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For example,

NaCl + Ag NO,

—_—
Reactants NaNO, + AgCy

Products P
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) Formation of Ethyl acetate (ester).

CH, COOH + GR,OH 3= CH, COOCH, + H,0

(i

(ii)pissociadon of Hydrogen iodide.
HI +=— H‘z'”z

(iii) Dissociation of Phosphorus pentachloride
PO, = PCL+C,

(iv) Hydrolysis of Bismuth chloride
BiCl, + H.OH = BiOCl +2HC!

(v) Synthesis of ammonia by Haber process
N, +3H, == 2NH,

62 EQUILIBRIUM STATE

In a reversible reaction, both the changes, forward and the reverse occur
simultaneously. Under these circumstances, a reaction might come to some kind
of ‘balance’ in which the forward and reverse reactions occur at the same rate.
Consider, for example, the following homogeneous reaction (Le. entirely

liguid or entirely gaseous).

A+B =——=C+D

In the beginning, forward reaction predominates, butas soon 2 C andDare
lomed, the reverse reaction ‘builds up' until equilibrium position 1s m{cl:ed
Where the forward as well as the reverse change proceeds with the same 1ate.

:ﬂ»c equilibrium state of a chemical reaction, however, differs from 1h‘c‘:sc
:tem y txamples, The children on asce saw ora nqte bgo‘k ona u?l:hzr: ; ;
lsan of Staric! equilibriym, but the chemical equilibrium is ‘dynamic’, ?

. CQuilibr i :er change of particlesin motion (as it
invgy, brium involving the constant inter .ﬁg B i o e

children or the book are in
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equilibriurm, but in dynamic equilibrium we can't observe the individual panticles
involved.

Although the idea of reactants and products is confusing in a reversible
reaction, at equilibrium point, all the substances involved are present. That s to
say that an equilibrium mixture is formed. The composition of this mixture
remains constant due to same rate of forward and backward change. At this point,
it apparently appears as if the reaction has stopped because we don't see an
increase in the amount of products. But as mentioned earlier, a reversible reaction

never stops — it is dynamic. The equilibrium state.does not change with the lapse
of time.

Concentration remains constant
| equilibrium is established

|  Producls

Reaclants

=
=
o~
B
=
3]
8
Q

[ !¢ =Time of equilibrium
Time

Fig.6.1
6.3 THE LAW OF MASS ACTION (EQUILIBRIUM LAW)

In 1864, the Scandinavian scientists, Guldberg and Waage formulated ?
generalization regarding the effect of concent

el : ration on reversible reactions 1"
equilibrium. Itis known as the law of mass actign or law of equilibrium. It states
that:

.Thq rate at which a substance reacts is proportional to its active
mass and the rate of & chemical reaction is

; proportional 10 the
product of the active masses of reactants.

y
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The term active mass’ means tke concentration in terms of moles/dm’
oleitre). For example, the active massof 4 gm H, is 2 moles/dm® and it is
rcp,.:scnu:d by means of square brackets such as [H,] = active mass of H,

1o derive the expressions of Equilibrium Constant, K .. In order 10 find out
teinfluence of concentration onchemical equilibrium, itis essertial toderive the
expression of its equilibrium constant which is denoted by K,or K. Let us,
for instance, apply the law of mass action :o the following general reversible
reaction in which 'm' moles of A and 'n’ moles of B react to give 'x' moles
of C and 'y’ moles of D.

mA+nB = XC+yD

Rate of Forward reaction « [A]™ [B]"
= K, [A]*[B] ... ()

Rate of reverse reaction < [C]'[DJ -
= K, [C]*[DV....(i)

Since, at equilibrium state, i
Rate of forward reaction =  Rate of reverse reaction

0 = (i)
K [A=[Bl* = K,[C) (D)
O K, (C)* [DY
K °  [A([B)
o g _ leroy
e (A]" [B]'

d
R - : ses cf products are place
i This s the expression of K, in which active e ts are placed in the

‘;nmumerator while the active i0 of active masses of
Wogyeye - Or- I Other words, equilibrium con ion PCl= PCl, + Cl;

% and reacrans at equilibrium. Thus, f0r the reaction
[PCl,] (PCL].
S e
[PCL,}

B
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In case of gaseous equilibrium, a partial . pressure is used instead of
concentration because at a given temperature, partial pressure of a gas is
proportional toitsconcentration, In thiscase, the equilibriumconstantis expressed
as K instead of K , for example, consider the following gaseous equilibrium,

+D

Ag + By=C @

@

(Pc) [Py

(P,11Py)

K’z

» where P, P, P, P are the partial pressures of
gases A, B, C and D respectively.

Relation between K. and K :

(i) K,=K.in these cases where there is no change in volume such as
sz* lzw = ZHIm
1Vol. 1Vol. 2 Vol

(i) K,>K. when reactions occur with incr

ease in
INH, N, + M, volume such as
(iti) K, < K. when there is decrease in vol .
250, +0,, 2250, oume on - the product side such 2¢

6.4 DETERMINATION OF EQUILIBRIUM CONSTANT

examples: . B and products. Consider the followiss
1. Ethyl Acetate Equilibrium :

Acelic actd (an organic acid) reacts with ¢ 6
(an ester) and water, thyl aleohol to form ethyl ¢

Esterification A
CH)COOH + CZH,OH -«H';m: CH.“COO C)H 3 H‘O |

A
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ethyl alcohol are taken in pere
. % 3 ST : a stop d
& Let it be 'a'moles/dm?’ acetic acid and 'b' moles/dm? ethyl alcohol when

slibrium establishes after some time, the contents of the flask are cooled

enched' by adding crushed ice to ‘fix’ the equilibrium. Since uilibriu:
cure consists Of unused reactants as well as the products, hénce thecqamount f
acid left at equilibrium is determined by titrating it against standard soluti:n
odium hydroxide. Suppose the amount of acetic acid consumed at equilibrium
‘moles/dm’ which means the acid left at equilibrium is (a-x) mole/dm?. Note
he above equation there is 1 molecule of acid, one moiecule of alcohol which
sttoform 1 molecule of ester and one molecule of water, In this case, therefore,
amount of acid used up must be equal to the amount of aleohol used, which
ins atequilibrium, the amount of acid left = (a —x) moles/dm?, alcohol =
X) moles/dm?’, ester formed =xmoles/dm® and water produced =x moles/dm?.

CH,COOH + C,H,0H === CK,COOC,H, + H.O

. of moles at initial state = a b Nil Nil

‘of moles at equilibrium state = '(a-x) (b9 x X
Cenration at equilibrium state=  @-X)  (b-%) %‘ X
Mlying the law of mass action, we get: Y v ¥

[CH,COOCH,) [H,0]
| RS [CH, COOH] [C;H,OH]

PORE) & 2

Ke* aoln @ &0
v E Y

v

I .

¢ "%parare experiments, different amounts of acetic acid and e.thyl alcohol

™ f°‘° react at constant temperature. Analysis of the equilibrium mixture
Witig results;
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Equilibrium Conc : (Moles/dm?)

ICHEO0GH) ol
AccicAcid | Ethylateohol | Ethylacetate | Water | Keriep ermmiom
18x10° 22x10° 40x 107 | 40x10° 4,04
63 x10° 23x10° 75x 10 | 75x10° 3.88
75x10° 80x 10 160x10” | 160x10° 4.26
28x10° 96 x 10? 105x10° | 105x10° 4,10

For this system, the value of equilibrium constant, K. is almost constunt
which averages to 4.

2. Hydrogen Iodide Equilibrium

Hy+ L,= 2HI,

To start with, suppose there are ‘a’ moles/dm? of hydrogen and ‘v’
moles/dm’ of iodine which react in sealed bulbs at 444°C in the boiling sulphur
forsome length of time. In order to'fix' the equilibrium, the equilibrium mixture
is cooled. The bulbs are opened in the solution of sodium hydroxide which
absorbs hydrogen iodide and iodine leaving behind hydrogen, Let the amountof
hydrogen consumed at equilibrium be X' moles/dm?® which means the amounto!

hydrogen leftatequilibriumis (a-x) moles/drm®. Since 1 mble of hydrogen 1ea¢t

with 1 mole of iodine to form two moles of hydrogen iodide, hence the 2mov”

ofiodine used is also'x'moles/dm?, Thus 2x' moles/dm of hydrogen iodide
 present at equilibrium. The equilibrium constany K. is then calculated:

Byt L,
No. of moles at initial state a b Nil
No. of moles at equilibrium state (a-x)  (b=x) 2%

Concentration at cquilibrium state __(a'“), bx) 2

A

— ZHIw

Applying the law of mas; action v v v
2\t
Cmp e
IR E e
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In separate experimerits different amounts of hydrogen and iodine were

pade 10 mcgt :; 0312'3"' temperature. Analysis of the equilibrium mixture gave
the followin

Equilibrium Amounts (Moles/dm?)

. 1 z
Hydrogen Iodine Hydrogen Iodide s (H,)[1,]
0.00456 0.00074 0.01354 54.3
0.00356 0.00125 0.01559 54.6
0.00225 0.00234 0.01685 53.9
0.00048 0.00048 0.00353 54.1
For this system K averages 10 54.

mm]; 1. 4.6 gm of ethyl alcohol and 6.0 gm of acetic acid kept at constant
“Tperature until equilibrium was established. 2.0 gm of unused acid were

Present. Caleylate K.

CH,COOH + C;H,0H —= CH,COOC,H, + H,0
N /
* O moles at initial state 50 =0.1 &5 =0.] NIL NI
60 46
§
;;mm of moles at
& (0.1=x) (0.1-x) X X
.D“nngzthe reaction 2 gms. of acetic acid were left
is
60 =0.033 mole
Q’O_L ¥ .
ory  *=0.033 mole

% ;
"_0. 1-0.033 = 0,067 mole:
°r¢ 0.067 mole of acetic acid and 0.067 mole of ethyl alcohol
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must have reacted. Hence 0.067 mole of each product (cthyl acetate and
water) are formed.
~ No. of moles at equilibrium state 0.033 0.033 0.067 0.067

0.033 0033 0.067 0067
v v v V—

0.067 _ 0.067
[CH,COOC,H{] [H,0] v % —v— _0.067x0.067

(CH,COOH] [CHOH] 0033, 0033 ©0.033x0033

Conc. at equilibrium state

4.0

EXAMPLE 2. 9.2 gm of ethyl alcohol, 3.6 gm of acetic acid, 1.1 gm of ethyl
acetate and 9.0 gm of water were mixed and allowed 10 attain equilibrium, If K.
=4, what was the concentration of the resulting mixture?

CH, COOH +C,H,0H == CH,COOC,H, +H0

e 3.6 9.2 1.1 9.0
No. of moles at initial state — =0,06 , — =202, ' 0.0125 e 05
60 6 g8 g3

If x mole of acetic acid and x mole of -
: ethyl :
tional x mole of each prqduct (ethylacetate and zvai:;)haorcl ;:amm;;hen -

No. of moles at initial state -n

No. of moles at equilibrium state  0,06-n 0:2'1 oo 0;‘;5 +n
O125+n 0.
Concentration at equilibrium state m 0.2-n 0.0125+n 8312

Kc ) [CH,,COOC’H,] O] v v v
[CH, COCH] [ C;H,0H]

) ‘(_).0135 +§) l0_5v+_x_l
0.06-; 0.2
= B

3x*~ 1.5525 x +0.04175=0

Ke
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lving by the formulaax + bx+ C=0
b1vb?-4ac
X= 22

x =049 or x =0.029 moles

Since the initial amounts of acetic acid and ethy) alcohol are less than 0.49
moles, hence x = 0.49 is ruled out. In other words x = 0.029 moles. Thus the
equilibrium concentration of the mixture is given below:

Aceticacid = 0.06-0.029 = 0.031 mole/dm’
Ethylalcohol = 0.2-0029 = 0.171 mole/dm?
Ethyl acetate = 0.0125+0.029= 0.0415 mole/dm?
Water = 05+0029 = 0.529 mole/dm’

EXAMPLE 3, In a reaction A + B =2C, when equilibrium was attained, the
concentration was [A] = [B] = 4 moles/dm?, [C] = 6 moles/dm’, Calculate the
tquilibrium constant K. and the initial concemraxion; of A and B.

Solution,
(@) The equilibrium constant of the above reaction is given by,

st (CF
[A] [B)
S
el v 5660508
ot
RASY
b5

ace form two mole of C, hence
. One mol le of B react 1o form heny
m:“?lees of Care pr:dotfctda:ti;n; xlcs of A and 3 moles of B. Thus the initial
: ON0f A = B = 4 + 3 = 7 moles/dm’ each.
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6.5 APPLICATIONS OF THE LAW OF EQUILIBRIUM H

The law of equilibrium is used 1o calculate the equilibrium constant of 3
reversible reaction. The study of equilibrium expression and its constant K.is
Very important to a chemist or to a manufacturer, Some valuable predictions can
bemade aboutareaction. In fact,achemist can control the direction and the extent
of achemical reaction by changing the conditions through the knowledge of K.
Below are given the important applications of equilibrium constant:

() K. isused to predict the direction of 2 reaction.
(if) Ttis also used to predict the extent to which a reaction occurs.

(1) To predict the dtr_ectlon of a Reaction :

The value of equilibrium constant
direction in which a reaction will

provided the initial concentration of

K. is a valuable aid in predicting the
shift in order to achieve the equilibrium,

the reagents involved is known.
Reactants = Products,

- » (hel’c m ‘hree S N ;
[Reactams]m POssible cases,

(i) Ttis greater than K. (ii) Itis less than K. (iii) It is cqual 1o K...

(i) Inthe first case, when

[Products], .

> KC' the reaction will shift towards the reverse direction
[Reactants],

where less quantity of products is obtained

He

and the ratio decreases to the value of
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@ In the second case when

[Pde“c“]uﬁ-l
G R
[Reactants] ..,
qummyofpmductsisfonnedmdmeuﬁoincmsu to the value of K.

< K¢, the reaction will shift towards right where raore

() In the Third case, when

[Products], ...

(Reactants] .,
been attained and there is no shifting of the reaction provided conditions are not
changed.

= K. according w the law of mass action, eguilibrium has

EXAMPLE 4. The K_for the dissociation of hydrogeniodide at 356°C s
1.3x 10°% If there are 0 5 moles/dm’ Hydrogen, 1.5 moles/dm’ iodine and 5
moles/dm® Hydrogeniodide, predict the direction in which the reaction moves so

a5 to achieve the equilibrium.

The dissociation of Hydrogeniodide is represented by the equation,
a
2HI = Hy + Ly Ke=13%10

According to the law of mass action,

0.75
~ L (L) isa *(0’5)'“‘5) o e e 10

ncentrations of the reagenis
Since the calculated value of the ratio of the co hence the reaction will shift

‘Wamg Which is greater than the actual value of Ko
the reverse direction.
L a1448°Cis 0.0194. 1f one
AMPLlE 5. K, for the reaction ;Hy‘l’%; ‘l‘-lw+ s e
"Ydrogt contains 0.2 moles. X
N iodide, predict the direction of reaction
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According to the law of mass action,
[H2]m nzlm 02x 12 24

K., = a = — = 00106
(HIP, . (15) 225

Since the calculated ratio of the concentration of the products and reactants

is less than the actual value, hence the reaction will move towards right i.e.
towards the forward direction.

(2). To Predict the Extent of Reaction :

From the valye of Kc, Wwe can

predict the extent 1o which a reaction will
occur, -

In the fll:st case, when the value of K. is very large, it is predicted that the
forward reaction is almost complete. That is to say, the reactant is unstable, for

example - ozone, an allotropic form of oxygen, quickly deco
20, =30,.Its K. is very large (10, ey MpOses 1o oxygen

. ! water is only 8%. That's why
Fun 15 very low (1079),

The balance of a chemical equilibriu

misdisturbed : such
as concentration, temperature and Tes bed by changing factors

sure. Le Chatelier's principle enable’
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alitative prgdfctfons to bc made about the effects of the above mentioned
gactors on equilibrium position. This principle was enunciated in 1884 by Le-
Chatelier.
“When a constraint or stress in a direction Is applied to a system
in equilibrium, the equilibdum position changes so as to undo the

constraint”

‘By the term constraint we mean the changes concentration, pressure or
temperature. According to this principle, if one of the factors involved in a
chemical equilibrium is altered, the equilibrium shifts towards right or left in
order to restore the balance of equilibrium.

L. Effect of Concentration Change :

By increasing the concentration of any substance present in the equilibrium
mixture, the balance is disturbed, and the equilibrium moves away from that

substance in order to decrease the concentration of the added substance. This is
in accordance with the Le Chatelier's principle for the reaction

A+BeC+D.

[C] (D]
. (A [B]

Without changing the other conditions, K. is constant. If, for instance, the
“ncentration of ‘A’ is increased, K, decreases. To RCfp K, constant, the
“Mcentration of 'C* and D" increases. Thus 1o get high yield of products, the

Centration of cheaper reactant may be greatly increased.

C"""ze in concentration Effect on equilibrium position

: A+B=C+D
'\ .

[n% in conc. of A or B Equilibrium shifts to right

and yield of products increases.

Inc"“c in conc. of C or D - Equilibrium shifts to left

\ ' j.c. more of A and B i3 fomed.
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2. Effect of Temperature Change :

For an exothermic reaction, K decreases with the rise of temperature, Ty,
is to say the concentration of products decreases. For an endothermic reaction, th,

rise of temperature favours the high yield of products. The effect of temperatyge
on equilibrium can be explained in the light of Le Chatelier's principle,

In an exothermic reaction, heat is evolved in going from reactants 1
products. Increasing the temperature is a constraint t0 the equilibrium which i
remcved by absorbing heat in going from products to the reactants. In an
endothsrmic reaction, heat is absorbed in going from reactants 10 the products.
wang the temperature is the stress to the equilibrium which is nullified by
absorbing heat in going from left towards right, i.c., from reactants to the

products.

Nature of Reaction Change in
A+B=C+D Temperature

Effect on Equilibrium

Exothermic, Increase

—

Equilibrium shifts to left
Le. more NO and O, are
formed.

eg. :
2NO + O, = 2NO,; | Decrease

Equilibrium shifts towards
right and more products &%

formed (yield of NO,
increases).

Increase

Endothermic,

/
Equilibrium movcs.w“’“fd’
right to give high yield ©
products(NO)

c.B. Nw"'o;wﬁ 2NO

Equilibriumis ariventon”
left and more N, 8nd %
are present in equilib?”

mixture, /
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3, Effectof Pressure Change:

Change of pressure is relaied 1o the change of volume. Since solids and
Jiquids are aln.:ost incompressible, hence their volumes are very litte affected by
the changes in pressure. In other words, pressure will only affect gaseous

equilibria in which there is a volume change. If volume is same on both sides,
pressure will have no effect on equilibrium.

Ifareaction proceeds with increase in volume,(2NH, 22 N, + 3H,) the increase
of pressure (constraint) shifts the equilibrium towards reactant side to remove
lheconstraint of increased pressure. Thisis in accordance with the Le Chatelier’s
principle.

Ifareaction proceeds with decreasing volume (e.g. PCl, +Cl, 2 PCl,), the
increase of pressure forces the equilibrium (o be driven to right hand side.

: Change

Volume involved in pressure | . Effect on equilibrium position
mA+nB= x C+yD . A
(Y 1fx + y>m+n Increase Equilibrium moves towards left
volume of products i.e., more O, is present in
1S greater than reactants equilibrium mixture,
"8 20,2 30y, Decrease | Equilibrium position moves

towrds right, i.e. more O,

is present in the equilibrium

T mixture.

() If e 4 y<m+n Increase Equilibrium position i‘s
Yolume of productsisless| driven towards right, i.c.
ta" the reactants, * yield of N,0, increascs.

: 2N0"" #NO,, [ Decrease | Equilibriumshifts tqwards
left, i.e. N,0, dissociates’
more and more NO, is
present in the equilibrium
mixture.

() y
% +n | Noeffect
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4, Effect of Catalyst on Equilibrium :

A catalysthas noeffecton the equilibrium position, butit cn.ablgs equilibirum
1o be reached more quickly by decreasing the ‘energy of activation'. In fag 5
catalyst affects forward and reverse rates equally.

6.7 IMPORTANT INDUSTRIAL APPLICATIONS
OF LE CHATELIER'S PRINCIPLE

A Chemist ora manufactureris always ambitious in gettin g maximum yield
of his products in the shortest possible time. .For this purpose he uses the
knowledge of equilibrium constant and Le Chatelier's principle to sort out the
MOst suitable and favourable conditions under which the reaction is 10 be carried,

How far this knowledge is useful in
special reference to the s

manufacture of sulphuric

various industries, is described with
ynthesis of Ammonia by Haber's process and the
acid by contact process.

EXAMPLES :

1. The Haber's Process:

Nt 3y, @ ANH, , (H =~ 462 K¥/mole)

1Vol 3vyyq 2 Vol.

The reaction between fitrogen
accompanied by decrease jn volume an

ditis exothermic,
(). Effectofconcentragy

ol more nitrggenis, - rding
: ,8CCO
practice, however, u,:: ;fmcgk increases the yield of NH,. In acmi
hydrogen. The two BRSEs are mixeq ;. m&:vmtage in using excess nitroge

theoretical ratio of 1:3 by volu
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is liberated; in this way balance of equilibrium position is maintained. In other
words, the low temperature favours the formation of ammonia. The high
emperature, &t equilibrium, would obviously favour the reverse reaction, In
scual practice, the reaction is carried out at high temperature of 450°C ~ 500°C
which produces reduced yield at much higher rate. A catalyst of finely divided
iron is used.

(ili). Effect of Pressure : The formation of ammonia proceéds with the reduction
involume (4 volumes on the reactant side and 2 volumes on the product side). The
reaction, is therefore, carried out under high pressure, the equilibrium is
forced to right as the formation of ammonia lowers the volume and by Le-
Chatelier's principle, relieves the pressure. The pressures vary from 400 to
1000 atmospheres.

2. Contact Process : In Pakistan, sulphuric acid is manufactured largely by
the Contact process in which the most important step is the oxidation of sulphur
dioxide to sulphur trioxide in presence of catalyst vanadium pentoxide.

, ZSow + Q,, =250, (AH =-395 KJ/mole)

2Vol  1Vol 2 Vol

This oxidation process is exothermic and occurs with the reduction of
Yolume. In order 10 sort out suitable conditions under which high yield of SO, is

Produced, Le-Chatelier's principle is applied.

(i), Effect of Concentration: If at equilibrium position, the concentration of
Ygen i increased, the Le-Chatelier's principle requires the system to react to
Wi ° this change, that is, to reduce the concentration of oxygen. This is done

© Conversion of more SO, to SOy,

(i), : . ~

.czmgge':t of Temperature ; If, at ;quilibrium,_‘mc temperature is decreased,
Poge th-g o Le-Chatelier's principle, the system tends to react 0 as to 0p-
g 0: Change, thay i, to raise the temperature. This is achicved when
$00g 80, is produced, In actual practice, the reaction 1§ carried out at.

g as('A‘inc..; a fast rate is more important than & high yicld). A catalyst

vzo, is also added to speed up the reaction.
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(iii). Effect of Pressure: Increasing yield of SO, is favoured by increased
pressure (since the volume of products is less than the reactants). In practice, the
reaction is carried out at one atmospheric pressure (since the volume is not large
enough to justify the expense of high pressure vessel).

6.8 SOLUBILITY PRODUCT

. Whe.:n 4 saturated solution of sparingly or slightly soluble salt is in contact
with unfinssqlved salt, an equilibrium is established between the dissolved ions
and lhc. tons in the solid phase of the undisssolved salt. For example, AgClis onl
very slightly soluble in water and the following equilibrium exist::. ;

AgCl —— Ag'  + CI
W
Undissolved  pocoiveg

According to the equilibrium law (law of mass actidn)

(AglICr
[AgCl,]

K =

But at satration, the concentration of the solid AgCl is constant

K - lAelion)
e

K. xK"=[Ag'] |Cl |

K, = [Agl[Cn)

K_ is termed as the solubili
centration of the dissolved ions
larly. For CaF,;

Ky = [Ca¥][F']!

ty Plpduct. It is the product of ionic Con:
and it varies ‘with the temperature: l

_
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The solubility productis expressedin the chemical units of concentration i.c.
polar concentration.

Calculation of solubility product from the solubility,

Solubilities are normally given in grams per cubic decimetre (g/dm’) which
are the physical units of concentration. The solubility of AgClis 1.4 x 10 g/dm?

225°C. Since the molecular mass of AgClis 143.5, hence its solubility in terms
of molarity is calculated:

, 1.4x10°
Molarity = VT 098x10° moledm™

Hence the concentration of Ag* is 0.98 x10-* moles dm™, the
concentration of the ClI- is also 0.98 x 10-* mole dm™ because there is one Cl” ion
for each Ag* ion. Now,

K, AgCl = [Ag*] [ CI] =0.98 x 10 mole dm™ x 0.98 x 10 mol dm"
K, AgCl =0.96 x 10°=9.6 x |0 mol? dm™®

sOlllbilily products of some salts are givcn in the following table:

Table 6.1 Solubility products of salts at 18° - 25°C.

Compound - Formula Solubility product
\
14 chlorige 1x10* mole’ dm”

PbCl :

dsul h[dc . PbS 2 84 x lo-” molcz dm-‘

Nlecl Sulphldc ; NiS - 1.8 x 10 molez dm:
AT sulphige HgS 3.5 x 10 mole* dm

oer Sulphide CuS 87 x 10 mole? dm*
c°ba It Slllphlde CoS 3.0x 10 mole: dm-6
B oo CaCO, 1.0 10°* mole? dm
We BaSO, 1.0 x 10 mole? dm-*
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Calculation of Solubility from Solubility product :

If we know the value of solubility product, we can calculate the solubility of

salt. Forexample, the solubility productoflead iodide (Pbl,) at 25°C i
1.00 x 10° mol® dm™®

Pblzm —— Pb"(. o 21 o)
undissolved Dissolved

Ko =[Pb*] [T 2= 1.00 x 10°° moP® dm-®

If x moles per dm® of Pbl, dissolve (i.c ionize),
[Pb*] =xand [I']=2x
Ksp = [Pb*] [I']* = 1.00 x 10°* mo}? dm-*
or (x) (2x)* = 1.00 x 10 * mol® dm**
4x* = 1.00 x 10°* mol® dm-*
X = 0.63x 10? mol dm? Pbl, dissolved.

Molecular mass of Pbl, = 461 moles per dm?

is converted into g/dm’
(Chemical units into physical unit of concentration) a

s follows:
Mass in g
Moles. =

molecular mass

moles x molecular masg
= 0.63x10°x 461 '
= 0.00063 x 461

0.29¢

Massing =

Solubility of Pbl, at 25°C = 0.29 g/guy.

Application of Solubility Product :

e . s irall
The SOlublllty product (l(”) 1S used to determine whether & prempltﬁof

should form from a solution of known ionic concentrations. The valu;v ¢A
solubility product represents the equilib

: fium condition between the d:SS:’a ol
ions and undissolved solid phase of solute j.¢_ when a solution is satv

.
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when the product <.>f the ionic concentrations is equal to the solubil;

uct, a saturated solution is said 1o exist. If the ionic product is | hu 8
wlubility product, the solution is not Salurated i. e. more amount of Lhcss ; Yo
goin to the sqlution. If the ionic product is larger than the solubility ccs:i = C‘:ﬂ
solution is said to be super saturated and the excess of solute shodldp;rc::‘i;ti’tat:

oastorestore the equilibrium conditions. For exam ili
calcium sulphate solution is 2.4 x 10 molddmsplc. the solubility product of

Ca50 57— Ca’ | + SO* -
Kp=[Ca®] [SO] = 2.4 x 10

If
[Ca*] [SO,*] > 2.4 X 10

m(').‘mld form precipitates so as to reach the value of 2.4 x 107, If, on the other

% s([ﬂCaf‘l (80,%] < 2.4 x 10-% it means
ucl:uon 18 not saturated and more solute could go into the solution till the
becomes equal t0 2.4 x 107,

P'°blem :
S i :
2 hould Pb&o‘ precipitate from a solution prepared by mixing 100 cm’of

X10<
I8, 10.“? Pb(NO,) and 300 cm?® of 1.5 x 10 M K,Cr0,? (K, of PbCYO, =

8“"‘“Oru
“Quation for the equilibrium is:

Py,
iy, 0w+ OOFy

Kt,a

(P} [CrO2) = 1.8x 104
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Total volume of the solution = 100 cm® + 300 cm® = 400 cm®. This volume
contains the equivalent of 100 cm® Pb (NO,), and 300 cm® of K,CrO,. The
concentration of each ion is calculated;

100c’ PoNO), |

Pp*] = x 25x10"M =6.25x10°M
cm® Total solutiory
. 300Cm?® K,CrO,
1= X15x10*M=1.125x 10* M
400 cm™ Total solution }
The ionic product of PbCrOQ, is:

PPb™] (CrO,M] = (625 x 10%) (1.125 « 10%)=7.03x 10-®

Since the ionic product (7.03 x 10%) s 1ar

1. 14 ger than ili ct
(1.8 x 107, hence PbCrO, should Precipitate out from mT:o s;::;::ny produ

6.9 COMMON ION EFFECT

The equilibrium law can Be anat:
Itis very slightly soluble in wat;pal:,l:&t:fzg;‘:“.ﬂy soluble salts such as AgCH

the solid ionic salt and its jone ; Wing equilibrium exists betwe<?
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(Ag'][C1]

e [AgCl)

since the concentration of solid AgCl is constant in its saturated solution, hence
K. [AgCll =K =[Ag’] [CI]

K, is known as the solubility product which is equal to the product of the
ionic concentration. Similarly, for magnesium chloride (MgCL).

K, = [Mg*] [C1"]?

Precipitation of an electrolyte is caused when the concentration of its ions
exceeds the solubility product. It is achieved by increasing the concentration of
any one of the ions. That is to say, by adding common ion, solubility product can
be exceeded. For example, precipitation of AgCl is caused by adding ClI- as
common ion in the shape of NaCl. With the addition of common ion, either CI
or Ag*, the ionization of AgCl is suppressed and it forms precipitate. This is
known as common ion effect.

AgCl, =2 Ag’, + Cly,
KCl, = K* ., + CI

(aq)

Common ion effect finds useful application in qualitative salt analysis.

EXAMPLE : Cations of Il and TV groups are precipitated as sulphides but u:zc!er
ferent conditions due to their different solubility products. In fact t.hc solubility
Moduct of 1y group sulphides is higher than that of 1f group sulphides.

TABLE - SOLUBILITY PRODUCTS AT 18°C

} Common ion (CI’)

\
\%HIDES OF Il GROUP SULPHIDES OF IV GROUP
o 34x 1.4% 10
“4x 10 MnS L.
38 36x 100 zns  12x107
hS85x 104 ‘ NiS  14x10%
%‘G“ Cos  3x10*

Scanned with CamScanner



188

in order to precipitate the sulphides of 11 group, H,S is passed through the
original solution (0.S.) in presence of HCL

RS b= JH 48>

HCI furnishes H* as common ions which shift the above equilibrium to lefi
according to Le-Chatelier's principle. In other words, addition of HCI sup-
presses the ionization of H,S there by lowering the concentration of sulphide
ion (S*) which is however just enough to exceed the solubility product of

Il group sulphides. In this way group II cations are precipitated such s
CuS, PbS, CdS etc.

IV group sulphides having higher solubility product are precipitated by H.S
in presence of NH,OH. The OH" of NH OH combines with H* of H,$S to formH,0
(H* + OH"— H,0). The removal of H* from the product side shifts the equilibrium
to right (H,S =2 H" + §*). In this way, the concentration of sulphide ion (5*)

increases which is enough to exceed the solubility product for the precipitation
of sulphides, e.g. CoS, NiS, ZnS.

Group III cations are precipitated as hydroxides by NH, OH in presence of
NH,Cl. The common ion in this case is NH,* which suppresses the ionization of
NH,OH

NH, OH == NH,* + OH-

Thus with the addition of common ion (NH,*) the equilibrium is shifted
towards left and the concentration of OH-decreases. Under these conditions: ™
solubility product of the hydroxides of Al, Fe and Cr is only exceeded gue ¥
which they are precipitated. The hydroxides of other cations such as 20 N =
etc. are not precipitated due to their higher solubility product.

In addition to salt analysis, common ion effect is very useful in indusmf;
also. Chemical yields in manufacturing processes can be controlled and gred
increased by making use of common ion effect.

. from?
The common ion effect changes the equilibrium point of a reactio® fr0
less to a more favourable position.
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PROGRESS TEST 6

| What are reversible and irreversible changes? Describe an experiment to
demonstrate a reversible change.

o

() State and explain the law of cquilibriﬁm.Dcscribc its applications.
(b) What do you understand by K. and K,? Describe their relationship.

3. Whatis meant by solubility product and the common ion effect. Discuss the
application of common ion effect in the qualitative salt analysis.

4 How is the balance of chemical equilibrium influenced? Explain giving
examples.

5. For the gaseous equilibrium PCl, = PC,  + Cl, ;AH=87.9 KJ/mole,
explain the effect upon the material disrri(gution of (a) increased tem-
perature (b) increased pressure (c) higher concentration of Cl, (d)
higher concentration of PCI; (¢) presence of a catalyst.

S Aquantity of PCl, was heated in a 12 dm’ vessel at 250°C.
PO, == PCl +CL,,

. 32
At equilibrium, the vessel contains 0.21 mole PCl,,0.32 mgz) ;)i]; Sand 0.3
mole CL,. Compute the equilibrium constant K. (K¢ =0. .

TR O, .
Consider the following equilibria:
U ' - positive
i o S 20, AH‘posf.
: Iiw SHI AH = posive
i) 550 el H= negative
) 0&"_&_ 2303(‘) ' AH=

Wy | .
b _Inﬂtc‘ the equilibrium constant expressions. .
“{hlch direction will each equilibriumchange as

i -
°h Of the equilibria will not be affected by change in total pressure:
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is i i | held at constant temperature

8 One mole of HI is introduced into a vesse t ‘

\\;‘hcn equilibrium is reached, itis found that 0.1 mole of L, have been formeq.
Calculate the equilibrium constant K. (K¢ = 0.0125) Ans.

9. What effect on the position of equilibrium CaCO,, = CaO,," CO,, for
which AH=+176KJ/mole, does each of the following changes have:
(a), adding CaCO,(b), adding CaO (c), decreasing the volume of the
container (d), raising the temperature (¢) removing CO,.

10. State Le-Chatelier's principle. What are its industrial applications?

11. Write note on : (i) Reversibility of a chemical change (ii) dynamic

equilibrium (iii), K. and K.
12.

W!xcn 1 mole of pure ethyl alcohol (C,H,0OH) is mixed with 1 mole of acetic
acid (CH, COOH) at room temperature, the equilibrium mixture contains
*/, mole each of ester ( ' and water. (a), What is the equilibrium
constant K, (b) how many moles of ester are formed at equilibrium when

3 moies of alcohol are mixed with 1 mole of acid? All substances are liquids
at room temperature. (a) Ke =4; (b) ester = 0.9 moles Ans

solution for (b) Let x = 1o. of moles of alcohol reacting.
: Al 1d —> 5
No. of moles at initial state co:ol R e wlle
Change by reaction -x ; N;L &
No. of moles at equilibrium state GBx) @ : ®
Concentration at T ¥
equilibrium state [ » Pegjiil=y '\;’
K=4 'g lz.)_.!—_)_ x? 5 4 X |
. W ———
(3'x I l-x.) 3-4x+x2
: vV'iy 4
x*=4(3-4x+x)or 3¢ -16x+12 =0, Solving by quadratic formula:
bVbi-dac +16+ VE16Y- 40315
X= = = 4(3)( L
A 20) 2) 16106

x=4.433 or x = 0.9 >
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In the problem we started with 3 moles alcohol and one mole acid, hence we
cannot form more than one mole ester even if all the acid is used up.
Therefore correct root of quad ratic is 0.9, thatis, 0.9 mole ester is produced.

13, PCl, & PCly + Cl,. Calculate the number of moles of Cl, produced at

equiliprium when one mole of PCI, is heated at 250°C in a vessel having a
capacity of 10 dm>. At 250°C, K. = 0.041 for the dissociation.
(0.465 moles) Ans.

14. (a) What is meant by the equilibrium constant and how it is determined
experimentally?

(b) Todetermine the value of K, for the reaction
CH,COOH , + C,H OH, & CH,COOCH,, +H,0,, 1 mole of
CH, COOH and 1 mole of C,H; OH in 1 dm’ of solution in an inert
solvent containing a small amount of acid catalyst wer¢ warmed until
no further change occurred. At equilibrium, 0.667 mole of water was

present. Calculate the value of K.
(K=4) Ans.

5. Ay equilibrium all processes come to a halt." What is wrong with this
" Statement when applied to chemical systems?
- () What is meant by the solubility product? Give its uses.
(b) What i the solubility of lead chromate in moles per dm’ at 25°C. K,
for PbCr0,=2.8x10-* mole/dm’

70 Wil Cag ide precipitate from 0.01M solution of CdCl,
a Pﬂgfdau:;' gdy:(lao;)zndzz’psr::l;:‘ mole?/dm®. (Since ionic product of
Cd(OH): is greater than K,, so it will precipitate).

e mbﬂ}w of Mg (OH), at 25°Cis 0.007 64 g/dm’ . What s the solubility
Product of Mg (OH),? (K,,=9.0x10? mole’/dm’) Ans.

(b)

,:Wld,qm P“Cipidtcfmm a solution prepared by mixing 400 ml of 0.1M
KaCl and 600 m] 0f 0.03 M AgNO,?
K:: °FAgCl= 1.6 x 10-* moles/dm’. (lonic product

is larger than
AgCI wi] precipitate). Ans. iaik
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