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Reactions and Dynamic Equilibrium,
tors ting Equilibrium (Le-Chatelier's p tinciple)
8 Industriat Applications of Le-Chatelier's Principle (Haber's Process)
B4 Solubility Product and Precipitation Reactions
78 Common Ton Effect
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PR L D Y s
Thestudents will be able o:
v Define chemical equilibrium in terms of a reversible reaction.
¢ Wnte both forward and reverse reactions and descn
sieracteristics ofcach.( Understanding)
* State the necessary conditions for equilibrium and the ways that equilibrium can be
mtugnizcd.{l.’ndcrxmnding)
¥ Destribe the microscopic events that occur when a chemical system is in
g}xihhnum.{Undcrstanding) |
' Write the equilibrium expression for a given chemical reaction {Understanding)
ale the equilibrium expression in terms of concentration, partial pressure,
Hnbero i moles and mole fraction.
1 “expression for reaction quotient.
MmN f the
P 86, giver ()
Xise lllicrosc
b P‘&Itcdwmg

(Remembering)
be the macroscopic

equilibrium constant will increase or decrease when temperature is
ieequation for the reaction.(Applying)

Opic events that account for observed macroscopic changes that
e ashiftin equilihr.ium.(Applying). e
t.“lﬂh‘hn'u € reactants or products are favored in 4 chemical reaction, g

g {fn tonstant (Analyzing) , so-
g hateljep Principle and be able to apply it to systems in equilibrium with
Mgy 1. P ing)
] md\ 4 ; = . .o - BTeT O g S PR+ e e
'mmple:bt?f“ 3I?P|lpat:()sls of Le-Chatelier's Principle using Haber's Process as
i Y ADE)

g oy |
‘M"*ﬂndema,m o] ubility product.{Understanding) -
Dlain fommon ion effect giving suitable examples. (Applying)
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- Introduction |
The digestion of food in our body, the rusting of iron, the spml?lge Of milk gng
other reactions occur in our daily life. A large number of reactions are ¢ S
different industrics which give us a large number of useful products fike ,,,,&f
fibers, drugs, dyes, soaps and detergents and many other useful produc’&"'&
reactions are reversible while others are irreversible. . 3
The reactions which occur only in one direction are called ; "
reactions. In these reactions, reactants are completely converted into produgs,
produets are not reconverted into reactants. These reactions go to completiomm’l

iy

are shown by putting a single headed arrow (- —») between the redciant;

products. Examples of such reactions are:

: Electric discharge . 9 L

"’ 2!‘]3(,)”-" - - e 0 4 "’lljl;( : “)'hl ‘

1) AgNQO, + NaGle —— AgCl  + NaNO, ..,

ii1) Burning of fuel
\ iv) Digestionoffood n
[ A chemical reaction which oceurs in forward as well as reverse direciis

$ called reversible reaction. In these reactions, reactants are converied into prod
and products are reconverted into reactants. These are slow reactions. 1
reactions never go to completion, hence called incomplete reactions. Th!!
shown by putting the double arrow with double barbs (——), pointingin op
directions, between the reactants and products. The double arrows of equal e
also show equilibrium. Examples of some reversible reactions are:

Forwird reaction

i) H-‘,.”"'-IN,,' - = zl!ll”

v Reverse reaction

Forwind reaction

1) N:..m+3N!".':l ¢ > ZNH..,,.

Heverse reaction

Forward veagtion

lll) 280:“” £ ()"‘{J o

250,

Reverse reoctlon

Forward reaction

) H,‘Om « : H-‘O-u

Jeeverst redetion _

All chemical reactions are considered 1o be reversible and they Mﬁ
of equilibrium under suitable conditions. A reversible chemical ™ mﬁ‘
dynamic process. The word equilibrium means “a state in which OPF"
are balanced”. It may be static (atrest) or dynamic (in constant motio? wsié

finger at rest is the example of static equilibriym and the earth that ceval™
he sun is the example of dynamic equilibriym, -

(244)
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11 Reversible Reactions and Dynamic Equilibrium
| .,'“ Concept and Explanation ha-e .

The state 10 whif.h the rates of forward and reverse redctions are same and the
scentrations of the reactants and products remain unchanged with time is called
emical equilibrivm. Chemical equilibrium may be physical or chemical.
pquilibrium between two phases of the same substance is called physical
cquilibrium becausg the changes that take place are physical processes. The
onversion of water into vapours in a closed container at a given temperature is an
‘gample of physical equilibrium. The rate of evaporation is higher than rate of
- gndensation at the start when water vaporizes within a closed container af constant
jemperature, but atter some times, the rate of evaporation becomes equal to rate of
condensation, At this stage liquid and vapours are in the state of dynamic
wuilibrium i.e. the number of molecules leaving the liquid surface is equal to the
mmber of molecules returning back to the liquid. At equilibrium the pressure
werted by the water molecules at a given temperature remains constant and is

ulled the equilibriuny vapour pressure of water.

Liquid (water) — e—botit Vapours (steam)

Condensation
~ Chemical equilibrium is a dynamic state because reactions continue to occur.
x-}m because they occur at the same ratc. no net change is observed on the
Macroseopic level.,
t _ The study of physical equilibrium gives useful information such as the
Aulibrium vapour pressure. However, chemists are particularly interested in
MEmical equilibrium processes because they are involved in many biological,
3 Mial, and environmental processes. Consider the reversible reaction which
1 ONes the decomposition of colourless frozen dinitrogen tetraoxide into dark
"0itrogen dioxjde; |
NIO”S’ (.'_ENM' |ucll4'un y 2 NOqu"
Reverse reaction

- :Dssome amount of pure N,O, is l.)]a.céc.l In an evalctlaftcd t"lz:.sk a: tfoNo(;\]
. ome brown colour gas appears which shows the formation .

L " The Coneentration of NO, in the flask increases and the brown colour
ey YWever, the reverse reaction can also starts. As the reaction proceeds, the
% o of feactant (N,0,) goes on decreasing, so the rate of forward reaction
,‘lﬁ,%o:decf%sing. On {he other hand. the concentration of product (NO,) goes

§:50 the rate of reverse reaction also goes on increasing, When the rate
(743)
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g
Offm’Wﬁl‘d reaction becomes equal to rate of reverse reaction, the reactign remm
State of chemical equilibrium and the concentrations of reactants and prog
become constant. Now the change in colour is stopped. In fact, you Seem
change at this stage, although the forward and reverse reactions are going 011.11
continuing forward and reverse reactions make the equilibrium a dinamic pr i
All chemical equilibriums are dynamic. Once the staie of chemical equilibys.
established. it will last forever if conditions are nol chan ged. T

Considera general reaction, in which A reacts with B to produce C andyy

Forward tcaction
A 3. B ‘____I_n_f —> { } [ }
{Reactints) Roverse meactom (P qot 3 |
Let us consider initial concentrations of A and B arc equal. The conceniratio

of reactants A and B decreases and that 0 fproducts C and D increases when réacti

proceeds in forward direction. Hence, 10 %

the rate of forward reaction gocs on - | :‘«% [
decreasing while that of reversc £ \g*\’fs“'%

reaction goes on increasing and a point 29| o \_‘ %

is reached at which rate of forward £ 'm AN ]
reaction becomes equal to rate of 5| | & \\\\_ g
reverse reaction. This is called = |z f? —
equilibrium point. At equilibrium. " i v
product and reactant lines are parallel 5101820 _‘2:'5_‘_-"."“35 TR
to each other. The change in Figure 7.1: Concentration-time Grafh

concentration of reactants or products is called rate of reaction. |
~ The mixtre of reactants and products in the equilibrium stal¢ 1
equilibrium mixture and the unvarying amounts of reactants and productsar
equilibrium concentrations.
Table 7.1: The Exp

lanation of the Characteristics of Equilibrium Sta(®

Most of the reactions are reversible The reactions can proceed in BOH
o )  reverse directions. =
Equilibriumis dynamie | The reaction has not stopped 0U!
(LT rates are equal (both forwaft
GuERg rmuonsm,tmmgpmeafﬂl

o ———

“The macroseopic propertic of asysiem are | The reation has notstopped M ('
constant at equilibriom- s are equal (both, forvait
H- - reactions are still vml;iji‘g:placcal. i
.’;:;:_.-;‘_'_-'A P —_— = iz U S RN _—____,;-’

()
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acteristics ofri Equilibrfum State |

i

|.' v
=

[hemicroscop

jC processes continue

|

‘Ezma'i&uﬁn isachievedinaclosed system

-

The forward and reverse reactions
but nothing appears to be happening
the forward and reverse reactions occur at
same rates. 3 -

=

A closed system is a system that does not allow
the exchange of matter with the surroundings,
so the equilibrium 15 attained where oth
reactants and products can react and recombine
with each other.

T ot
The concentrations of products and reactants
~ remainconstantat equilibrium

l
{

Equilibrium can be approz'mhe({ from either
side '

There is no change in the concentrations of
reactants or products in a system of dynamic
cquilibrium. They are being produced and
destroyed atan equal rate. Equilibrium does not
mean that concentrations of reactants and
products are all equal.
The same equilibrium mixture will result under
the same conditions, regardless of whether the
reaction is started with all reactants, all
products or a mixture of both, For example, the

proportions of N, Hy, and NH,,, are the

same at equilibrium no matter whether the
reaction is started with N, Hy, of whether |
the reaction is stated with th, or mixture of |
both.

—2 INH,,

" —

[ :&“ﬁ‘?\“ not affect equilibrium
| toncentrations

,TYPeS 0f Chemical Equilibriums

:Nug’+0:(g, (._—" 2ZNO

%*3113,1,., &—23NH,.,

ful

Catalysts speed up the rate of forward and
reverse reactions equally. We get the same

concentrations of reactants and products at

equilibrium, whether the catalyst is present in
the reaction mixture ornot.

“aietwo types of chemical equilibriums:

“10geneous Chemical Equilibrium

o ledh;-;-f?q“iﬁbrium in which reactants and pro
- °Mogeneous chemical equilibrium. For example.

ducts are in same physical state is

- 15 Chemical Equilibrium :
.oh reactants and products are in different

herical equilibrium. Forexample:

(247)
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1) N ‘
TFa : 151 =
2Fe,, 4 IH.O,, 3  Fe, O, 31 =)

\ b A

’ . P . JE -y : 7 o 4 H : “y

law of mass action was postulated by
professor of applied mathematics and technology
Cato Maximilian Guldberg and professor of
chemistry Peter Waage in 1864 at the university of
Oslo, Norway. This law states that:

“The rate of reaction is directly
proportional to the product of active masses of the
reactants”™,

By active masses we mean molar
concentrations of the reactants and products for |
dilute solution. It is expressed in moles dm . C. M. Guidberg  PeterWaig

Consider a general reversible reaction, (1836-1902) (18331900
Forward =T
(L ] e s Sl SR S D
Reverse
{Reactants) { Products)

According to law of mass action, the rate of forward reaction is direcly
proportional to the product of molar concentration of reactants A and B.

R, = [A][B] or

R, = K[Al[B]

Where, K, is the rate constant of forward reaction, Similarly, the ratcffi
reverse reaction is directly proportional to the product of molar concentraii®
products C and D.

R, « [C][D] or

R, = K[CI[D] |

» '~ I
Where, K, is the rate constant of reverse reaction. At equilibrium state, B¢
forward reaction is exactly equal to the rate of reverse reaction.

Rate of forward reaction = Rate of reverse reaction

R, = R
o KJAIBI = K[C]D]
_]_(i _ [C][D]_
o K, [A][B]
(248)
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(C][D]
o0 N [A][B]
| K = Product ot’mniaLcn_nccmrations of products
ar ' Pmdm':t.ot'm()lﬂr concentrations of reactants
K_is called equilibrium constant of the reaction. It is defined as: The ratio of
concentrations of products to the concentrations of reactants at equilibrium is called
| oquilibriuin constant. It has concentration of products in the numerator and
cancentration of reactants in the denominator. In gascous equilibriums,
kmccmmlmns of gascs are shown by partial pressure and K, is used instead of K..
(onsider the more general reversible reaction:
gA+bB —— ¢C + dD
~ Where a, b, ¢ and d are the coefficients of balanced chemical equation. At
equilibrium state,

Concentration of products
o

[AT[B]

=

Concentration of reactants

Equilibrium constant

K = Product of concentrations of products (raised to power equal to coeffcients)
" Product of concentrations of reactants (raised to power equal to coeffeients)

The coefficients appear as exponents (powers) of concentrations in the
: ,. aﬁOﬂ of Kc‘

taracteristics of Equilibrium Constant 3 -
-~ Equilibrium constant is independent of initial concentrations of reactants and

1sata given temperature. Yoot
does not depend upon the direction of reaction. The same equilibrium
value is obtained whether the reaction is started from the reactants side or
the products side,

tSvalue changes with temperature and is constant at constant temperature.

5 valye depends upon the coe fficients of reactants and products in a balanced
al “Quation,

- T"C highey value of equilibrium constant is the indication of higher value of
| ]?b:s “Ompared to the reactants atequilibrium and vice versa.

Molar concentrations of pure solids, pure liquids (in heterogeneous

(243)
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equilibria), and solvents (in homogencous equilibria) do noy e
equilibrium constant expressions.

Units of Equilibrium Constant |
When the number of moles of reactants and products in balanceg
equations are equal, then K has no unit. For example:
BO H.O ——— CO, + H,
[€CO,|[H,] (mol dm " )(moles dm ™)
g (mol dm "(mol dm )

[COJ[H,0]

When the number of moles of reactants and products are unequal, the,
has units, For example:

= No unjy

C

-

ENCSRRAH  r———> 2NH,

a1 RN (mol dni?)*
3 [Nﬂ[HﬂJ (mol dm ¥mol dm = )3
(mol‘dm™)

(mol dm*Y(mol’dm )

2 =n
moldm*

mol'dmi 2
= mol*dm ¢?
= mol*dm™®

But inusual practice, the units of K _and Kpare not written.

7.1.3 Relationship Between K , K, K andK,

Relationship Between K and K,

When concentration of reactants and products are taken in moles dm
equilibrium constant is expressed byK . Co

nsider th reversible
A+B —— CiD ¢ general
Hence, :
[CID)’ o
¢ R ey or K = C+%“p
[A]'[B] ¢ ¢ o
A Lp
Square brackets or “C”

show molar ¢y s o3
alliihie neentration in moles dm
When-alithe rsactants. ang Products are in gaseous stale: e

(Z50)
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L B '

(centration of cach gas is taken in terms of partial pressure, and the equilibrium

ant1s expressed by kr'

R4
o Pe . Pp (i)
P =2 i, n
P‘.\ - l)IS
Where P, 1s the partial pressure of gas A and P, is the partial pressure of gas

The value of K 1s generally different from K because the partial pressures of

reactants and products are not equal to their concentrations expressed in moles per
decimeter cube. If we know the value of one, then we can calculate the value of the

ather by using the general gas equation,

According tocombined gas law:
PV = nRT or

s
P' =—(RT
g

The conventional unit forn/V is mol/dm’ that is equal to Molarity.
Hence, for gaseous reactants A, B and gaseous products C. D the above

tquation can be written as:

e ——— e ——— -

P, = %‘-(RT) or P, = [AJ(RT)
P, == %(RT) or P, = [BIRT)
e = nV—C(RT) or PR = [C](RT)

P, = Z2RT) or Py [DIRT)

By putting the value of P, Py, P, and Pp in equat

k - [CF®D. DIRTY

" [AF®DY. B RT

Kk - [CIDI'®RT)" or

[AT[B]"(RT)*"*

k.- (€D (TP o
[AF[B]®

[T y |
‘IL[‘)]‘ = K_. hence, theabove equation
[A]‘[B]b ¢! » (zsn

jon (1), we get:

)(c +d)-(ath)

can be written as,
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ERCAEN Y 2 eeesesn s .

Where. R is general gas constant, I'1s absolute temperatyre o
in the number of moles between products and reactants of gaseg, S, Aﬂmi
An = (c+d)-(atbh) |
An  =(Sumofmolesof gaseous products) - (Sum of moleg of gaseoyg .

When number of moles of reactants and products are equaj, then iy |

v

below:

(a) Nzo.g(s) — z 2N02 {£)

(b) N, + 3Hy,y & 2 2NHy
Solution:

_ NoT
(& [NZQ - ]
As weknow,

K, = K(RT)"

Hence. 5

(@) K

il i i e el e

“ TNl

b X, = INHP

NI

ASMEKHOW,
K, = K(RT)"
Hence, ' .
BR0C0)
[NH,]" Ke=p-d=-2

—

(252)
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Rcmﬁonship between K and K, ; g

AC conding t© D:lllou's Law. the partial pressure of a 2as is cqua]m ‘

mole fraction and total pressure, ~ iy

p =X.Pq -

Where, P, is the partial pressure of a gas, X, is the mole fraction of a gasand

p, is the total pressure of the gases. The values of partial pressures of gases A, B, €, =—§‘
nd Dare: -

PA = XA . P T
i Py = Xp. Py
PC — XC : PT
.PD - XD . P T
~ Byputting the value of P,,. Py, P and P, in equation (1), we get
s (X P (XpP! '
N BBy |
K = XXM o |
R o, ¥]
KP = (XE)(X%) (PT)(t*d)-CHb)
(X(XR)
(XX
()
Therefore, :
k-« “*-.-KJ(P;T)MHW or K, =K(Pp)

Forone mole ofa gas:
RT

‘ |
or ;

= K

Ny = I{T ‘A »ﬂ,'..'_'n--'o'n;““'(iii)

i nm,b'g, of moles of reactants and products are equal, then An is equal

(253)
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Relationship between K, and K,

When concentrations of reactants and products are taken in terms of iy
moles, then equilibrium constant is expressed by K, . According to Dalton/y i 1
mole fraction of'a gas is equal to number of moles of a particular gas divideg b
number of moles of all gases present in the mixture.

X =2
1
l'l-l-

Where, X, is the mole fraction of a gas. n. is the number of moles of agss
Ny is the total number of moles of gases. We know that, ‘

Hence, by putting the value of X. in this equation, we obtain
I,

For the reactant gases (A and B) and product gases (C and D), the eg
will be:

B =tap,
PB"E‘?‘-PT
Fe ‘%%Pr
PD=%]—§%.P1'

By putting the value of p e e

e . n ¢ and Py, in equation (1), we gel
(ﬁ% Py (% 'P'l‘)d

p n el : or
(54 B ) (2 )
L 0g L S
T e

n 4

AS' 'n'. n
(‘n'%,)(ﬁg) 3
=K

N, n
(ﬁ*f‘;‘)(“n% &

(254)
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refore.
mlmt‘ ‘l RIS R |'| | | \'i
—— K"{I‘l) 8] '\“ l"\n‘ 'I']
fFgr one mole of o gas,
are :

= v
Therefore,

B (iv)
K, k"(_\" | et N

iWhen number of males of reactants and products are equal, then An is equal
o, andatll the equilibrium constants have the sary

K,’ K,,’-‘ KI’ = Kn

|4 Calculation of Equilibrium Constant
glibrum constant of chemical reaction is ¢

e values, hence

alculated from the values of
ases where the equilibrium
re values at equilibrium may

wantration of partial pressures at equilibrium. In ¢

stztis known, the coneentration or partial pressu
teermined.

feanmonia, used in the manufacture of fertilizer, is prepared by the reaction of
_ten and hydrogen gases. At equilibrium, the concentrations of nitrogen,
(M and ammonia are 0.030M, 0.037M and 0.016M respectively.
Wm‘?ﬂu&of& at500°C for the reaction given below:

“‘ Nl(g) - 3H1{g] — ZNHJ(s)

- Coeentration ofitrogen = [N,] = 0.030M

- entration ofhydrogen = [H.] = 0.037M

| _cl@mttqﬁonofammmia = [NH,]= 0.016M

| m“"f'@forr‘eaction =79

sz I 3H3!s’ e 20

»- 7""“"_‘@@9«5‘:’1 (M)= 0030 0037 0.016
ot ‘h-..lj. o
INJH,)

1 ¢

Lo ooigp
~L2030)10.037)°

= 168.46 or 1.68%10°

—
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- Practice Exercise 2:
~ Phosgene gas (carbonyl chloride, COCIL) is ahrghlyg

‘tlszd in the First World War as a chemical weapon
th”ateaeﬂon of €O and C1, gases. At equilibrium
Clyand COCL, are 0.011 M, 0.045M and 0.0121
value ﬁfﬁq at 100°C for the reaction given below?

€O + Chg = C0Cke =

| ~ Example 73 %
Calculate the concentration of SO1 gas, used in the manufacture of H,8 0, 5

the help of the reaction give below:
7801@) -+ 0’(3] = 2803(&,

The concentration of SO, gas is 0.59M and that of O, gas is 0. 45M. Thel%
of thisreaction is 4.32.

’

Solution:

Concentrationof SO; = [SO,] =7

Concentrationof SO, = [SO,] = 0.59M

Concentrationof O, = [0,] = 0.45M

Value of K, =4.32

Atequilibrium, |
280,00 F 05 — 2805

Ky = [S(?f or
[SO,I[0;]

(S0,)° = K, [S0,]10,

By putting the values we get,

[SO,]" = (4.32)(0.59)(0.045)

[S0,JF = 0.0677

By taking under root on bothsides we have,

(80,] =v/0.0677

[So,] = 0.26M

|236)
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;ille 5 :il]?g)prtance of Eq~uilibrinm Constant | 1 murdita
Theeq ‘ nulp constants of reactions can be used to determine: |
) thedirection of reaction. - i

i) theextentof reaction,

notatequilibrium is called reaction quotient (Q,).
The ratio [C'[D]*/ [AT'[B] at equilibriumis equal to K _
The ratio [C]'[ D]/ [A]'[B]"that is not at equilibrium is équal toQ
E Wc' say .that, the reaction quotient is an expression which has thec:samc fo
s the eth!mum constant except that the concentrations in reaction uoﬁcnt e
ot necessarily those at equilibrium. ; ki
E The equilibrium quotient is also used to determine whether the reaction is at
Squilibrium or is not at equilibrium, The reaction is at equilibrium when Q. isequal
0K(Q,.= K.) and the reaction is not at equilibrium when Q. is notcequal to
K(Q#K),

- The reaction quotient is helpful to determine the direction of reaction. We
0 determine the direction of chemical reaction by comparing the values of Q_ and
_T;-Ther care three possibilities:

i # ?;'ﬂ(;y be less than K, greater than K or equal to'l(‘. : '
ok (cfr,s less than K. (Q, < K.), th'e‘n Feactnon will proceed in forwargd
om left to right) to attain the equilibrium.

i oy
YOI g greater than K, (Q, > K,), the reaction will proceed in 3 reverse
(257)
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direction (from right to left) to attain the equilibrium.

aA+bB ——— cC+dD |
i) If Q, is equal to K, (Q, = K_), then the reaction is at equilibrium i
not move in any direction.

aA+bB —= c¢C+dD . .

Determination of Extent of Reaction

Extent of chemical reaction means that how much reactantis converted intoprogy,
at equilibrium. There are three possibilities: : ;
i) IfK_is very large: [tmeans that if K, valueis greater than 10 ( Kg!{]’},ﬂu;
forward reaction takes place to greater exient and reverse reaction

place to smaller extent, The forward reaction is almost near to completion. fy

example: N ey

O
c =5 2

[O4]° :
The equilibrium constant value for this reaction is very large which sH8
that the concentration ofproduct 18 very large as compared to the concentratie

=077 at25C

reactant at equilibrium. The large value of K at equilibrium tells us that the
amount of reactant is changed into product. .
if) I K_is very small: It means that if K_value is less than 107" (Ks10 i
reverse reaction takes place to greater extent and forward reaction takes I
smaller extent. For example: '

JHF =—>H, + E
H.[E |

K, = Ll ‘][5] = 108 a 2000°C
[HF]

-yt . g -ch \V
The equilibrium constant value for this reaction is very gmall “2: i
that the concentration of product is very smal| as ¢ ompared to the concer™

reactant at equilibrium. The small value of K_ at equilibrium tells 1 that
quantity of reactantis changed into products,

T
jii)  IFK,is neither very large nor very small: It means that if &« vl

rangc of 10*to 107, then both the forward and reverse reactions take placﬂ
an equal extent. For example:

(738)
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N.Os 7 2 2NO

K NOJI _ 0.36 at 25°C
2 [N O] 36 at 25
i N2t O &/ 2NO
Rea= ﬂ)L; 0.1 at 2000°C
‘ [N,][O,] ; '

Atequilibrium, the molar concentration of products and reactants are almost
aqual.

7.2 Factors Affecting Equilibrium

The ratio of products to reactants in the equilibrium mixture is known as the position
of chemical equilibrium or equilibrium position. The ratio of the reactants and
products can be changed by changing the conditions of a reaction at equilibrium.
Many useful chemical reactions are reversible in which the reactants are not
completely converted into products and the amount of products decreases. The
chemists are interested to increase the amount of products by shifting the
equilibrium in forward direction. The factors that affect the equilibrium state of a
ehemical reaction are concentration, pressure and temperature. The effect of such
thanges on equilibrium state can be best explained with the help of Le Chatelier's
Principle.

s )
eChatelier's Principlc‘\}ﬂl\"‘

i Louis L& Chatelier was a French chemist specialized
mining engineering and interested in glass and ceramic.
¢ studied the effect of concentration, pressure and
Perature on a number of reactions in equilibrium state in
- This principle states that, if a system in equilibrium is
d by some change, the system will shift so as to
eract the effect of the change. Henws Louis Le

This principle can be applied to all types of dynamic Chatelier
ibrium i ¢. for physical and chemical systems, (1850-1936)
Pplications of Le-Chatelier's Principle
U8 explain some of the most common applications of this principle in the
llowmg changes,

»
e

(259)
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7.2.1 The Effect of Concentration Change
Consider a system is in equilibrium:
AR C + D
{Reactants) (Products) |
1)  Ifweincrease the concentration of anyone reactant Aor B or both of the
the reaction moves from left to right in forward direction. The equilibey )
reestablished with a higher concentration of product. i
il) Ifwe increase the concentration of anyone product C or D or both of them,
the reaction moves from right to left in the reverse direction to mcrease the amy
of reactant at time of equilibrium. |
iii) If we decrease the concentration of reactant A or B or both of them, the
reaction moves from right to left in reverse direction. This effect is reduced byg
decomposition of products to produce reactants.
iv) If we decrease the concentration of product C or D or both of them, the f
reaction moves from left to right in forward direction forming more product wis

equilibrium is reestablished.
In all of the above cases the equilibrium position changes due 1o change i
concentration of reactants and product. But the equilibrium constant (K)w
does not change when we change the concentration of reactants and products.
Consider the example of the reaction of equilibrium mixture of N, H, and 8
N'_’(g) + 3 Hlts) [—— NHHgI
If the concentrations of N, or H, or both of them are increased: 8
equilibrium will shift in the forward direction and greater amount of N
produced when the equilibrium is reestablished. [f we remove some amouni 0%
H, or both of them from the equilibrium mixture. then the equilibrium will .
the reverse direction and NH; is decomposed to produce N, and Hs: H
increase in the concentration of reactants favours the forward reaction
decrease in the concentration of reactants favours the reverse reaction
P ‘-ﬁCf;Qnsiderano_thcr familiar example of equilibrium mixture of Ny
PNag' t Oy 3 =2 2NO,,; i
If we increase the concentration of NO by adding some amount '
gilibrium mixture, then the system will shift in the reverse directio™
reduced by the decomposition of NO to produce N, and O;. I we'd i
-concentration of NO by removing some amount of it from 1hc.cqumbnw P
then the system wuill shift in the forward direction to produce more
(NO). Hence, the increase in the concentration of products favours

{260)
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12.2 Effect of Pressure or Volume Change
According to Le Chatelier's principle, if the pressure of an equilibrium mixture of
gses 1s increased by decreasing the volume, at constant temperature, the reaction
sifts in the direction of fewer moles of gas molecules. If the pressure of an
suilibrium mixture of gases i1s decreased by increasing the volume, at constant
Emperature, the reaction shifts in the direction of more moles of gas molecules.
Pressure or volume change produces sharp effect in gaseous equilibriums
¥here the total number of moles of reactants on the left side of equation is not equal
bthe total number of moles of products on the right side ofequation. Examples are:
fFormation of Ammonia
bonsider the reaction,
Nl(sl * 3”2(5) < —2 2 NHyy,
_ When pressure is increased or volume is decreased at equilibrium, the
“etion moyes from left to right in the forward direction to increase the amount of
+ o UNH.) In this case, the equilibrium position shifts to the right (product side)

!m::c Yalue remains constant.
iation of p(),

| ‘}mreaction,
Hy ——= PCly,, + Clyy

,” e N pressure is increased at equilibrium; the reaction moves from right to
directiop, of decreased volume to increase the amount of reactant (PCI.).

(261)
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In this case, the equilibrium position shifts to the lefi (reactant side) by K,
constant. b |

The effect of pressure or volume change is not applicable:
(@) ~ When the system involves solids and liquids. T!"ey are not affecteqs,
changes in pressure because they are almost incompressible. Consider ya gy, !
the water gas (mixture of CO gas and H, gas) is produced when steam ig p..
through red hot coke (carbon). A

H:Q(g;, Hhee—— CO., Hy :
When pressure is increased by decreasing volume, the

4
PSR ¢ 1

from right to left in the direction of fewer moles of gas molecules. In this reagfigy,
ignore the volume or coneentration of carbon because itis present insolidstas.

(b)  When the total number of moles of reactants is equal to the total nube g
moles of products in gaseous phase homogeneous equilibriums,

Consider the following reaction,

N'![g’l ® OFQ:'- h —2 2 NOlujl

When pressure is increased at equilibrium, the rate of both the forwardl
reverse reactions will increase to the same extent and the equilibrium will notst
in any direction because the total number of moles of reactants is equal to el
number of moles of products in this reaction. In this case, both the equilibs
positionand K_are not changed. : A
(¢)  Whenaninert gasis added to the equilibrium mixture, When anon-rad®
gas (inert gas) such as neon which is not part of the equilibrium system(res®*
and products) is added, the total pressure of the gases increases in a rigid 6ot
but it has no effect on the partial pressures or concentrations of the rea
products. Thus it cannot affect the equilibrium position (i.e. the relative!

reactants and products) of the system. Nitro gen and noble gases are freq
as inert gases.

|| LrlE

| or increase in volume greater moles of M
| | g molecules. iy
(782
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7.3 Effectof Temperatyre Change -« 1 W e
Changes I concentration, pressure, or voltime. alter T
without altering the value of the equilibrium const: . The
constantcan be altered only when the temperature of the S)'Steml
According (o Le-Chatelier's Principle, exothermic reactions are favouredh
decrease in temperature and endothermic reactions are favoured by in ¥
remperature. A reaction in which heat is evolved is said to be exothermic wi etea;a ,
reaction in which heat is absorbed is said 1o be endotherniic. For cxatic e

reactions heat 1s regarded as one of the products and for endothermic reactions heat
isregarded as one of the reactants, ‘

(a) Consider the example of the formation of nitric oxide:
Endothermnic

Nogy it Oz &=———> 2NO,,, AH =+90.25 Kjmol ™'

Tia 2]
(%) ~(k) Exothermic

Here, the forward reaction is endothermic and the reverse reaction is
exothermic. In this case the forward reaction is favoured by rise in temperature and
the reverse reaction is favoured by fall in temperature. Actual ly a temperature above
3000°Cis used to increase the concentration of product.

(b) Consider the examp!le of the formation of ammonia:

Exatl B~ : = .
Noi 3y > 2 NHy iy - AH ==46.11Kdmiol

Endothermic

Here, the forward reaction is exothermic
‘and the reverse reaction is endothermic, In this

‘ase, the formation of ammonia is favoured by e : |
Uecrease in temperature. The increase in (A 1'080?00 wmfl"‘r:cgmmwiﬂmlbz g
“mperature shifis the equilibrium to the left % dﬂ:)ethemrmic e
'ﬁaﬂion and the ammonia will decm'ii_l;os‘:;c’ direction.
Pouce nitrogen and hydrogen gases. Thus the =
Mmonia should be synthesized at low temperature. But at low wn.]l.’er?mmt tl:e
Oward reaction is very slow and takes a long time to reach !hc-ethbnuttx} §ea ;%
Befefore, 4 moderato temperature of 450-500°C is used fo decrease }::,n of
“Quilibryyy, and a pressure of 200-300atm is used to prevent the decompositior
HMmonj and -gct ihe sufficient amount of product (ammonia).

| , o i is summarized as, for an
B _ A n equilibrium mixture 1S SURd e
iy me:f;f;:: t? 4 temp.el‘::gi: inetgmperature shift the equilibrium to the right
*‘!'dmcre ' g2 L m‘ t. As a result of this, the value of K increases.
ﬁ‘f ases the amount of product. ) T
,_i.D;an,exmhermic tion. an {ncrease in temperature shift the equilibrium to the
lef andincrezmes thr::;(,m;; ofreactantas aresultof this the value of K decreases.

| (263)
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Increase in temperature

for an exothermic Equi librium shifis

to the reactant side

reaction

Decrease in | Equilibrium shifts

temperature for an ' to the product side

exothermic reaction | S i : !
7.3 Industrial Application of Le-Chatelier's Principle (Synthst
of Ammonia by Haber's Process) |

Ammonia is unusually valuable compound and is used in the manufactis:
fertilizer such as urea, (NH;),CO and diammonium hydrogen phosH=
(NH,),HPO,. It is also used in the manufacture of explosives such s
(trinitrotoluene), as a refrigerant and as a cleaning agent. It can also be used®
manufacture of polymers such as nylon and rayon. Chemists carlier discov
the ammonia is produced by passing electric spark through a mixture of Y
antl pilrogen BASE™. Elecine spark

Now + 3H2 =———= 2NH,,

But unluckily they failed to produce the maximum amoumt =
because the reaction is reversible and its rate of forward reaction =g
room temperature. This problem was solved in 1912 by a
German chemist Fritz Haber (1868-1934) who developed
the process for the synthesis of ammonia. The Haber
discovered that the adequate yield of ammonia is obtained
by the reaction of hydrogen and nitrogen at about 450-
500°C at pressure of about 200-300 atmospheres in the
f an iron catalyst. This method is known as

nt of

resence o

Haber's proces®:
(264)
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The experimental conditions must be adjusted to get the maximum inId ot
ammoninin asuitable time and at a reasongble price
(i) Reactions oceur more rapidly when the reactant concentrations are high.
According to Le Chatelier's principle, at equilibrium, an increase in the

soncentration ofany one reactant (N, or H,) shifts the equilibrium to the right and
inereases theamount of product (NH ),

ii) According to Le Chatelier's principle, the high temperature increases the rate of
gaction, but for exothermic reactions, it shifts equilibrium to the left and
equlmmum constant value decreases,
{iit) The total number of moles of reactants is greater than the total number of moles
of products; hence, according to Le Chatelier's principle, the greater amount of
product is obtained at higher pressures, The pressure is, therefore, increased on the
equilibrium mixture to shift the equilibrium to the right.
{iw) The high temperature does not favour the forward reaction; therefore, the
increase in the reaction rate is achieved by the use of catalyst, The use of catalyst
enhances the speed of reaction. Hence the synthesis of ammonia is carried out at a
moderate temperature of about 450-500°C in the presence of an effective catalyst
such as Fe,0, mixed with KOH, SiO.and ALQO,. The catalyst is not effective below
0°C
' Tbe equilibrium mixture has nearly 35% ammonia by volume. The equilibrium
kture is cooled by refrigeration coils below 0°C (B.P. -33°C) until ammonia
WQueties. The liquefied ammonia is then removed from the reaction vessel, which
Euces the concentration of the product. The continual removal of ammonia shifts
i equilibrium to the product side and increase the yield of ammonia, It also
*ventsthe decomposition of ammonia into reactants.
 Haber was awarded a Nobel Prize in chemistry in 1918 for the synthesis of
monia. After nearly five years Carl Bosch (1874-1940), the engineer, solved the

Process is, therefore, sometimes also called the Haber-Bosch process. The
A awarg edthc Nobcl Prizein 1931 for his work on high pressure r‘caction.s

Jrm——d CO“, 3“1‘.)
“'“"’Scngas is obtained from air which is an endless source of nitrogen.
(265)
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7.4 Solubility Product and Precipitation Reactions

The process of solubility 15 very important. For
Example, we flavour foods because of the solubility of
table salt and sugar in water, X-rays technicians give
patients the suspension of barium sulphate to drink
before taking X-ray of the large gastrointestinal tract
(Intestine and stomach). Barium sulphate is a sparingly
soluble salt. It is a good absorber of X-rays and is used

to improve the clarity of X-rays, The Ba™ ions present

in the BaSO, are toxic. Since it is very slightly soluble,
hence it is taken orally without threat. The concept of
solubility and solubility product helps doctors to
reduce the prevalence of painful kidney stones, and
tooth decay. It enables the doctors to make the
ingestion of compounds safe. The concept of these
reactions helps engineers prevent the formation of
deposits in water processing and distribution systems.

Some ionic compounds are soluble (NaCl, NaN O, etc.) and the oibers

slightly soluble orinsoluble in water,

For very slightly soluble salts (AgCl, PbCl,, Pbl,, BaSO,), thedlswc"
very small and concentration of salt may be considered as constant. For ¢
when BaSO,, a slightly soluble salt, is placed in water, it dissolves untilas:
solution is obtained, and then equilibrium is established between the 1008 and "

BaSO, inthe solution.
BaSO,y —— Ba gy SO

ng)
Accordingto law of mass action,

Ba’' S()2
st
[BaSO4]
Where,
K_is equilibrium constant and [Ba*

Ba', SO; and BaSO, inthe solution,
As the salt is slightly soluble, the conecen
remains same.

(2BE)

1, (SO, [BasSO] are coneét™

tration of undissolved salt

uull

Keep in mind b

If the qolubnlu of

substance is greater
gram per 100 gram of
it is said to be 5o

solubility of a subsisy,
less than 0.1 gﬁm.h "
substance is said (o &
insoluble. If the solusi
ranges between these
limits, the substance is il
to be sparingly sofuble T
insoluble substances & ‘
actually very lh
solublcmwalcr

=
o
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Therefore, [BaSO,]=K
Thus,

o

K.K = [Ba*'|[s0}]
K= [Ba*][s0}

K, 1s the product of two constants K. and K and is known as solubility
product. The product of molar concentrations of positive and negative ions in
equilibrium state with solid salt at a given temperature is called solubility product. It
isrepresented by K. The value of K, shows how much salt is soluble in water,

Solubility product is temperature dependent and increases by increase in
iemperature.,

Applications of Selubility Product

‘Prediction of Precipitation

Many environniental and biological processes involve
the precipitation of slightly soluble ionic compounds. | :
The calcium oxalate, a slightly soluble salt, |Reaction that occurs when
Precipitates out in the kidney and forms a kidney stone. |cations and anions of two

Acommon problem for chemists is to determine the |different agueous solutions
: combing to form an insoluble

WOP in which a reaction proceeds ‘f’ ‘rcziach olid (pucoigitie) s called
fquilibrium. For example, will the precipitation |precipitation reaction.
"ﬁchon of BaSO, proceeds in the forward direction or 3

tihe reverse direction or the reaction is at equilibrium when we mix the aqueous
Wlutions of BaCl, and Na,S0,? To answer this question we need to calculate ionic
Toduet and then compare it with K. There are three possible relationships
Wem ionic product and K, that are as follows:

| {f K,> ionic product, solution is unsaturated and precipitation does not occur.
~tase more golid dissolves and increasing the ionic concentration until ionic

or

A

b ' ot
Ik < lonic product, the solution s supersaturated and precipitation occurs,

3

Ngionic concentrations until ionic product =K .

(267)
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lll) If K = 1onic pnuluu solution 18 saturale d and prccnpllatlon doest.m

because the reaction is at equilibrium.

The solubility and Solubility Product
The solubility and the ~olub1hty product of a slightly soluble salt are noy

Solubility is expressed in g’dm It can also be expressed in mol/dm’, The 5"‘&

product is unit less,

The solubility is temperature dependent. It can be increased for Mostora |
ionic compounds, by increasing temperature. The solubility of ionic ¢

determined by experiments, and by the use of solubility data, the value of sq
product is calculated. The values of solubility can also be calculated from soj

y

product values. Solutes with very low solubility have very small solubility pey i

values.

Table 7.5: Solubility product constant values for some ionic compounds at 25°C. S

(268)
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- Aluminum hydroxide AI(OH); 33’}
Banum sulphate BaSO. .
Z 'CaC(‘Jg 7
: o aoxd
, -Ca(OI-I)z : lf
z Caii(PoOz - _:} ;::—
= —_g—H
. z e
PbCrO, 20x
Al 16
Example 7.4
The solubility product constant value (K, ) for ZnS is 3.0 X 10 -
solubility at25°C.
solution:
The equation for the dissociation of ZnS is:
Zns{s} ————) an.'i' 4 Sg_



Initial concentrations (M): 0

thuhbnum concentrations (M), g

Thcexprcwnn lnrthL solubility product constant is:
Ko = [2n7](S"]

30x107 = (s)(s)

30x10™ =

By taking under root on both sides,

= J3.0x10 -
= 548%107"°M

late the solub:hty product constant, K,, value for BaSO,. The solubility of
0, at room temperature is 1.03x10 M.

f‘K,,for BaSO, =? 2
= 1.03x10°M
lublhty cquatlon for BaSO, is:

BaSO, ® ——— Bam, + SO‘M)
0 0

i urr concemratlons (M) 1.03x10° 1.03x10°
ub nluy product expression for solubility product constant is:

K, - [5]s0¢]

S = (1.03%10°)(1.03x107)
Ny ﬂosmor'“
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7.5 Common lon Effect P [Keep in mi, al
The process in which the degree of ionization ol a weak
electrolyte is decreased by the addition of a strong Electrolyte is a ¢

; : v . t : ., L
electrolyte having a common ion is called common 1on h:;: conducn ooty
effect, cither in molten gy

an um 1] . 'y ."
This process is used to decrease the solubility of | - solutioy :

slightly soluble electrolyte (salt) by the addition of
strong electrolyte (more soluble electrolyte) having a cdmplclely. itk

common ion. Forexample: are called gyp,
Consider the ionization of less soluble salt: electmlytes wh '}
C&CO;LS‘ (—‘ Cac_;“ 47 (‘()l (aq) CH3C00H
According to law of mass action, ionized
L2 2 dilute mlﬁﬁﬂm ;
 _ [ca*][coi] weak electrolytes,

* [CaCO,]

When CaCl,, a more soluble salt, is added to the solution of CaCO.
will increase the concentration of Ca™" ion (common ion) and it will shift
equilibrium from right to left, hence CaCO, precipitates out from the solution.

(,8(,]'“\\(——«— Cﬂ. ...Ll

(lq)' (ﬂi}
CaCO; .y —— Cdm, (()“'

Thisisaccording to Le-Chatelier's Principle.

Consider the ionization of moderatcly soluble KC10, in water,

Accordmg to law of mass action,

~ [xciog]

2 [KCIO,]

When more soluble salt of K(J is added to th &
¢ saturated SOIUHCE™
soluble KCIO,, then as a result of this the concentration of K' ion (comm®

increases, it will shift equilibrium fro b e
from the solution. m right to left, hence KCIO, S

Kcl(s] — K(u{n Cl;ﬂql
KC]O"“ = l\!uql" ClO;

(o)

A{ag) ]
This is according to Le- o
effect. & to Le-Chatelier's Principle and is known 8 €€

(270)
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The product of molar concentrations of positive and negative 13
~ equilibrium state with solid salt at a given temperature iS“‘ i
- product constant. Tt reflects the solubility of a compound. The gr,
- solubility products value of a compound, the greater the sout
> The process of common ion effect is used for the purifica
compounds like NaCl, inthe preparation of buffers andn quali

o
e .

1 question. Select the correctone:
nly in one direction are knownas:
(b) irreversible reaction

Q.1. Fouranswersare given for eacl
i)  Thereactions thatoccuro

(a) Reversible reaction
(d) non-spontaneous reaction

(c) spontaneousreaction
ii) Thereactionwill proceed in the reverse direction when

(a) Q.<K (b)Q.> K.

© Q.-K (dQ.= (K’
jiiy Which of the following change will favour the formatit
adequate amount of ammonia at equilibrium in the reaction &1

below:

Nig + 3Hyy =—=2NHg
(a) By decreasing pressurc (b) by increasing pressure
(c) byadding ammonia (d) by removing nitrogen
iv) Adynamic equilibrium s disturbed by
(a) Concentration change (b) pressure change
(c) temperature change (d)all ofthese

v) Whatisthe unitof K_ for the reaction:
280, + Oy = 2805

(a) moldm’” (b) mol dm’

(c) mol 'dm” (d) mol’dm ° ot
vi) When the total number of moles of reactants and l‘»’f"d"‘:‘s
then the equilibrium state is NOT disturbed by:

(a) Goyieeons - on S (b) pressure change

(c) temperature change (d) catalyst P
yii) Exothermic reactions are favoured in the forward direct!

| (m) ,
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Q2.

(a) chcasc N temperature (b) increase in tem])emuﬁ{
(¢) addingacatalyst (d)removal of reactant
yiit) When HCl is added to the aqueous solution of NaCl, ’
o theimﬂd

(a) Increases (b) decreases

(c) remainssame (d) first decreases and then increases
ix) Precipitation occurs when

(a) K, <ionicproduct (b) K> ionic product

(¢) K,,=ionicproduct (d) /K, <ionic product

x)  The forward reaction almost near completion ifthe value of K. 1s:
(a) Verysmall (b) very large

(c) unity (d) zero

Fillin the blanks with suitable words given in the brackets:

1)  The reactions in which products are reconverted into reactants are
called . (reversible/irreversible)

i)  Allchemical equilibriaare . (static/dynamic)

) Law of mass action was given by in 1864. (Bosch /
Guldberg)

iv) For thereaction, CH,u)+H,04 7 COy+ 3H,,, the increase
in pressure favours the of products. (decomposition /

formation)
v) If K,, is to / than ionic product, the solution is
Saturated. (greater/equal)

Vi) The removal of the amount of any one reactant from the container at
equilibrium will shift thesystem ___.(to the left/to the right)

Vi) Solutes with very high solubility have very ,
$olubility product values. (small/high)

b Viu) For endothermic reactions, the equilibrium constant value

Increase in temperature. (increases/decreases)
ix) Catalyst the activation energy of chemical reaction.

increases)

") Haber was awarded a Nobel Prize in chemistry in

(193 /1918y
(213)
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Q.3.

Q.5:

Q.6

‘increasing.
following processes:
i) COp * H;0 &=——= COyy+ Hyy

i) 1200, + 0y ———2C0,

iv) 2054 =30,

}.abcl the following statement as True of False:
i)  The concentrations of products and reactants remain ¢
equilibrium. | Omtu‘
ii) The same equilibrium constant value 15 obtained whefhe
reaction is started from the reactants side or from the products sige.
iii) The concentrations of reactants are equal to the concentratiy
products at equilibrium. i
iv) The reaction is at equilibrium when Q.iscqualto K (Q,= K).
v)  When the number of moles of reactants and produets are equiling
balanced chemical equation. thenK, = K, =K, = K,
vi) A catalyst does not change the equilibrium constant but it cha
the equilibrium position of the reaction.
vii) The NaCl can be purified by passing HC] gas through its safurded
solution by common ion effect.
viii) Molar solubility is the num

liter of solvent. )
ix) Asthe reaction proceeds in the forward direction, the Concente

of product goes on decreasing and that of reactant g6

ber of moles of solute dissalved mit

x) Haber solved the engineering problems for the synthesiS‘.Of a1
for each &

Write the equilibrium constant expressions for K,

iii) PCls (g ——=PCh,,+ Ch,

v) CH,CO0H,; &= CH;C00;, + Hiy

What is the value of K at 1050°C if K, value is 2.30%]
following reaction?
2C0g) + O2p =——1C0 Sl
Write the balanced chemical equation corresponding 1© the
constant expressions given below: :
Kl [N, 04J(O]
8 ¢ [N0JI0)

(274)
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_INH,Cl)
[NH;][HC1]

c) Kc > [CH,‘IZ [(1]2]7‘
[CHCIL] *[H, T

b K, =

¢ How will you predict the direction and extent Aof“g

with the help of a chemical equilibyi '
‘ quilibrium expression? : '
Define reaction quotient, What i e i botweit L E

A Is ﬂ‘e d S ’ i g‘\'“
constantand reaction quotient? o : =
Whatdoes it mean when (a) Q, > K. (b)Q,<K, (¢) Q.=K)?

: Whatis dynamic chemica) equilibrium? Explain why the concentrations of

reactants and products are not necessarily the same at equilibrium?

¢ What are homogeneous and heterogencous equilibria? Give two examples

foreach.

: Explain, what is the law of mass action? Derive the equilibrium constant

expression fora general reversible reaction.

: Whatis the characteristics of equilibrium constant? g
. How will you relate the equilibrium expression in terms of concentration,

partial pressure, number of moles and mole fraction?
iple help chemists 0

. Explain Le Chatelier's principle. How this pring

maximize the yield of products, Explain industrial applications of Le-
Chatelier's Principle using Haber's Process asanexample. |
Lime, CaQ,,, is prepared by heating lime stone, CaCO, to decompose it.

‘a)  Write the balanced chemical equation for the reaction.

Prod: i on of enthalpy change for the reaction.
b) Predict the sign of enthalpy change et e ot 4 e

¢) & _thg:;-cggtibnz favoured by increase in |
i changes on the value of equilibrium

What is the effect of the -f"uw;-'&o reaction (a) removal of product (b)

constant for the gxothemil(‘«ﬂgm the pressure (d) increase in the volume

(f) addition of a catalyst?

' (e)decrease in the temperature (f) additionofacatalyst?
DAB: Whatis the effect of the following changes at equilibrium ifwe:
2) increase the concentration of reactants in areaction mixture

of products in a reaction mixture

| by the concentration :
%) increase the conee.m of a reaction mixture if the product side has

) decrease the pressur gases than reactant side

" %anumberofmolﬁo '

(d) inerease the temperature ofan endothermic reaction mixture”
| (275)
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Q.22:
Q.23:

Q.24:

Q.25

Q.26:

: What is the effect of catalyston:

. Whatis the significance of catalyst inchemistry?
: Describe the effect of increasing pressure on each of the following eyl

(a) the rate of chemical reaction |
(b) the position of equilibrium ina chemical reaction
(¢) the value of equilibrium constant?

systems at equilibrium.
) 205y &30y
i) Hyg* Clyy == 2HCly

iii) PCly, + Clyy ———2 Pl

Define and explain common ion effect giving suitable examples,
What is a solubility product constant? Determine the solubility prd
expression for slightly soluble AgBr, Ca(OH), and PbCrO;. |
Answer the following questions: L
a) There is only one value of the equilibrium constant for & parte
system at a particular temperature, how? ;
b) Why the value of equilibrium constant does not-dependlmﬂ‘? 3
concentrations of reactants and products mixed together? 3
¢) Why the equilibrium vapour pressure of a liquid increasts
increasing temperature? i
d) Can the equilibrium constant value ever be zero O
e) How are rates of forward and reverse reactions related in 8% '
chemical equilibrium? | 4 o
f) The solubility of KCIO, is decreased by adding K10
solution, how? r:
The equilibrium concentrations of hydrogen, iodine, and h  ¢'
arc 0.530M, 0.033M, and 0.934M respectively at450°C: W'

of K_forthe followin_g reaction?
ot by e—= 2H[(s)

Calculate the concentration of PCI, at 250°C: The vd"*
concentration for both PCI, and CI gaseé are 0,005M. The Y™
the reactionis 1.2x107% z ' |

8
LI
|

POl STom——=—p I
(@) PClygy + Clyg,

(276)
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