when the reac-
tants and the products are gaseous), the equi-
librium constant can be expressed either in terms
of concentrations in moles per litre or in terms of
the partial pressures of the reactants and the
products. If expressed in terms of partial pressures,
it is denoted by Kp. Thus if A, B, X and Y are

gaseous in the above general reaction, we can write

g - Pt ]

Ph - Pe |
wherep,, pp, pxandpy are the partial pressures

of A, B, X and Y respectively in the reaction mix-
ture at equilibrium. It may be noted that the pres-
sures in the above equation are taken in
atmospheres or bars or pascals (in SI units) .

1.7/ Relationship between Kp and K¢

Consider the general reversible reaction

aA + bB xX +yY

e N
S

If the equilibrium constant for this reaction is
expressed in terms of concentrations, we may write

X} [YP

Ke = [aF BP
Cxs
or simply as Ko = F}):% ()]

where C,, Cp, Cx and Cy represent the molar
concentrations of A, B, X and Y respectively.
If A, B, X and Y are gaseous, the equilibrium

constant for the above reaction may be expressed
in terms of pressures as

% - Py
K= (i
»= P8 i

If the gases are supposed to be ideal, then we
can apply the ideal gas equation, viz.

pV =nRT or p=%RT=CRT

n ’
[ Y =no. of moles/litre

=C (molar conccntration)]
.. For the gases A, B, X and Y, we may wrile
Pa = C,RT, prg= CgRT,
px = Cx RT Py = CyRT
Putting these values in equation (i7), we get
 _ (CxRT)" . (CyRTY
P (CART)". (CzRT)?
Cx. Cy (RT)*Y
C4,. Ch (RTY+

and

S
= _X_& (RT)(x+y) —(a + b)
Ca- Gy
=K., (RTP2"
Cx- & ; A
where K. = according to equation (i)
Ca- Cs

and An= (x+y)— (a+b)
= No. of moles of products,
— No. of moles of reactants
=Change in the number of moles

Hence 'K, = K, (RT)A"

As the partial pressures are taken in atmos-
pheres, the value of R to be used in the above
equation will be 0.0821 litre atmospheres/de-
gree/mole. Temperature T will, of course, be in
degree Kelvin (°K).

Further, as already mentioned in unit 1 and
unit 2,

1 pascal, Pa = 1 Nm~2 and 1 bar = 10° Pa.

If pressure is expressed in bars,

R = 0-0831 litre bar K~! mol ™.

SOLVED EXAMPLE

EXAMPLE 1. 4t 700 K, the equilibrium con-
stant K, for the reaction

250, () = 250,(9+ 0,()

—_—
is 1.80 X 10~ k Pa. What is the numerical value of
K, in moles per litre for this reaction at the same

temperature ?

Solution. Here n, = 3 moles, n, = 2 moles

p

An=n,— n,=3-2= 1mole
K, = 1.80 X 107> kPa
1-80
=1 80Pa—T05—bar

= 1-80 X 1077 bar
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= 0-0831 L bar K™' mol ™!
T = 700K
Using the relation,
K, = K_(RT)A"

i 1.80 X 10~ bar

©” RT = 0-0831Lbar K~'mol™! x 700K
=309x 10 " mol L7!
Alternatively,
K 1-8Pa
(8-314 JK™! mol™) (700 K)
1:8Nm™?

~ (8314 Nm K 'mol 1) (700 K)

(.~ Pa=Nm~2J = Nm)
=309 x 10~* mol m™3
=309 ¥ 1077 mol dm™?

K°=RT_

or mol L1

PROBLEMS FOR PR

1. Kp for the reaction N,O, (g) —= 2NO, (g) is
0-157 atm at 27°C and 1 atm pressure. Calculate
K. for the reaction. [0e 637 x 103 mol L~

2. For the reaction A(g) + B(s) == C(g) + D(g),
K, = 49 mol dm > at 127°C. Calculate K,

[Ans.1-61 % 107 atm]

Note. With respect to standard state pressure
of 1 bar, K, =1-80 ie. dimensionless. Similarly

with respect to standard state concentration of 1
mot L™1 K, =3-09 x 1077 i.e. dimensionless (as

discussed later in section 7.12).

* EXAMPLE 2. AT 773 K, the equilibrium con-
stant K_for the reaction N, (g} + 3H, (8) ===

2NH, (g) is 602 x 1072 L? mol™2% Calculate the
value of K, at the same temperature.

Solution. Ang ==l ==
K, = K, (RT)A"

=6-02 % 1072 L? mol™? (0-0821 L atm K1
mol™! x 773 K) 2

=1-5x 1075 at

rig e s

3. Find out the value of K_ for each of the following
equilibria {rom the value of K,
(@) 2NOCI(g) == 2NO(g) + Ci, (»),
K,=1-8x10"2at500K
() CaCOs () == Ca0 (s5) + CO, (g),
K, = 167at 1073 K.

[Ans. (a) 4-33 x 1074 (5) 1 -87]

H INTS For DIFFICULT F'E’.OE-LEME

e

D e e X A A S b

R A S A

1.A.rl=np

=(0-157 atm)/(0-0821L atm K™ ! mol ™! x300K)’
=6-37 x10 *mol L™,

-n,=2-1=1,K =K,/ RD™

2.8 =n,-n=2-1=1K, =K (RD)»”
= (49 mol dm ~%) (00821 dm> atm K™ mo! !

X 400 K)l =1-61 % 103 atm.

B 3 e o P e e

3.(@)sn,=3-2=1, K= K,(RT)
K jax10?
o K IO
(R = 0-0831 bar litre mol ~' K™ 1)
=433 x107*

(6) ang=1-0=1,

K, 167

Ke=RT=oom1 x10m3 = 1'%

3t
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Law of chemical equilibrium In term of a activities. Stricitly speaking, activities are used in place of molar
concentrations.
Activity = Activity coefficient x Molality (or molarity) ie a=yxm

For th B — ¢C+dD i a%
or the reaction aA + cC+ we write =
’ o o x g
Equilibrium constant in terms of mole fractions (X ,). Consider the general gaseous reaction

aA+bB==¢C+4dD

e
If at equilibrium, the mole fractions of A, B, C and D are x ,, xg, X and xp, respectively then K, 7[1

Relationship between K’ and K,. Considering the above general gaseous reaction again, if P is the total
pressure of the reaction mixture at equilibrium, then partial pressures of A, B, Cand D will be

Pa=%P, pp=xgP, pe=xcP, pp=xP
PE .p‘é, ¢ PY*. ¢p py! s X X pe+d
P P% el O E)D | s x paED

where An=np—n,=(c+d)-(a+b).

From the relation Kp =K, (RT)A", we may conclude that
BIfan =0,K, = K, (i#)Ifan = +ve (ie n, > n) K, > K, (#)Ifan = —ve (ie Ry < By), Kp < Kc

= K, (A"

Applying Law of Chemical Equilibrium K, =

7.8. C aracteristics of Equilibrium Consta.r.ﬁ. it

e {ﬂri{mmﬂm&rmxed the value afrkz
Some of the important characteristics of equilibrium constant is inversed.
equilibrium constant are as follows :

For example, if the above reaction is written
() The value of the equilibrium constant for ¢ i the reverse manner i.e. as

partwular reaction is always constant dependmg CH,COOGH; + H,O0 &—

only upon the temperature of the reaction and is
" independent of the concentrations of the reactants CH,COOH + GH;OH

with which we start or the direction from which the the value of the equilibrium constant will be
equilibrium is uppronched. [CH,COOH] [C,H; OH]
For example, for the reaction between acelic K= [CH,COO0C, Hy] [H,0]
acid and ethyl alcohol at 25°C, the value of the =
equilibrium constant is found to be 4.0., Le. for the ~ gk 1 = (25 at 25°C
reaction Ke 4
CH;COOH + GH,OH — (iti) If the equation (having equilibrium consient
Acetic acid Ethyl K) is divided by 2, the equilibrium constent for the
aleohol new equation is the square root of K (i.e. vE).
CH,COOC,H, + H,0
Ethyl acetale Water For example, if K is the equilibrium constant
for the reaction
. [CH,C00C, Hy] [H,0] .
K, at25°C = [CH,COOH] [G;H, OH] N, +3H, —— 2NH, {0

4.0 then for the reaction
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5 N2 + 5 H, {7y

the value of equilibrium constant, K’ = vK

——

—— NH,

It is obvious because

[NH,]* I
= - [For reaction (7)]
[N;] [HzP
, [NH,] )i
K'= ———=——=vK [For reaction (ii)]
N] [H,]*2

(iv) If the equation (having equilibrium constant
K) is maltiplied by 2, the equilibrium constant for
the new equation is the square of X (i.e., K.

It can be seenin a manner similar 1o the above.

(v} If the equation (having equilibrium constant K)
is writtert in two steps (having equilibrium constant
K, and K,) then K, x K, = K.

For example, consider the reaction

N, + 20, : 2NQO,

[NO,J*
[N] [O,]*

Suppose the above reaction takes place in two
steps as

For this reaction, K =

Ny 4+ Q| =i e Nieh

2NO + 0, = 2NO,
NOJ?

For the 1st step, K, = {_Nlm(])_zl
[NO,J?

For the 2nd step, K, = IFOF—[Oz]

et i RO

Nz {O;] [NOJ* [O,]
[NO,?
e O R (o

[according to equation (i)]

The characteristics (i) to (v) are summarized
in the Table below.

TABLE 7.1. Variation of equilibrium constant with variation of the reaction equation
(K = equilibrium constant for original reaction)

‘When ihe equation is

the new equilibrivm constant is

Reversed

Divided by 2
Multiplied by 2
Divided into 2 steps

/K

VE

K?.
K=K, xK,

(vi} Prediction of the extent of reaction., The
magnitude of the equilibrium constant gives an idea
of the relative amounts of the reactants and the
products.

(a) Large value of the equilibrium constant
(> 10%) shows that forward reaction is favoured i.e.
concentration of products is much larger than that
of the reactants at equilibrium e.g. for the reactions

H, (g) + Bry (§) —= 2HBr(g)

K, =54x10"
H; ) + Cl, (5) == 2HCl(g),
K,=40x 1071

This shows that at equilibrium, concentration
of the productsi.e. HBr and HClis very highi.e. the
reactions go almost to completion.

(b) Intermediate value of K (1073 to 10°%)
shows that the concentrations of the reactants and
products are comparable e.g. for the reaction
Fe’* (aq) + SCN™ (aq) == [Fe(SCN)]** (2q),

K. =138 at 298 K

{c) Low value of K (< 1073) shows that back-
ward reaction is favoured i.e. concentration of reac-
tants is much larger than that of the products i.e.
the reaction proceeds to a very small extent e.g. for
the reaction

N2 (8) + O, (g)

——N
T e

K, =4:8x 107 at 298K

This shows that at equilibrium, the mixture
contains mainly N; and (), and very little of NO.

2NO (g),
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(vii) The value of the equilibrium constant is not
affected by the addition of a catalyst [o the reaction.

This is because the catalyst increascs the
speed of the forward reaction and the backward
reaclion to the same extent.

Effect of Temperature on

The numerical value of the equilibrium con-
stant for a particular reaction is constant as long as
the temperature is kept constant. It is a well known
fact that the rate of a chemical reaction increases
with increase in temperature. However, the extent
of this increase in rate depends upon the energy of
activation of the reaction. Now, since the encrgy of
activation for the forward and backward reactioiis
are different, so a given increase in temperature will
increase the rate of the forward and backward
reactions to different extents. In other words, the
values of the velocity constants for forward and
backward reactions ie. k, and k, will change dif-

ferently with a given rise or fall in temperaturc.
Further since K = k/k,, therefore, the value of the
equilibrium constant (K) will change i e., the state
of equilibrium is altered. Thus we conclude that the
equilibrium constant for a particular reaction chan-
ges with temperature. Further, it has been found
that the value of the equilibrium constant of an
endothermic reaction increases (k, increases morc

than k,) and that of an exothermic reaction
decreases (k, increases more than k) with rise in
temperature. For reactions having zero heat of

reaction, temperature has no effect on the value of
K.

Quantitatively, the effect of temperature on
the equilibrium constant is given by van’t Hoff
equation, viz.

dinK, AH°
dT ~ RT?
where AH® is the standard enthalpy change of the
reaction or in the integrated form, it may be written
as (assuming AH" to be constant in the temperature
range T, to T,)

A (Kp)z A AR [(T-T,
(K) 23BR| TT,
where (K)); = equilibrum constant at
temperature T,

he Eauliibrium Constant sl

(K,); = equilibrium constant at
temperature T,
R = gas constant
7.10. lypes of Chemical Equilibria =z

There are two types of chemical equilibria.
These are
(i) Homogeneous Equilibria :

When in an cquilibrium reaction, all the reactants
and the produscts are present in the same phase (i.e.
gaseous or liquid), it is called a homogeneous
equilibrium.
Examples of the reactions in the gaseous
jrhase are :

Type 1 : in which the number of moles of
products is equal to the number of moles of reactanty
H, +1, — 2 HI
N, + O, ﬁ 2NOG
CO + H,0 — R o aClE), S

=_=

Type 11 : in which the number of moles of
products is not equal to the number of moles of
reactants

N, + 3H, —— R PN
pAa 0 EE O S — 280,
e PCl, =L ipiRCL + €L
N,O - By 2ZNO
24 I — 2

Two commeon examples of the reactions in the
liguid phase are
ALY S

CH,COOH + C,H,OH ——
CH,COOC,H; + H,0
Fe* (aq)+(SCN) ~(aq) —= [Fe(SCN)I** (4q)
(ii) Heterogeneous Equilibria :

When in an equilibrium reaction, the reactants and
the products are present in two or more than two
phases, it is called a heterogeneous equilibrium.

A few common examples are as follows :

CaCO,4 (5} == CaO () + CO,(g)

3Fc (5) + 4H,0 (g) = Fe,0, (5) + 4H, (g)
C (5) + H,0(g) .\:_.——“tg)(g)-:ﬁHz(gL

Water gas
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7.11. Writing Expression for Equilibrium
Constant (K) or Reaction Quotient (Q)mus

In writing expressions for the equilibrium
constant, the most important convention to be kept
in mind is that the active mass of a pure solid is
constant irrespective of its amount and if a pure liquid
is present in excess (e.g. as a solvent), its active mass
Is also constant. In either case, we put their active
mass equal to 1 (because their constant values are
included/'m@g,the equilibrium constant} i.e. we put

-~ |Pure solid} = 1, [Pure liquid} = 1.

The reason why molar concentration of a pure
solid or a pure liquid is taken as constant is explained
below :

Molar concentration of a substance means
moles L™! of the substance which is obtained by
dividing the amount of the substance in moles by
the volume of the substance in litres

Moles of the substance
Volume of the substance
Converting moles into mass, we can write
Molar conc.

_ Mass of the substance/Molecular mass
o Volume of the substance
_ __Mass of the substance
Volume of the substance
" 1
Molecular mass of the substance
Density of the substance
" Molecular mass of the substance

As density of a particular pure substance at a
particular temperature is constant (being an inten-
sive property depending only on the nature of the
substance and not on the amount) and molecular
mass of the substance is also constant, theréfore,
molar concentration is constant,

A few examples are given below :
(A) For Homogeneous Equilibrium
(#) For the reaction

H@+Le = 2H(
[HI (5)P P

R A A R Sl vy

i.e. Molar conc. =

(i) For the reaction

N, (g) + 3H,(g) == 2NH, @),
I A L e
E [Nz (g)] [Hz C&’)P pNz P ijz

(iif) For the reaction

N0y (@ : 2NO, ()
- NO, )P _ o,
N AT Pui,
(iv) For the reaction
PCe) == PCL+ CLg)

_ [PCl; ®)] €], ()]
T [PCLs ()]
Pra, X Pa,

ol Pecyg

(v} For the rcaction

Fe’" (ag)+(SCN) ™ (ag) =—=>[Fe(SCN)]** (aq)
- [Fe(SCN)** (aq)]
© " [Fe’* (ag)] [(SCN) (aq)]
{(vi) For the reaction
CH;COOH () + GH; OH () —
CH,COO0C, Hs () + H0 ()
Here no liquid is present in excess, hence
[CH,CO0G; Hy] [H,0]
" [CH,COOH][C,H;0H]
(vii) For the reaction
NH; (2g) + H,O () —
NH/ (aq) + OH (ag)
_ [NH{ (ag)] [OH™ (ag)]
~ TINH, (@g)] [H,0 @)

As H,0 is present in excess (being the sol-
vent) therefore by convention, [H,0] is constant
and put equal to 1. Hence we write

« — NHY (ag)] (OH" (aq)]
[NH, (ag)]
(B) For Heterogeneous Equilibria
(¥) For the reaction

CaCO; (5) "—= CaO(5) + CO,(g)

Applying the law of chemical equilibrium, we
have

= {Ca0 (5)] [CO, ()]
.. [CaCO, (5))

But by convention, we put [CaO (5)] = 1 and
[CaCO, (5)] = 1
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= [CO;, (8)]

Since the concentration of a gas is usually
expressed in terms of partial pressures, hence we
better write K, = pco,

Hence

This explains why pressure of CO, becomes

constant when equilibrium is attained in the
decomposition of CaCO, in a closed vessel.

(&) For the reaction
3Fe (5) + 4H,0 () = Fe;0, () + 4H, (g)
Applying the law of chemical equilibrium, we
have
o [F30,6)] H; @1
©~ [Fe ()P [H,0 @)
But by convention, we put [Fe;0, (5)] = 1and
[Fe (5)] =

[H, @1
Hence K_ = ————[Hlo @F
_ Ph,
or in terms of pressures, K, = =
4 H,0
Taking the 4th root of both the sides
K =
& Puo
(i) For the equilibrium
HO0() <= HO(@
MO
°T [H00]
But by convention, we put [H,O (7)] = 1
Hence K, = [H,0 ()]
or in terms of pressures, K, = Pro ()

This explains why vapour pressure of water is
constant af constant temperature.

{iv) For the reaction
Cu(s) +2Ag* (ag) == Cu'* (aq)+2Ag ()
K = 1o @)l [Ag )P
[Cu ()} (At (e
By convention, putting fAg(s)] = 1,
and [Cu (s)] = 1, we have |
Kc e [CUZ"’@EHI
[Ag* (aq))?

7.12. Units qf Equilibrium Constant

For the general reaction
aA+bB — xX+yY

& TG ol e
ic [A]" [B]b (m()l L—])a-H'J
= (mol L™H)&x+)—@+8) = (mo] L")
_PxPY _ (atm) Y (bar)**¥ f
P Pipﬂ 1 (atm)‘”” (b.dr)a-}b

= (atm or bar)**")=@*8) = (atm)®* or (bar)®”

Evidently if An = 0 i.e. number of moles of

products = number of moles of reactants, K, or
K, will have no units.

For example, in case of reactions
H,(® + 1, = 2HL()
or N, () +0,(g) = 2NO ()
K, or K, will have no units (asn, =n, Le. An =)

For the reaction
Nz (3) +3H2(3) # 2NH3 (g),
as An=2-—(1+3)=-2
K, has the units (mol L™")7% and K,, has the
units atm ™2 or bar ~?

Similarly, for the reaction

PCL (g) = PCL () + CL (),
asAn=2-—-1=1
K, has the units mol L™" and K, has the units
atm or bar.
Why K, or K, are taken as dimensionless ?
Now a days, activities are used in place of molar
concentrations or pressures. These represent con-

centrations or pressures with rcspect a standard
state concentration (cg) of 1 mot L™! or standard

state pressure (p) of 1 bar. Thus a pressure of 5 bar

with respect to a standard state pressure of 1 bar

means 5 bar/1 bar = 5, a dimensionless quanuty

Similarly, a concentration of 0-5 mol L™ with =
respect to standard state of 1 mol L™ ! means 0-5

mol L™"/1 mol L~! = 05, again a dimensionless

quantity. Hence K or K, are dimensionless.

However, the magnitude of the equilibrium
constant will depend upon the standard state
chosen.
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PROBLEMS ON 14w 0
X *.,‘-';!'i,.-,. ._ Far Hi;':' Fedciion, N
N0, () == 2NO,(p)

the concentration of an equilibrium mixture at 298 K
are NyOy= 4-50 X 10~2 mole/litre and NO,

= L61 X 1072 moleflitre. What is the value of equi-
librium constant 7

[NO,J*
[N;0,)
Taking concentrations with respect to stand-
ard state concentration of 1 mol L™, we have

=22
R (z'(;]’; i‘(’)_ ) _ 576 x 10~

! 2. For an equilibrium reaction, the
rate constants for the forward and the backward
reaction are 2.38 X 10~% and 8.15 X 1075 respec-
tively. Calculate the equilibrium constant forthe reac-
[ia.,

Solution. K =

EXAMPLI

k
Solution. Equilibrium constant K = k—f
b
_ 238 x 107 dal) 202
815 x 1077 ;
EXAMPLE 3. In a reaction between Hyand [,

at a certain temperature, the amounts of H,, I, and
HI at equilibrium were found to be 0.45 maole, (.39
mole and 3.0 moles respectively. Calculate the Equi-
librium constant for the reaction at the given tempera-
fure.
Solution. The reaction between H; and I,
may be represented as
H, + I, == rali
Amounts of H,, I, and HI at equilibrium are
given to be
H,; = 0.45 mole, I, = 0.39 mole

and HI = 3.0 mole

Suppose the volume of the vessel (i.e. reaction
mixture) = V litres.

Then the molar concentrations at equilibrium
will be

: 0.45 0.35
[H,] = v (L] = %7

e 20 i

and v

HEMICAL EQUITIREIUM

Applying the law of chemical equilibrium to
the above reaction, we get

K = HIP _ (3.0/V)?

©T ML T (0.45/V) (0.39/V)
VL (301
"~ 045 x 039
* EXAMPLE 4. Tiwo moles of PCls were heated

to 327°C in a closed two litre vessel and when equi-
librium was achieved, PCls was found to be 40%

dissociated into PCl, and Cly. Calculate the equi-
librium constants K, and K_for this reaction.

= 51.28

Selution. PCL dissociates as
PC, == rpq|, + CL
Initial anount of PCly = 2 moles (Given)
% age dissociation at equilibrium = 40%
- PCl; dissociated at equilibrium
= 407100 x 2 = 0.8 mole
- Amounts of PCl, PCl, and Cl, at equi-
librium will be
PCly=2~08= 1.2mole
PCl; = 0.8 mole

Cl, = 0.8 mole

[ 1mole of PCL on dissociation gives
1'mole of PCl; and 1 mole of C,]
Since the volume of the vessel is 2 litres, there-

fore, the molar concentrations at equilibrium will
be

1.

(W]

[PCL] = g 0-6 mol L~1
PCh] = X8 < 0-4motL
and [l = %= 04 mol L1

Applying the law of chemical equilibrium to
the dissociation equilibrium, we get

PClL] [C :
_JECL] [CL] g B0l -
€ [PCL] 0-6
An
K, = K. (RT)
Here Agyr =nfEin =2 -1=1
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KP = K, (RT)
But T = 327 + 273 = 600K (Given)
R = 0.0821 litre atmosphere/degree/mole
Kr = (0.267 % 0.0821 x 600 = 13-15
¢ [LNARIPLT 5. For the reaction,
N, (g) + 3H; () == 2NH, (@)
the partial pressures of N, and H, are (.80 and 0.40

atmosphere respectively at equilibrium. The total
pressure of the system is 2.80 atmospheres. What is
K, for the above reaction ?

Solution. The reaction is

N, (g) + 3H, (@) V_—_—"_‘

We arc given that at equilibrium
pn, = 080 atmosphere

2NH, ()

Pu, = 0.40 atmosphere
Pn, ¥ Pu, + Pnn, = 2.80 atmosphere
2.80—(0.80 + 0.40)

Pnn,
= 1.60 atmospheres.
Applying the law of chemical equilibrium, we
get (taking pressures with respect to standard state
pressure of 1 atm)

= 50-0

2

i o BN o O
P Py, X P{‘{Z 0-80 x (0-40)

o 1XAMNILE 6. 0.1 mole of PCl is vaporised in

a litre vessel at 260°C. Calculate the concentration of
Cl, at equilibrium, if the equilibrium constant for the

dissociation of PCls is 0.0414.
Solution. Suppose the concentration of Cl, at
equilibrium isx moles/litre. Then we will have

PCl, =— PCl, + Cl,
Initial conc, 0.1 mole 0 0
Conc. ategm. (0.1—x) X x

(moles/litre)

Applying the law of chemical equilibrium, we
get

[PCL] [CL
L W e S
: [PCl]
Here K, = 0-0414 (Given)
L. e
0-0414 = —_“(0-1—1)

x*
0-1—x
or x4 0-0414 x —0-00414 =0

= 0-0414

or

—0-0414 + V(0-0414)> —4x 1x(—0-00414)

=

2
Vi
[Us'mg the formulax = ZE ?j el ]
—0-0414 = v0-0017 + 0- 1656
A 2
— (-0414 + 0-01826
g 2
—0-0414 = 0-135
= %
= 0-0468 mol L™}

(The negative value of x is meaningless and
hence is rejected) sl e

Thus the concentration of Cl, at equlibrium
will be. #0468 mol L.
0 FRAMPLET. Ethyl acetate (an ester) is formed
by feastion between ethanol and acetic acid accord-
ing'to the reaction

CH,COOH () + C,H;O0H e

CH;CO0C,H; () + H,O ()

(a) Starting with 1-00 mol of acetic acid and
(- 180 mol of ethanol at 293 K, the equilibrium mix-
ture is found to contain 0+ 171 mol of ethyl acetate.
Cualculate the equilibrium constant.

(b) Starting with 0-500 mol of ethanol and
1000 mol of acetic acid again at 293 K, the mixture
is found to contain 0+214 mol of ethyl acetate. Has

equilibrium been attained ? {N.C.E.R.T.)
Solution. (a)
CH,COOH +C,H;OH «=CH;CO0C,H;+H,0
Initial 1-00mol  ¢- 180 mo}
At eqm.

1-0-171 0-180-0-171 0-171 mol
=0-829 mol = 0-009 mol

Molar concs.
0-829/V

0-171 mol

0-009/V 0-171/vV. 017NV
1 [CH,COOC,H,] [H,0]
¢~ [CH,COOH] [C,H;OH]
_(0171/V) (0:171/V) _ 4 o,

(0-829/V) (0-009/V)
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(b} CH;COOH+C,H,OH — CHJCOOQH5+H20 RN AN 1. AB, dissociates as
Initial 1000 mol  @-500 mol AB, (g) e SMIN AB (g) + B (g).
Alegm, il E £
1-0-214 0-500-0-214 0214 mol 0-214 mol If the mmalprc_s.-uure s __500 mm of Hg and the
total pressure at equilibrium is 700 nun of Hg, cal-
= 0786 mol = 0286 mol

Reaction quotient (Q,)
_ (0-214/V) (0-214/V)
~ (0-786/V) (0-286/V)
As Q. # K, equilibrium has not been attatned,

0-204

EXANMPLE 8. The equilibrium constant ar
278 K for

Cu (s) + 2A4g™ (ag)

sy
g

Cu** (aq) + 2.4g (s)
is 20 % 10°, In g solution in which copper has
displaced some silver ions from the solution, the
concentration of Cu** jons is 1.8 x 1072 mol L1
and the concentration of Ag™ ions is 3.0 x 107 mol
L7 s this systern al equilibrium ?

Selution, Applying the law of chemical equi-
librium to the given rcaction, we have
K = 1Cu*" (ag)] [Ag (s
[Cu@)! [Ag™T (ag)]?

By convention, putting [Ag ()]
[Cu (s)]

k< [€** (@
[Ag™ (ag)P
With respect to standard state concentration
of Imol L™, we put [Cu?t] = 1-8 x 10~
[Ag*] =3-0x 10~°

1-8 x 1072 o
et 2 Tl = 2w 10¥
(3:0 x 10772

Il I
_—

and

and
Weget K=

which is same as for the reaction in equilibrium.
Hence the given system is in equilibrium,

» £X4
Cal:(s) + CO, (g), ar 1073 K. the pressure of CO,
is found tobe 2- 5 % 10° Pa. What is the equilibrivm
constant af this reaction at 1073 K ?

Solution. With reference to the standard
state pressure of 1 bar i.e. 10° Pa,
Tt * 2:5x10*Pa
PR T
2:5 x 1(¢ Pa
= TP —0%

FLE Y. In the equilibrium CaCO, (5)e=

culate K . Jor the reaction.

Solution. After dissociation, suppose the
decrease in the pressure of AB, at equilibrium is p

mm. Then
AB,(g) == AB(g) + B(p)

Initial pressure 500 mm 0 0
Pressures (500 -p) mm p mm  p mm
at eqm.

Total pressure at equilibrium
=500—p+p+p=500+pmm
00 + p = 700 (Given} or p = 200 mm
Hence at equilibrium
Pag, = 500 — 200 = 300 mm,

Pag =200 mm, py = 200 mm

) PaB X P 200 x 200
K= =
Pab, 300

Note. With respect to standard state pressure
of 1 bar i.e. 0-987 atm i.e. 750 mm,

=133-3mm

133-3
Kp = %0— = 0-178.

: HCLE 1L Under what pressure must an
equimolar mixture of PClyand Clybe placed at 250°C

in orderto obtain PCl at 1 atm ? (K, for dissociation
of PCls = 1-78).

Selution. Suppose partial pressure of PCl, at
equilibrium = p atm
Then partial pressure of ClL, at equilibrium = p atm
Partial pressure of PCl; at equilibrium = 1 atm
For dissociation of PClg ,

PCI,

s PCL, + Cl,

Prci, X Pg
Kp=1'78= & 2=pxp= 2

pPCIS 1
Total pressure = Prag t+ e Pa,

=1+1-33+1:33
= 3-66 atm
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ENANMPLLE 12.4t 448°C, the equilibrium con-
stant (K ) for the reaction
H@+15©) 2HI (g)

i 50- 5. Predict the direction in which thereaction will
proceed to reach equilibrium at 448°C, if we start with

2.0 % 1072 mol of HI, 1-0 x 107 % mol of Hyand
3-0 % 1072 mol of I, in a 2:0 L container.

= B
—

Solution. The initial concentrations are

: =3
(H1) = 22210 mol L =170 x 1077 mol L1

] =
{H;] 51_9_1(2_10___mol L) = g5 x 10" 2mol L7}

A -2
e 20 ) molL~! =15 x 10" ?mal L™'
2 i)

R ) 1 0 [}-II]2
eaction gquolient, Q = 017
y [H,1 (1)

(1-0 x 10722
S5 x 10 HxA5x 1077
Since Q < K, the reaction will proceed in the
forward direction to attain equilibrum so that Q
becomes equal to K.
\;(, » EXAMPLE 13. The degree of dissociation of
“PClg at @ certain temperature and atmospheric pres-
sure is 0-2. Calculate the pressure at which it will be
half (50%}) dissociated at the same temperature.
Solution. Suppose « is the degree of dissocia-
tion, then

1-3

PCl, =—= PCh+CY
Initial conc. 1 mole 0 0
At. eqm. l1-«a a a

Total number of moles at equilibrium
=l-ag+ta+a=1+a
If P is the total pressurc at equilibrium, then
partial pressures will be
e=cr

a €
Pray =T3P Poy= THaPPras = Tra’
Pra X Pal
KF= 3 2
Pray
o o
_(1+aP)x(1+aP)___ at P
-y (l—a P) 1-—a?’
1+a’

We are given that at P =1 atm, a=0-2.Hence

O Ay 0 OB
Kp—l—(()-Z)IX1 _0-';)6—0 0417.

When dissociation is 50%, i.e. @ = 0-5, sup-
pose total pressure is P Then
. (0 i s .
0 0417——1T'(0__S)»IXP ———"0_75XP
or P’ =0-125 atm

FXAMPLE 14. Determine the concentration of
CO, which will be in equilibrium  with

5.5 % 10~ 2mol L™ Yof CO at 100°C for the reaction
FeO (s) + CO () —= Fe (s) +CO, ()

Kc =51
CcO cO

or [CO,l=5%x2-5X 103
=125 x 10" mol L™}
e NAXIPLE 15 At a certain temperature and ¢

total pressure of 10° Pa, iodine vapour contain 40%
by volime of iodine atoms [1, (g) = 21(g)]. Calcu-

late K, for the equilibrium. (N.CERT)

~.  Solution. Partial pressure of 1 atoms

{;1,)=-£—4{;]0-)<105Pa=0-4x 10° Pa

- it 8
Partial pressure of I, (p,z) =100 x 1 Pa
=0-60 X 10° Pa

PP oax10h _
KPI paz“m_z 67 x 10*
. '}l'i)r"{”'f I 16. The equilibrium constant for
the fedetion H, (g) + Bry () —= 2 HBr (g) at
1024 K is 16 % 10°. Find the equilibrium pressure of
all gasesif 10+ 0bar of HBris introduced into a sealed
container at 1024 K. (N.C.E.R.T.}

Solution.
2HBr(g) == H,(g) + Br; @),

1
K=Tex1)
Initial 10 bar
Ateqm. 10—p pi2 pi2
) (/2) _ 1
PTO(0-pP  1.6x10°
;J'l = 1
a0 -py " 1.6x10°
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Taking square root of both sides, we get

P i) i
2(10-p)  ax 102
or 4x10%p = 2(10-p)
or 402p =20
20 A £
or p—m—498)<10 bar
Hence at equilibrium
P, = Pupe =p/2=2-5 x 10" bar,
Puer =10 — p = 10 bar
o ENANTPLE 17, At 1127 K and 1 atm pressure,
a gaseolis mixture of CO and CO, in equilibrium with
solid carbon has 90 55% CO by mass in the reaction
CE)+CO, () = 2¢O (g)
Calculate K_ for this reaction at the above

femperature. (N.CE.R.T)

Solution. If total mass of the mixture of CO
and CO, is 100 g, then

CO = 90-55 g and CQO, = 100—-90-55 = 9-45¢
<+ Number of moles of CO = 90-55/28 = 3-234
Number of moles of CO, = 9-45/44 = 0-215

A = 3-234 Ty )
- Pepls 3234 + 0.215 X 1atm = 0-938 atm

0-215
P, ™ 3234+ 0.215 X 1atm = 0-062 atm

2 ' 2
py Tico jogsayr L o

r 2
Po, . 0-062
Any=2~1=1
K, = K, (RT)
K 14-19
T o
o RS R T iR L

PROBLEMS FOR PRACTICE © »F

L In a reaction between hydrogen and fodine, 6,34
moles of hydrogen and 4.02 moles of iodine are
found to be in equilibrium with 42.85 moles of
hydrogen iodide at 350°C. Calculate the equi-
librium constant. [Ans. 72.042)

2. Calculate the equilibrium constants K, and K_for
the reaction
CBEE 1205 CO, (@)
Given that the partial pressures at equilibrium in a
vessel at 3000 K are

Peo = 0.4 atm. pco'z\f 0.6 atm and Po, =02atm

—
—

[0 Kp = 3354, K, = 52.64]
3. 1.5 moles of PCl, are heated at constant tempera-

ture in a ciosed vessel of 4 litre capacity. At the
equilibrivm point, PCls is 35% dissociated into

PCl; and Cl,. Calculate the equilibrium constant,

[sAns. 0071]
4. The equilibrium composition for (he reaction is
PC13 ot Clz : PC]
020 010 0.40 moles/litre

What will be the equilibrizm concentration of
PCl; on adding 0.10 mole of Cl, al the same

temperature 7 [1as. 0-45 mol 1,7 Y]
5. If 1 mole of acetic acid and 1 mole of ethyl alcohol
are mixed and the reaction proceeds to equilibrium,
the concentrations of acetic acid and water are

found to be 1/3 and 23 mole respectively. If 1 mole
of ethyl acetate and 3 moles of water are mixed,
how much ester is present when equilibrium is
reached 7 [Ans. 0,465 mole]

6. Calculate the degree of dissociation of HI at 450°C
ifthe equilibrium constant for the dissociation reac-
tion is 0.263. [Ans. 0-51]

One mole of pure ammonia was injected into a one
litre flask at a certain temperature. The equilibrium
mixture was then analysed and found to contain
0.30 mole of H,. Calculate (i) the concentration of

N, and (i) the concentration of NH, at equi-

lbrium. (ans. (i) 0.10 mol L~ (if) 0.80 mol L.~1)
8. How much PCls must be added to a one litre vesse|
at 250° C in order to obtain a concentration of 0.1
mole of chlorine ? Equilibrium constant for the
dissociation of PClg at 250°C is 0.0414.
[Ans. 0.3415 maole]
9. In an experiment, 2 moles of HI are taken into an
evacuated 10.0 litre container at 720K, The equi-
librium constant equals to 0.0156 for the gascous
reacion 2HI(p —= Hy @+ L (g)
Calculate the amounts of HI, H, and I, at equi-
librium.
lAns. HT = 1.6 mole H, = 0.2 mole I, = 0.2 mole)
10. For the reaction .

Cu@rzag® @) == Cu?* (ag)+2 ag )

7

.
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fill in the blanks in the following table for the three
solutions at equilibrium

Solution [Cu?**(aq)] [AgT(ag)]  Kitre mol ™!
mottit™'  /moltit ™!
(a) 10l 200 x 01
I T b TR (h)
3y D0 J05 (©) 2.0 x 103

11.

12

13.

14.

Lo (@ =20 x 10 3 mol 1it ™! () = 2.0 x 10**
(¢) = 3.16 x 10 2 mol it ™!}
When PCl; is heated in a closed vessel at 575 K, the

total pressure at equilibrium 1s found to be 1 aim
and partiai pressure of Cl, is found 1o the (1-324

atm. Calculate the equilibrium constant (KP) for
the decomposition reaction. [ans.0-298]

In the dissociation of H1, 20% HI is dissociated at
equilibrium at a certain temperature. Calculate
Kp for the reaction

HI(g) = %Hz ® +%[2 &)-

fAns Kp =K_=10-125]
A reaction mixture containing N, at 0-50 atm.
H, at 3-0 atm and NII, at 0-50 atm is heated 10
450°C. In which direction the reaction
N, @+3H,8) = 2 NH, (g) will go if
K, is4-28 x iy ("1 Backward direction]
Reaclion between nitrogen and oxygen takes place
as follows :

2N, () + 0308 = 2N,0()

If a mixture of 0-482 mol ol N, nd (-933 mol of
O, is placed in a reaction vessel of volume 10 L and

allowed to form N,O at a temperature for which

K, = 2:0 x 107¥, Determine the composition of

the equilibrium mixture. (NCERT)

[ Ans. [N;3=0-0482 mol L™, [0,]=0-0933 mol L7,

15.

IN;0] =66 x 1072 mol L™}

Nitric oxide reacts with bromine and gives nitrosyl
bromide as per reaction given below :

2NO (g) + Bry (g —= ZNOHr (g)
When 0087 molof NO and 0-0437 mol of Br, are

mixed in a closed container at constanl fempera-
ture, 0-0518 mol of NOBr is obtained af equi-
librium. Calculate equilibrium amount of niric
oxide and bromine. (NCERT)

[ 408 NO = 0-0352 mol, Br, = 0-0178 mol]

BliEii e PR

16.

17.

18.

19.

20.

21.

One mole of H,0 and ane mole of CO are taken
in & 10 litre vessel and heated at 725 K. Af equi-
librium 40 per cent of water (by mass) reacts with
CO according to the equation
HZO & + CO (g} H1 @+ CO,(®)
Calculale the equilibrium constant for the reaction,
{Ans. 0:444)
At 700 K, equilibrium constant for the reaction
Hy, @) + 1 () = 2HI(g)is54-8.1f0-5mol

ey
o

1.~! of HI (g) is present at equilibrium at 700 K,
what are the concentrations of H, (g) and [, (g)
assuming that we initially started wilth Hl (g} and
aflowed it to reach equilibrium at 700 K.

(NCERT) [ A1, [Hy] = {L,] = 0068 mol L™}

The equilibrivm constant for the reaction
CH,COCH + C,Hs;OH —=

CH,COOC;Hg + H,0
is 4-0at 25°C. Calculate the weight of ethyl acetale
that will be obtained when 120 g ol acetic acid are
reacted with 92 g of alcohol. [Aos 11704 g]

A sample of pure PCl; was introducer! into an
evacuated vessel at 473 K After equilibriam wus
attained, concentration of PCly was found to be
0-5% 10" mol L™ ! if value of K_is 8.3 x 1073,
what are the concentrations of PCl; and Cl, at
equilibrium ? (NC.ERT)
[Ans. [PCL] = {Cly] = 0-02 mol L]
Bromine monochloride (BrCl) decomposes into
bromine and chlorine and attains the equilibrium
2BrCl(g) —— Bry (@) + Ci, (¥)
for which K, = 32 at 500 K. If initially pure BrClis

present at a concentration of 3-30 x 1073 mol
L , what is its molar concentration in the mixture
at equilibrivm ? (NCERT)
[Ans. 3-0 x 10 ‘mol L7 1]
For the reaction CH, (&) + 2 B8 () ——
CS, (2) + 4 H; (g), at 1173 K, the magnitude of the
equilibrium constant, K_ is 3-6. For the following

composition, decide whether reaction mixture is at
equilibrium. If it is not, decide to which direction,
the reaction should go

[CH,] = 107 M, [H,58] = 1-20 M,
[CS,] = 0-90 M, [H;] = 1-78§ M. (NC.ER.T)
[ Ans. Backward direction}

&
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s i R M A R o)

L H, = 2HI
Molesateqm:6-34 4-02 42-85
Molar concs. : 6:34/V 4-02/V 42-85/V moles L.~ 1

42-85/Vy*
Kc=( 3EA) @02V) = 707042

1

Ll

2. CO + 50, = co

At.eqm. 0-4 atm 0-Zaum 0-6atm
s Pco, ___ 06
,pmxp}}{z2 0-4 % (0-2)12

=3-354
K, =K (RTY™ or K, =K, / (RTyA
=3-354 / (0-0821 x 3000) /2 = 52.64

3. PCIS T_T_) [’CI3 + CI,
Initial moles 1.5
At. egm l-S—--ixl-S
e e
=1-5—0-525 0-525 0-525
= (975
Molar concs.  0-975/4 0-525/4 0-525/4
_(055/4@525,4)
g 97373 i
0:40
K= s xoi =20

New initial conc. of Cl, = 010 + 0-1¢
= 0-20 mol L™}
New initial concs. of PCly and PCl; remain the same
Supposing x mole of PCl, reacts, the new equi-
librium cones. will be [PClLj =020 ~ x,
[Cl]= 020 -x and {PClg) = 040 + x
[PCls]

[PCL][CL,T
(0-40 + x)

@20 -x@20-5 20
O (0-40 +x) =20 (0-04 + 2% — 0.40x)

Putting the values in K. =

or 20x°—9x 4040 =0
-h=x bz—-4ac
orx =
2a
_9*VBI —dx20%x04 9217
o 2 x 20 10

= 0-40r 0-05 (0-4 is impossible becavse x cannot
be greater than 0-2)

Hence [PCls] = 0-40 + 0-05 = 045 mo1 L ~!
5. CH,COOH + C,H,0H ==CILCOOCH; + H,0

Initial 1 mole 1 mole

At.eq. 183 mole 173 mole 23mole 23 mole
Molar 13V 13V 23v 23V
concs.

{moi L_')

2/3 2/3 g
Kc:(i/iV)(j/sg e
For the reverse reaction
CH;CO0GH; + H,0 == CH,COOH+C,H,0H

Initial 1 mole 3 moles
AL egm. (1 -x) (3 -x X x
B = ds BT
(1-xy3-x) 4
or 4xf=x2:3- 4c
or 3:244x-3=0
-4+VI6+4x3x3
o e 2x3
=0-535 mole
Ester present at eqm. = 1—0.535

= 0465 mole

6. Suppose we start with 1 mole of HI and x is the
degree of dissociation. Then at equilibrium,

(HI] = (1 —0)/V,[H;] =x/2V.
[I2] = x / 2V moles per litre.
Put the values in the equation

K. = [Ha] (1]

[HI}?
and calculate x.,
T 2 NH3

Initial 1 mole
Al eqm. (1—0-2) mole
= (-8 mole
Note that 2 moles of NH, dissociate to form 1 mole
of N, and 3 moles of H,.

= TRy ey

0-1 mole 0-30 mole

8. PCL == paly +'
Initial a mole
At. eqm. (@a—0-1) 01 0-1molL™!
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i

[PCly] [Clz]
S e R

0-1x0-1
a-0-1"°

This gives 4 =0-3415 mole
9. Suppose x moles of H, are formed at eqm. Then
concs. at equilibrium will be
[HI] =@ -2x)/ 10, [H,] =x/ 10
[f;] =x 7 10 moles/litre.
PCl; == PClL+Ch
= (-324 atm. Hence

C

ie. 0-0414 =

and

11.
Ateqm., Py, = Pecl,
Pecig = 1-¢0-324 + 0-324) = 0-352 atm

Peat, X P g .
3 7 0324 X032 _ g 508 a1m

K = 7ra, 0352
1% HI ;—_—._—\ —1?: H, + %’Iz
Initial 1 mole
Al eqm. 1—0-20 0-10 mole 0-10 mole
= 0-80 mole
{1_11-"1 D,l1f1
K, = L_J_'ﬁ%n_)'_ = 0-125,
Ep= K, =0-125
13. Concentration quotient (Q)
P’ﬂm 2
B 5% —0.055

_pN2 xp{lz T0.5%(3-07

AsK, << ©, reaction will goin the backvard direc-

tion.
14. 2N, (g) + 008 = 2N,0(@®
Initial 0-482mol  0-933mol
At eqm. 0-482—x  0-933—x2 x
0482 ~x 0933-x/2 x
Molar conc. 10 Y L STl

As K = 2.0 x 10737 is very small, this means thal
the amount of N, and O, reacted (x) is very very

small. Hence at equilibrium, we have
[N,] = 0-0482mol L7,

[O,] = 0-0933 mot L™ (N,0] = 0-1x

PPN L - e
(0-0482)% 0-0933)

=20 x 1077 (Given)

S CORT

B

On solving, this givesx = 6-6 x 10~20

[N,0] = 0-1x = 6-6 % 1072 mo ="
15. 0-0518 mol of NOBr is formed from 0 0518 mol
of NO and 005182 = 0-0259 mol of Br,.

At equilibrium,
Amount of NO = 0-087 — 0-0518 = (0352 mol
Amount of Br, = 0-0437—0-0259 = 0- 0178 mol.
16. At equilibrium,

L= 0-40
IHZO] T 10

ol T L=i0 06 malL "

1

[CO]=0-06 molL™ ",
0-4
[Hy] =1

[CO,] = 0-04mol L™

molL™! = 0-04 mol L_l,

o, .
K= o] = ot X e = 044
17.2HI@®) = H; @ +1 &) K =1/54-8
At equilibrium, [HI) = 0-5 mo{ L™,
[Hy} = (L] =xmol L™"

P 0 S 1 !
K-—EO_-S? m(Gl\fﬂn).

This gives.x = 0-068
18. Initially, CH;COOH = %250' mol = 2 mol

CH;OH = 32 mol =

2 mol

At equilibrium [CH,COOH] = (2 - x)/V mol | g
[C,H,0H] = 2 —x) / V mol e
[CH,COOC,Hy] = [H,0] =x/V mol T
x XX
2 —x)
This givesx = 1-33 mol
Mass of ethyl acetate = 1:33 x 88
=117-04¢

(Molar mass of CH;COOC,Hs = 88 ¢ mol ™)

19. Similar to Problem 17.
20. 2BrCl(g) —

K= = 4 (Given).

2

Bry &) + CL ®)

Initial 3-30 x 1073 moi L™}

3 x2

Ategm. (3:30 x 10"~ —X) xf2

= Mx_/—z)—)f =132 (Given)

a0 1077 =5
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2 i S Aregm.
43330 x 1073 - xy) [BrCl] = (330 x 1073 - 3.0 x 1073
ar E =iz =0-30 x 1072 = 3-0 x 107 * mo| L~!
2(3:30x 1073 —x) :
=066 [CSITHLI 090 x 3 78)* _ o

x=11-323-30x 1072 — x)
12-32x = 11-32 x 3-30 x 1072
x=3-0x10"3

M R,

or

or

o M M

1. Q

© " [CH, [HSPE 1:07 = (120,
As Q_ > K, equilibrium will go in the backward
direction.

e e

tors -'".‘r-'. ' ""E':. EJr'Il x:.u.."
A system in equilibrium is affected by the
following factors :

(1) Change of concentration of any reactant
or product

(2) Change of temperature of the system
(3) Change of pressure on the system
(4) Addition of catalyst

(5) Addition of some inert gas.

The effect of change of concentration, pres-
sure and temperature is predicted with the help of
a principle known as Le Chatelier’s principle,
described in the next section. The effect of adding
a catalyst or an inert gas is explained below :

Effect of adding Catalyst on the equilibrium.
It may be summed up as follows :

The addition of a calalyst does not disturd the
equilibrium. However, it helps in the attainmens of
equilibrium quickly. - :
For example, the following equilibrium exists :
2H, @)+ 0,¢)) = 2H,0()

e

But this equilibrium is never attained under
ordinary conditions because hydrogen and oxygen
do not combine to form water under ordinary con-
ditions. However, in the presence of a catalyst such
as platinised asbestos, the reaction proceeds quite
fast and equilibrium is attained quickly. Further the
value of the equilibrium constant at 298 K is found
to be same ie. 1.2 x 10* (which is quite large)
irrespective of the speed at which the equilibrium
is attained. This is obviously due to the fact that the
addition of catalyst increases the speeds of the
forward reaction and the backward reaction to the
same extent.

Effect of adding an inert gas to a reaction
mixture in equilibrivm, Consider the dissociation
equilibrium

PCls (g) == -PCEG T Ch

Applying the law of chemical equilibrium, we
get

_ [Pcy] [c)
" sHBCL]

(@) If the reaction takes place at constant
volume (i.e. in a closed vessel), addition of an inert
gas (like nitrogen, helium, argon etc.) will not
change the molar concentrations of the reactants
and products. Hence the state of equilibrium will
remain unaffected.

(b) If the reaction takes place at constant pres-
sure, addition of the inert gas will increase the total
volume. Hence at equilibrium, the molar con-
centration of each of the reactants and products
will decrease. Since there are two concentration
terms in the numerator and only one in the
denominator, therefore K, should decrease. But

K, is constant at tonstant temperature. Hence to
keep K, constant, either [PCL] should decrease or
[PCl;] and [CL,] should increase. This can happen
only if more of PCl; dissociates to give PCl, and
Cl,. Hence the dissociation increases with the addi-
tion of an inert gas.
To sum up :

Addition of inert gas at constant volume has no

elfect on the state of equilibrium whereas at con-

stant pressure the equilibrium shifts towards larger

number af moles.

Note. In case of gaseous reactions of Type I,
asn, = n, ie. there is no change in the number of
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moles, therefore there is no effect of adding an inert
gas on the state of equilibrium.

7.14. Le Chatelier's Principie !

The effect of concentration, temperature
and pressure on a system in equilibrium can be
predicted with the help of a generalization first
proposed by a French chemist Le Chatelier in 1884,
After his name, this generalization is known as Le
Chatelier’s principle. It states as follows :

If a system in equilibrium is subjected to a change
of concentration, temperature or pressure, the equi-
librium shifts in a direction that tends to undo the
effect of the change imposed.

Let us now discuss the effect of the various
factors one by one.

(1) Effect of change of concentration. Con-
sider the general reaction

A+B ;ﬁ" C+D

If to this reaction in equilibrium, more of A or
B is added, then according to Le Chatelier’s prin-
ciple, the effect will be to decrease the concentra-
tions of A and B. This is possible only if more of A
and B react to form C and D, i.e. the equilibrium
shifts in the forward direction. Similarly, the effect
of adding more of C and D to the reaction in
cquilibrium will be to shift the equilibrivm n the
backward direction.

The effect of change of concentration on a rcac-
tion in equilibrium can be very easily seen in the
laboratory with the help of the following reaction
Fe3* (ag) + (SCN) ™ (aq)== [Fe(SCN)**] (aq)
(Pale yellow)  (Colourless) (Reddish brown)
i.e. if to the solution of a ferric salt e.g. ferric nitrate
(which is pale yellow), a solution of sulphocyanide
salt eg. KSCN (which is colourless) is added, a
reddish brown colour is obtained due to the forma-
tion of ferric sulphocyanide complex ion. Now if to
this solution, more of ferric salt solution or potas-
sium sulphoncyanide solution is added, the colour
of the solution becomes darker, showing the forma-
tion of more of [Fu(SCN]|3+ ions, Again if to the
solution, a small amount of potassium ferrosul-
phocyanide (capable of giving [Fe(SCN))** ions)
is added, the darkness of the solution decreases,
showing that the equilibrium has shifted in the
hackward direction. Similarly to study the effect of
decrease in the concentration, a small amount of
NaF may he added to the reaction mixture. It com-
bines with the ferric ions as follows :

EltEiamr F () —— FeF?t (aq)
Fedt (aq) + 2F~ (ug)—> FeFT (ay)

Thus the concentration of Fe*t ions
decrcases. The intensity of the colour of the solu-
tion is found to decrease indicating that the cqui-
librium shifts backward.

The effect of change of concentration can also
be predicted by comparing the reaction quotient
with the equilibrium constant. Let us a consider the
general reaction

At Bht=———IE )
gl |C| |D| &
K= [Al1B] e

Suppose concentration of the reactant [A] or
[B]is increased, so that now we write Q, in place of

K

[
Cl[D '
Q.= [C11D] .. (if)
¢ [Al[B]

As [A] or [B] bas been increased, Q. will
become less than K,. In order that equilibrivm is
re-cstablished, Q, will tend to increase till it be-
comes equal to K. This can happen only if [A] and
[B] decrease and [C] and [D] increase i.e. equi-
librium will shift in the forward direction. Similarly,
it can be seen that the effect of removal of product
{C) or [D] shifts the equilibrium in the forward
direction. This has a great significance in the in-
dustrial processes because if the product is
reovered side by side, the equilibrium will shift in
the forward direction to form more product. The
removal of product is especially easy if it is a gas.
For example,

(i) in the manufacture of NH, by Haber’s
process, NH, gas is liquefied and hence removed
side by side from the reaction mixture.

(i7) In the manufacture of guick lime (CaQ),
by decomposition of CaCO;, the gaseous CO,
which is one of the products is allowed to escape.

Looking at eqn. (if), it may be noticed that
continuous removal of the product keeps the value
of O, less than K. As a result, the reaction con-
tinues to move in the forward direction.

Some examples from everyday life. If in a
system in equilibrium, the concentration in any one
part is disturbed, it no longer remains in equi-
librium and readjusts its concentrations to re-es-
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tablish the equilibrium. This is illustrated with the
following examples :

(i) Clothes dry quicker when there is a breeze or
we keep on shaking it. This is because water vapour
of the nearby air are removed and cloth loses more
water vapour to re-establish equilibrium with the
surrounding air.

(i) We sweat more on a humid day but it
evaporates when we sit under the fan. More sweating
takes place because the surrounding air has large
amount of water vapour and our skin cannot losc
more to it. The fan removes the humid air and
evaporation starts from the skin.

(iif} Transport of oxygen by haemoglobin in
blood. Oxygen breathed in combines with the
hacmoglobin in the lungs according to the equi-
librium

Hb(s) + 0,(g) T HbO, (5)

When it reaches the tissues, the pressure of
oxygen there is low. To readjust the equilibrium,
oxyhaemoglobin gives up oxygen. When it returns
to lungs where the pressure of oxygen is high, more
of oxyhaemoglobin is formed,

(v} Removal of CO, from tissues by blood.
The equilibrium is

CO, (@) + HO () == H,CO; (aq)
== H* (aq) + HCOJ (aq)

X
As partial pressure of CQ, is high in the tis-
sues, CO, dissolves in the blood. In the lungs, as

parttal pressure of CO, is low, it is released from
the blood.

(v) Tooth decay by sweets. Qur teeth are coated
with an enamel of an insoluble substance known as
hydroxypatite, Cas (PQ,); (OH). It exists in equi-

librium with its ions as follaws : —

Demineralisation

i N
~ P
Remineralisation

SCa** + 3P0} + OH-

The forward reaction involving dissocation is
called demineralization and the backward reaction
involving formation is called remineralization. If we
do not brush our teeth after eating sweets, the sugar
gets fermented on the teeth to produce H* ions
which combine with the OH™ ions shifting the
cquilibrium in the forward direction thereby caus-
ing tooth decay.,

Thus in general,

Cas (PO,); (OH) (s)

If in a reaction in equilibrium, the concentration of
any reactant is increased, the equilibrivm shifts in
the forward direction. On the other hand, if the
concentration of uny product is increased, the equi-
librium shifts in the backward direction. The
reverse happens if the concentrations are decreased.

(2) Effect of change of temperature. The
change of temperature alters the state of equi-
librium for only those reactions in which either heat
is evolved (exothermic) or heat is absorbed (en-
dothermic). In fact, every such reaction is made up
of two opposing reactions. If the torward reaction
is exothermic, the backward reaction will be en-
dothermic and vice-versa,

() Consider the exothermic reaction

N, (g)+3H, (g) =—=> 2NH, (g). AH= —92-4kJ

or it may be wrilten as

€X0

N; (@)+3H, (g —— 2NH,
endo
Obviously, the forward reaction is exothermic
whereas the backward reaction is endothermic.
Now, il the temperature is increased e heut is
supplied to the system, then according to Le
Chatelicr’s principle, the cquilibrium will shift 1o
the side that absorbs heati.e. in the backward dirce-
tion. Similarly, decrease in temperature wiil <hifi
the equilibrium in the forward Jirection.
{1f) Again, consider the cndothermic reaction
N, ()40, (8) == 2NO (g), AH = + (80.7 k}

of it may be written as

1+92 4 k)

endo
= 2NO (g

X0

N, (g) + O, (g) + 180.7kJ

Obviously, here the forward reaction is en-
dothermic whereas the backward reaction is ex-
othermic. Arguing as before, the increase of
temperature will favour the lorward reaction while
the decrease of temperature will favour the back-
ward reaction. Thus in general,

Exothermic reactions are favoured by low tempera-
ture whereas endothermic reactions are favoured by
high temperature.

(3) Effect of change of pressure. This fuctor
has a significant role to play only in case of gaseous
reactions and thosc too which proceed with a
change in the number of moles.

({) Consider the dissociation of N,O, mnlo
NO. :
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NO, (g — 2NO, )
1 mole 2 moles

Here, the forward reaction occurs with in-
crease in number of moles. Therefore, the back-
ward reaction must proceed with decrease in
number of moles. If now the pressure on the system
is increased, then according to Le Chatelier’s prin-
ciple, the equilibrium will shift in a direction in
which the pressure decreases or the number of
moles decreases (because pressure is directly
proportonal to the number of moles). Since back-
ward reaction takes place with decrease in number
of moles, so an increase in pressure will favour the
combination of NO, molecules to produce N,O,

i.e. suppresses the dissociation of N,0, into NO,.

Conversely, if the pressure on the system is
decreased, the equilibrium will shift in the forward
direction which is accompanied by increase in total
number of moles. In other words, decrease in pres-
sure favours the dissociation of N,O, into NO, i.e.,

increases the dissociation of N,O,-

(i) Now, consider another gaseous reaction
involving formation of ammonia.

N,(g) +3H,(8) == 2NH;(g)
1 mole I moles 2 moles
= )
4 moles

In this equilibrium reaction, the forward reac-
tion is accompanied by a decrease in the total num-
ber of moles. If the pressure on the system is
increased, then according to Le Chatelier’s prin-
ciple, the equilibrium will shift in that direction in
which decrease in the total number of moles takes
place i.e., in favour of formation of ammonia. Thus,
higher the pressure, the better would be the yield
of ammonia.

If, on the other hand, the pressure on the
system is decreased, the equilibrium will shift in
that direction in which increase in total number of
moles occurs i.e., in the backward direction. In
other words, a decrease in pressure will favour the
dissociation of NH, into N, and H,.

(iii) Lastly, consider the following equilibrium
reaction involving the formation of hydrogen
iodide.

Hy(g) + L(8)

1 mole 1 mole

This reaction takes place in either direction
without change in number of moles. So according

o

= 2HI(g)

2 moles

to Le Chatelier’s principle, pressure will have no
effect on this equilibrivm. In general,

Low pressure favours thase reactions which are
accompanied by increase in total number of molex
and high pressure favours those reactions which
take place with decrease in total number of moles.
However, pressure has no effect an an equilibrium
reaction which proceeds with ne change in total
number of moles.

The effect of change of pressure can also be
predicted by comparing the reaction quotient with
the equilibrium constant as done in the case of the
study of effect of change of concentration. Let us
consider the reaction

Ny (g) +3H,; () ==2NH;(¥)

Suppose the reaction mixture is enclosed in a
cylinder fitted with a piston at constant tempera-
ture and a definite pressure. When equilibrium is
attained, for the equilibrium concentrations, we

& [NH,J*
N [H,
Now suppose the reaction mixture is com-
pressed to half the volume (Fig. 7.12) i.e. pressure
is doubled (as PV = constant at constant tempera-
ture). The molar concentration of each of the reac-
tants and products will be doubled so that now the
reaction quotient is
1 [NHP 3

O pENEP A
cTRIND 2[H)P T AN HP 4
Thus Q, is less than K. To re-establish the

equilibrium Q, will increase till it becomes equal to

have

K,. This can happen only if [NH,] increases and
[N,] and [H,] decrease i.e. equilibrium will shift in
the forward direction.

It is important to mention here that in the
study of effect of pressure on reactions involving
heterogeneous equilibrium, the solids and liquid
reactants or products are not taken into cnsidera-

tion, as the effect of pressure on them is negligible.
For example, for the reaction

C(s) + 0, () == 2CO (),

_lcor
[0
Effect of change in volume. If the volume of a

gaseous reaction is decreased, the pressure exerted
by the molecules will increase. Thus the effect of

we write  Q,
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FIGURE 7.12. Demonstrating the effect of pressure on the equilibrium
Nz + 3H; &= 2NH,

decrease of volume is equivalent to the effect of

would be the yield of ammonia. Usually a pressure

increasé of pressure. As (he effect of increase of — of 350 atmospheres is employed.

“PrESSTE is to shift the equilibrium in the direction
inwhich the number of moles decreases, henice the
effect of decrease in volume will be-to shift the equi-
fibritim in the direction in which the number of moles
decretfes.

7.15. Applications of Le Chatelier's Principle s

(A) To Chemical Egquilibria. Le
Chatelier’s principle is very useful in predicting the
conditions of temperature, pressurc and con-
centration to get higher yields in certain industrial
reactions. A few examples are given below :

1. Fermation of Ammonia (Haber’s Process).
The chemical equilibrium taking place in this
process is

N, (g)+3H, (g) = 2NH, (g), AH = —92.4 k)

() Effect of temperature. 1t has already been
discussed above that lower the temperature,
greater would be the yield of ammonia. However,
if the temperature is kept low, the reaction will take
a long time to attain equilibrium state. Therefore,
a compromise is needed to make the process
economical. Usually, a temperature of 750 K is
employed. At this temperature, the yield of NH;, of
course, is less than that at a lower temperature. But
from industry point of view, it is rather advisible to
get a poorer yield than to waste time unnecessarily.

Finely divided iron is used as a catalyst to
achieve the equilibrium rapidly and molybdenum
(promoter) is used to increase the efficiency of the
catalyst.

(i) Effect of Pressure. It has already been dis-
cussed above that higher the pressure, greater

(i) Effect of Concentration. According to Le
Chatelier’s principle, an increase in the concentra-
tion of reactants (N, and H,) would shift the equi-

librium in that direction in which the reactants are
consumed Z.e., in the forward direction. In other
words, formation of NH, would be favoured.

Moreover NH, formed should be continuously

removed by liquefaction so that equilibrium shifts
in the forward direction.

2. Formation of Nitric Oxide. Consider the
formation of nitric oxide by direct combination of
nitrogen and oxygen (as used in the Binkland-Eyde
process for the manufacture of nitric acid). The
thermochemical equation for this reaction is

N, (£)+0, (g) == 2NO (g), AH = +180-7kJ

(i) Effect of Temperature, The forward reac-
tion resulting in the formation of NO is endother-
mic. If the temperature of the system is increased,
then according to Le Chatelier’s principle, the
equilibrium will shift in that direction in which
absorption of heat occurs i.e., in the forward direc-
tion. Therefore, the formation of NO will be
favoured by high temperature. Usually, a tempera-
ture of 2773 K is employed.

(if) Effect of Pressure. In this equilibrium réac-
tion, no change in number of moles takes place
since one mole of N, combines with one mole of

O; to produce 2 moles of NO. Hence pressure has
no effect on this equilibrium reaction.

(i) Effect of Concentration. A high concentra-
tion of N, and O, will favour the formation of nitric

oxide.
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3. Formation of Sulphur Trioxide (Contact
Process). The equilibrium reaction involving the
oxidation of sulphur dioxide to sulpbur trioxide
may be represented as :

250, (g) +0, () == 250, (g) +1932KJ

=

(i) Effect of Temperature. The forward reac-
tion leading to the formation of SO, being exother-
mic is fuvoured by low temperature in accordance
with the Le Chatelier’s principle. Usually an op-
timum temperature of 673 — 723 Kis used. Further,
fincly divided platinum or vanadium pentoxide
(V, Oq) is used as a catalyst to attain the equi-
librium state rapidly.

(ii) Effect of Pressure. The forward reaction
favouring the formation of SO; takes place with
decrease in number of moles. If pressure on the
system is increased, the volume will decrease cor-
respondingly. Hence, the total number of moles per
unit volume will now be more than before. There-
fore, according to Le Chatelier’s principle, equi-
librium will shift in that direction in which decreasc
in number of moles occursi.c. in the forward direc-
tion. Therelore, the formation of SO is favoured by
high pressure. Usually, a pressure of 1.5 to 1.7 at-
mosphere serves the purpose.

(iii) Effect of Concentration. Higher the con-
centration of SO, and O,, greater would be the

yield ol SOs.

4. Bosch Process for the Manufacture of
Hydrogen. In this process, H, is produced from
water gas and steam according to the following
equilibrium reaction :

f o
LH2 (® iCO (gL + H,0@) —

Steam

Water gas
HES o

——

3 moles

2H: ®) +,f()2(@; AH = + 42-0kJ

3 moles

(i) Effect of Temperature. The forward reac-
tion being endothermic is favoured by high
temperature. Usually a temperature of 673-723 K
is used.

(ii) Effect of Pressure. Since there is no change
in the total number of moles in this reversible reac-
tion, pressure has no effect on this equilibrium reac-
Lion.

(iii) Effect of Concentration. Formation of
CO, and H, is favoured by high concentration of
water gas as well as steam.

(B) To Physical Equilibria. Le Chatelier’s
principle is equally applicable to physical equilibria
as to chemical equilibria. Some applications of the
Le Chatelier’s principle to physical equilibria are
discussed below :

(i) Ice-Water Equilibrium — Melting of ice

Ice DG o P, 0 T ;

More volume Less Volume

The change of ice into water is an endother-
mic (a heat absorbing), reversible process. The
reaction involves decrease in volume i.e. when ice
mells into water, volume decrcases. Hence accord-
ing to Le Chatelier’s principle,

(¢) On increasing the pressure on this system
in equilibrium, the equilibrium tends to shift in a
direction in which volume decreases i.e. equi-
librium shifts to the right. Thus increasing pressure
favours change of icc into water i.e. more of ice
melts.

(b) Since the change of ice into water is an
endothermic process, increase in temperature
tends to shift the equilibrium to the right, i.e. on
increasing the temperature, more ice melts into
waltcr.

(i) Water-Vapour equilibrium — Vaporisa-
tion of water

Water + Heat === Water vapour

Less volume More volume

The change of water to waler vapour is a
reversible endothermic (heat absorbing) process.
The reaction involves increase in volume i.e. when
water vaporises into water vapour, volume in-
creases. Hence according to Le Chatelier’s prin-
ciple,

(a) On increasing the pressure on this system
in equilibrium, the equilibrium tends to shift in a
direction in which the volume decreases i.e. equi-
librium shifts towards condensation of waler
vapour into water. In other words, the increase in
pressure favours the condensation of water vapour
into water and decreasing pressure favours
vaporisation of water into waler vapour.

(b) Since the vaporisation of water into water
vapour is an endothermic reaction, increase in
temperature shifts the equilibrium to the right i.e
on increasing temperature, more ‘water is changed
into water vapour.
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(iii) Solubility of Substances. Certain salts
like ammonium chloride dissolve with the absorp-
tion of heat (endothermic). The solubility of such
salts increases with increase in temperature.

On the other hand, certain salts like sodium
hydroxide, calcium acetate etc. which dissolve with
the evolution of heat, will have lower solubility at
higher temperatures.

(iv) Gas-Solution System. Suppose there ex-
ists an equilibrium between a gas and its solution in

a cylinder fitted with a piston. When pressure is
increased by compressing the system with a piston,
there occurs reduction of volume and, therefore,
some of the gas dissolves in the solution. It means
that increase of pressure increases the solubility of
gas in liquids while decrease in pressure lowers it.
For example, an aerated soda water bottle like
Campa, Thums up etc., on opening bubbles out
dissolved carbon dioxide as pressure is decreased.

van’t Hoff equation is

d]nKp_AH°
~dT " RT?

Assuming AH® to be constant over a small temperature range, integration of the above equation gives

[danp=J§¥;dT

where 1 is constant of integration. Thus a plot of anp versus 1/T gives a straight line with slope

= AR | dT
=R |z
__AHS

or In Kp = - W +1

=~ AH°/R.

From the van’t Hoff equation,

K, AH T,-T,

log _] =33BR —W , we may conclude that

() If AH = 0i.e. no heat is evolved or absorbed in the reaction,

log (K,/K{) =0
Le. K,7K; =1
or K, =K,

Le. equilibrium constant does not change with temperature
(#) If AH = +ve ie. heat is absorbed in the reaction, then

log (K57K;) = +ve
or log K, > log K,
or K, > K,.

Le. equilibrium constant increases with increase in temperature.
(i) If AH = —ve ie. heat is evolved in the reaction, log (K,/K;) = —ve

Le. log K, <log K; or K, <K,

Le. equilibrium constant decreases with increase in temperature.
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nceptual Questions
(). 1. Some sugar is added into a saturated solution of sugar in a beaker. What process/processes if any, do you

Ans.

Ans.

Ans.

Q.4
Ans.

Q.5.

Q. 6.
Ans.

Q. 7.

Ans.

Q.8.

Ans. (i) K

expect to happen with the passage of time? What is this state called ?

Two processes namely dissolution and precipitation will continue to take place at equal rates. It is called a state
of equilibrium.

Why gas fizzes out when soda water bottle is opened ?

The amount of the gas dissolved is very high due to high pressure. On opening the bottle, the pressure tends
to decrease to atmospheric pressure. So the solubility decreases i.e. the dissolved gas escapes out.

" Reaction between acetic acid and ethy} alcohol attains a state of equilibrium in an open vessel but

decomposition of CaCQ, does not. Why.?

Acetic acid and ethyl alcohol are liquids and their products ethyl acetate and water are also liquids but one of
the products of decomposition of CaCOj5 is gaseous (CO,) which escapes out and the reverse reaction cannot
occur.

At equilibrium, the mass of each of the reactants and products remains constant. Does it mean that the
reaction has stopped ? Explain.

No, the reaction does not stop. It continues to take place in the forward as wall as backward directions but at
equal speeds.

What happens to a reversible reaction if a catalyst is added to it ?

. The state of equilibrium is not disturbed but is attained quickly because both the rate of forward and backward

reaction increase to the same extent.
The value of equilibrium constant depends on what ? (B.LT Ranchi 1990)
The value of equilibrium constant depends upon (i) nature of the reaction (i) temperature.

A cylinder fitted withl an air tight piston contains a small amount of a liquid at a fixed temperature. The
piston is moved out so that the volume increases.

(a) What will be the effect on the change of vapour pressure initially ?

(b) How will the rates of evaporation and condensation change initially ?

(c) What will happen when equilibrium is restored finally and what will be the final vapour pressure g2
(N.C.ER.T)

(a) Initially the vapour pressure will decrease.

(b) The rate of evaporation remains constant at constant temperature in a closed vessel. (discussed in unit 2 under
vapour pressure) However, the rate of condensation will decrease because there are fewer molecules per unit
volume in the vapour phase and hence the number of collisions per unit time with the liquid surface decreases.

(¢) When equilibrium is restored, rate of evaporation = rate of condensation. The final vapour pressure will
be same as it was originally.

Write expressions for the equilibrium constant K for each of the following reactions :
@) 2NOCl(g) = 2NO(g) +CL,; (®)

(6) Na,COy (5) + S04 (&) + 3 02 @) = Na,SO,(5) + CO, @)

(iii) Pbl, (s) + ag == Pb?>¥ (ag) + 217 (ag) (N.CE.RT)
i [NO @)1 [CL; &)
[NoCI @)1
[Na,SO, (5)] [CO, ®)} [CO, ()] Pco,

[Na2CO, )] 50, @110, @17 (50, @110, @1 Pso, X PG,

(ii) K =

‘ph2t - 2
(i) K = EQAUECOL = po?* @) i~ @)



EQUILIBRIUM — | 7/35

{J. 9. The concentration quotient of a reversible reaction is Q, and the equilibrinm constant is K. What do you
conclude if (HQ =K ) Q=K (£i) Q < K.
Ans. Refer 1o page 7/11.
2 1. If concentrations are expressed in moles L™ and pressures in atmospheres, what is the ratio of Kp to K,
for the reaction 180, +0,(8) — 2 504 (g)at25°C?
Ans, Ang St ik,
3 il L Eyrdserwu) Linangaled
Hence K,=K.(RT)"" or Kp/Kc_1/RT_0-0821><298 0-04
(1. t1. The equitibrium constant for the reactions
N;+0, —— 2NO and 2NO+ 0, = INO,
are K, and K, respectively, then what will be the equilibrium constant for the reaction
N, +20; —— 2INO,?
Ans. For the required reaction, K = K; < K,.
). 12 For the renction N, (g)+3 H, (g) == 2 NI, (), at 400 K, K, = 41. Find the value opr for each of the
following reactions at the same temperature :
; Aen] 3
()ZNH; (g) = Ny +3H, () (if) 3 N, @+ sH; @ == NH;(g
(i) 2Ny (g) + 6 Hy (g) —= 4N, (z) (NC.E.RT)
Ans. (i) K, = - (i) VAT (iif) (a1)2
0 13 What does the equilibrium constant K < 1 indicate ?
Ans. The reaction does not proceed much in the forward direction.
Q- 14. For an exothermic reaction, what happens to the equilibrium constant if temperature is increased ?
Ans. K = k¢ / ky. In exothermic reaction, with increase of temperature k, increases much more than &, Hence K
decreases.
(). |5, Write expressions for K, and K_ for the reaction CaCOj (v) === (a0 (s) + CO, (g).
e I (€0 @l Taking activ £ solids as unity, K, = [CO, (g)]- Similarly K_=
s. K, = [Cac0; 0] - laking actrve masses of solids as unity, K_ = [CO, (g)|. Similarly P—pcoz.
[NH;1* [0,]°
. 10. The equilibrium constant expression for a gas reaction is K_ = ¢
INOJ® [11,0]
Write the balanced chemical equation corresponding to this expression. (NCERT)
Ans. 4NO (@) + 6 H,O0(g) = 4 NH3 E+5 05 ()
(. 17. What happens to the equilibrium PCliig) == PClLg+ Cl; (g), if nitrogen gas is added to it (i) at
constant volume (ii) at constant pressure ? Give reasons.
Ans. (1) The state of equilibrium remains unaffected
(i) Dissocation increases (i.e. equilibrium shifts forward). For reason, refer to the text (page 7/27).
.18 o b, 2 =
% The equilibrium constant of a reaction is 2 x 10 " at 25°Cand 2 x 10~ 2 at 50°C. Is the reaction exothermic
or endothermic ?
Ans. Asequilibriun constant has increased with temperature, the reaction is endothermic (in the forward direction).
& What two changes on the equilibrium N@+3H,(8) — 2NHy(g), Al =—92.4Kk].
can keep its state undisturhed ?
Ans. Increase of temperature alongwith suitable increase of pressure or increase of pressure alongwith suitable

increasc of temperature.
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(). 21). Some processes are given below. What happens to the process if it subjected to a change given in the
brackets ?
M. pt
(i) Ice —— Water (Pressure is increased)
(i) Dissolution of NaOH in water (Temperature is increased)
iy Ny () + 05 () = 2NO (g} — 1807 kJ (Pressure is increased and temperatnre is decreased).
Ans. (i) Equilibrium will shift in the forward direction i.e. more of ice will melt.
{if) Solubility will decrease because it is an exothermic process.
(#ii} Pressure has no effect. Decrease of temperature will shift the equilibrium in the backward direction.
. 21, Explain why pure liquids and sclids are ignored while writing the equitibrium constant expression.
(N.CERT)
ey _ No.of moles _ Mass/mol. mass
Ans. [Pure fiquid} or [Pure solid] = =P rm = =0
__Mass 1 _ _Density
~ Volume = Mol mass Mol mass
As density of a pure liquid or pure solid is constant at constant temperature and molecular mass is also constant,
thercfore their molar concentraticns are constant and included into the equilibrium constant.
(). 22. What qualitative imformation can you obtain from the magnitude of equilibrium constant ? (NCERT)
Ans. (i) Large value of equilibrium constant (> 102y shows that forward reaction is favoured i.e. concentration of
products is much larger than that of the reactants at equilibrium.
(if) Intermediate value of K (e 3 to 10%) shows that the concentration of the reactants and products are
comparable.
(iéf) Low value of K (< 10 3y shows that backward reaction is favoured i.e. concentration of reactants is much
farger than that of the products.
(). 21, The following reaction has attained equilibrium
CO(g)+ 2H, () —= CHyOH(g), AH®=—92:0KJ mol "
What will happen if ({) Volume of the reaction vessel is suddenly reduced to half ?
(i) the partial pressure of hydrogen is suddenly doubled ?
(iii} an inert gas is added to the system ? N.C.ERT)
A [CH,0H] PcH,0H

K = =
¢ [CO)[Hy] 7 Pco";ﬂ2

(i) When volume of the vessel is reduced to half, the concentration of each reactant or product becomes double.
Thus

5 2 [CH,0H]
€ 2|CO] x {Z[H,)}
As Q, < K, equilibrium will shift in the forward direction, producing more of CH,OH to make Q_ = K.

1
TEe

1 _ Penyon s usx
(Il) OP = —PE-(—)—'— > ( sz) = -4" KP
Apain Q, < K, equilibrium wilt shift in the forward direction to make Q, = K,,.

(i) As volume remains constant, molar concentrations will not change. Hence there is no effect on the state
of equilibrium.
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Q. 24,

Ans.

An

@

Q.26

An

n

Q. 27.

Ans.

n

Q. 28.

Ans.

Which of the following will be affected by increase of pressure ? Also mention whether the change will cavse
the reaction to go into right or left direction ?

() CHy () + 28, () === CS, (g) + 2 H,S ()
(i) CO, @)+ C (s) = 2CO(g)

(i) 4 NH, (2)+5 0, (8) == 4NO (5)+6 H,0 (g)

() CH () + Hy ) == C,Hg () (NCERT)

All except (1) will be affected by pressure (For (i) ny=n. =3
In@),n =1,n,=2ie 1, > n, equitibrium will go to left.
In (i), n, =9, n, = 10ie n, > n,, equilibrium wilt go 1o left.

In (iv),n, =2, n, = lie n, < n, equilibrium will go to right.

- Hydrogen pas is ohtained from natural gas by partial oxidation with steam according to the following

endothermic reaction
CHy(g) + H0 (8) —— CO(p) +3H, (g)

(e) Write an expression for Kp for the above reaction.
(#) How will the value of KP and composition of the equilibrivm mixture be affected by

(i) increasing the pressure ?
(i) increasing the temperature ?
(i) using a catalyst ? (NCERT)

{P) () By Le Chatelier’s principle, equilibrium will shift in the backward direction.
(#) By Le Chatelier’s principle, equilibrivm will shift in the backward direction.
(##) Equilibrium composition will not be disturbed but equilibrium will be attained quickly.
The following system is in equilibrinm
§0,Cl, + Heat —— 50, + Cl,,

What will happen to the tempernture of the system if some Cl, is added into it at constant volume ? Give reason,

- Temperature of the system will increase because on adding Cly, equilibrium wilt shift in the backward direction

producing more heat.

In which one of the following reactions, the yield of the product will be maximum ?

ZA+B == C,K=10"5

C+2ID — E,K=10°

D+3B —= EK=10°
Higher the value of equilibrium constant K, greater is the yield of products. Hence yield of E will be maximum.
The equilibriom H,0 () == H,0 (v) is attained in a closed container at 40°C. The agueots tension of

water at 40° C is 23 mm. What is KP for the said equilibriom ?

Kp =Puo= 23 mm
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Q. 1.

Ans.

Q. 2.
Ans.

Q. 3.
Ans.

Q. 4.
Ans.

Q. 5.

Q. 6.

Ans.
Q.7.

Ans.
Q. 8.
Ans.

Q. 9.

Ans
Q. 10

Ans

hort Answer Questio

Which measurable property becomes constant in water . ——~  water vapour equilibrium at constant
temperature ?

Vapour pressure.

Give one example of everyday life in which there is gas —— solution equilibrium.
soda-water bottle.

Under what condition, a reversible process becomes irreversible ?

If one of the products (gaseous) is allowed to escape out (i.e. in open vessel)

What happens if ferric salt is added to the equilibrium of the reaction between Fe?* and SCN™ ions ?
Red colour deepens.
What is the effect on the value of equilibrium constant on adding catalyst ?
No effect.
Write the expression for equilibrium constant Kp for the reaction
3Fe (s) +4 H,0 () == Fe;0,()+4 H, ()
Kp =Pu, /PHZO'
What is the effect of increasing pressure on the equilibrium
N, +3H, =— 2NH,?
Equilibrium will shift in the forward direction forming more of ammonia.
What are the conditions for getting maximum yield of NH, by Haber’s process &
High concentrations of N, and H,, low temperature, high pressure.

If the equilibrium constant for a reaction is 4-0, what will be the equilibrium constant for the reverse
reaction.

. 1/4 = 0-25.

. What happens to the dissociation of PClg in a closed vessel if helinm gas is introduced into it at the same
temperature ?

. No effect.

Short Answer QuUestions caRRVING 2ora MARKS

See. 7.1, 1, What do you understand by term ‘Equilibrium’ ? Explain physical equilibrium with one suitable
to 7.3. example.

2. Give one example of each of the following equilibria :
(i) Solid-Liquid Equilibira
(if) Liquid-Gas Equilibrium
(iit) Solid-Solution Equilibrium
3. Define the terms ‘Vapour pressure and ‘Solubility’.
Define Henry Law. Why the gas fizzes out when a soda water bottle is opened ?
5. Under what condition each of the following equilibria can exist :
(i) Solid-Liquid equilibrium
(i) Liquid-gas equilibrium
(if))Solid-solution equilibrium
(iv) Gas-solution equilibrium.
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6.

10.
11.

12.
13

14.
18.
16.

17.

18.

19.

20.

21.

22.

24.
25,

26.

27.
28.

What do you understand by Rerversible and Irreversible reactions ? Ilustrate your answer with two
examples. Under what conditions a reversible reaction becomes irreversible ?

What do you understand by chemical equilibrium? Explain with one suitable example.

What do you understand by dynamic nature of chemical equilibrium ? Give one experiment to prove
that equilibrium is dynamic in nature.

List any four important characteristics of a chemical equilibrium.
State and explain the Law of Mass Action.
State and explain the ‘Law of Chemical Equilibrium.’

Derive a general expression for the equilibrium constant.
‘What do you understand by K_and Kp } Derive a relationship between them.
Under what conditions K_ = Kp for a gaseous reaction ?
List the important characteristics of equilibrium constant.
How does the magnitude of equilibriuni constant give an idea of the relative amounts ol the reactants
and products ?
The equilibrium constant for the reaction
N, + 3, == 2NH,
is K. What will be the equilibrium constant for the reaction

é-N2+ %Hz &= NH;?

Discuss the effect of temperature on the equilibrium constant. How does it change for (@) exothermic
reaction (b} endothermic reaction (¢) reaction having zero heat of reaction ?

Define ‘Homogeneous Equilibria and Heterogeneous Equilibria’. Give three examples of each of
them.

Write the equilibrium constant expression for the following reactions :

(i) HCl (aq) = Ht (aq) + CI™ {aq)

(i) NH, (ag) == NH; (aq) + OH ™ (ay)

(i) AgCrO, () + (aq) == 2Ag" (ag) + CrO3™ (ag)

(iv) Al(s)+ 3% (ag) == AP* (aq)+3/2H, @

(v) CH3; COCH, (I} —= CH,COCH; (g)

Applying the law of chemical equilibrium explain why vapour pressure of water is constant at constant
temperature.

Why strictly speaking equilibrium constant has no units ?
The equilibrium constant for the reaction.

2H () + 0, () = 2H,0()
is 1.2 % 10% at 298 K i.e. quite large while H, and O, do not react under ordinary conditions. IHow
do you explain it ?
What is the effect of adding a catalyst on a reaction which is {a) in equilibrium (b) not in equilibrium ?
What is the effect of adding 1 mole of He (g) to a flask containing SO,, O, and SO in equilibrium at
constant temperature ?

Name the factors which influence the equilibrium state. Explain influence of each factor with the help
of examples.

State Le Chatelier’s principle. Give two examples of its applications in chemical industries.
The following represents a gaseous system at equilibrium.
2850, () +05(8) ——= 2505(g) + Heat

Indicate the direction in which the equilibrium will shift when the following changes are made :
(¢} Temperature of the system is decreased
(if) Total pressure is decreased
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(i) Volume of the container is increased
(iv) A catalyst is added.

What is chemical equilibrium ? How does Le Chatelier’s principle enable us to predict the effect of
change in external conditions on a system in equilibrium ?

Consider the following reaction
N;O4(8) —— 2NO, (g) AH =58-6kJ
What will be the effect of the following changes on the concentration of N,0, at equilibrium ?

(¢) Increasing the pressure

(i) Increasing the temperature

(#ii) Increasing the volume

(iv) Adding more NO, (g) to the system without changing temperature and pressure
(v) Adding catalyst.

‘What will be the effect of increased pressure on the following equilibria ?
@) Hy@+, T 2HI()

(i) Ny@® +3H;@8) —— 2NH,;(y)

(i) 250, (8) + 0, (8) == 250,()

() 20;¢) == 30,09

V) NyOu@® = 2NO, ()

Using Le Chatelier’s principle, predict the effect of

() decreasing the temperature and

(i) increasing the pressure on each of the following equilibria :

A. N, (® + 3H; () == 2NH; (g) + Heat

B. N;(©)+0,(8) —— 2NO (g) + Heat

C. Hy0 (g) + Heat == H,(g) + %02 @

D. 2CO @) + 0, () == 2C0O, (g) + Heat

In the reaction equilibrium A+B —= C+D, what will happen to concentration of A, B and D
if the concentration of C is increased ?

Mention at least three ways by which the concentration of SO, can be increased after the equilibrium

is established in the following reaction :
280,(@) +0,(8) =— 2505+ Heat

==
What is Le Chatelier’s principle ? Under what conditions is it applicable ? How does it differ from the
Law of Mass Action ?

Why does manufacture of ammonia by Haber’s process require higher pressure, low temperature,
use of catalyst and pure gases ?

. State Le Chatelier-Braun principle. Discuss its application in the manufacture of NH, by Haber’s

process.

. With the help of Le Chatelier’s principle, explain the following :

(i) Effect of temperature on the solubility of sugar in water, given that dissolution of sugar in water
is an endothermic process.

(i) Effect of temperature and pressure on the solubility of gases in liquids.
(i) Effect of pressure on the boiling point of a liquid.
(iv) Effect of pressure on the freezing point of liquid.
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See. 7.1
to7.3.

Sce. 74.

See. 7.5,
to 7.6.
See. 7.9,
Sec. 7.8,
to 7.9.

Sec. 7.10,
to 7.12.

Sec. 7.13
to 7.15.

Lﬂngxﬁﬂgzw@r@uﬁ,;&tlﬂﬂﬁ CARRYING 5 or more MARKS

What do you understand by ‘Equilibrium’ 7 Discuss one example of each of the following physical
equilibria :

(i) Solid-liquid equilibrium

(#) Liquid-gas equilibrium

(i) Solid-solution equilibrium

(iv) Gas-solution eguilibrium

Give one important characteristic of each of the above equilibria.

Briefly explain the following :— _

(¥} Reversible and Irreversible reaction

(it) Dynamic nature of chemical equilibrium

Briefly explain the important characteristics of chemical equilibrium.

State and explain the Law of Mass Action. Derive the Law of chemical equilibrium and hence define
equilibrium constant.

What are K, and K, ? Derive a relationship between them.

Explain the effect of the following on the equilibrium constant.

() Concentrations of the reactants are doubled

(i} The reaclion is reversed

(éif) Catalyst is added to the reaction

(iv) Ternperature is increased,

What are Homogeneous and Heterogeneous equilibria ? Give three examples of each. Write expres-
sions for their equilibrivm constant and give its units in each case.

State and explain Le-Chatelier’s principle. Discuss its application to the manufacture of
(¥) NH, by Haber’s process
(if) H,80, by contact process
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Calculation of degree of dissociation from vapour density measurements

Degree of dissociation of a substance at a particular temperature is deftned as the fraction of the total number
of molecules dissociated into simpler molecules ai that particular temperature ie.

No. of moles dissociated
Total no. of moles taken

Degree of dissociation (az) =

Degree of dissociation can be calculated from vapour density measurements for those substances which are
accompanied by change in the number of moles e.g.

PCl, # PCl; + Cl, or N,O, \_.—_-3‘ 2NO; etc.
Taking the example of dissociation of PClg , suppose we start with 1 mole of PCls and « is ils degree of
dissociation at the exepenimental temperature. Then we have
FClB) == PClL () + Cly (®)

No. of moles before dissociation 1 0 0
No. of moles after dissociation 1l-a a a
Suppose the volume occupied by the vapour per mole = V litres. Then

Before dissociation. ‘Total no. of moles = 1. Hence total volume = V litres. If D is the vapour density of
PCl, before dissociation {called theoretical vapour density), then

D« % ( Density « "Vollﬁ) . wal(i)
After dissociation. Totalno.ofmoles = (1 —a) ta+a=1+a
Total volume occupied by the reaction mixture = (1 + «) V litres
Now, if d is the density of the vapour (called observed density), then

1 >
d e (—]-:_—a)—v ...(u)
Dividing eqn. (1) by eqn. (&), we get
1
%—:——Y =1l+a Or a=%-—1
(I Fa)V

s e

or | e - "—I (i)

7/42
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ADDITIONAL USEFUL INFORMATION .t 4
As Mol. mass = 2 x Vapour density, eqn. (i) can also be written as
= -I\EN_{& (V)
0
where M, = theoretical (calculated) molecular mass
M, = observed (experimental) molecular mass

Alternatively, observed molecular mass can be calculated from the mass of a definite volume of the vapour
at a particular temperature, using the relation

w RT w
PV=HRT or MO —Fv— (asn=ﬁJ

In case of dissociation of N,0, , we can write

N0, ) == 2NO, (9
No. of moles before dissociation 1 0
No. of moles after dissociation l-a 2a, Total=1+a
Hence the same formulae will apply as for the dissociation of PCl, .
In general, if one mole dissociates to give n moles of products
ie. A -— nB
Initial moles 1 0
Moles after disso. l-a na Total=1~a+na=1+(m-1)ea
Then %—=I+(ﬂ—-])a or "=,,11(D;d)

PROBLEMS ON CALCULATION OF DEGREE OF DISSOC CIATION FROM VD,

The vapour density of PClg at 473 K is At 523 K, 1 litre of partially dissociated
found to be 70-2. Find the degree of dissociation of ~FCls al 1 atm weighs 2-695 g Calculate the percentage
PCls at this temperature. dissociation of PClg at 523 K

Solution. Theoretical vapour density of PClg is Solution. Applying the relation,
Mol. massof PCls 31 4 § x 35.5 PV =Y RT
= 5 = 5 M

. M0=WRT=2-69SX:J-£!§21x523=115.7

=5 =104:25
Observed vapour density is, d = 70-2 For PCly; M; =31 +5%35-5 = 208-5
Degree of dissaciation (&) - M, - M, _ 208-5-115-7
o i = =(0-80
104-25 — 70-2 MS 1157
Sreaniy el = = 0-485
= 80%

PROBLEMS FOR |

1. At a certain temperature, the vapour density of 2. 1-588 g of N,O, gives a total pressure of 760 mm
N0, is24-8. Calculate its percentage dissociation when partially dissociated in a 500 ml vessel at 298
at this temperature. K. What is its degree of dissociation at this

[vis. 85-5%] temperature ? lans. 0-185]
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A. SUBJECTIVE QUESTIONS Ans. 2AB2 (8 ==2AB(g) + B, ()
(. |. Prove that the pressure necessary toobtain 50%  Initial 1 mole 0 0
dissociation of PCl; at 500 K is numerically At equilibriom 1 -x 2y x

equal to three times the value of the eguilibrinm

constant, Kp
Ans, PCly = PCl, + Cl,
Initial moles 1 0 0
Molesategm. 1-0-5 0-5 05
=05 Total = 1-5 moles

If P is the total required pressure, then

05 P Q-5 P
Peeiy =33 2P =3 Proy, “ T.5% 'T
_05 P B
Po,=T35*" "3
_Pray 7P, @/3 /3 _P
Pray, ®/3) 3
or P=3K,
(). 2. Show that the degree of dissociation () for the
dissociation of PCl; into PCl, and Cl, at pres-
s [ K, "
sure I IS given by a = l—,—_"_E
Ans. PCl;=—PCl, + C

Initial moles 1 0 0
Moles afterdisso. 1-a «a a Total=1 + x
l-a a

a
~ Ppay 1+axP,pPa 1——xP,pc,z=me

+a
a @
Fra, "‘Pc:[2 (l + P) 1 +aP]

a 2P
PPCI l=—a 1 l—az
5 [m‘
or (l—az)Kp=a2P
172
K
or (P+KP)KZ=KPOFG=[F1"’k—
7

Q.3. At temperature T, n compound AB, (g) dis-

sociates according to the reaction
TABSE  =——2 ZAB () + By (®)

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, I
(L.IT 1994)

“Total number of moles at equitibrium
=5y F 2P = 2

pABz 1+2IXP
A
PIDS  any

X
PRV

2
_Pap P8,

2
pABZ

(zrxP)zx(xxP) (l—x
1+ 2x 1+2x 1+ 2x
P

o K =axag+m

Neglecting x in comparison to unity

173
= 43P or = [1—(#]

. Giving reasons in brief, indicate whether the
following statement is TRUE or FALSE :

The rate of an exothermic reaction increases
with increasing temperature. (ILLT. 1990)
False because in an exothermic reaction, heat is
evolved. Increase of temperature will shift the
equitibrivm in the backward direction ie. the
rate of reaction decreases.

What is the effect of reducing the volume on the
system described below 7

2C(s)+ O4(8) :

2
xP]

Ans,

2CO ()

(B.L.T. Ranchi 1990)

On reducing the volume, the pressure will in-
crease. By Le Chatelier’s principle, equilibrium
will shift 1o the side accompanied by decrease of
pressure i.e. decrease in the number of gaseous
moles i.e. backward direction.

. Nitrogen and hydrogen react to form ammonia
as per the reaction
1/2N;+3/2H, == NH;
When the mixture of the three gases is in equi-
librium, predict whether the amount of am-
monia increases or decreases il

Ans,

(i) the pressure on the system is increased.
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(ii) the temperature of the system is raised.
(iif) the concentration of hydrogen is increased.
(B.LT. Ranchi 1991)
Ans. (1) When pressure is increased, equilibriurn shifts
to that direction in which pressure decreases ie.
number of moles decreases which is in the forward
direction. Hence the amount of NH, increases.
{if) Asthe forward reaction is exothermic, increase
of temperature will shift the equilibrium in the back-
ward direction Le. the amount of NH, decreases.
(f5) On increasing the concentration of H,,

equilibrium wili shift in the forward direction ie.
the amount of NH, increases.

Express Kv and K, for the reaction

Ny (g) + 3H,(p) ‘_.—_\ 2NH, (g)

What is the relation between these equilibrium
constants for the nbove reaction 7

(I.5.M. Dhanbad 1991)

Q0.7

_ INH,P? Pl
TN  P <

A=2-(1+3)==2
- K, =K (RT)A" = K (RT)™? = K, / (RT)?

. Areaction A(g)+ B(g) — 2C(g) is in
equilibrium at a certain temperntore. Can we
increase the amount of products by (/) adding
catalyst (i) increasing pressure ?

Ans. (i) No, because catalyst does not disturb the state
of equilibrium. (if) No, because n,=n,

- Thereaction N;0, (g) —= 2NO, (g)is being
corried out in a closed vessel at 373 K, At a
particular instant, concentration of N,0, as

well as NO, is 1 mol L™, In which direction the
reaction will go to establish the equilibrium ?
The equilibrium constant for the reaction at 373
Kis0-36.
Ans. Concentration quotient, Q (at 373 K)
(NO,* 1. But 0-36
= =1. Bu =0-36.

[N,0,] o
Thus to establish the equilibrium, Q should
decrease. This can happen if [NO,] decreases or

[N,O,] increases ie equilibrium shifts in the
backward direction.
In the reaction N, + 3 H; == 2NH, at equi-

librium, gas is injected into the vessel without
disturbing the overall pressure of the system.
What will be the effect on the equilibrdom ?

[NH, )

Ans. =
K [N,] [H,}

Ans.

Q. 10.

As pressure is kept constant, volume will in-
crease. Hence molar concentraton of NH;, N,

and H, will decrcase. As there are two concentra-
tion terms in numerator and four concentration
terms in the denominator, to keep K, constant,
decrease in NH, should be more ie. equilibrium
will shift in the backward direction.

At a particular temperature, the number of
moles of different constituents for the reaction
N;+3H, — 2NH,are (1 —a) for N,,
3(1 - a) for H; and 2 a for NH,. Find outK_in
terms of o and the total pressure. Show that «
will increase with the increase of the total pres-
sure. Assume that ¢ << 1.

(West Bengal J E.E. 2001)

Ans, NS H i == 2NH,
Molesat 1 -« I(l-a) 2a,
eqm. Ptal=4-2a=2@2 -a)
l-a 3(l-a
Py = 3= b Pﬂg'li(l—_a%P’
2a
pNHB-Qa_a)P

Kp-‘”": x]“’z
£ [az/(Z-—a]zl p?
[(1-a)/22-a)]P x[9(l-a)’/8(2—a)] P?
_16a*2-a)? 1

N 9(1—1::)I [

Takinga << 1,
K _1602)( )2 1 _64a2
L Ay

If P is increased, to keep Kp constant, = will increase.
L. 12 Mention two different ways of drawing the fol-
lowing equilibrium towards right

ut
CH,COOH + CH,CH,0H —

CH;CO0C,H; + H,0 (all are liquids)
(West Bengal J.E.E. 2003)
(i} By adding more of CH,COOH or
CH;CH,0H.
(i7) By removing Lhe ester or water formed.
. 3. The equilibrium constant for the reaction :
A, +B, =— 2AB is K. What will be the equi-

librium constant for the reaction, AB =—>

%A: + % B, ? [A, B and AB, all are gases]

- (West Bengal JLE.E. 2004)
Ans, For A;+B,=2 AB, equilibrium constant=K ,

Ans,
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For the reverse reaction, 2 AB === A, + B,,
equilibrium canstant =1 / Kp

i azesed | 1
SOFE o G

equilibrium constant = 1 / VK

On dividing by 2, AB

Ammonium carbamate decomposes as

NIT,CO0 NH4 () #‘ z NHJ &)+ CO,(®
In a closed vessel containing ammonivm car-
hamate in equilibrium, Nil, is added such that the

partial pressure of NH, now equals original total pres-

sure. Calculate the ratio of total pressure now to the
original pressure,

Solution. Suppose the Lotal pressure of the mixture
imitially is P This is due to NH, and CO, which are present

inthe rafioof 2 : 1. Thus:pNHJ = % P’Pcoz = %P

] S s s lp) 4 p3
- Ky = nn)* Pco) = |5F) 3P =77
After adding NH,, PNH, = P (Given)

4
p? X Pco, = WP of pco, —27P

. Total pressure now = PN, +PC02

4 31
=P + 37 P= 37 P
.. Rativ of tatal pressure now to the original pres-
31
sure = 5=

The equilibrivm constant of a reaction
doubles on increasing the temperature of the reaction
from 25°C to 35°C. Calculate enthalpy change of the
renction, assuming it to be constant in this temperature
range.

Solution.  According to integrated van’t Hoff
equaton (page 7/16)
Kpha  aM® M

log T)I m T T2
Putting ( ph/(Kp)l =2,T, =25°C = 298 K,
T, =35C= J08K

R = 8-314JK ™" mol ™!, we get
(GuRN= AH® (308 — 298) K
£ S 33 x8314JK ' mol~ ! 298K308K

or AH°® =52898 Jmol”} = 52898 kJ mol ™!

An equilibrium mixture
CO (g) + H,0 (g) —— €0, (g) + H; (g) present in

a vessel of one litre capacity at 1000 K was found to
contain 04 mole of CO, 0-3 mole of H,0, 0-2 mole of

CO,and 0-6 mole of H,. If it is desired to increase the

concentration of CO to 06 moie by adding CO, into the

vessel, how many moles of it must be added into equi-
librium mixture at constant temperature in order to get
this change.

Solution. Step 1. To calculate K of the reaction.
g [CO @M, @)1

< [CO ()] [HZ0 @)
Step 2. To calculate extra CO, fo be added

0206
0:4x0-3

=71

Suppose extra CO, to be added = x mole. Then
writing the reverse reaction, we have
co, + H,~—=C0 + H,0
Initial moles 0-2+x 0-6 04 03
after addition

Moles (Molar (0 -2+x-0-2) (0-6-0-2) 0-6 (0-3+0-2)

conc.)atnew =x =0- 4 (Given) =10-5
equilibrium (V=1L)
Kc’=%—=%—lor:¢— 75 mole

c

Probten 4. The degree of dissociation of N, O into
NO, at one atmospheric pressure and 313 K is ¢-310.
Calculate Kp of the dissociation reaction at this

temperature. What will be the degree of dissociation at
10 atmospheric pressure at the same temperature ?

Solution. For the dissociation reaction

N204 (Bl— P NOZ (§:4]
Initial moles 1 0
Moles ateqm. 1-0-310 2x0-310
(e = 0-310, Given)
=069 =0-62

Total = 069 +0-62 = 1-31 moles
At one atmospheric pressure,

0-69 0-62
Pu0,= T3 * 1 atm, Pno, = T3T i atm.
P%'Oz _{0-62/1-31 atm)?
Kas Pno, O6/T 3Tatm) a2

At 10 atmospheric pressure, suppose degree of
dissociation = «. Then

N0, =2NO,

Initial moles 1 0
Moles at eqm. =k 2, Total=1+a
Pnyo, = }+ x 10 atm, Pno, = 12+ x 10 alm
K, = [20a/(1 + &) 40a> 40
[10(1—a)/(1 +aj (l—atr(1+cz)_]_ﬂ,2
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2
S (G

-
Neglective o? in comparison to 1, 40 &2 = (-425
o a«=0'103=10:3%

Crobivr 5 When = —~ D pglucose is dissolved in
water, it undergoes mutarotation to form an equi-
librium mixture of = — D glucose and 3 — D plucose
containing 63-6% of the latter. Calculate K, for the

mutarotation.
Solution. « — D glucose — § — D glucose
At equilibrum 36-4% 63-6%

63:6
Ke=3gg =174

Prokicn: ¢ AL77°C and one atmospheric pressure,
N,0, is 70% dissociated into NO,. What will be the

volume occupied by the mixture under these conditions
if we start with 10 g of N,0, ?

Solution. Molar mass of N, 0,

=28 + 64 =92 gmol !

N,0, T—"—_—\ 2 NO2
b 10
Initial moles 73 0
: T T st U e 0
After dissociation 93 " 100 X 03 2x0:076
=0-109 - 0076 =0-152
=0-033

Total moles after dissociation
=0-033 +0-152 =0-185
T=77"C=77T+2713K=350K
nRT
V= 7

0185 mole X 0-0821 L atm K™ 'mol™! % 350 K
1 atm

PV =nRT or

=5-3201L:

Some solid NHHS is placed in a flask
contaning 05 atm of NH,. What would be the pressure
of NH, and H,;S when equilibrium is reached ?

NHHS (s) &= NH; (g)+H,S (g), K, =0-11
(M.L.N.R. Allahabad 1994)
Solution. NH, and H,S produced by the decom-

position of NHHS will be same. Suppose at equilibrium

cach has pressure = p atm due 10 decomposition of
NH,HS. Then pyy ,s =patm

Pnhy =P+ 0-5atm

Applying law of chemical equilibrium to the given
reaction

Pnn, X Pus = Ky
: PX(P+0-5=011
or P+ 05p= 011
or PP+ 05p—0-11=0

=05 V0524011
= 7]

— 05 V025 + 044

2
__ 0-5+vV069
B 2
—0-5x083 033
= 3 S = 0-165
Pu,s = 0165 atm, PN, = U665 atm

(Neglecting —ve value)
One mole of H, and three moles of HI

are injected in a litre Nask. What will be the concentra-
tion of H,, 1, and HI at equilibrium at 490°C ? The

equilibrivm constant for the reaction at 49¢° C is 45.9.
(M.LN.R. Allahabad 1995)

Solution. Howgs* g (o —— 2ZHI
Initial conc. 1 2% 3
moles 7!
Concsategm. (1 -x) @2 -x (3+2)
mole L ™!
3+ 202 9+4c%+12x
el = = 459
A-H@2-x 24+ -3y
{Given)

“9+4x2 +12x =918+ 45922 — 1377y
or 41:9¢% - 149.7x+ 82-8=10
_ 1497 + V(14972 - 4 x41-9x 82.8
5 ; 2x41-9
149-7 + ¥33410-09 = 1387728
83-8

L. ﬁ‘gﬁ# = 2.89 and 068

But x =2-89is impossible. Hencex = 0-684
-~ Concentrations at equilibrium wiil be
[Hy] =
) =2-x=2-0684 = 1-316 mol L™
HI) =3 +2r =342 x0-684
=4-368 mol L™
A mixture of H2 and I, (vapour) in

molecular proportion of 2 : 3 was leated at 440°C till
the reaction H, + I, —= 2HIreached equilibrium

l—x =1-0684 = 4316 mol L.~}
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state, Calculate the percentage of iodine converted into
HI (K, at 445°C is 0-02). (Bihar 1997)

Solution,. H,@+1,(@® T 2HI@E)

Initial 2 3 0 moles

At eqm. 2 el 8= % 2
2-x 3-x 2x

Molar concs vV '—V— -V
(2x/ V)2

“l@-5/VI[G -0/ V]
4
= (2—_):)1(3—_6 =0-02 (leen)

This on solving givesx = 0-1615
- % of jodine converted into HI

- Q1815 100 = 5.39%.

Problenr 10,0-1 mole of NyO4 (g) was sealed in a
tube under atmospheric conditions at 25°C. Calculate
the number of moles of NO, (g) present if the equi-
librium N,0, (8) === 2NO, (p) is reached alter

—
some time (K, = 0:14) (ML NR. 1)97)

e o S o R W&*&k

Problens 1. The degree of dissociation of HI at a
particular temperature is - 8. Calculate the volume of
2 M Na,§,0, solution required to neutralize the iodine

present in the equilibrivm mixture of a reaction when 2
mole each of H, and I, are heted in a closed vessel of 2

litre capacity
Solution. Step 1. Calculation of K.

Degree of dissociation of HI («) = 0-8

2HI == H, + |,
Before dissociation 1 0 0
Moles after disso. 1 -« al2 a/2
_(a/2) (a/Z) a® ©8% _,
T T -af 4(1-eof 4(1—08)

Step 2. Calcidation of I in equilibriumn moaure.

H, + 1, = 2HI
Initial moles 2 2 0
Moles after 2-x 2 -x) X
reaction
Molar conc. 2-n/2 @-x/2 2x/2

[7.1.T. (MAINS) SPECIAL

Solution.  N,0, ) = 2NO, @)

Initial amounts  0-1 mole 0
At equilibriurn (01 —x) 2x,
Total = 0-1 +x moles
As P =1atm,

i |5 v, 2y t
PN204— 0-1+x PNOz_mam'

o,
K,=>—
Pnyo,
@/ 1+ 4t
TOT-x/014x (@ 1-x)0-1+x)
L
0-01—;1
-——“-”2——-0 14 or 4-142 = 0-0014
0-01 —2?
or x=0.018

i
. No. of moles of NO, at equilibriom

=2r =2 %X 0-018 = 0036 mole

LSt TR (2/2)% a2

3 3 (ng] [251) (z_x)z

4 —-l—or 2 ——l—or J:—g

(2-.1:)2_4 ) TS
Thuos L, left = 2 - % = %-mole.

Step 3. Calculation of volume of hypo used.
2Na,S,04 +1; — Na,8,04 + 2 Nal

2moles 1 mole

8
Moies of N,8,0)4 reacted = 2 x 53 mole

16
5
Volume of 2 M Na,S,0, reacted

—_

mole

= 10,00 1 1600mL=16L
2 5
- At 627° C and one atmosphere pres-

sure, SOy is partially dissociated into §0, and 0, as

g gl S

S03(8) ——> S0, () + 30, ®).

‘Thcse bcmg original problems as asked in the compcutwe examinations, at many places units of K, and K_have been
included as per old convention.
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The density of the equilibrium mixture is found to Now at 327°C and constant volume,
be 0-925g L™", Calculate the degree of dissociation of Pressure « No. of moles
S0, under the given conditions. Y
Solution. Observed molar mass can be calculated Nxa+2
from the given density as follows : i T 19
w & T3 o x=ga
PV =nRT = M RT @
o g RT _dRT of NH, decomposed
b= VP =P
g =¥XI00=2x%921x%x100=61-3%

_0-925gL ~'x0-0821 L atm K™~ ! mol ~'x(627+273)K
= 1 atm

= 68-35 gmol ™!
Theoretical molar mass of SO; (Myycoreticat)

=32+ 48 =80 gmol™",
If « is the degree of dissociation,

SO (g) <= SO, (g) + 30, (p)

Initial moles 1 0 0
Atequilitbium  1-a  « 14
= h
Total =1 + 3

Theoretical V.D. (D) « ‘1{,— (V = Molar volume)

Observed VI, (d) a —L
1 +E v

-5 (B0 = 68:35
o 6835
Problemn 3, NHy is heated at 15 atm from 27°C to

347°C keeping the volume constant. The new pressure
becomes 50 atm at equilibriumn of the reaction
2 NH, = N;+3 H,.
Calculate % of mole of NH, actually decomposed.

J = {}-3409.

Solution. 2NH; —= N, +3 NH,
Initial moles a 0 0
Moiles at egm, a-2x X 3, Total=a+2x

Pressure of @ moles of NH; at 27°C = 15 aim.
Pressure of @ moies of NH, at 347°C
= P atm (say)

PR
As volume remains constant, T'— = _Tz
1 2

SLOS('J':E% or P=31atm.

*Probicm 4. 'The equilibrivm constant of the reac-

tlont

A () +By(g) —= 2AB @)
at 100°C is 50, If a one litre flask containing one mole
of Az is connected to a two litre flask containing two
moles of Bz, how many moles of AB will be formed at

373K ? (LT 1985)
Solution. Ay + B, — 2AB
Initial 1 mole 2 moles 0
amounts :

Amounts 1—x 2—x 2x
at eqm:
Molar Lo 2;—1‘ %
CcOnes at eqm, ;
mol L1
2
K = [AB["
[A;] [B,)
i 20
i =
T Er

On solving, we getx = 0-955 mole
Hence no. of moles of AB formed at eqrm.
= 2 x0-955
=1-91 moles :
Problem 5. A mixture of 80y, 50, and O, gases is
maintained at equilibrinm in 10 litre flask at a tempera-
ture at which K_ for the reaction, 2 S0, (@) + 0, ()
T= 250, (g) is 100 mol ! litre. At equilirbium.

(a) If no. of moles of SO, and SO, in the Mask are
same, how many moles of O, are present ?

(b) If no. of moles of 50, in the flask are twice the
number of moles of SO,, how many moles of 0, are
present. (Roorkee 1987)

Solution. 2 50, ) + 0, () =250,

K, (SO, 100 (G
= - ven
50,7 (0] %
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(@) As [SO4] =[SO},
100 =T©]?I or {0y] = Mol L™

: in 10 litre = —— x 10 = 0-
= Oy presentin 10 litre = 77 X 10 = 0-1 mole

: SO
() If{SO3] = 2{SO,), Le. [55y = % then

100:1543 o [0y = gy moIL ™!

O, present in 10 litre = X 10 = 0-4 mole

=
100
rebiens O The equilirhium constant K, of the

reaction 280, + 90, — 2850,

is 900 atm ! at 800 K. A mixture containing SO3 and
03 having initial pressure of 1 atm and 2 atm respec-
tively is heated at constant volume to equilibrate. Cal-
culate the partial pressure of each gas at 800 K at
equilibrium. (ILLT 1989)

Solution. Considering the reverse reaction, we
have

250, =250, + 0y, K, = g atm
2atm

Inilial pressure  1atm U

Pressure ateqm. I —x x 2+ %

_pgoszoz_xzx(2+%) 1

K. = =
?" Mo, G R
As KP for this reaction is very small, x << 1. Taking
2 +§-=Zand(l - x)=1,we get
1 1
x2(2)=m or I2=1—&.T"0r x =0-0236

Hence at equilibrium
Pso, = 1-x=1-0-0236atm = 0-9764 atm
Pso, =%= 0-0236 atm

x 0-0236

POZ =2+ 3 =2+ 5
frofilers 7. \When sulphur in the form of S is
heated at 900 K, the initial pressure of 1 atm falls by
29% at equilibrivm. This is because of conversion of
Sg to S, Calculate the equilibrium constant for the

= 2-(113 aim

reaction. (Roorkee 1990}
Solution. S4(8) —= 45,
. [Initial 1atm
Ategm. 1-0-29 4x0-29 atm
=0-71 atm =1-16 atm
4
K = E,sz—(sl = Whi l]6)4 =2-55 atm®

Problen 8. An equilibrium mixture at 300 K con-
tains N;O, and NO; at 0-28 and 1-1 atm respectively.
If the volume of the container is doubled, calculate the
new equilibrium pressures of the two gases.

(Roorkee 1991)
Solution, Step 1. Calculate of K,
N,0, &= 2NO,
Equilibrium pressures 0-28 atm 1-1atm,

2

(1-1 atm) 4.32
= = =4-32 alm.
P 0-28 atm

Pno, 02
Step 2. Calculation of new equilibrivem pressures.

On doubling the volume, pressure will decrease to half.
Hence equilibrium will shift to the side accompanied by
increase in the number of moles Le. forward direction.
This means that pressure of N, O, will decrease while that
of NO, will increase. Suppose decrease in pressure of
N,O, = p. Then

N,0, &= 2NO,
0-28/2 atm

Initial pressures 1-1/2atm

New eqn. pressures (%5- = p) atm {1—2—1- +2 p] atm.

=(0-14 —p)atm = (055 +2p)am
d 2
K, = L(()OS—'L*—_%)L = 432 atm (Calculated above)

0-3025 + 4p* + 2:2p = 0-6048 — 4.32p
4p*+6:52p-03023=0

-6-52 V3T 3T + 454
pP= ik 3 = =0-045 atm.

(minus value is neglected)

(For quadratic equation a +bx+c=0

x_.—tibz-fiac)
ok E

New equilibrium pressures
PR, = 014 — 0-045 = 0-095 atm

Pno, = 0-55+ 2 x 0-045 = 0-64 atm

= e

Probici 9, K, for CO(g) + sz(g) —_—
CO,(g) + Hy(g) at986°Cis 0-63. A mixture of 1 mol
of H,0(g) and 3 moles CO(g) is allowed to react to an
equilibrivm, The equilibrium pressure is 2-0 atm

(z) How many moles of i, are present at equi-
librium ?

{#) Calculate partial pressure of each gas at equi-
librium. (Koorkee 1992)
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Solution. CO (g) + H,0 () == CO0, () + H, (8) Pcnyon Mg
Initial moles 3 1 0 0 PP Gy |20
Moles at 3~ 1—x 53 >3 [CH,OH]
= COJ [H,J*
Total no. of moles at equilibrium [COJH,]
008 /25

=3-x+1l-x+x+x=4
i)
3+xl~dx

bel xRy
KC = (m i.e 063 =
On solving, it givesx = 0-681

b+xVhi_dac

e 2a

Moles of H, present at eqm. = 0-681 male

Total pressure at eqm. = 2 atm (Given)
Total moles at eqm. = 4

_3-0-681

Peo= 7 g &

1 -0-681

pHZO = ——ﬁ4—

x2=1:16 atm

%2 =016 atm
0-681
Pco, =Phy=—3

Prablen: 10. 0-15 mole of CO taken in 2-5 I flask
is maintained at 750 K alongwith a catalyst so that the
following reaction can take place.

CO @) + 2H, &)

Hydrogen is introduced until the total pressure of
the system is §-5 atmosphere at equilibrium and 0-08
mole of methanol is formed. Calculate

() Kpand K_ and (ii) the final pressure if the same
amount of CQ and H, as before are used but with no

x 2 =034 atm.

N

= CH,0H(g)

catalyst so that the reaction does not take place,
(11T 1993)

Solution. () CO + 2H, = CH,OH

Initiaily : 0-15 mole
Ateqm.: 0-15—0-08 mole (-08 mole
= 0-017 mole
Totalvolume, V=25L,
Total pressure P=85atm, T=750K
Applying PV =nRT,
weget 8:-5x2-5=nx{-0821 x 750
or n = 0-345 mole

~. No. of moles of H, at equilibrium
= 0-345 - (0-017 + 0-08) = 0248 mol

0-017
c© = §-3g5 X8-5atm = ¢-42 atm
_ 0-248 ' AL
PHz = G345 XB8-5atm=6-11atm

0-08
PCH30H = D3as *8-5atm=1.97atm

= 478-2

T 0017/25) (02487257
(i} No. of moles of H, taken initially
= 0-248 + 2 X0-08 = 0-308
No. of moles of CO taken initially = 0-15
Total no. of moles = 0308 + 015
= 0:458
Applying PV = nRT,
Px2.5= 0458 x 0-0821 x 750
or P =11-28 atm

Protlern 11, 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 the total pressure

at equilibrium is 0-8 atm. (Roorkee 1993)
Solution. The reaction is
Co,@+ C@) == 200

Suppose decrease in pressure of CQO, after reaction
=paim
Then increase in pressure due (0 CO = 2p
- Final pressure = (0-5 - p) + 2p
=05+p=08am (Given)
p = 0:3 atm. Hence we have
Pco, =0°5-0-3 = 0-2am

and Pco = 2%X0:3 = 0-6atm

Mo ger
Pco, 2
Froblem 12, Caleulate the percent dissociation of
H,S (g) if 0-1 mole of H,S is kept in 0-4 litre vessel at

1000 K. For the reaction

ZHZS ® ;\

18

2H, &) + S (g

(Roorkee 1994)

Soluten. Molar conc. of H,§ = % mol L1
=025 mo] L!

Suppose degree of dissociation of H,5 = a. Then

the value of K. is 1-0 x 1076

=

N o e T o

Initial conc. 0-25 M
Conc. at eqm. 0-25 (1 - a) 2x0:25a

=0-5a

025



7152

Pradecp’s New Course Chemistry RGID

”+1 5'1—
K - B

©-5 )} (0-25a) _ 0:254°
() ~a
Neglecting @ in comparison to 1, we gel
1078 = 0252 or «?=4x1075
or a=2x10"2= 0-002
% age dissociation = 0-2%
Frobiem 13, For the reaction Ag(CN)y

1I0=EI=

i

g L
—

AgT +2CN7, K, at 25°C is 4 x 107", Calculate
[Ag '] in solution which was originally 6-1 M in KCN
and 0-03 M in AgNO,. (LIT 1994)

Solution. Originally on mixing KCN and AgNO;,
the reaction is

2KCN + ApNO; —

[nitial amounts 0-1M  0-03 M
Amounts after (0:-1-~0-06) 0

reaction =004 M
Ag(CN); + KNO, + K%
Initial amounts ] 0 (]
Amounts after 0-03M 0-03M 0.03M
reaction
Thus in the solution, DOw we have

Ag(CNy); = 0-03M, CN™ = 0-04 M. Supposc x is the
amount of Ag (CN); dissociated at equilibrium. Then
Ag(CN); == Ag* +2CN”
Initilal amounts 0-03 0 0-04
Amounts at eqm (0-03 —x) x 0-04 + 2x

_[AgT]ICNT] _ x(0-04 + 22
¢ T AmCNyy) | @03

=g 12 (Given)

As K_is very small, dissociation of Ag(CN), isvery
small e x is very small. Hence 0-04 + 2x = 0-04 and
0-03 —x =0:03.

£(0-04)7 ~19 L7 -18
W—d.xlo or x=7-5x10

Thus at equilibrium, [Ag*]=7-5x 107" M

Probler 14, At 700 K, hydrogen and bromine react
to form hydrogen bromide. The value of equilibrium

constant for this reaction is 5 x 108, Calculate the
amount of the I1,, Br; and HBr at equilibrivm if a

mixture of ¢-6 mole of H, and ¢ -2 mole of Br; is heated
to 700 K. (Roorkee 1995)

Solution. H, + By i—22 2HBr
Initial 0-6 mole (-2 mole

amounts

Arnounts (0-6 — x) (-2 —x) 2x
at eqm. moles
Molar concs 0'%_ s L %_ = zvx-
at eqm.

moles .7}
(V = Volume of reaction mixture})
(2x/ V)

K=w8-n 02-0
v v

2
& 4x X 8
== noI=-n X
422 cevea a8

or (2 -08x-012) x5x10°= 42
Neglecting 4 x* in comparison to 5 x 108x%, we get
2-08x-012=0
Lo e V(0-8? - 4 x0-12

2

= ﬁ%‘“—'ﬁl — 0-7465 and 0-0535

x = 0-7465 is impossible. Hence x = 0-0535
.. Amounts at equlibrium will be
H, =06 -0.0535 = 0-5465 mole
Br, = 0-2 - (-0535 = 0-1465 moie
HBr =2 x 00535 = 0-1070 mole

Problem 15, At some tempernture and vnder a
pressure of 4 atm, PCl; is 10% dissociated. Calculate

the pressure at which PCl; will be 20% dissociated,
temperature remaining same. (Roorkee 1996)
Solution. 1st case. When PClgiy 10% dissociated

PClg ﬁ PCl, + Cl,
Ateqm. 1-0-1 0-1 mole 0-1 mole
= 0-9 mole

Totalno. of moles =0-9 +0-1 + 01 =1-1 mole

0-9 0-1
Prag =71 % 4 atm, Pray =TT x 4 aim,

0-1
p02=ﬁx4atm

0-4 0
_ Peai3*Poy  TTXTT
- K= = 00%4
5

=

= 00404

PPCIS
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2nd case. When PClg is 20% dissociated. Sup- 1.8, Estimate the initial composition of the air in mole
pose total  pressure = Paim. Then fraction of N and 0. (LLT 1997)
G ——3, [N + Cl, Solution. In the given reaction, there is no change
ol in the number of moles. Suppose total no. of moles
Initial 1 mole initialty present in the air = 100. Then no. of moles after
At equilibriom 1-0-2 0-2mole 0-2 mole attainment of equilibrium = 100. We have
= 0-8 mole N, + 0,4 == 2NO
Totalno. of moles =08 + 02 +0-2 Initial a b 0
= 12 moles a+b=100 ..()
0-2 At eqm. d—x b—x 2x
x Patm, p =3+ x P amm,
Peag = 1 2 B =47 202 %
0-2 . 20 @@ -9 @-x(h —x)
=5 x Palm
Pay =13 In the question, we are given 2x = 1-8
3 L] 5
24 il orx=09 and K_=21x107?
1.2 IR Nns2e " () 2 <
K =——Frs—=-=% XD = {)- (404 p
P 08P T 2 (1.8y2
1-2 (C(dculmed above) 2 1x 1077 = @-0-9 =07

which gives P = 0-97 atm
Problem 16. 20% of N,0, molecules are dis-

sociated in a sample of gas at 27°C and 760 torr. Calcu-
late the density of the equilibrivin mixture.

(Roorkee 1996)
Solution. N,O, (8) —=== 2NO,(g)
Initial I mole
At.eqm. 1-0-2=0-8mole 0-4 mole,

Total = 12 moles

If V is the volume of the vapour per mole, volume
of vapour before dissociation = V

Hence density (1) « %

Bur density before dissciation
MOI wi. of N,Q, 92

{Theoretical density)
Volume after dissociation =1-2 V
i 1
Density (d) « T3V

%—:V];xl-2V=1 2

D 46
or d=—1—2—T—-2—=38'3
Alternauively, use the formula directly,
_D=d
(75— _d i

Probless 17. A sample of air consisting of N, and
0, was heated to 2500 K until the equilibrium
N, (@) + 0, 2NO (g)
was established with an equilibrium constant
K = 2-1 x 1072, At equilibrium, the mole % of NO was

%
—

ah —0-9a-0-9b + (-81 = 1620
ab ~09(@+b)+0-81 =1620
ab - 0-9 x 100 + 0-8t = 1620
or  ab=1709-19 = 1705
(a-by=(@+b)?-4dab
= (100)% — 4 x 1709 = 3164
or a-b=v3Ted = 56-2 B (17]
Solving (&) and (1), @ = 781 moles,

Mole fraction of N, = zgml- 0-781

Now

Mole fraction ot 0;=1~0-781 =0-219

roblem I8, The K, for the reaction N,0, ——
INQ, is 640 mm at 775 K. Calculate the percentape
dissocation of N,0, at equilibrium pressure of 160 mm,
At what pressure the dissociation will he 50% ?
(Roorkee 1997)
Solution. Suppose initially N,O, taken = 1 mole
and its degree of dissociation = «

INE@),: | | El 2NQ,
AL N
Initial 1 mole
At egm. ]l -« 2a
Toal=1l —a+2a=1+a

If P is the total pressure at equitbriom, then

e s e ; | 2
pN204—meand pNOz_ﬁ—a—xP
{828 R
P%JOZ l1+a'P)
NOW sz ,0 T ]_ﬁt P
24 l+a
L 4qt - 4 a? P
RO YU Ralrpegs So
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Putting K, = 640 mm (Given) and equilibrium

2
ta x 160
o

pressure, P = 160 mm, we get 640 = 1

a*

Qr =1 or
1-at

ot =1-ot

or 12 =1lorat=0-50ra=0-707 = 70-7%
For dissocation tc be 50%, a = 050, Kp = 640 mm

.52
({constant) - 640 = -{% x P

or 640=~1—1-P=:-}P or P =480 mm

b5

The degree of dissociation is 0-4 at
400 K and 10 atm for the gaseous reaction PCl; ==
PCly+Cl,. Assuming ideal behaviour of all the gases,

calculate the density of the equilibrium mixture at 400
K and 1-0 atmosphere. (Atomic mass of P = 31 -0 and

Cl = 35-5) (1T 1998)
Solution. PCly, —— PCiy + Cl,
At eqm. 0-6 04 0-4 imoles

Average molecular mass of the mixture
_ 06 (31+5%33 57+0-4 (31+3%35-5)+0 -4 (235 *5)
4 06 +04+0-4

1251 +55 +42°6

— = = 14892

For ideal gases, PV = nRT = ll& RT

of PM = ¢ RT =dRT
CPM_ Ix14892 . (o)
d = T = 00505 % 400 = 45374 b
At 540 K, 0- 10 mol of PClg are heated

in a 8-0 L flask. The pressure of the equilibrium mix-
ture is found to he 1-0 atm. Calculate KP and K_for the

reaction. (Roorkee 1998)
Solution. PCls = PCL+CY
Initial 0-1 mol
Ateqm. 0-1-x 3 b
Total no. of males at egm. =0-1 +x
PV =nRT

. RV B AL S
Le. R =|T T 0.0821 % 540

0:1+x=0-180rx=10-08
g (0-08 /8) (0-08 / 8)
chE (0-02/8)
K, =K, (RT)™M = 0-04 (00821 x 540)! = 1-77
When 3-06 g of solid NHHS is intro-
duced into a two-litre evacuated flask at 27°C, 30% of

={)-04

the solid decomposes intc gaseous ammonia and
hydrogen sulphide.
(i) Calculate K_and Kp for the reaction at 27°C.
(ii) What would happen to the equilibrium when
more solid NH HS is introduced into the fiask ?

(LLT. 1999)
Solution. (i) NH,HS (5) == NH; 5)+H,S ()
Initial 3-06g
amount = 3-06/51 mole
= (0-06 mole
At eqm. 0-06 — 3 x 0-06 0-018  0-018
—0.06—0-018 mole mole
= (0-042 mole
Egqm. cones. 1 001872 0-01872
(being solid) =0-009 =0-009
mot L7
 INH3] [H38] 9009 x 0-009
¢ T T[NHHS] l
=81 %1078 ((NU,HS (0] =1)

K, = K, (RT)*%
=81 x 1073 x (0-082 x 300)°
=10-049 (Any =2—01=12)
(i) As K, = [NH,] [H,S] and does not depend
upon the amount of NH,HS (s). Hence there will be no
effect on equilibrium when more solid NH, S is added.
Problem 22. The K, value for the reaction
Hy+1, &= 2HIatd60°Cis 4.
If the initial pressure of H, and I, is 0-5 atm
respectively, determine the partial pressure of each gas

at equilibrium. (Roarkee 1999}
Solution. H, + I, == 2HI
Initial 0-5 0-5 0
At.eqm. 0-5—x 0-5-—=x 2x
2
Kp=a%-i)—n7=49 ar 0-§{x=7
of 2x=35-7x or 9x=35

3.5
ar x=-z)—=0-39

Pressure of H, and [, at egm. = 0-5 —-0-39
=111 atm
Problen: 23, A mixture in which the mole ratio of
H, and 0, is2: 1 is used to prepare water by the reaction
2H,(g) + 0, (8) — 21,0 ()
The total pressure of the container is 0-¥ atm at

20°C before the reaction. Determine the final pressure
at 120°C after reaction assuming 80% yield of water.

{Roorkee 1999)
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2H, (g) + 0, (@) —= 2 H,0 (g)

Initial moles 2a a 0
As pressures are in the ratio of their moles

Solution.

2a+a=0-8Batmor3a= 0-80ra=03;8alm
Theoretically expected yield of H,0 = 24

; B0
Aclualyield =2 4 XTgp =164

H, reacled = 1-6 a moles,
O, reacted = 0-8 a moles
Moles after reaction: Hy =2a - 1-6a=04a,
O,=a-08a=024g
Total no. of moles
=0-4a+0-2a+16a=22a

Hence final pressure = 2-2 x % =059 atm

Frobivm 24. At817°C, Kp for the reaction between
CO, (g) and excess hot graphite (s) is 10 atm

(a) What are the eguilibrium concentrations of
the gases at 817°C and a total pressure of 5 atm ?

{b) At what total pressure, the gas contains 50%
CQ, by volume ? (Roorkee 2000)
Solution. (2) CO; () + C (8) === 2CO(g)
Suppose at equilibrium, pressure of
CO (pcp) =p atm
Then pressure of CO, (pcoz) =5—patm

Pco Pt
Kp _Pc02 e () s

orp? +10p ~50=0
_—bxVpl_dac

or p—T-' =
_ 10 VI —{=7200) _,

2
Thus at eqm., peq = 366 arm,

Pc:02 =5-3-66=134atm

Applyng PV =nRT
n P
%A V=RT
P

i.e. molar conc. = ——
RT

3-66
0-0821 x (817 +273)

Molar conc. of CO =

=0-04t molL !

Molar conc. of CO, = 0_(]'§21_1§§<41W
=0-015mol L™}
(b) When the gas contains 5% CQ, by volume, this
means that pressure exerted by CO, is also 5% of the
total pressure. Thus if P is the total pressure, then at

equilibrium, Pco, = 0:05P and prg=095P
2
K, = Pﬂz_(ﬂ'_”s%ﬁ= 10 or 18-05P = 10
Pco, O-OF)
ar P = 0-554 atm,

Problein 25. The value of K' is1x10 3 aem~Vat
25°C for the reaction : 2 NO + Cl, ,\___—5 2NOCL A
flask contains NO at 0-02 atm and at 25°C, Calculate

the mol of Cl, thnt must be added if 1% of the NO Is to

be converted to NOC] at equilibrivm. The volume of the
fiask is such that 0-2 mol of the gns produce 1 atm
pressure at 25°C,

(Ignore the probable association of NO to N,0,)
(Roorkee 2001)
Solution. Suppose initial pressure of Cl, added is p
atm. Then

2NO + Cl, =—"2NoC

—
Initial 0-02 atm patm
002 0-01 0-02
S (0'02 2 W) (P g m) 100
=2x107%-2x107% =p-10"*  =2x10™*
=2%1074(100-1) atm

= 198 x 10 " *atm

Ploa

e Pno * Pa,
10-3 = (2 x 10742
(198 x 1074% x (p - 1074

N 4 it
or{p — 10 = X ={0-102
O
or p=0-102 + 0-000]1 = 0-1021 atm
Volume of the vessel can be calculated as follows:

PV = nRT or V = "RL _ 02 xo-tiaz X273

L

=4-887L
To calculate the number of moles of Cl,, again
apply
PV =nRTorn = % = 061_028]2);4‘8887

= 00204 mol
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Reaction between iron and steam is reversible if it
is carried oul

() at constant temperature
(b) at constant pressure

(c) in an open vessel

(dy in a closed vessel.

2. 'The relationship between Kp and K is

3. The equilibrium constant

(d{‘K K, (RT)" K, (RTy &

(f)( K, =K, (RT)"A" () None of these is correct.

(P K, =

for the reaction
N, +3H, —= 2NH, is K. The equilibrium
constant for

3N+ 3H, &= NH,wilbe
@K/2 (b) 2K
TR () K2.

If an inert gas is added to the equilibrium mixture

of the dissociation of PCl, in a closed vessel,

{2) the concentration of Cl, will increase

(b) the concentration of PCl; will increase

(¢) the concentration of PClg will increase

(4 the equilibrium coneentrations will remain up-
affected.

If pressurc is increased on the equilibrium

N, + 0, == 2NO, the equilibrium will

(a) shift in the forward direction

() shift in the backward direction

() remain undisturbed

(@) may shift in the forward or backward direction.

For the reaction

PCly (g) + Cly (2) PCle (2)

the value of K_ at 250°C is 26. The value of K al

this temperature will be

s i
-

(#) 0-61 3057
(c)0-83 (d) 0-46.
(M.L.N.R. Allahabad 1990)
1.d 2.b SHITy

11b

@

10.

jf}femains unaitered

According to Le Chatelier's principle adding heat
to a solid and liquid in equilibrium will canse the

~{#y amount of solid to decrease

(A) amount of liquid to decrease
(c) lemperature to Tise
(d) temperature to fall.
(MLLNR, Allahabad 1990)

In a reaction A, (g) +4 By (@) == 2AB, ().
AH < 0. The formation of AB, () will be favoured

by
{#) low temperature and high pressurc
(#) high temperature and low pressure
(¢} low temperature and low pressure
(d) high temperature and high pressure.
(11T 1990

'Ihe reaction which proceeds in the forward direc-
tion is
(@) Fe,04 + 6 HCI = 2 FeCly + 3,0
(b) NH; + H,0 + NaCl = NH,Cl + NaOH
(¢) SnCl, + Hg,Cl, = SnCl, + 2 HgCly
(d)2Cul + I + 4K* =2Cu?* + 4KL
(LLT 1991
For which of the following reaction, KF =K.?

(M2ZNOCI(g) —=—= 2NO ) +ClL{E

(b)N, @) +3 H,(g) =— ZNH; )

(c} H?_ () + Cl, (g) (‘__\ 2HCl(g)
(d)2N,0, @8 === 2N @ .
(LLT 1991)

In o vessel containing SO, SO, and O, at equi-

librium some helium gas is introduced so that the
total pressure increases while {emperature and
volume remain constant. According to Le

Chatelier's principle. the dissociation of 50,

,ﬁ decreases

{d}) changes unpredictably.
(M.L.NR. Allahabad 1991 )

(a) increases
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12. In a reversible reaction, two substances are in equi- 17. In2HI  ——> H, + [, the farward reaction s
librium. Ifthe concentration of cach one isdoubled, affected by change in
A PUNNETCS
Lhe equilibrium cons. an \-Nl-ll be (a) Catatyst (i Phetiora
{2) Reduced Lo half its original value i ]
j 1] A (¢} Volume (d) Temperatare
(b) Reduced to once fourth of its original value L
Doubied iV ler e (Haryana CEETL 1994
B CIo A, 18. 64 gof HIare present ina 2 litre vessel. The active

A%

15.

16

UMLLN.R. Allahabad 1992, 11T Ranchi 1992
An equilibrium mixture for the reaction
ZHS(g) == 2H,@+5,®
had | mole of H,S, 0-2 mote of H, and 0-8 mole
of S, in a 2 litre flask. The value of K, in moi ™!

is

{a) 0-004 (b)0-08
{c)0-016 (@)0-160. (LIT 1992)
-In what manner will increase of pressure affect the

following equilibrium ?
CH+H0) —

() Shift in the forward direction

{») Shift in the reverse direction

{c) Increase in the yield of hydrogen

Qf)’ﬁo effect. (LLT 1994}

The reaction, 8O, + Cl, == 850,Cl, s ex-

othermic and reversible. A mixture of

SO, (), Cl; () and SO, Cl, (g) is at equilibrium in

a closed container. Now a certain quantity of extra
50, is introduced into the container, the volume

remaining the same. Which of the following is/are
true ?

{n) The pressurc inside the container will not
change
(b) The lemperature will not change
(¢) The temperature will increase
(d) The temperature will decrease.
(LS M, Dhanbad, 1994

The equilibrium constant for the reaction,
Ny@® + 0;(8) —= 2NO(g)is4 x 107 *at
2000 K.
In presence of a catalyst, equilibrium is attained ten
times faster. Therefore, the equilibrium constant,
in presence of the catalyst, at 2000 K is :
(a)40 x 1074 A4 x 107
()4 x 1073
(d) difficult to compule without more data.

(M.LN.R Allahabad, 1994,

CO @) +H,0@®

14. & 15. ¢ 16. &

19

%narwction,A+ 2B

mass of HI is
(a)0-5
@10

7025
(d) None of the three.
(Harvana CELE 1994
-The equilibrium constant (K p) for the reaction
PCls(g) == PCLE)+ClL(g is 16 If the

volume of the container is reduced 10 one-half of
its original volume, the value of Kp for the reaction

at the same temperature will be
() 32 (h) 64
A0 16 ) 4.
(Harvana C.E.E.T
= 2, 2-0moleof
A 3-0 mole of ‘B’ and 200 mole of *C’ are placed in
a 2-0 L flask and the equilibrium concentration of
‘C'1s 0-5 mole/L. The equilibrium constant {K) for

the reaction is
(d} 0.073
5 0-05

1996, 2000)

(b) 0-147
(d) 0-026.
(Haryana C.E.E.T 1996

:z/ﬁ’r’One mole of N,0, (g) at 300 K is kept in a ciosed

22,

23.

container under one aumasphere. It is heated to
600 K when 20% by mass of N,0, (g) decomposes

to NO, (g). The resultant pressure is
(a)1-2atm (5)2-4 atm
(c)2-0atm (@) 1-0atm. (LLT 1996

If the concentration of the reactants is increased by
x, then equilibrium constant K becomes

)%
@K

(A EM.C. Pune 1997
In which case Kp is less than K_?

(Gl =P M

()Hy +Cl, — 2HCI

(€)250,+ 0, = 250,

(d) All of these (A.EM.C. Pune 1997

{a)In }I-(—

©)K+x

ANS'w ER'S
eds

18. b 19, ¢ 20. ¢ 2. &
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24. 1f K, and K, are the respective equilibrium con-
stants for the two reactions
XeF, (g)+H,0 (g —— XcOF, (g +2HF ()
Xe0, (g)+XeFg (g) = XeOF, @)+Xec0,F, (@)
the equilibrium constant of the reaction
XeO, (2) + 2 HF () = XeOyF; (@ + H,0 ()

will be
(@) Ky /K (®) Ky Ky
(©) K7 Ky YK, /Ky

- (C.B.S.E. EM.T 1998)
28. For the homogeneous gas reaction

4NH; +50, == 4NO+6H,0

the equilibrium constant, X has the dimensions of
(@) cone* 10 ) conc™*!

(¢) conc™! _@%ﬂt is dimensionless

(M.E PM.T. 1995)
26. Formation of SO, takes place according to the
reaction
250, + Oy —= 250,, AH = - 452 keal
Which of the following factors favours the forma-
tion of §Oy ?
(a) Increase in temperature
(#YIncrease in pressure
{¢) Removal of oxygen
(d) Increase in volume
27. K, 7K, forthe reaction

(M.P EM.T 1993)

1 ;
CO@+50,0) === CO@IHs
(a) 1 (b)Y RT
fey1/vRT (4) RT)
(M.P BM.T. 1998, A.LE.E.E, 2002)
28. For the reaction
COE+H,0@ = CO,®+H, @

at a given temperature, the equilibrium amount of
CO, (g} can be increased by

1/2

{a) adding a suitable catalyst
(b) adding an inert gas
(c) decreasing the volume of the container
(el) increasing the amount of CO(g).
(LLT 1998)

29. For the chemical reaction
3X()+Y(e) = XY (), theamountof
X,Y at equilibrium is affected by
—¢f) temperature and pressure '
(b) temperature only
(c) pressure only
(d) temperature , pressure. and catalyst
30. For the reaction N,+3 H, == 2 NH; + Heat.

@K, =K RD? BK, =K

@K, = K RT)™.
{(D.C.E.E.E. 1999)

31. What would happen to a reversible dissociation
reaction at equilibrium when an inert gas is added
while Lhe pressure remains unchanged ?

{a) Less of the product will be formed
_{¥I More of the product will be formed
{¢) More of the reactants will be formed
(&) 1t remains unaffected. (D.CELE. [999)
32. For the reaction H, @) + 1, &) == 2H1 @),
the equilibrium constant K.‘J chanpes with

©K, =K RT

(a) temperature
() catalyst

(b) total pressure
{d) amount of H, and I,.
(D.C.E.EE. 1999}
33. In the gaseous reaction A + 2B =W heat,
the forward reaction is favoured by
(@) low temperature and low pressure
(b) low pressure
(c) high temperature and high pressure
_(drhigh pressure and low temperature.
(D.C.ELE. 1999)
34. For a reversible reaction, if the concentrations of
the reactants are doubled, the equilibrium constant

wili be
(a) halved (b} doubled
{(e¥The same (d) one fourth.

(C.B.S.E. PM.T 2000)
A% For the equilibrium
) A
MgCO, () —= MgO (%) + CO; (8)

which of the following expressions is correct ?

A'N'SWERS

24. d 25. b 26, b 27. ¢ 28.d

34 ¢ P I

= Pumgo X Pco, 4 [MgO] [CO,]
(@) K, = PR VK, = —TMgco,]
29.a 30, a . b 3.a 33.d
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Pwmgo % Pco, 41. When two reactants A and B are mixed to give
(c) =— () =Pco products C and D, the reaction quotient, QQ, at the
Kp PMgco, Kp 2 initial stages of the reaction
(C.BSE.RMT 2000) {(a) is zero (b) decreases with time
36. What happens (0 (he yield of this reaction when (c) is independent of time
temperature is increased ? () increases with time. (LT 2000)
N; + 0, == 2NO;43-2kcal 42. At constant temperature, the equilibrium constant
(a) increases (b) decreases (K,) for the decomposnior.] reaction
(¢} remains same (d) None of these. NOy &= 2NO, is expressed by
. LSRRG, 2800 k= (4x2 Py/(1 —x*) where P = pressure, x =
F7. 500 ml vessel contains 1:5 M each of A, B, C and extent of decomposition. Which one of the follow-
D at equilibrium. If 0-5 M each of C and D are ing staternents is true ?
taken out. the value of KC for A+B ;\ C+D (a) Kp increases with increase of P
T )] K, increases with increase of x
(70 s K, increases with d £
(c) 4P (d) 8/9. () . INCreases with decrease ofx
(D.CEEE 2600 ~4¥ K, remains constant with change in P and x.
38. At 25°C the value of K_ for the reaction > (LLT 2001
% N, + O, S NO, is 2 x 1 o Whar will be /13 5 moles of SO, and 5 moles of O, are allowed to
P K: ' for 2 NO. S N 420, 7 react to form 50, in a closed vessel. At the cqui-
L < BIR - B librium stage, 60% S0, is used up. The total num-
1 ;
2 ber of moles of §G3,, O, and SO, in the vessel now
0 :
(M2 x1 ,(J')Tx—ms Y ] 3
{c)2 x 104 (d) 16*. (C.PM.T 2000) @539 (6) 10-5
39. Which of th‘e following is not affected by increase 85 (d) 10-0 (K.C.E.T 2001)
JppraEe: A 44 A quantity of PCl; was heated in a 10 dm® vesse] at
(@)2NH; 8) —— Ny @) +3H, () 84 A quantity of PCI; was heated in a 10 dm?® vessel a
- i 50°C: POs ) == PChg + Chi AL
N, (g) +3H; (@) — 38 equilibrium, the vessel contains 0-1 mole of PCls
—
€)N®) + 0, = 2ZNOg) and 0-2 mole of Cl,. The equilibrium constant of
(d)250, () + 0, (8) = 2S504(g). the reaction is
(LLEMER 2000) {3)0-04 (h) 0025
{c)0-02 {d)0-05
40. For the reversible reaction, N, (g)+3 H; (§) — {K.C.ET 2001)
45. 9-2 grams of N,O, (g) is taken in aclosed one litre

3s. d
45. b

2NH, (g at 3500°C, the value of K, is

1-44 x 10™5 when partial pressure is measured in
atmospheres. The corresponding value of K, with

concentration in mole litre“, is
(@) 1-44 x 1073 /(0-082 x 500)~2
(b)1-44 x 1073 /(8314 x 773) ™2
() 1-44 % 1073/ (0-082 x 773)*
(#1144 x 1075 /(0-082 x 773)"%.
LT 20000

vessel and heated till the following equilibrium is
reached

N,O4®) — 2ZNO, ()
At equilibrium, 50% N,O, (¢) is dissociated. What

is the equilibrium constant (in mo! lit™h
(Molecular weighl of N,0, = 92)
{@)0-1 by0-2
(c)0-4 ()2
(EAMCET 2001}

AN SWERS

36. a I8 b M.

40. d

41. d
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46. 1ItN, + 3H, =— 2NH,—K, then [NH,[?
AN, +6H, @—> 4NH;—K'? s given by Q = TP
MKZ (6) VK () 1/vK @1/x? ‘The reaction will proceed from right to left if

47,

48.

49,

(Rajasthan PM.T 2002}

In the case of a gaseous homogeneous reaction, the
active mass of the reactant is obtained by the ex-

pression
PV P R ’
Wiy gy ©F @grr

{Tamil Nadu C.E.T 2042)

In which of the following equilibrium, change in the
volume of the system does not alter the number of
moles ?

(@N, () +0,(8) = 2NO(g)

(h) PClg (g) —=—=PCl; (&) + CLL ()
(c)N; (@) +3H;(§) ——=2NH; (g)
(d)SO,CL () = SO, (®)+CL{®)
(AL 2002%
1 mole of N, and 2 moles of H, are allowed to react

in a 1 dm® vessel. At equilibrium, 0-8 mole of
NH; is formed. The concentration of H; in the
vessel is

() -6 mole
{c)0-2 mole

(b) 0-8 mole
(d) 0-4 mole
{Manipal PALE 20025

% 80 The rate of forward reaction is two times that of the

Sl

52.

46. a

reverse reaction at a given temperature and identi-
cal concentration. Keqnmb"-um is

(1) 0-5 ®y1-s

{c)2:5 W20 (KCLET 2002
Consider the following equilibrium in a closed con-
tainer : N,O,(8) = 2ZNO;{®

=
At a fixed temperature, Lhe volume of the reaction
container is halved. For this change, which of the
following statements, holds true regarding the
equilibrium constant (Kp) and degree of dissocia-
ton (a) ?
{a) neither Kp nor « changes
(b) both K, and a change
(c) KP changes but « does noi change
’(j,)’Kp does not change but « changes, ) ; ;- b0
The reaction quotient (QQ) for the reaction

Ny(g) +3H,(@) — 2NH;®

53,

MOLAR

MCLAR

(@O=K, WO<K, (JO>K, (HO=0
FC BN M 2003]
The following equilibria are given
N; +3H, — 2NH;, K,
N; + O, 2NO, K,

—_—
S

Hy + 50, = H,0,K,
The equilibrium constant of the reaction

INH; +30, == 2NO+31,0
in terms of K, K, and K, is

@K, K; K, (6) K, K, /Ky
OK KK KKK

CCBSE MR 2008

. For Lhe synthesis of ammonia by the reaction

N, + 3H, —— 2 NH,; in the Haber's process,
the attainment of equilibrium is correctly predicted
by the curve

AN'S WER'S

47. b 48. « 49. b 50. d

51 d

= =
] Q
o A (- R
B ot o R
3 g *
= a3 =
8 8 ua
TIME TIME
jay ib)
rd =
2 NHy 2 NH
< fad é
E Ho < £ "
7] Q [IT) i
2 "2
o) Mz 5 Hz
[ (5]
TIME TIME
(c) {d)
=
Q
’...
a3 MNH3
(o) i E
[©] ] Hz
=20
4 Ng
o]
o
[IME
o M.E.E. 2N
82 ¢ 83 d 54, a
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55.

=i

59.

60.

6l.

55,
65,

In the reaction PClg () == PCly (2) + Cly (8),
the equilibriumn concentrations of PClg and PCl,

arc (-4 and 0 -2 mole/litre respectively. If the value
of K_ is 0-5, whal is the concentration of Ci, in

moles/itre !
{ay2-0
(cy1-0

(b)1-5
(d)0-5

(EAMCET 2003)
In a given system, water and ice are in equilibrium.
If pressure is applied to the above system then
() More of ice is formed
(#) Amount of ice and water wilt remain same
{c) More of ice is melted
() Either (a) or (c) i Bifrer CLHLCE. 20043
Of the foilowing which change will shift the reaction

Lowards the product ?
L =21@,AH, (29BK) = + 150 kJ

(m) increase in concentration if I
(P) decrease in concentration of I,

[(eYincrease in temperature

() increase in tolal pressure LALLLALS. 2004)
For the reaction CO (g} + Cl, (g)== COCl, (g),
K, /K, equalto

(@) T/RT () RT
() VRT (@) 1-0

ALLEEE 2004

56 g of nitrogen and 8 g of hydrogen yas are heated
in a closed vessel. At equilibrium, 34 g of ammionia
are present. The equilibrium number of males of
nirogen, hydroen and ammonia are respectively

{(a)1,2,2 2,21
{c}1.1,2 (d)2,1,2

[RKarnatha CA T 2004}
Caleulate the partial pressure of carbon monoxide
from the following data :
€aCo, ()2 a0 5) + €Oy 1,K, =8 x 1072
CO,; @) + C{)— 2CO (&) K,=2
(a)0-2 bro-4
{©)1-6 d)4

{Orissa LEE. 20043

The equilibrium P, (s) + 6 Cly () == 4 PCh; (g)
is attained by mixing equal moles of P, and C, in
an evacudled vessel. Then at equilibrium

A N 5 w = ,{;';'1_5:;-”: .

& 56. ¢ §7. ¢ 58 . « 5, ¢

a 66. ¢

62,

63

65.

a6, b

() [Chy] > [PCY)
(€) (Py] > (CL}

(&Y ICL] > {Py]

{(d) [PClLy] > [Py}
(J&RCET 2004)

Inthe givenreaction 2X (@ + Y () =—27.({

+ 80 kcal, which combination of pressure and

temperature will give the highest yield of Z at equi-

librium ?

(a) 1000 atm and 200°C

() 500 atm and 500°C

{c) 1000 atm and 200°C

{d) 500 atm and 100°C

(e) 1000 atm and 500°C {(Kerala C I 1 2004

A mixturc of NO, and N,O, has a vapour density

of 38-3 at 300 K. What is the number of moles of
NO; in 100 g of the mixture ?

(a) (-043 {(b)4-4

(c)3-4 (d)3-86

(e)0-437 {Kerala PMT, 200040
Ammonivm carbamate when heated to 200°C

gives a mixture of NH, and CO, vapours with a

density of 16-0. What is the degree of dissociation
of ammonium carbamate ?

(a)32 (®) 112

()2 @1

{e)5/2 (Kerala EM.T. 2004)
2 mol of N, is mixed with 6 mot of H, in a closed

vessel of one litre capacity. If 50% of N, is con-
verted into NH, at equilibrium, the value of K, for
the reaction N; (g) + 3 Hy(8) == ZNH, (&) is

(a) 4727
(b) 27/4
(©) 127
(d)27
(&)9 (Kerala PM.T. 2004)
K, for the following reaction will be equal to
Fem+4H,0@) == Fe,0,(5) +4H,(®
Py
4 2

(a) (sz) (chJO‘.) (b)PHzO

#n,)° ®u) Pre,0,)
(C) 2 d 2 374

Pn,0) (2 PFe

(UPCEMT 2004
6l. ¢ 62. ¢ 63. ¢ 64. d
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7. Solid + Heat

11.
12.

14.

15e

16.
17.

18.

19,

20.

Initial cones, 1motL™! 1.5 molL7!
At egm.

2
Initiai
At. eqm.

HINTS/EXPLANATIONS to Multiple Choice Questions

As otherwise the H, gas will escape.
An ~ An

K, =K, R or K, = K, (RT)
In a closed vessel, concentrauons of reactants and
products do not chanpe ort adding inect gas.
K, = K, (RTYM = 26x(0-0821x523) "' = 061,
‘ . —-AR_ Liquid. Adqing _heat will
shift the equitibrivm in the forward direction.
The given reaction 18 exothermic (AH < 0) and
accompanied by decrease in the number of motes.
Ience it will be favoured by low temperature and
high pressure.
FeCly and [1,0 do not react to give back Fe, 0, and
HClL.
See Hint to Q. 4.
Equilibrivm constant of a reaction does not depend
upon concentrations. It is constant at constant
temperature.
The forward reaction is accompanied by the in-
crease in the pumber of gasecus moles. Hence
increase of pressure will favour the reverse reac-
tion.
SO, +Cl, &= 80,Cl, + Heat. On adding
SQ,, the equilibrivm will shift forward Ze. more
heat witl be evolved. So temperature will ncrease,
Equilibrium constant of a reaction is constant at
constant temperature.
It is an endothermic reaction. Hence equilibrivm is
affected by temperature.
Mol. mass of H1 = 130,

(1) = S w3 =025
K, does not depend upon volume or concentra-
tions. It is constant at constant temperature.

A de g e 2 0

ITmoll !
-5

mol L.7!

(140:25) (1-5+0:5)
=20
mol L7 molL™!
o2
K= fJ_U_S)_T =005
1-25 % (2-0}

N0, —= 2NO,

1 mole

1-—0:20 0-40 maole,
= (- 80mole Total = 12 mole
| mole vapour have pressure = 1 atm at 300 K.

=125

'\

22.

2%

3

3.

35.
7.

40,

41,

Applying PV = nRT 1 x V= 1 x R x 300 (i)
Whenn = 1-2mole, T = 600 K,
PxV=12xRx600 L)

Dividing (i) by (i}, P = 2-4 aim.
Equilibrium constant is constant at constant
temperature.

K, = K (RDA.K islessthan K, if an = - veie.

ﬁp <n

[XeOF,] [XeO,F,}|
[XeO,TXeFg]

[XeOF,} [HF]*
[XeOF,] [H0] K,
" Reo (HFE T Ko

_INOP[H0F  (0e)'®

©OINHOF

But with respect to standard state concentration of
1mol L™ it is dimensionless.

5 = Conc.
(conc.)’

1 1
M8=1*(1+§)=—§

An = 3
K,/ K, = (RTYM = ®T)” 2= 1 /VRT'

Backward reaction is dissociation reaction and
hence endothermic. The forward reaction will,
therefore, be exothermic. Further, it is accom-
panied by decrease in the number of gascous
moles. Hence its equilibrium will be affected by
temperature and pressure.

On adding inert gas at constant pressure, dissocia-
tion increases i.e. more of the produets will be
formed.

Equilibrium canstant changes only with lempera-
ture.

[Solid] = 1.
K.= -%-%—;% = 1. On changing concentrations,

equilibrium constans does not change.

The reaction is reversed and muitiplied by 2, there-
fore equilibrivm constant = 1 / K*

SRt

4% 10
K. .= KP/(RT)A"
=1:44 x 1073 /(0082 x 773)72
A+B==C+D0=1% [D]. With time, [C]

and [D] increase and so does O.
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42,
42,

HINTS CONTD.

K, is constant at constant temperature.

280, + 0O, $===1250,

Iriial motes 5 &

Al egm.

44.

Mates at eqm. 0-1 mole
Malar concs.

45.

47,

438.

49.

50,

Sl

52

53

. K, =

.60

D*WXS
=S e 2 =35
Ial =2 +3-5 +3 =85

RE A e N
PCly =

§~-15 &

el

(-2 matle
G-2/10

0-2 mole
0-210

mol dm 3

0-1/10

. 002 x 002

e

Initial [N,O,] = 9-2 /92 mol ™"
=0-1 motL™"'

Al egm. (after 50% dissocialion),

[N,Og] = 0-05 M, [NO,| =01 M

g INO P (0.192 5
r OB T e

B M
Active mass = Molar conc. = v

=004

gD P
PV —.HREV —"R’T-‘

Change in volume changes the molar concentra-
tion. Tn (a),np = 1, Change in volume will not alter

the numiber of moles in this case.
N, + 3 H, 2 NH,

Tormation of ¢-8 mole of NH; means that

Ffrom

S
=

3
=5 x 0-8 mole of H, have reacted. Hence con-

centration of M, = 2-2 x0-8 =2-1-2=08 mole

2
k
W e
I\eqm._}_b__ =2
Kp 15 constant at constant temperature. As volume

is halved, pressure will be doubled. Hence equi-
librium will shift in the backward direction Le. de-
gree of dissociation: decreases.

The reaction proceeds from right to left when
0 > K, so that Q tends to decrease to become

equat to K.
_ NP INop
[N] fH, P [N2] [O,]
[H,0]

37 [H,] {0,172

[NOP [H,0P K, K}
; {NH3]2 102]5/2 = Kl

$4. (a} s correct beeause concentrations of H, and
N, decrease with time while that of NH, increases
with time and after equilibrium, all of them remain
constant.

[PCL[CY)
55, 1\c=—[}cmi

; . 020 i e

Le. 0-3 oy or [Cl]=1-0mol L7%
56. fee oed  Wter:

More vol. Less vol.

On applying pressure, equilibrium shifts 1o the side
m which volume is less.

The given reaction is endothermic. So on increas-
ing temperature, itwill shift in the forward direction
58. ,.\r13=l-2=—1

57.

K, = K (RI)A" = K (RT)™! = K_/RT
or 'KP/KL, =1/RT
59, 56N, =56/28=2 moles,
8gHy, =872 =4 moles,
34 g NH, = 3417 = 2 moles

NG e
Initial 2 moles 4 moles
Al.egn, 2 - 1mole  4-3 2 moles
=1lmole =1mole

60. For reaction (i), K, =pco, =8 x 1072 (Given)

2
- 2 & Pco <t
For reaction (i), K, = b 2 (Given)
2
FPco
Lt 2, S — . OT 0 0.4
gx -2 . feo
61. Py + 6Ch(E) == 4P0L4(p
Initial 1 mole I miole
Alegm. 1 -x 1-fx 4

As(l =x) > (1 - 6x), hence |P,] > [Cly]

62, Asnp < n,. higher the pressure, greater will be yicld
of Z. As reaction is cxothermic in the forward
direction, lower the temperature, preater is the
yield of Z (As at low temperature the reaction is
slow, usually optimum temperature is used).

63. Suppase NO, =xg. Then N,O, = (100 —x) ¢
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1.

HINTS CONTR.

Moles of NO, = 7, Moles of N;O, = e 64.  NH,COONH, —» 2NH, + CO,
Initiat I mole
Mole fraction of NO, = Rrdl Alter diss 1 2
27 k746 + (100 ~ %)/ 92 st Lo AR B oy
Lal e Tetal =1 + 2 =
T46 T 100 +x 100 +x Theoretical density (D) « —\17
e : 2x
Moie fraction of NoOy = 1 - - : : el
2374 00 + x Observed density (d) « ST
= 100 ~ x
100 +x T-l+2x=
Molar mass of mixture e D) a8 — 160\ o
e x4ﬁ+1on gy = 9200 el e e R T
TI00 +x 100 b o 100 +x G5, G R IIG 2 NH
- 2 2 3
9200 _ 305 766 i
T e = ¥ fmittal ~ 2mol  6:mol
ar 76 -G = 9200 — 7660 = 1540 At.egm. Imol = 3mol 2 mol
or x=20-10g ; Molar conc. 1 3 2moiL!
20-10 92 4
+ Moles of NO;, = —— = (1437 K. = =
™ i EE e ) 27

e o b T

e N

e L e s SR 0 o e B e e 0 “‘“‘"‘f

ADDITIONAL OMESTIONS

T T e A A, x&,y.:. R s S
For All Campﬂtitiva Examinations

"&-:‘i:

B  S

Assertion-Reason Type Questions

The following questijons consist of two etatements, prml;ed as Assertion and Reason. While answering these
questions, you are required to choose any one of the lollowing four responses.

(a) If hoth Assertion and Reason are true and the Reason is the correct explanation of the Assertion.
(b) Tf hoth Assertion and Reason are true but reason is not a correct explanation of the ‘Assertion’.

(c) If Assertion is true but Reason is false.
(d) If Assertion is false but Reason is true.
() If both Assertion and Reason are false.

Assertion
The equilibrium constant is fixed and charac-
teristic for any given chemical reaction at a
specified temperature.
When a catalyst is added to a reaction mixture in

Reason
The composition of the final equilibrium mxture at a
particular temperatore depends upon the starting
amount of reactants.
The forward reaction becomes faster on adding the

equilibrium, the amount of the products in- | catalyst.

creases.

Adding inert gas to dissociation equilibrium of
N,O, at constant pressure and (emperature in-
creases the dissociation.

K, is always greater than K_.

Equilibrium constant of a reaction increases if
temperature is increased.

Molar concentrations of the reactants and products
decrease.

The effect of pressure is greater on the rate of reaction

than the effect of concentration.
The forward reaction becomes taster with increase ol
temperature.
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True/False Statements

Which of the following statements are false ? 4. The equilibrivm constant of a reaction is inde-
1. When equilibrium is attained, the concentration of pendent of the concentrations of the reactants.
each of the reactants and products becomes equal. 5. There is no effect on the equilibrium constant of
2. Burning of magnesium to form MgO s an irre- Hy+1, ==2HL, if some inert gas is added 1o it.
versible process. 6. 'There is no effect of pressure on the dissociation of
3. Equilibrium is disturbed if catalyst is added to it. NpOy
Fill In The Blanks
1. When equilibrium is attained, the concentration of of the dissociation of PCl, al constant pressure, the
each of the reactants and producis becomes ...... dissociation of PClg wil .....

2. Chemical cquitibrium is ..... in nature.

C i ey, o iy : 9. Exothermic reactions are favourcd [y
3. Solid == liquid equilibrium exists only at ____ .

temperature.

4. Thf: rate at which a substance reacts is proportional 10, For a given reaction at a tixed temperature, equi-
LY s - - ) librium constants K, and K, are related as........ -

L E:st:ﬁ?eof equilibrium constant is constant at (@LT 1994)

6. The value of equilibrium constant of an endother- 11. A ten-fold increase in pressure on the reaction
mic reaction ... with rise in temperature. N2 @ +3H;(8) -=— 2NH,(p)

7. Temperature has no effect on the equilibrium con. at equilibrium results in........ in K. (LT 1996)
stant for reactions for which AH is ...... 12. For a gaseous reaction 2 B —» A, the equilibrium

8. Ifaninert gas is added to the equilibrium mixture constant Kp is........ to/than K. (LLT 1997

Matching Type Questions

1. Maich the entries of column A with appropriate entries of column A.

Column A Column B (New eqm. const.)
(@) Reaction is reversed (@) VK
(b) Reaction is divided by 2 {h) K2
{c) Reaction is multiplied by 2 (c)y1/K

where K is the equilibrium constant of the originat reaction.
2. Match the entries of column A with appropriate entries of columns B and C.

Column A Column B Column C
(@}N; + 3H, —— 2NH, (a) Increase of pressure shifts (@) Increase of temp. shifts the
AH =-—92.5kJ the equilibrium in the forward equilibrium in the forward direction.
direction.
(b) CH;COOH + C;HsOH  (b) Increase of pressure shifts (b) Increase in temp. shifts the
— CH; COOC,H, the equilibrium in the backward equilibrium in the backward direction.

+H,0,AH =0 dircction.

(c)N,0, == 2NO, (¢) Increase of pressure has (¢} Increase of temp. has no effect
AH =+ 586 kJ no effect on equilibrium. on the equilibrium.
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ANSWERS
ASSERTION-REASON TYPE QUESTIONS

1. (a) 2. {¢) 3. (a) 4.(e) 5.(¢)
 TRUE/FALSE STATEMENTS
1,3,6.
FILL IN THE BELANKS
1. constant 2. dynamic 3. melting point 4. active mass 5. temperature 6. increases 7. zero 8. increase

9.low 10. K, = K, (kT)A" 1t. no change 12. less.
MATCHING TYPE QUESTIONS
1. (@) — (c), (b)y—(@), (c)—(b) 2. (a)— (@) — (®), () — () —(a), () —E)—(©)-

HINTS/EXPLANATIONS to Assertion-Reason Type Questions

..........
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