A

T o
m&iﬂ stage. ‘
. " 6.2.0 LAW OF MASS ACTION ]

w was given bv C. M Guldberg and P. Waage in 1864. They studied a |
~A more generalstatement of law of mass acti fit of reversibie
portronal te the product of molar concentrations: gu & that (e rate
the particular substance appears in stochiometric ;Zﬁi;gra power
1

fions
N % ber oftrm s,
tant or Equilibrium Law:

'f' eﬂual ol urlrbrrum Cons
1 5,2.1 png in mind the Iaw of mass action, we can have relationship between con p@m' f
icentration

d products with ihe rate constants of forwar and bfckward s bs.
C >L//) o) e /5?( 1t

| a
et consgderageneral reagtion, Acel \ <
Letus o ,¢ C n—é@ »Q/mmzr aﬂc ALdE ¢F o femtean

i Pﬂpa,oﬁa'mlA+B \—-———kb—— C+D 70 f)f?cé/ﬂépmﬂﬁud R Lt e
d_ ® ¥
. The _CO- -efficients_for the reactants and products are unity for the Sszike ofﬁ8 g ﬂbww
-més of reactions at equrllbnum stage depend upon the cqrpgmranonc of reactants converience. =ine g
E: Rate of forward reaction o %][BE [ AT Lc[m
. 9 Rale of forward reaction = K:[A][B] T
[)c five mass D a»c€ r?f?ubcm

' Rate of backward reaction o< [C][D]
Rate of backward reacticn =k, [C][D] el ™

and 'k, are the rate const:n ~
k, t:?w_tsl for the forward and the reverse reactions. At equilibrium

467‘70’/)

/I")

tage the two rates are equal.

r kAIB] =k, [CIP] e g
[——J\ M—‘[ L e (1)
; _J,)A:corx:;g o this_equation (1), the concentrations of reactgmiand_poducis_hw&
oot upon the forward and backward rate constants (/. L
g orate constants 'k; and 'k, is put equal to another constanit 'K/, then

ke
| @= {R— \, TER e
This'K'ine e Sl
quation (2) is called equilibrium constant (LKI17).
sauar;e brackets denote the concentrations in ’_‘,‘El‘f.s..d-"l 3. So, symbol 'K is

ﬁ;‘g 'C', and 'D' are taken in mo'es dm 2
£k g reaction has co- sfficients in the balanced equations as,

used, when

...... (3)

ant is the product of equilibrium concentra

um concentrations of Teactants and each ¢
-efficients of the substance in the balance

aw of chemrcal equilibrium.

tions of products
oncentration term

d equation.
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equilibrium CONSTaN: Eaprewvr (e

fo give the indicated £X ression 101 e equilibrnum .
ns always cancell in such y as COns
a23 Lawol .ideal Solutions : tams

6.23 Law of Chemical Fau:lubnum for Non-
(U;GVU/';’(}LIQ L/"JVUJLU/)

It should be made clear at this stage, that the expression for 'K, which has beep dora
above is strictly true (c,.,ﬁfﬂt) for ideal dilute solutions. It in not applicable to non-ideal 50|
the solutions 2 _ideal. then the chemical reactions depend on the effective concentrations and |
actual concentrations. We should not consider the molar concentration (U 7L WTW&W :
Hon-ideal beffaviour is shown by a so solution of substances in_the case of ionic species. In that .:ﬁ

activities (%) must be used in the expression, if exact calculations are required. The equilpy

constant is denoted by 'Ka' in such cases.
c..d
dc - dp
i ey
ap - ap

6.2.4 Equilibrium Constant in Terms of Partial Pressures

.

(M(UJUJ;PJ)L:G!)L:]A),

Those reversible reactions which involve the gases should be handled by measuring e
partial pressures (5L:u’;]) and equullbnum constant is indicated by 'K

Pc PD

PA - PB i gr(\j)/ 4. |

6.3.0 RELATIONSHIP BETWEEN DIFFERENT TYPES ‘
OF EQUILIBRIUM CONSTANTS

The values of equilibrium constants for a certain reaction depend upon the
concentration chosen (.*&1). Equilibrium constant 'K, is employed (Ltpté) when'
are in partial pressures (st»>7), 'K when concentrations: are moles dm3, 'K« When P g
 fractions (> ¥Js") and K, is usedl when we have simple number of moles of reactants andP

Suppose we have a general reaction. ;
aA+bB & = -¢C+dD

The
The reaction under consideration (. ) is consisted (Lra}/ ) of '{@iafses'

each substance is proportional to the partial pressure and to its molar concentration s (4
For an ideal (JA>) system, we shall be able to wnte down the expressio

'Ka‘ asfollows: " i

A

Kp=

units (AL

' .K‘i
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L ] EqUIT2T d
' ,\ﬂl‘la d
Be T @ .0
| Pa - P8
) g o
| & e
" ‘ d
\ :.: ) K xé ? XD
: S
' c d
4 nC 1 nD

Kn a. b
Np . N

In these expressions the symbol p, C, X and n stand for partial pressure. moles dm-3 ndlo

. and number of moles respectively
4 Relationship Between Kp and K: @

.
9

R Keeping in view the general gas equation, and the Dalton's law of partial pressures
b’ft:d;'z(a" 15), we can write down

5 BRI e SO SRS T (1)
i'is the name of any one of the component.

: nRT

a7

Since Vl = C; = conc. of component ‘i in moles dm™®

| p = CiRT B R s ) T e e (2)
.n:pi' is the partial pressure (3} ) of the gas i’ in the mixture of gases, n, is its number of'
'v' is in moles dm™® and has a unit of concentration. The volume and temperature as 'V and 'T

eforall gases. | £
In our reaction there are gaseous substances as ‘A", 'B', 'C', 'D". According to the above
) their partial pressures -ingé"‘FEquu fium mixture are |

N
¥ RT=C,RT
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LT ey
d +

(o RTI(CRT) CcCo LR_T);_‘:;
Ky = mam)b €% C% (RT)

Kp _ Kc (RT)(C +d) - (a+ b)
(c+d) = Tp prpEng
s, K= KRTPR

m@ﬁ{; ...... (5) ,
Whete An s the diferenc | f ro_dgcts (ns) and number of M0l
reaciants Sognp ~ng = AnjWith the help of equation (5) WW |

KC_,,-_"/,KPFJG’(L.” /'-;'«'c‘—"f.avgl(RT)A";ujo)LJﬂr[_J‘"fﬂ/?

Frezin ik, =K 5An=(,]
5 e oo |
J, , F CeA L P Al

w
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Ky = C.RTHCERY) |
-+ 0) (a
_ K (RT)S
( df\: :'( (a+b)="k
(C 1 ,' y .
Sc Ky = K‘(RT) o R

\\4‘}

o —‘—T \n _ § ) \
M nll.nbn[ﬁtm,oles of prOdULIS (Np) ang )

Wheio 0 B 12 @ﬁﬁm of equation (5) e CALIELCONVErL K, gy, "¢
ants N, Sofnp — MRZ=Z470 - N el AU Rr-Sl | PN S
reacaS v SO g T AT S <K
K. Ko iae = : PNy SO L T
T P “vu‘_gdz\
K. and Ky: .
Between Kp an® ox . . .
o relationship between K, end 'Ky, we take the help

-
c*\nsy

6.3.2 Relationship

In order fo derive

partial pressures, tphat _|, . o
i

| I/

Where p, is the partial pressure of a gas ‘i in @ mixture and .. is iis mole fracfg,
According to this equation, the par’tial prgigyfr“ep[ @pTy_ugas depen'ds upon the mgje 5
that gas (= i, sl ,:f ¥~ 1) and total pressure F' of the mixwre The vall]ésc":
pressures of four substances i.e. A 'B','Cand 'D' are as follows.
Py = X\
Pg = Xg”
Pe = XCP
Py = %pP_
Futting these values of equation (7) in the expression of K, of equatior (4)
P’ P
p°, P \
(XP)S(X,P)?
XCC dep_(C+d)
X, Xog Plab)
Ko = Ke(P)c*d)-(a+b)
Let An= (C+d)—(a+b)
o ek (8)

This equation (8) sho ' i ih 2t
(%) shows that it we muliply 'K, wih pressure of the system Wil %

power, then we get 'K,". So in order to i e+ e
reaction mixture at equilbrium stage a 3 feopert Ky ang 'K, we shoutd kno hfﬂaq’ﬁmd”a

. nd the differen re: anir—
. e ——— c tan(s v —
" GeannbBu-camscanner € of number of moles of reaclai> s

fr
..Om Dangr

Kp:

h=
I

=
o
"
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. etween \p 4liu T\n.

42 pipB .
ewtions & e help of Da'ton’s law of partial prassures:
7 R aiﬂta :
4 29 = XP
WP
¥ oot n,
7{6. X : "“ ! f 'n‘ f ~ “
i _ total number of moles of reactants arid products at
N equilibrium sage
' _ number of moles of componert '/
n ~ —=
n
) - }:'P | S (9) |
> v this_relationship o calculate the partial pressuies of four components in the
¢l us 2 iy mentioncd
M
PA= N
Mg
=3 P
Ps™ N (10)
g
p :‘N"P
g
| Po” N : .ations (10) ir. the expressiori of K;
outting these values of partial pressures from the set ot equatio ir the ‘
n
equaion (4) y
g P (4)
Kp - pAa pBb

n, (Mo,

(ﬁ")(wp)_

“ Bl
\NPJ N
NN’ (P\c+d)- (asb)

([wd)—;aw)
6= kizy) "

~

szKn(%)An ...... (11).

In orde lues of total
know th betw ' w ' we should know the_va
| ' en 'Ky and o, s mber of moles of
PEssiure, total nrutobe f m;e?:fmr):as:tlgnts anz pucts, and the difference of nu
: mber 0

ol
e uu&étf'u.%/_;ahﬂ!(11)_,u
Y O e fies
' ths, then we can say that

it

|
|

—
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...... ”2)
Ko =
ts are equal, then An = g
nts and products art =g
If the number of moles of reacta PYO_
0 = 1 g/ -
e, (RT)P = 1(P) N
Hence, | e 13
So : the number of
’ that when nun moles o
he important conclusion that. ants hay - Meagy
: i in reeacton e ual, then al equilibrium.constants have the same v, X
rodu >
e Prome:é?i& K for NHy synthesis at 500°C is 6,01 10°% Calculate the ey
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16 The Le-Chatelier's Principle 4 P o -
Le-Chatelier studied the effects of concentration, pressure and temperature
t};)t if a stress is applied to a system at equilibrium, the system
,

EQUi]ibria‘ Uy g m P( S\j ’
Ui g Ihis 1)"i11€iple Staég‘ tA ‘ |
Uhaway 50 a5 to I]lFﬂl as far as possible, the effect of that stress. | gt The
. b N . .
Le~Cha ) '© System cannot completely cancel the effect of change, ?gt v;l:; :Ele R o
: 'S mpia s . - &l 1
L("“D()sitioers principle has wide range of applications for ascertairz

1ofthe physical and chemical equilibria. ol eteym? =
k] '
Ef : .
N fect of Change in Concentration . ion on the reversible
g, “"der to understand the effect of change in concentra white insrable

OS] : ive a
g isider the reaction in which BiCl, reacts with water to g

l 3 ed with CamScanner //
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T e o
a?\)/—(Ca) = (%) e 503 <<?/J

‘/)ojm’J Loaw:
| Ve 7

Also e  krnow.
E L o L
v
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E -— ; B o TGl ity
BiCl, + HO===BIiOCI + 2HCI 2" milk:

The equilibrium constant expression for aboman be writte
¢ - [BIOC[HCIY g
“ [BiCL)[H,0]
Aqueous solution of BiCl, is cloudy, because of hydrolysis and format;
ismall amount of HCl is added to this solution, it will disturb the equilibriulon of 10
gystem to move in such a wav so'that effect of addition of HCl is minimized Th Oreg
move in the backward direction to restore the equilibrium again and 5 cleér : Peacti
., obtained. However, if water is added to the above solution the system will movzo,]utlon
i direction and the solution will again become cloudy. The shifting of reactiop tm thefom
backward direction by disturbing the concentration is just according tg ffOrward.
principle. - : & Chag
: So, in general, we conclude that addition of a substance among the rectan
removal of a substance among the products at equilibrium stage disturbs e s
position and reaction is shifted to forward direction. Similarly, the addition of : smélbm
among the products or the removal of a substance among the reactants wij| d: -
equilibrium towards the backward direction. Removing one of the products fo n;?th
- therefore increase the yield of a reversible reaction. The value of K_ howeverm;emai

constapt. This concept is extensively applied in common ion effect and follows the;
Chatelier's principle. eLiense 1o esy Wi

2 conc . mMove in _
(b)  Effect of Change in Pressure or Voluine" ¢ cUredon:

B : The change in pressure or volume are important only for the reversible g
reactions where the number of moles of reactants and products are not equal. Le-Chateie
principle plays an important role, to predict the position and direction of the reaction
the example of formation of SO, gas from SO, gas and O, gas.
- 250,(g) + 0,(gas) =—=250,(g)

This gas phase reaction proceeds with the decrease in the number of m
hence decreases in volume at equilibrium stage. When the reac
equilibrium stage, the volume of the equilibrium mixtuse is less than the volumeof’™
taken initially If one decreases the volume further at equilibrium stage, B¢ )
dlstur‘ped. It will move to the forward direction to minimize the effect Qf dxsthM[
establishes a new equilibrium position while K_remains constant. The V==

when the volume is increased or pressure is decreased at equilibrium stageé:

|

les g

. . 1t r
(¢)  Quantitative Effect of Volume on Equilibrium Posit1on i |

o ae inferte
The quantitative effect of change of volume or pressure can be 11

’ mathematical expression of K, for SO, (g) synthesis. '
| 250, (8) + 0,(8) ===250,(g) /
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|- 4x°V

(a-2x)"(h-x)

where 'V'1s the volume of reaction mixture at equilibrium stage, 'a' and ‘b’ are the
per of moles of SO, and O, present initially and 'x' are the number of moles of oxygen
u has reacted at equilibrium. According to the above equation, when volume is
\;:feased. then X' has to be decreased to keep K constant. The decrease of x means that
féactioﬂ is pushed to the backward direction. From the amount of the increase in volume. we
yulculate the amount of x which has to be decreased to keep K_constant.
Similarly,increasing the pressure on the above reaction at equilibrium, will decrease
sevolume and hence the value of K. will increase. In order to keep the value of K. constant
jereaction will move in the forward direction. ;
In the same way, we can explain the effect of change of pressure on the equilibrium

itions for the dissociation of PC, and N,0, reactions. These reactions are homogenous
ueous phase reactions.

PCl; dissolves to give PCl,and Cl,.
PCl(g) = PCl(g) + Cl(g)

K for this reaction is as follows:

XZ

V (a-x)

K=

The dissociation of N,0, gives NO, gas
N,0,®) &= 2NO,(g)
The K_ for this reaction is as follows
4x°
Ke= Vax

Y0 Both these reactions have the factor of volume present in the denominator. The

h ESSIS that.numbers of moles of products are greater than those of re'actan.tq, So,increase

e acku\:,: V:i/l(lil decr.ease }}(l to keelp bthe value of K, constant and the reaction will be pushed to
tddirection. Theequilibrium position is disturbed but not the K. valu ) =

uCtSemembgrs ffat, %hocs—e Eﬁ%e&?s }Egéﬁor?é‘iﬂ%vh?f}%ﬁ%ﬁe?ﬁnglé o?f'fac zﬁtes ail beaf

feam"?fesa.me, are not affected by change in pressure or volume. Same 1s the cas'e_forfnﬂ- '
SInwhich the participating substances are either liquids or solids. ¢ L ERIGEP

Lrgd

)

0 Systemr €at as a component of equilibrium system, a rise in tet )
telierv ar_’d a drop in temperature removes heat from the;s
\ finciple, therefore, a temperature increase favours th
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g ey he exothermic reactions. \ |
, -hange of temperat |
andatemperdatire e o changes bY e gadded or rimoélr c‘le' useh |
' substance bemng ed. Copg;

o * K e 1de !
hase at. equilibrium taking place at 4 krth‘ ,.
e & =3

oy I

e ohifts Wit
gilipriumposition SIS 0 T oas p
?(il ing exothermic rea-- L. % [Ke. ¢ b
RO . P XOTTK rYrie ' _ S 5 :
For € __——  CO,(» +H (@) AH = 41.84K g

temperatur€ 1 —
co@ + H,0(g) e. if we take out heat and keep the system at thjg s

ge, tself, so as to compensate the loss of heat en(’we,

Etoy |,

brium sta
At equilibrium SteST st 1
will readjust 1 !
ystem ill react to form CO, and H, molecyjeg e a it
» el By

and H,O molecules W ct 1« | '

reaction is exothermic 1n the forward directiop, It el ,;

ing temperature, We shift the 1n1t1a,133q}3hbr1urn_ position to 'the right Untilasnhy f
decfﬁiiiufn position 18 established. On thle’Contfary, heating the react fon at equi

ngt;lt the reaction to the backward direction because the backward reaction is eng

An interesting feature of Le-Chatelier's principle is the effect of temper

solubility. Consider a salt such as KI. It dFi:shs?lv@e? in water and aEsorbs heat.,
KiG) . == -Kieg ~ @‘iﬂm‘(ﬁ IC= AH= 21.4k] mole’
Let us have a saturated solution of KTin water at a given temperature. It hasgip|
equilibrium at this temperature. A rise in temperature at equilibrium favous pgh
dissolution of the salt. Equilibrium 1s shifted to the forward direction. On the other b
cooling will favour crystallization of salt. Hence the solubility of KI in water must incres}
with increase in temperature. | 4
For some salts the heat of solution is close to zero (heat is neither evolveir
absorbed). The solubility of these salts in water is not affected by the change in temperd#|
Formation ofaqueous solution of NaClis an example of suchasalt. '
R Soﬁgﬁis? subs.tances,'whose heats of solutions are negative (exothermic), dect
. 1es by increasing temperature , as LiCl and Li,CO,, etc.

Ney co
(e)  Effectof Catalyst on Equilibrium Constezlnt : e

o Inhmost of the reversible reactions the equilibrium 1s not always reached ™ o f
equilib:' i tme. So, an appropriate catalyst is added. A catalyst does not e

reactionnsl = g osition of the reaction. It increases the rates of both forward and :
A(?Sla]tlglzrfiulces tlhe time to attain the state of equilibrium. 5 a'rev‘efse‘ |

3 o catalystlowers the energy of activagion of bat] forward bty

bY giving new path to the reactiog Rfdbftg’)(& which er (MY R

~ or de =2 ['Dn” n,

=Y APPI R FUle - oh o chemical red M Ji

. LICATIONS OF cuenmicar w0nILIBRI 5

e
4

temperature, the s
Thus, more of CcO
liberating heat because

lbrllm]w ‘;
Othermjc
ature onth

Scanned with CamScanner



