| wat aced in a closed cont
tes. As water begins to evq

er s p ainer at constgnt

ver,
ates. porate, at the sqme time. < i®
) condense. Although the rqte of evaporation is EW ko

ondensati n in the start, as time pPasses, it becomes equal togbe A : =18
When this happens, we may say that the liquid and Vapours gre i Na e:fjen d
o : |

evaporation
Water

(iquid) conde

Vapours

(gas)

-

The double OI'I’OV‘.J shows that qt hWrium state, both the forward and reverse.
processes are occurring at the sagg rathy e to equilibrium, the concentration of water
and vapours becomes constan S QgMot change with time, as long as the temperature

remains constant. If the conditi

ereaction are changed, g change in the system may
be observed.

Many reactions pr
not completely cormguy n
reactants and u
equilibrium. | 3

In this Qou will learn how and why a chemical system at-t‘aln.s equilibrium and th.e
charg es# equilibrium. What happens to a system at equilibrium when atch::r?:;;
imp the system? In particular, we will discuss how to .cglc.ulate the concentrati
the rea ts and products present for a given system at equilibrium.

‘certain extent and then apparently stop. The reactants are
stead we obtain an equilibrium mixture containing both the
When a reaction reaches this stage, it is said to have attained

condition.

i ing, it
tween them is not moving, it |
| : teams. As the rope be |
Imagine a tug-of- war between two A dling, bux e forclll
: mig?\t seem t?ha{ neither team is pulling. In fact, ‘bo.th teamT (t]erebglancg or equilbriull
exerted by them is equal and opposite, so they are in comple
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PR pe activity in students. AT
L S8 ~con e concept of dynamic ™%\ "

e I .\\'. =.z"_‘f'4 & o -_ : .;:Il b heceakl b =4 fU R .‘lj:—-;." '::§
Whenever a chemical change occurs, chemical reaction takes place. In a chemicdl reaction,
the substances that combine are called reactants and the substances form lled
products. For example, hydrogen and nitrogen (reactants) reacts to form am uct).
( 3Hzg + Nxg = o

There are a number of reactions in which the products do
reactants, such reactions are known as irreversible reaction
cannot be reversed easily. In these reactions, the reactdh
putting a single arrow (—————) which is directge
For example, when magnesium reacts with exces§
when all the magnesium is used up. The prodycts ca
This reaction is an example of irreversible r

{ Mg(g) 25 HC|(|)

~ Beside this, there are also a g
form the reactants, such rea

mbine to form the
actions once completed

ofg products are separated by
Q tants towards the products.
@rochloric acid, the reaction stops
e converted back to the reactants.

MgClz(aq) ar H2(g) ]

of reactions in which the products can react again to
Wnown as reversible reactions. These reactions never
can be easily reversed. In these reactions, the reactants
tting a double half-headed arrow (=———=) between the
show that the reaction can move in both forward and reverse

onditions.

reactants and prod
direction depepéig

mercury and oxygen. Mercury and oxygen can
recombine to form mercury oxide again. Thus, both
forward and reverse reactions can proceed at the
same time and equilibrium is achieved. Thus, at
equilibrium, mercury and oxygen will react to form

. " 9 1 Reve : rOCeSS
mrcurg oxide at the same rate at which mercury Fig.9.1 Reversible chemical process of
Mercury oxide

. Chemistry X




‘the rate of forward reqcti
- prOdUCtS and reactar

!-Vw v
> s § L2301

In a reversible reaction, dynamicg

reaction. It is represented graphiegily HE

reacts with B in the gaseous stat

Rl
Do
i

Amic Equilibrium and its Examﬂ
iUm is achieved bef

9.2. Let ys consider q
a &osed con

o
ore the completion of the
general reaction in which A
. . I
talnerformmg products C and D. ~

A(g)+ B( & N ; C(g) 4 D(g)

Initially the conge™ro%gn of reactants A and B is taken the same and is maxi
concentration prgglucts C and D is zero. As the
concentratj yedctants (A and B) d

mum and the
forward reaction proceeds, the
ecreases and the concentration of products (C-and D)
eously. With the passage of time, forward reaction slows down and reverse
eds up. After some time, the rate of forward reaction and reverse reac::‘r:
ual; at this state the concentration of reactants and products becomes cons

' | in the same
and attain equilibrium. Eventually, both reactions (forward and reverse) attain th i
rate; it'is called dynamic equilibrium state.

-

ion
Rate oj. forWGrd reaction = Rate of reverse reactio

uilit ‘ ' ical processes continue at

: d\jnomi'c equilibrium’is an equilibrium in which the two chemlctc:o;t)ion 3 Pmduas
eq rate in dpposite‘direction. The ratio between the concen 1
ants remains constarft.



. S Rate of forward ; s '
g reaction decreases . : : 5
% « R : . : - B ;
S. Forward Reaction [A] + [B] # [A}“ quili s :
= $ of jorward reaction
- e
. o i - .
o ,
Reverse Reaction [C] + [ [Al + [B] At equilibrium state
: S rate of forward reaction
Rate of reverse V | : '
; reaction increases Q i
’ - 1 —~
forward and reverse reaction and equilibrium state
_ i i
As long as t chfinge the conditions of the fum rReading Checkj e N .
system, suc Pgsure, temperature, concentration § T G
etc of themgas ystem will remain in equilibrium. Discuss .the slopes of the SWPB%{J :
Forwar tion \

" ltis defined as the conversion of reactants into products per unit time or the rate of chemical

; .-metion taking place in forward direction.

Chemistry X




. . O] St

o . w -
Ta & \ Ty,
CL 10

‘:,_; rate ‘0} fOMO rd

=
i

In the beginning, rate of redk:
negligible. e i

| Itspeeds up gradug 7“'&-
) 3

Write the forward and reverse reaction for the fo &ersible o 4
| ion. §

L 2NO(9) 4 02(9) , INO j y
A9

ws dov gradually.

2NO2(9) j

2N0(g) + 02(9)_ } |

|

— Practice pr
Write the id reverse reaction for the following reversible reaction.
) + H0g) | < = COg + Hag ]
R A
4HC|(9) + O‘)xq,) ‘ < - 2H20(g) ;s 2C|2(9)J
W RIS S —

What is chemical equilibrium? Explain in your own words with a sultgbl !
mic equilibrium? Explain by using examples from real k‘- i
the equilibrium equation between hydrogen and chlorine molecules
chloric acid as the product. ‘o



Norwe "fchemists, Guldberg
r Waage proposed the Law of
lass Act nasagenerol description of the
“equilibrium condition after observing many
chemical reactions. It gives a relation
between the concentrations of reactants and
products at equilibrium in a chemical
reaction. '

Cato Maximilian Gul
‘ : » (1836-1902
This law states that the rate or speed of chemical reactiowmm

product oj the molar concentrations (active masses) of t

Peter Waage

(1833-1900)
,proportional to the
Substances.

’

The term “active mass” represents the concentratj@ig

for a dilute solution and is expressed in terms of sq @ nckets [1. -
Consider a general reaction, in which two reactafgAfand B react to form the products C

and D.

[ A+B = C+D }
Let, The éctiv_e mass or molar con ion of A is = [Al ’
The active mass or m tration of B is = [B]
The active mass or m entration of C is = [C]
The active ma olaroncentration of D is = [D]
Now accordingfto thegldW of mass action,
Rate of forwg is directly proportional to the product of the concentrations of the

- reactants A pplying the law,

R(Forward) oC [A] ‘.B] (R(Forward)= Rj‘)

Ry oc [A] [B]

Rs = K¢ [A] [B]
‘Where ‘k{ is the rate constant for the forward reaction.
&mularlg, for rate of reverse reaction,
; Reverse) ¢ [C] [D] (R geverser = Ry)

Re oc [C] [D]
Rr = Kr [C] [D]

N\

Chemistry X ’



hbove equation gs, fimm Tidbit

CI DI
" The value of K is inc

~ [Al[B] , i o
Sesin the initial concentr
Where K. is cgled ghe equilibrium constant. In K, hawever, i

tion at
the sub @ otes the molar concentra temperature of
equi I

| definition of the equilibrium constant can be stated o§, the equilibrium co
K., is e ratio of the mathematical product of the concentrations of,sul?stances 7-”2
(products) at equilibrium to the mathematical product of the concentrations o
substances (reactants). Each concentration is raised to the pqwer equ.al to the  - ,
that substance in the chemical equation. The equation for K. is sometimes rejg ‘,

chemical equilibrium expression.

Ke

Product of concentration of products raised to the power oj coff

& Product of concentration of reactants raised to the power q a




:.'uilibrium constant expressnon can be written as,

.- L or
5 i 1Al A B
A large value of Kc shows that at equilibrium the
product concentrations are greater than those of the
reactants and vice versa. The equilibrium constant of
' a reaction is independent of pressure, concentration

and catalyst and its value is constant for a particular
reaction.

Where 'K/ is called the rate constant in ter
concentrations.

‘Write an equilibrium constant exggessi the reaction of nitrogen and hgdrogen to form
ammonia at 150 to 200 atmos sure and 450 to 500°C while Iron.is used as catalyst.

{ Nag

volume was called “Active mass”.

— : — 2NH 3(g) )

P lem 9.3 —

Writ€ an_gquilibrium constant expression for the following reversible reactions.

B, + 20, | = = NO>g !

b. 2Ny + Ong = = N0y |
LT e = 25059 |
[ 4 PClag+ Clag = = PClsg )

Chemistry X




librium, lt will remain in

- forever, Gf the conditions do not L will b
conditions are disturbed, the § 'esuhing-'~
products,

% to regam its equullbnum The reaction temperature, ‘Fﬂ__

‘mov “either in the forward direction or in the §! slows dowr ‘»’
erse direction to attain equilibrium. reaction, P
ng as the conditions are kept constant, the reaction wil

onditions are following,

e equilibrium stat,

1. Concentration of reactants and products,
. Temperature of the system,

3. Pressure of the system,

4. Volume of the system,

Nitrogen and of important components of atmosphere.” Air is mamly cdmpoméﬂ
of nitrogegye Ne arbon dioxide and inert gases. Nitrogen (78%) and oxggenai%)
constituté 99% fthe atmosphere

Bg{% #fstillation, the air is separated into different fractions. Thesejmctnons

ufacturing of different chemicals.

Nitrogen: In Birkland — Eyde process, nitrogen produces nitric acid, which i
important chemical compound. During this process, nitrogen reacts with oxyg
forms nitric oxade NO

[’ N7(9)+ Og(q; ' > 2NO(9)
I8

= Chemistry X




) ‘_,‘\* g I .-.;ﬂ;._L .

e
sl i




. }:j’

g Rl

uilibrium constant is the ratio of the product
.. t ! y
roductof the concentration of 1+

LtNne reactants

| - ,, o,
- The numerical value of K. for a particular equ @

chemists examine the & system is obtained experimentally

: uilibrium mixturaand detemi g- ¥
it °fmine the concentration of all s el
When we know the balanced chemj w f all substances

n of a reversible reaction we can write th

of+ » > 8 4 v Wnte ’;
equullbrlum constant (K.). While wri equilibrium constant, the products side is written
as numerator and the reactants$™

inator. Thus we can calculate the numerical value
and unit of K., by putting gpeeq¥fibrium values of the products side at numerator and the
reactant side at denomi e coefficient is raised to the power of that substance i
the chemical equatio | | F

"

. The square brackets-show
Equilibrium ant gy 2
concentration in mol.dm
/ .
/ s 4 ' ) side of thesll
M [CI° [D]¢ Right-hand (products) side of the |
K. = ———— % equation on top; left-hand (Reactants)
Pl [A]° [B]b,( on the bottom

“C” shows that it is in
~ terms of concentration

13

The exponents are the numbers in front
of each substance in the chemical

equadon

Fig.9.3 Equilibrium constant, Ke



-

[ ][']

[mole dm" ]‘2

e b

Al alim oh . .Units of KC i

s p s | e [mo|e dm™ [mole dm3

i, KC has umts for a reaction in which the number o roducts is greater than
~ reactants in a balanced chemical equation. ; -

For examPIe in the given reaction we have Q SN |

5 %\/

mole. dm =3
= mole.dm
_ mole dm
iii. Similarly, K. haguni reaction in which the number of moles of products is less

than the rea
we have

a btlanced chemical equation. For example, in the given reaction

(% 2(9) 2 = 2NH3g) . ]
3 [Nz][Hz]a
lmole.dm—3]2 A 1

Units of K. =
oLt [mole.dm'3][mo|e.dm

ea from the above equations that the units of K¢
quation to equation.

'3]3 : [mole.dm‘3]2

depend upon the equation. It varies

Chemistry X -




and
' r
e P g

F E

e ”»' . ~‘ . '. = ; »- f_‘"-]‘wt-‘:g:': 576504 e
rium constant expression are concentrgtiane

> concentration

rium mixture, the concentration of hydrogen and o

‘ ; :a:.,i hat of hydrogen iodide is 0.08 moles per dm’. Find

N Hai + l2(g

o~

Solution

ﬁ?en: ~ [Hal = 0.04 mol/ dm3 @
< [l2l = 0.04 mol/ dm3 ‘
£ [HI] = 0.08 mol/dm?3

- Ke=? V
The balanced chemical equation i A

[ Hag + lag

> 2Hlg - 7
[HIT?

[Ha][l2]
S for the concentrations into the equilibrium expression.
_ [0.08)? |
‘"~ [0.04] [0.04]
K= 4

The chemical equilibriu sion is K. =

Substitute the

L COgq + H20(g) 5 & COzg + Mo J

emperature, the concentrations in a particuid

For the above reaction at a certain high t 3
quilibs ; is 0.120 mol/ dm’, €O, is 0.1
iliorium mixture of CO,y, is 0.0600 mol/dm’, H;O is O.120 mo &, 28 -
m’ anc Hy is 0.300 mol/ dm® Calculate the value of the equilibrium C'O!‘l-'i.tﬂ‘ d



BT s R 11 sy o 4

- -_..)

8 -mmolldmi R TR LY
Ih_ - "H .‘ fag . IR SR
qulﬁbrlum constant expression for this reaction is

Wew COZ] H,

[CO] H2
Substituting the equilibrium concentratio
equilibrium constant: '0ns of reactants and p '°I alue of ‘he

— Practice problem 9.4 -

An equili?rium mixture of N,, O, an 1500K is determmed to consist of

6.4 % 10 mol/dm’ of N,, 1.7 x 10 a0l /3 0,and 1.1 x 10°mol/ dm’ of NO. What is
the equilibrium constant for the s %ns temperature?

PN 2 Importance

ations) of Equilibrium Constant

The value of equij

constant is specific and remains constant at a particular
temperature. The v@lue o

¢ helps us to predict.

1. Directiof of gaction

We can re direction of reaction with the help of equilibrium constant expression.
% [Products]
[Reactants]

The direction of chemical reaction at any particular time can be predicted by means of

lproducts] / [reactants] ratio. The value of [products] | [reactants] ratio leads to one of the
Jollowing three possibilities.

! 9. When the ratio of [products] |/ [reactants] is less than K. The system is not at
equilibrium and more products are required to reach the equilibrium. Therefore, the
reaction will move in the forward direction until equilibrium is reached.

Chemistry X “
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Ty ;

'prbceed can be determined with

L f ‘h l‘ mal i

Consider the general reaction,
L ‘

rl-[}“,
T

aA +bB : ~

TN

s
.'.‘7"-”7

[C]c[D]d
¢~ TAT[RID

- ‘»F"'e [AT[B]
- The extent of reaction depends upon the magnitud
i. K. is Very Small

When the concentration of [A] and [B] is large
mixture will contain the reactants mainly dg

K=

1= }‘

Cland [Dl is small, the equ;\i |

a small amount of products wi

present. It reflects that the reaction doesgot pro®eef appreciably in the forward direction.
ii. K is very large V | i

Q' all and that of [C] and [D] is large, the equili ."’-

oWProducts and a small amount of reactants will
tion is completed in forward direction. 1

iii. KC is Neither Vegug Nor Very Small
The concentration
1.0. Thus, equilipsi ixture WI” contain appreciable amount of products and reactants.

oy oy A Topwpgaven b
e B e
1

=

When the concentration of [Al and

3. The Effec
When a reaches equilibrium it will remain in the same state indefinitely, |j
condig change. However, the equilibrium state of a system is disturbed g‘exte ,?
condh e changed, e.g. change of pressure, temperature and concentrations of reac :
and pro#etts alter the position of the equilibrium. Whenever, the equilibrium is disturbed
g d'langes in the external conditions, the system always tends to restore equilibrium.

J i llDTIUTﬂ

lue of K. indicate a slow reactlon? U§: th examp
R s

F.hirju-t. b i (i iﬁ#







| 1 d und reverse reactions stop
Both ard and reverse reactions continue at the same rat

. A revers Ie reaction have the following characteristics exce v

| Theg proceeds in both direction b. They never c@

¢. Products do not form reactants again d. Theg are refire

3. The equilibrium constant (K)) expressnon for the

n redggion is,
P TreT e i
[ N2(g) & 02(9) . 1 : i 2NO(9) j '*,.qfl

-, 2NIRO) . INPI01 0,1 . INOP |
i [2NO] " T2NOJ N012 INo] [05] |
4. The equilibrium constant (K) is:

a. The sum of the two reacta The difference of the two rate constants

¢. The ratio of the two r ants The product of the two rate constants

5. When the value oj all it shows that

a. reaction will go 4 ard direction
b. reaction will in Mge reverse direction

C. reaction is equu rium

d. equilib | ver establish
6. For h on the K. will have no units?

| 4&0(9) + 6H20J

2NH3z(g) -

2NO(9)

—
<

CHag + HO9 |




Y A ‘,"-f.ﬂ-‘,.,.
i " .

| ! pmductsdnd 'T“ '“-""
Mmﬁon of reactants and pmduch

| i’ For a reversible reaction

a ‘ AR AL
= A2

(@) ;4
Re= ity
[AF[B’
The equation will be,
[ :

a. 4C(g) - ~ 3A(g) . 23(9)
; 4(:(9) < A3(9) + BZg)
. o B

Asg + Bag | Cag)
o A :

3A(9) + 28(9) | 4(:(9)

k_—__———_— | -
10. The reaction between PCI and i
‘ PCI3(9) + C|2(g @ = PCl 5¢q) ]
The units of Kc jor N

a mol.dm™ «
B. Short queg

1. Define chd m@

2. How |dcNygfdentify that dynamic equnhbrlum is established?

3.Co different macroscopic characteristics of forward and reverse reattuonf

& What imefmation is required to predict the direction of a chemical reaction?

3.Relate the active mass with rate of a chemical reaction. : .

6. At equilibrium a mixture of N,, H,, and NH, gas at 500°C is determined to consist of
0.602 mol/ dm’ of N,, 0.420 mol/ dm’ of H,, and 0.113 mol/ dm’ of NH, What is the

- equilibrium constant for the reaction at this temperature?

> 2NHsg

- : | 3
dm~ mol .dm d mole.dm




3&; + 02@

’ aseous Sulphyr
O, is found t b

1.50 mol/ dm’, the concentration of O, is 1.25 mol/ dmy concentration of SO, js
3.50 mol/ dm’. Using the balanced chemical equatio’%ﬂa e the equilibrium constant

for this system. ‘ Answer 4.3
10. Describe the effect of temperature on equiljsming ant.

C. Long questions.

3"

1. 505, decomposes to form SO,, and &, FO™his reaction write,

(). Chemical equation (ii). K, expre ). Derive the units of K. for this reaction.

2. (@). Describe the equilibrium state % e help of a graph and an example.
(b). Define the law of mass a

3. (a). Derive an expressio & th&equilibrium constant and explain its units.
(b). How can you pregic} grection of reaction for the K. value?

4. (a). Kc has differeng u ifferent reactions. Prove it with suitable examples.

(b). How can ict the extent of reaction from the K. value?
5. (@). K. expressfon fofhareaction is given below,

OKC 7 [a,F[H0f"
[HCI]* [0,]

Fo%cﬁon write, \
| Reateeffits and products Derive the units of K.

(b). Explain the importance of equilibrium constant, support your answer with examples
and reasons.

- | Ammonia is an important chemical and is used in the production of urea. Which Ofthe
| :olowing factors affect the production of ammonia (NH,)?

d. ~L Cfmgeintemperature . Change in pressure
o . in concentration wv. Catalyst




