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7.1. lntrod

_, ^_ - ,rld,1:.r.rsing 
problems based on chemical equa_

tlorus rn Urut-l and thermochemi:al equations in Unit

reaction does not proceed
reacuon mlxture g6a[2rns reactanLs as well asproducts whose conceutrations ."-ui" J*iorrt .o

equili[du, may be define

..

which
are in
es ofth

If tltc opponag prowsw io

I-n general, a chemical equilibrium is repre-
sented as

aA*bB S.rX+vY
where A ana g ire tn"i"u"tari. uiix and y are
the products. The double urrr* b"t o"L-r-ih-" ."u"_
tants and products shows that the reaction is taking
place in both the direction. .i-"ft*"o*1y.

Based on the extent of reaction before equi_
Yi,i* to 1rr3-"9, chemical,"aci-i-o*os ilri U'" 

"ru._s[reo mto tollowing three categories :

$-Those reactions which proceed almost tocompletion r.e. concentrations oi tfr" ,!u"tr"t. f"ftis negfuible.

t(d) Those reactions in which only a small
mis

Ii,:l
(ufThose reactions which proceed to such aaeKent that the concentrations of the,"u"tuit.. _aproducts at equilibrium are comparable.

In this ,nit, we shall discuss some imrrortant
aspects related to equilibrium in physical antl
cnemlcal processes.
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/.2. Equilibria

Thc dilfercnt typcs o[ equilibrir irrvolving

nrrr.i.ri .ttrng"t ulongvirh suillhlc cxamples are

Lricfly described ['elow :

ir) solia-Liqula of

,."t. tt:.oi" i.".ub.. ulo ,'(-

,,n.t nntrnrt atmosPheric n a

i;:il.;;i;;i;;,i'at no heat can eoter ,r leavc rhc

l"l.i";. ih;;"...;ii.. ond *or"' it tortnd to rcmuin

"i,iiirt,. H"**"r. the two opposing prttcesses

;:;iil;; ui'.quitiu'io' u'" *ilting ol ie,. .nd

Ireezing ol water.

i nut" ot-"iini oi icc = Rate of frcszhg otuatff-
.- 

ir* 
"q"liiu,i,n' 

i't i"ptet"otetl ut

Hro(s) # Hrt)(0

At equilibrium,
'I'Irc tempetarure at which.the solid ontl liquitl

lonn of o puie substance ora in equilihtiwn-tt tlrt

'irrioi'rn",ii ,nutue i'; culletl tha nonnal lrtt ziny

poin ot melting poit of that substqttct'

(2) Liauid - Gas cquilibrium {Eu ol'ot ution ol

*riii r'r'i,*a u''rs'y'; considcr u closetl 
'cs''cl

"onnected 
to a manomcter and having arrangc-

rn"* f". ""**,i"n 
and addition of liquid into it'

"t 
.i""- i. Fig T l Supposc the vosscl is llrst

""**i..r. it"i*cl ol mcicury in both th': linrbs

i ii. ,rnorn.r", *ill be samc' Norv supposc wul cr

l. oJa"U ;r,l'o ,t,. 
"sscl 

and the wholc apParirl us rs

,if.*"a ,o stay at room temPeraturc (or at thc

;.ii.J r.rn.ra,'rc hy placing it in a thermosldl )

i;t 'il;;ii;i ih" l.u"l oi"""v in the lelt

iliil;;;.";;;eteibegins to falt-and that in the

,",nUt iir.rU U"gi,a to rise' Howcvcr' alter somc tro'Ic'

i;"" k*i;#;;";onsrant The sv'tem is thcn said

io huu" uttoined cquitibrium This obsetvattonrn-

called

ffii:;
chanqes inlo vapours' lhc iamc amount o[ wutcr

il;:;; ;i;'s" b'ck into thu liquid wurur (u

ni'o.".. *tt.aL"t""satiorr ) Thus I ctiuilibrium

I rr" 9-1"1i1$1q" 
: Rato of condcnsationl

The cquilibrium is rePresented as

HrO o s -: HrO k)

Thc differenr:c in thc levels of rlercury in thc

ttutl f ir'i.'gi".-tt'" cquilihritnt t'trltat ptts;tut ol

TO VACUUM
PUMP

VACUUM

PradeeP's
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EQUILIBRIUIV - I

SATURATED
SOLUTION

FIGURE 7.2. Equillibrium betr,,,een undissolved
sugar and saturated solutiol

and t-he conc€ntration of sugar in the solution
remarn constant.

Thus in this case, at equilib,rium,

soluti.,rn aad the pressure corresponds to the con-
centration of the gas above the solution (in the
gaseous phase), we cao write

(i.e. equilibrium pressure)

= Constant at constant temperature
e.g for the equilibrium

COrG) ll COr(aq)

lcoz(pcl
fCO, (SX = constant at constant l.emperature.

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

ln the sealed soda water bottle, the pressure
of the gas is very high above the liquid, so the mass
ofthe CO, gas dissolved is also high. As soon as the
bottle is opened the pressure tends to decrease to
atmospheric presslue, so the solubility decreases
i.e. the dissolved gas escapes out..

. Xb sum up, the results discussed above aboul'physical 
equilibria arc reproduced below :

(i) Solid + fiquid equilibrium exiss
i.e., the melting
such an equi-

(i) In liquid <r gas equilibrium,lre
pressure oJ the vapoun above the liquid (i.e. vapour
pressure) is conston! at constant temperature.

(u) In solid <------s solution equilibrium,
lhe solubility ol the solid in the solution is constant
at constant temperature.

(rv) In gas 1=i solution equilibrium, dre
mass of the gas dissolved is constant fot constant
equilibrium pressure at constant temperature.

PEYSICAL EQUILIBRIA

Thc cquilibrium is writlcn as

Sugar (Solid) .3 Sugar (in solution)

Tie amounl o! lhe solitl in gmms thnt dissolyes in
lW) g of lhc solvcnt to fonn a sotunrteil solution a!
( Wrti{altr
that .roW in

(4) (ias-solution equilibriurn (Di.\.\olL ion
oJ o gas in o liquid rur.lerprcs tcin u cktscdve:-sci).
Thc best example of this ty.p of equ ilih riunr is that
o[ a soda water bottle. The equilibrium that cxists
u ithin the bottlc is

ClO, (f) a - CO, (in solution)

Thc amount of the gas dissolvcd i governed
by Henry's law which slates as lbllorvs :

The mt^at ol tt go:t di\solved in a given nuss of a
soltvnt ct ar! kmperqture is direoll! proporlional
to lhe plA$we of the glJs above the solvent.
i,e mdp 0r m=kp

t+h$c k is acon$unt ojpmportionuw qnd is culled
Iisnr!'s 6fltL\ltnl lts t ob.e depetdt awn thc nature
oJ the y-s, rulure o! the liquid and tampcralure.

Altemdti,el), as the mass of thc gas clissolved
corresponds to the concentration ol the ttas in the

Rate of precipitation

| 1. If 0.200 g ol iod.ine is stined in
100 t 298 K till equilibnunt is reached,
what will be the mass of iod.ine found in solution and
the tnass that is lefi wrd,issolved. After equilibium is
reached, with 0.200 g of iodine atd 100 cm3 of wate4 ll, (aq)l at equilibium =0.0011 inot L-1 at 298 K

UNDISSOLVED
SUGAR
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Solution. As the solubility of iodine (con-

ccnlration et cquilihrium) is 00011 mol L-'
(Cive o), Lhis mcans thf,l at equi!ibrium,

1ffi0 cm3 of water dissolve I, :0.0011 mole

: 0,0011 x 254 g

(. Nlolar mass of Iz = 254gmol-l)

= 0.2i194 e = 0.24 e
. . 100 cm3 ofwater dissolve I, = 0.02E B

.. l, Ielt urrdissolved = 0.200-0.024

_ o.til c
On adding 150 cm3 of water to the above

soluiion. total volume ofwater : 250 cm3. As total
solubilitr.rt iodine is 0.28 g L-1, therefore iodine
that rvill disr,olve in 250 cm3 of water

= ffi"250g= 0.076*

.. I, lcft undissolved = 0.200-0.070 g

= 0.130 I
Molar concentration of the solution

0.130 1 ^= 'j '-- x x lfi)O254 250

- 0 0011mol L-r
Ii\{\ll'1,1. 2. Duing bottlitlg, a cabonated

bct'trage wts made by saturating Ilavourcd watet at
A" C with COz ql d pressure of 4.0 otu. Late\ the

bottle wqs opened qndthe soft dtink allowedto come
to cquilihiunt at 25' C with dir containinq Cozat a

prcssttrt: of 4'0 x t0-a utm. Find lhe concenlration
of CO, in the freshly bottled soda ond in the soda

after it had stood open and come to equilibium. The
Henry's constants Ior oqueous solution of COrare

At 0'C, k : 7.7 v 1g-2 
^41-1 

o1^-1

At 25'C, k = 3.2 x 1g-2 
^o1 

7-1 os,r-l
Solution. By Henry's law, C = t1r where C is

gas concentration in solution,p is the partial pres-
sure of that gas aod k is Henry's constant.

(a) For the freshly bottled soft drint
C =kp

= (7.7vLO-2 rrlolL-r atm-1)x(4.0 atm)
:0 30E mol L-t

(b) For opened soft drink at equiJibrium with
atmospheric CO2,

C = (3.2x 10-2 mol L-r atm-1) x(4.0x 10-a atm)

= 1 2t x 10-s mol L-l

. ExAIlt'LE 3. Fill in the blsnl$ (a to i) in the

lollowinE, table which contains the solubility thta of
oxygen in wotet o! 299 K.

EpL [o2@]
lnol L-l

Lo2 @q)lcq.wd;
I

M
V

106.4
c

333.3

46.1
598.8

a

0.080
0.li
f

0 0012

d
e

0 0a53

i

b

0 029

0 029

o o28

(N.C.E.R.T.)

Solution. Expt. I.

PV : nRT or P=+Rr=cRr

106.4 kPa
- (8 314 kPa L KjTlnol-l; 1zw r;
= 0 043 mol L*r

i.e. a=0 043mol L-l
. b_o.Wrz=ffi:oozr

n
Expt. Il. 

O"*...- = 0 029

or d = 0'fi)23 mol L-l
P : CRT = 0 080 x 8 314 x 299

: 198 9 kPa

i.e. c = 198'9 kh
Exnt. IIl. ol5 = 0'02e

or e =00377 molL-r
PExpl.IVf=C=-

= 
offi' | 

= o l87 mol L-l
8.3t4 x 299

8= 
o'?53=ffi =,,.04

Expr.v. &=c=+=#*6q
= 0 241 mol L-l

1= o.ox
h

.'. i=O'A)BxO'241 = 0 0067 molL-r

..1

o, C=+
(



FQUILIBRIUM - I

715

Some of the inportaot characteristics of
physical equilibria are as follows.

, l-At equilibiut4 some obserutble propeny oJ
the,\ysten becomes constont (qs expluineaii secii<ti
? )l

g(Nes can be attained
because iI the vessel is
ard thore will be ro

3. Equilibium is d)msmic in nafi.re i.e. there
are two opposing processes taking plaCe at equal
rates.

- 1. 4t equilibi,tm, the concentations ofthe dif_
f?ient subslqnces become constant qt constant
tentpe.rarurc (asexplaioed in equilibria (ii), (iir) aud
(iu) above)

. .5. At eqdilibium, there eists an expression
involving the concentrutions of the ,rubstancis which
ts constant at constant lempefature.

e.B. for CO, G) -_ CO, (aq),
lcoz@s)l
fCO, GX = constant at mnstant te.mperature.

This constant is ealletl equilibiunr conswnt.

. 6- nle magnitude oI the eEtilibiun con,rtaut
he process proceeds
For example, greater
e above case shows
water.

A+B i' C+D
Tbe coocept of reversibility in a chenical

reactiotr may be explained witl the help of the
to[owing example :

If pieces of gass
tuDe heated from from
the other end (F ction
takes place :

3 Fe (s) + 4 HrO G) 
- 

- Fe:Or (s) + aH. (g)lnoo Stc{m Ircd odd. Hydrogen

IBON

---> H2--+STEAM

(a)

_>
HYDBOGEN

(b)

----+
STEAM

(")

7.4. Equilibria in Chemical processes ij.:.r:j:.1:.i::i+.i.r.:..i

FIGURE 7,3. Reversible reaction occuring
in a dosed tube (c)-

Again if in place of iron, iron oxide (FerOn) is
ptayd iq the tube, heated from below and
nytuogetr K passed over it (Fig. 7.3b), the following
reactroE tales plac€ :

Feror G) + 4Hz G) ......- 3Fe (r) + 4HrO G)
IIE

Since in both the above 
"a.."., 

,r"*,irt'"l,lil'
open, hydrogea in the first case atrd water vapour

reversible. It may be represented as
3Fe (s) +aHrO @) i- Fe, Oa (s) + aH, k)

Obviously, whereas the first two reactions can
go to completio4 (r'.c. wbole of iron can be con_
verted into iron oxide in the 6rst casc and iron oxide
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into iron in the second case), the last rcaction viz'

the reversible reaction does not go to completion'

In fact, ultimately, an equilibiunl ntixrure of the

various reactants and products is obtained io a

rcversible reactioa (as will be disc'ussed later)'

A ferv more common examples of reversible

reactions carried out in closed vessels arc givcn

below:
(i) CaCo, (s) + Cao (s) + co, (q)

(,,) N2()4 G) s -----\ 2NO, G)

(,t0 PCls G) + PCl3 k) + cl, (s)

(iv) H, @) + I, (9) t' 2HI (g)

(r) N, (g) + 3Hz G) + 2NH3 k)
(vr) CH.CooH O + qH5oH (/) +

Acetic acid Ethyl alcohol

cH3cooc2H5 O + HrO o
Ethyl acetate wste r

?.42. Irreversible Reactions

In the beginning (i.e. at time , = 0), the con-

centratious of A and B are maximum and the con-

creasing.

Ultimqtely "rs 
eof

forwaid reactionbe ack-

ward reaction. The in a

shown in Fig. 7.4.*

t
I

LIJ

tIt is represented by puttirg a single arrow

befween theieactants and the products, poioting

from reactants towards products i e'

A+B-+ c+D
A few examples of irreversible reactions are

as follows :

(,) AgNO, (aq) + NaCl (4q) -'---'
AgCl (s) + NaNO, (aC)

(ii) BaC! (aq) + NarSOo (aq) ..-,...*

BaSOn (s) + NaCl (cq)

(iii) 2Mg (s) + oz G) '--"'' 2M8O (r)

because hydrogen gas formed escapes out

7.43. Concept of Chemical Eqtrilibrium'

Consitler lhe general reversible reaction

A+B + c+D

Examples. Tbe [r.rllowing examples illustrate

how the equilibrium is attuined :

(l I DecomDosilion ofCalcium carbonate in a

closei vessel. If calcium carbonate is heated in a

"io."A 
u".."1, the reaction is reversible as shown

below :

CaCO, (s) $ CaO (s) + CO2 (3)

ce is kept con-

st s coonected to

a e (due to CO2

gas) first keeps telY be-

comes constant. the fact

that now as muc CaCo3'

the same amount o[ CO, reacts with CaO to give

TtME__*

.This is the gencral diagmm For the €toPoration ofa l:o::;d rn a close'l '-'es.\el' th 'r i5 dilfcrent as discuss'cd inuni

2, undcr Vapout Prcssurc-
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from 2fC when the broqn colour fades (indicating
combhation of NO, moleculcs to form ilrOn). -

(3) Combinatlon ofII, and I, to form HL It is
a reversible reaction as represented below :

Hz@) + 12 @) i------s' zIil (c\
(Colourless) (Purpte) (Colourlaa\)

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

(2) Decomposition ofNro. in a closed vessel.
The decomposition of N2O! in a closed vessel is a
reversible reaction as rcprescnted below;

NzOr G) i_ 2NO2 k)
(Colourlcss) (Reddish browo)

If H, and I, (say in equimolar ratio) are
enclosed in the colour is deep
purple in th e time passes, thi
intensiry of and thtn no'liu_
ther change in colour is observed. This again ind!
cates that the reaction has attained istate of
eq uilibrium.

(4) Reaction potas-
sium thiocyanate ersible
reaction and may c form
as follows :

j:]*.(oq)+rsgm- (aq) s--: lFe(scN)lr+ (aq)(Yellor) (Cotourless) (Deef rrd) ' "
The details of this reaction have been dis-

cussed later in Section 7.14.

cotrstant beciluse the colcentrations o[ H, , I, and
HI become_constant. Similarly, in the decomposi_
tron ol CaCO3 in a closed vessel at a particular
temperature, the amount ofCO, becomes constant
and in the dissociation of NrOo at a particular

dynamic traturr of
Haber,s proceis,

of N, and H, and
carryrng out the__reaction at a particular tempera-
l.ure, whca equilibrium is a .ained, tbe conc€Etra_

NrC)n is almost stable at 0"C arrd is almost
colourless. Thus if NrOn is taken in a g;lass bulb

i\.4ANoMETER

MANOMETER
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tions o[Nr, H2 and NH3 becomo con-stant as shown

in Fis. 7.6. I[ the experiment is repeated by taking

deutJrium (Dr) in place of H2 but with the same

amounts ald exactly similar condition's as before,

"qotiU.ir- 
is attained containing D, and ND, in

placo of H, and NH3 but in tho same amounts' Now

if thc two reaction mixtures are mixed, then after,

.li" ti-", it is found that the conceotrations of
ammonia and hydrogen are same exc€pt that now

all forms oi ammonia (i.e. NHr' NHrD'

is dynamic in nature.

FTGURE 7.5. Repr€senting the attainmPnt
oI equilibriun Iot the reaction

N2(9) + 3H2G)+ NH3(S)

Experiments to lllustrate ilynamic lature of

ough the solution
the process of

from the CUSO4

senlzining undissolved

su e dissolved sugar in tbe

;; eakei is tilted so as to

SATURATED
SUGAR SOL

UNDISSOLVEO
RADIOACTIVE
SUGAR

CRYSTAL OF
SULPHATE

CUS04SOL.

CuSOa DUST

zI
k
d,

z
o
o
(.)
d,

o

FIGURE 7.t. ExPenmentsl Proof oI
dYnamic equilibtium'

more clearlY :

does not stoP.
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7.45. Characteristics of Chemical Equi-
Iibrium. Some of the important characteristics of
chemical equilibrium are follows :

The. experiments sbowiDg the constancy of
pressure in tle evaporation of water ald decom_
position of calcium carbonate aad constancy ,;f
:91:our_ 9t equilibrium in the decomposition of
NrOo (already discussed in section 7.4.3-) prove the
above characteristic.

_ fhis is obvious because if aay product is al-
lowed to escape out e.g. CO, gas in'cise of decom_
position of CaCOr, the reaction will no loager
remaia reversible. A chemical equilibrium has a
meaDrng only tor a reversible reaction.

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

AgNO3 + KCI ......- agCI I +IOI{O3

Ha um
2

s__ 2NO, G)
(Rcddish broc,i)

Contains mostlv No"
(Reddlsh bro,;n) '

o

Noz
(R./di.h broDn)

Nron
(Colourlci6)

eiths
quifrbriam can be otmind lrom
t i-e,lrom lhe illrection o! the resc-

. _ To undcrstand this characteristic, let us recon-
sider the rcaction

\o. G)
(Crlourlcss)

Suppose two identical glass bulbs A and B are
filled with NO, gas at the same pressure. The bulb

whereas most of the molecules in bulb B have the
formula NOr. Now suppose both the bulbs are
placed in a 298 K. It is
observed th
whereas the t#:'Ji;
the reaction

BOILING WATER

WATER AT 298K

whereas the reaction taking place in bulb B is
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2 NO2
(Rcddishbrown)

Nzoo
(Colourless)

Similarly, reconsider the reaction

Ha@) + tz@) + 2HIG)
1c"r.rir"*) fPr.Prcl (colourlcss)

If 1 mole of H, and 1 mole of I, are taken in

bulb A at 500'C and 2 moles of HI are taken in an

identical bulb B at 500" C, the inteD'sity of colour in

bulb A decreases while th
and ultimatelY both hav

colour. This again Proves
be attained from either direction'

"(v't A cattbst ito6 not aUEt lltz state oI quitihrium

solution. Then we can saY :

Concentration of NaOH solution

= .r g in V litres

= 4 moles in V Iitres
4t)

('. N'lolar mass of NaOH : '10 
g mol-r)

This is the
solution,

a*I;nolesflitre
active mass of the given NaOH

The activc mass of a substance is rsually rep-

rcscnted by putting the formula oI the substance in
sqnare brackets, Thus in the above case, wc can

write

[NaOH] = aiV" (M stands for'Molar'

concentration i.e. moleVlitre)

Mathematical exprtsslon. Consider the reac-

A+B ' Products

According lo Law of Mass Action,

Rate at which A reacts ( [A]
Ratc at which B reacts c. [Bl

. . Rate at which A and B react together

c< [Al [B] = k [A] [B]
wherekis a constant ofproportionality and is called

'vebcilY constant' .

Again, consider the reaction

ZA + 38 --_--.--------+ products

It can be written as

A+A+B+B+B-Products
Rate at which Frst A reacts o [Al
Rate at which second A reacts d [Al
. . Rate at which A reacts c. [Al [Al = [A]2

Similarly rate at which B reacts

"t lBl [Bl [B] : tBl3

.'. Rate of reaction between A and B

c( [A], [Bl3

in a more general rvaY as follows :

The rale oIa rutclion ir ProPorlionulto lhe produrt
-r,t-. --ri,,. -...r, nftha reocrants, egch ra(ser/ lo

tion

attained quiclCY---
Actio n

e two Norwegian
aw concerning the
action on the con-
s law il known as

Law of Mass Action. It states as follows :
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reversible reaction in equilibrium. For example,
consider the general reversible reaction

A+B <== C+D
At equilibrium, suppose the active masses of

A, B, C and D are represented as tal, tnl, [C] and

IDlrespectively. App$ing the Law of MassAction,

Rate at which A and B react together i.e. Rate
of the forward reaction c( [Al [B]

: ki [A] [Bl
where'k; is a constant of proportionality and is

called velocity constant for the forward reaction.

Similarty, Rate at which C and D react
together i.e. Rate of the backward reaction

c( [c] [D]

= k6 [cl [Dl
where ki' represents the velocity co[stant for the

backward reaction.

At equilibrium,
Rate of forward reaction = Rate ofbackward

reaction

k/[A] [B] = e, [c] [Dl

tcltDl _ k/_ -"' lal [Bl -k,-^
At constant temperature, as k, and k, are

constant, therefore, k{k; = Kis also constant at

constant temperature and is ca.lled 'Equilibrium
constant'.

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

Again, consider the more general reversible
reaction

aA + bB +..... <- ,X +)Y+....
Applying the Law of Mass Action, as before,

we gct

Tlu product of the molot conc lrsti Ls of llE
products, earh raised to lha pover equal lo its
stoichiomplrb coeffteicnl dividtd hy the prod.acl oI
lhe molar concpnlralions oI lhc rcdclanlr, eqch
mised lo the power equtl to ils stoichirmelric coef-

fici.ent is coratunt ql consta lcmletolwe and is
caI&d Equilibrium constant.

It is customary to use K" for cquilibrium con-

stant expressed in tcrms of concentrations. Where
there is no doubt that K is in terms ofconcenlration,
c ls omittcd.

Concentration Quotient or Reaction Quotient
and Predicting the dlrcction ofr€actlorn.For the
reaalion

aA + bB <-------\ il+/{
or an! slage of ht redcliot , o,hsr tfun the stage oI
chemical equilibrium, concentrqti.on ratio given on
the L.H.S. oI eqn. (i) Lt called conrentralion
quotient ot rctetion qlotienl. It Ls wually repre-
smted by Qor Q. Thus

concentr*tion quotient, g, = 
IX' tnt
V|'IBIb

(i) IJ Q = K thg reaclion is in eqvilibrium

(ii) It Q > K, QwiA und to d*re6e so L\ la become
eq&l to K. As a raub, the reaction will proceed in
thz b ac ba'ord dir6t ion.

(iii) IJ 8 < K, I wiA bd b increase. A.s a resull,
lhe rea.clion wiU procce.l in tlu lorvard dirulfun.

Thz three coses rnu! be represenled diagra -
malicully osJolltws :

FIGUBE 7.11. Direction ofshift of r€action depending
upon the value of Q as compared with K.

lxl' IYP .... = K or IC
tAT IBID,..,

(,)

KO

O"K
Ra.don ln
aqu balrir

where K is equilibrium constant. It is constant at
canstant temperature.

The alove mathematical equation is called
the Law of Chemical Equilibrium. Expressed in
words. it may be dcfined as follows :
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For Gas-phase Reactions, (i.e. when the reac-

tants and the products are gaseous), the equi-
librium constant can be expressed either in terms
of concentrations in moles per litre or in terms of
the partial pressures of the reactants and the
products. If expressed in terrr^s of partial pressures,
it is denoted by Kp. Thus if A, B, X and Y are

gaseous in the above general reaction, we can write

pY:nRT or p= RT : CRT

rn
L" V:no'of moles/litre

= C (molar concentration)]
.'. For the gases A, B, X and Y, we may wril.e
pn = CnRf, p": C"Rf
px: CxU and py: C"RT

Putting these values in equation (ii), we get

KP:
(cx K), . (cY KX
(ca K),. (c" K)D

_ ci. ci (RT)x + v

ci. cB (RT)"*o

- 
Ci' C{' 

(RT)G+y) - (a + b)

co' c'"

: Iq. (RT)^"

where K" - 
ci dt 

accorcling to equation (i)' q.cg
and Ln= @+y)- (a+b)

: No. of moles of products.

No. of moles of reactants
: Change in the number of moles

Hence

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

Further, as a.lready mentioned in unit 1 and
unit 2,

l pascal, Pa = 1Nm-2 and l- bar = td Pa.

If pressure is expressed in bars,
R = 0' 0831 litre bar K- I mol- 1.

t7

V

wherep4, Pe, pxmdPy arethe partialpressures

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

T.TT Relallonshlp between Kp and Kc t:tttii#:iitl:i::i:i:i:::::.i;.:.:.:i:

Consider the general reversible reaction

sA+bB =-l xX+yY
If the equilibrium constant for this reaction is

expressed in terms of concentrations, $re may write

where C6, Cg , Cy and Cy represent the molar

concentrations of A, B, X and Y respectively.

If A, B, X and Y are gaseous, the equilibrium
constant for the above reaction may be expressecl
in terms of pressures as

*. = fil1#
Ci.C}

orsimplyas Kc = ft

"r:m

...(r)

...(,,

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

SOLUED EXAATPLE

Il,}(,\t\ll'|,[. l. At 700 K, thc, equilibium con-
st.ant Krfor lhe reactiort

xor@) -----s 2so2@) + or(c)

is 1.80 x ru-3 k Pa. Wat is the numeical t'ulue of
K" in moles per litre for this reaction at the same

lemperature ?

Solution. Here no .= 3 moles, n, : 2 moles

Ln:nO- flr:3-2:1mOle
Kp : 1'80 x 1o-3 kPa

1.80 pa = Stu,
1'80 x 10-s bar
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Using the
Ko=\

K.
Kc= Ef=

R = 0'083L Lbar K-1 mol-r
T :7OOK
relation5

Grr)^'
1.80 x 10-5 bar

0.0831 L bar K-r mol-r x 700 K
= 3 .09 x 10-7 mol L-l

18Pa
(8.314 JK-r mol-r) (700 K)

l'8 Nm-2
(8.314 Nm K-hol-t) (700 K)

(. Pa = Nm-2,J = Nm)

= 3 09 x 10-a mol m-3

=3 09 x 10-7 mol dm-3 or mol L-l

l. Kp tbr rhe reaction N2O1 (g) <=+ 2 NO2 G) is
0. I57 atm at n"C and 7 atm prqssure. Calculate
K for the reacti()n.

| ' . 6.J7 x lo-3 mol L-ll
2. For tbe reaction AG) + B (,r) <- C G) + O (g),

K" = 49 mol dm-3 at 127"C. CalvulateKp

I.\ns.l.5l x ld stml

Note, With respect to staqdard state pressure
o[ 1 bar, K, = 1 80 i.e. dimensionless. Similarly
uith rcspect to standard state cotrcentration of 1
mol L 1, I! = 3.09 x 10-7 i.e. dimensionless (as

discusscd later in sectionT.l2).

' EXAiIPLE 2.,, T Vj K, the equilibium con-
stqnt Kcfor the resction Nz G\ + 3 H, G) i-
2NH3 @) is 6.02 x l0-2 L2 mol-2. Calculqte the

value oJ Koat the some tempersilre.

Solution. L,nr= 2 - !, = - 2

\ = t<.(nr)o'

= 6-o2 x 10-2 L2 mol-2 (0.0821 L atm K-r
mol-r x 773 K)-2

= 1 .5 x 10-s atm-2

3. Find out the value of I(c for each of the lbllowing
equrlibria from the value of I!
(a) 2 NoCl (s) i-----j 2 No k) + cl2 G),

K, = l 8 x 10-2at500K
(6) CaCo3 (,') + cao (, + coz3),

KP = 167 at 1073 K.

[,!rs. (o) 4 33 x l0-. (r) I s?l

Alterna tively,

q=*=

l. bt = no - nr = 2 - t = t, x" = Krz 1Rt)&

-(o .157 atn)(o.0821L atm K--1 mol-r x3ooK)l

= 6.3? x 1o-3 mol L-t.

2. bt =nr-n,=2- 1= l,q = q (RT)&

= (49 rnot dm -3) (0.0E21 dIo3 atm K-1 mol -1

x noo r;1 = i.61 :'. lo3 atnt

3. (4') 
^,ts 

=3 - 2 = l, h = Iq(RT)
KD 18xlo-2u, \=Rf =O:-ffitT?sm

(R = 0.0831 bar titrc mol-, K-1)

=433x10-a
(6)&'r=1-0=1,

q= = o*rf],.r. = r'az
I(-
RT
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Law of chemical equllibrlum ln t rm ofo activities. Stricitly speaking, activities are uscd in Place of molalr

concentrations.

ActMty = ActMty coefficient x Molality (or molarity) i.e. 4 = v x m

For the reaction 4A + 68 t' cC+dD,we*rite \=ffi
Equilibrirrm coDstont in terms of mote fractions (Kt). Coosider the geoeral gasgous reaction

aA+ bB+cc+dD 
-r -d

If at equilibrium, the mole lractions of A, B, C and D arerA,rB,xc and.rn respecrively then K' = {$'fnfA

RelatioDship between K2 oDd Xr. C.onstdering the above geDeral gaseous reaction again, if P is the total

pressure of the reactioD mixture at eqrilibriufl], then partial Pressures ofA, B, C and D erill be

Pa,= xeP, Pa=xsP, PC=xcP, Po=xoP

nc^ nd^ r-r^ P)c. rx^ P)/ xc^ .A oc+tt
Apprying Law of chemical Equitibrium \ ='7ffi = #)\-;Ff = ffi ** = *, <n,*

where M = np_nt= G +d)_ (o +b).

, Ftom the relation L = I! (RT )&, ,"" may coDclude that

(4Ir^,, =0,Ke= \ (,t) If lr, = +w (i-e. no > n,), K, > K" (ni)IfAlr: -vc(Le.nrcn,),Ko<K"

lg.clll'llt1qlcjjLElgllEgm constant',

Some of the important characteristic's of
equilibrium constant are as follows : For example, if the above reaction is writtcn

(i) The value of lhe equilibrium corafldrrJ Ior 2 in lhc reversc manner i.e :rs

purtirular readion is alwals consttnl depcruling

only upon tho temryrulure of the rotaion and is
irulependent oJ thc conccntratior$ o! ltv resclanlt
rtith whieh we surt or thE ilireclionfromi,hich lhe
equihb rium ir upproathzd-

For example, for thc reaction bctween acolic
acid ancl ethyl alcohol at 2-5"C, the value of thc
cquilibrium constaut is found to be 4.0., i.c. for thc
rcaction

cH3cooH + qH{OH +
Acctic acid Elhyl

alcohol

cH3cooqHs + H2o
Ethyl acctalc watel

lcH3cooc2 Hsl [Hrol

cH3cooqH5 + H2o \-
cH3cooH + qH5oH

the value of the equilibrium constant will be

K'," =
lcH3cooHl [qH5 oHl

lcHlcooqHsl [H2o]

= 
| = l.= o 25url-s(Kcl

(iii) If ,he equqtion (having eqnihbrium cotutilanl
K) it tlieideil bf 2, the e4uitibium corutuntlor tlu
new equdi.oN is lhe squdlx rool al K (1.e. {K\.

Frrr examplc. if K is thc .(luilil)riunl (on..l.rnl

Kc at 25'C =
lcH3cooHl [qH5 oHl
4.0

for the reaction
N2 + 3H2 .-----\ 2NH3

then for the reaction

...(,

Pradeep's

A[}D TO' iu liKN@.. L:E,-@ E
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1a
;N2+;H' # uH, ...(,i)

the valuc of equilibrium constant, K' = y'K

It is obvious because

K= INH:12

tNrl tHzl3'

*,_._ [M:l _ r.p
INz]4 [nr]r2

(iv) If lhe eqati.on (luviag equitibium constanl
K) is muhiplied b! 2, th.c equidbrium consant lor
lhe neut equalion is lhp squsrc ol K (i.e., I().

It can hc sccn in a manner simrlar io tho abovc.

(v) f the e4udtian (huying cquitibrium conadd K)
is written in fin sle4t (hrwing cquilibiam constanl
K, urul K) thanKtxKl= K

f-r,r crumplc. considcr thc rcacti,rrr
N2 + 2O2 <- 2NO2

IN02l,
For rhis reaction, * = drl lti;F
Suppose the above reaction takes place in two

steps as

N2 + o, <--------\ 2No

2NO + C)2 <- 2NO,

For the lst step, *, - #%,
INO2l2

por rhe 2Dd step, K, = IftFlb;
.KxK2=dffi, ##

lNo,l'z

INrl [orl2 - ^
Iaccording to equation (i)l

The characteristics (ii) to (u) are summarized
in the Thble below.

[For reaction (i)l

[For reaction (ri)]

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

Wtlcn the equation is the neu equilibrium constant is

Reversed

Divided by 2

Multiplied by 2
DMded into 2 step6

1/K

raK

K2

K=Kr x&

(ri) Predi4tinn of the ext€nt ol reactjon. Thc
magnitude oJ the e4uiubium conslant giyes at idea
ol c rekfiive dmounts ol the readants snd thc

(g) Large value of the equilibrium constant
(> ld) shows that forward reaction isfavourerli.e.
concentration of products is much larger than that
ofthe reactants at equilibrium e.g. for the reactions

H, (g) + Br, G) .-=) zHBr (g)

L=5 4xtore
H, (8) + Cl, G) 

----------: 

ZHCIG),
KP=40x1dt

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

(b) Intermediate value of K (10-3 to 103)
shows that the concenl.rations of the reactants and
products are comparable e.g. for the reaction
Fet+ (aq) + SCN- (aq) <-.-. [Fe(SCN)lr+ (aa),

K" = 138 at 298 K
(c) Low value ofK (< 10-3) shows that back-

ward reaction is favoured r. s. concentratiou ofreac-
tanls is much larger than that of the products i.e.
the reaction proceeds to a very small ext ent e.g. for
the reaction

N2 G) + O, G) i------\ 2 No G),

Il = 4 8 x 10-3rat298 K
This shows that a1 equilibrium, the mixture

contains mainly N, and p, and very little of NO.
i

producls.
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(vii) Thc vahr d lhl eqz,l,ilibitnt corrsldn b nnt

affrteilby the aihlition oI a calalysl b tke ruulion.

This is because the catalyst increi.scs the

speed of the forward reaction and the backward
reaction to the same extent.
' ' ir_ai .rr icmDeralrjre on

The nunerical value of the equilibrium con-
stant for a particular reaction is colstant as long as

the temperature is kept consta . It is a well knourr
9S

;;
CI

activation for the forfrard and backward reairtioiis
are different, so a given hcroase i.n temper atur-e wiu
iucrease the rate of the forward and backward
reactions to different edents. In other words, the
values of the velocity constants for forward and

backward reactions i-e. kl ardk6 will change dif-

ferently with a given rise or fall in temperaturc.
hrrther since K = k/kt,therefore, the value of the

endothermic reaction increases (t, increases more

than t5) and that of an exothermic reaction

decreases (k, increases more il!i" k/ with rise in

teEDerature. For reactions having zero heat of
reaition, temperature has no effect on the value of
K.

Quattitatively, the effect of teEPerature on
the equilibrium constaot is given by van't HofI
equntlon, viz.

dlnK, _ AH.
-A- - RT2

where AH' is the standard enthalpy change of the

reactioE or in the lDtcgrrtcd form, it may be written
as (assuming AH' to be constant in the temperatu re

range T1 to T,
, (&), aH' (r, - r' )be6i;=rmt [-In ]

where (Ko)1 : equilibrium constant at

temperature Tt

(S)z : equilibrium constant at

tempcrature T2

R : gas constant

7.10. Iypes ol Chen

I'here are two types ofchemical eqrrilibria.
fhrse are

(i) Homogcneous Equilibria :

Wn in an aquinbriam reactiolr, aU tlv rcsctunk
ani! tlle prodws an present in lhe sdrrv 1tfuxe (i.e.

Eascout or Equid), it is culld a homogeneous
equilibrium.

Exanrples of the rsactions in the gaseous

1,hase are :

Tlpe I : rn which the number of m<rles of
ptuducts is cqual to the number of moles of rcactanlti

}j.z+ l7 + zt{l
N"+Oz <.- 2NO

CCI + HzO i-- COz + Hz

[pe U : m which the number oI moles
pruducts is not equol to the number of moles
reacaorrts

. ^ 2NH3

=----i 
2SO3

' PCI, + CL\-
2NO.

Two common examples of the reactions in the

liquid phase arc

CH3COOH + CTHsOH \-=
cH3cooqHs + HzO

Fe3+(aq)+(SCN) -(aq) <- [Fe(SCN)]2+ (aq)

(ii) Heterogeneous Equilibria :

When in an equilibriumreacliory lhe rdrck nls ond

lht produt$ are presenl in ttPo or nnre than two
phiros, it is caM a heterogeneous equilibrlum.

A ferv common examples are as follows :

CaC{\ (s) $ Cao (s) + Co2 G)

3Fc (s) + 4HrO (g) ' - r FerO. (s) + 4H, G)

C (.r) + Hro (8) + Co W) + H2 (s)

oI
oI

N2 + 3H2

2soz + 02

. PCls

\or

Water gas
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7.'11. Writing Expression tor Equilibrium

In Hiting
coostant, the most i
in mind is that /re
constsnti
is prcsent
is also consldnt. In eilh* case, h)e pul their active
mass equal to I (because their coostant values are
includedriltg.the equilibrium constaat) t.e. we put

. [Pure sotidl = 1, lPure liquid] = r.
Ti" o^o, why molar concenhalion of a pure

solid or a pwe liquidis taken qs constant is explained
below :

Molar coocentration of a substance means
moles L-l of the substance which is obtained by
dividing the amount of the substa-nce in moles by
the volume of the substance in litres

(lri) For the reaction
NrOr G) .- 2NO2 G)

1 = lNo, G)l' . = 
do,

' [NzOr k)l ' 'a 
hroo

(iv) For the reaction
PCl5 G) i- PC\G) + A2@)

IPC\ k) tct, (s)l

IPCI5 G)I

Pta., x Pa,

Pecr.

(v) For the reaction
Fe3+ (d{)+(sCN)- (aq) 

=-r[Fe(SCN)12+ 
(a4)

* : _lle-lD'.&d.l_
' [..,' {aa)] [(SCN)- (aq)]

(vi) For the reaction
cH3cooHo+ qHs OH O . -

cH3cooq H5 o + HrO (/)

Here no Iiquid is present in excess, hence

,, [cH3cooqH5l lHrol
^ 

: 
tc)rtr'orort{ IqHp[{l

(uii) For the reaction
NH, (c4) + HrO (4 <_+

NHo+ (aq) + OH-(aq)

K= lNHl+ (a{)f loH- (aq)l

[NH, (aq)l [Hro Ol
As H2O is present h excess (being the sol_

vent) therefore by convention, [HrO] is constant
and put equal to 1. Hence we write

K= lNHr* (oq)l toH- (aq)l

INH: (aq)l

(B) For Heterogeneous Equllibrla
(i) For the reaction
CaCO. (s)'ir CaO (s) + CO2 G)
Applying the law of chemical equilibriqr, we

K= [cao (s)l [coz G)l
[CaCO, (s) |

q=

s=

. But by convention, we put ICaO (s)l = t and
[CaCO, (s)] = I

i.e. Molar conc. =
Moles of the substance

Volume of the substance
Converting moles hto mass, we cau unite
Molar conc.

Mass of the substance/tlolecular nass
Volurne of the subctancc

_ Mass of the substaace
Volume of the subEtanci

Molecular mass of the substarce
Density of the substance

Molecular mass of the substance
As density of a particular pure substance at a

particular temperature is coDstant (being an inten-
sive propetty depending ooly on the nature of the
substance and not on the amount) a.nd molecular
mass of the substance is also constatrt, therefore,
molar concentration is constant.

A few exmples are given below :

(A) For Homogeneous Equilibrium
(i) For the reaction
H2@) + 12@ -- zril (8)

K" = __lEI3)r_, KP _

(r'i) For tbe reaction
N2G)+ 3H2G) <- 2NHrG)

pht

P\ " P\ have

lM: G)l'?
pfrx,

K"=
IN, G)I tH, G)P

,s
Px x fa,
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Hence K = [CO, G)l

Since the concentration of a gas is usually

expressed ia terms of partial pressures, hence we

better write Y1= pco,

This explains why pressure of CO, becomes

constant when equilibrium is attained in the

decomposition of CaCO, in a closed vessel.

(ii) For the reaction

3Fe (s) + 4[LO G) + FerOa (s) + 4H2 G)

Applying the law of chemical equilibrium, we

have

-- [Fe, on (s)] [H, @)f
^' - [Fe (r)P tH,o G)]1

But by convention, we put [Fe3O4 (s)] = land

[Fe (s)] = 1

lH, (s)ln
Hence K = lHpGil?

or in terms of presr*"*, 5 = |fl'
P*ro

Thking the 4th root of both 0 e sides

P n"
K,, = p*o

(ni) For the equilibrium
HzO(0 : HzOG)

.. [Hzo G)]
,." = tHp (/I

But by convention, we Put [HrO (/)l = 1

Hence 4 = [HrO G)l

or in terms ofPressures, - PHzo (s)

This explains why vapour pressure ofwater is

constatrt at constant temPerature

(iv) For the reaction

Cu(s) + 2fu+ (aq) # C'l2+ (qq)+zAs (s)

* - ICu2+ (aa)l [Ag (s)l'z

' lcu ts)l lAe* @q\12

By convention, Ptltting [Ag (s)l = r,
and [Cu (s)] = 1, we have

- - lCu2+ (aq)'l
^' - 1or* lrnr;'

7.'l2. Unirs ol Equilibrium Constant ,rii:,,,i:i:j.i.iit :;:i::i','-i:.: ::

For the general reaction

aA+bB # rX +yY

k - txf IYI: - tmot t-- I 
l'l'"

= (mol L-1)(r+))-(a+6) = (mol L-r)^'r

,, f* P\ (atm)'+l -- lbar)'a/Kr= foq=Gtn,f'-? 
or 

i5;d.'r-6

= (atm or bar)(r+/)-(a+b) = (atm)& or (bar)&

Evidently if &r = 0 i.e. number of moles of
products = number of moles of rcactants, \ or

K, will have no units.

For example, in case of reactions

Hz G) + Iz G) s--------r 2HI k)

or N, G) + 02 G) . ---' 2 NO (S)

I! or K, will have no units (as n, = n,i.e. Ln = 0)

For the reaction
N, G) + 3 H, G) <----\ 2 NH3 G),

as Nt=2-(L+3)= -z
K" has the units (mol L-t1-z and K, has the

units atm-z or bar-2
Similarly, for the reaction

PCL G) i""'' PCls G) + cl2 G)'

asAn = 2 - 1= I

K" has the units mol L-l and \ has the units

atm or bar.

Why \ or K, are taken as dimensionl€ss ?

Now a days, activities are used h place of molar
concentrations or pressures. These reprcsen[ con-

centration-s or pressures with respect a standard

state concentraiion (c6) of l mot L-1 or standard

state pressure (po) of 1bar. Thus a pressure of5 bar

with respect to a standard state pressure of 1 bar
means jbar/l bar = 5, a dimensionless quantity.
Similarly, a concentration of 0 5 mot L-r with
respect to standard state of 1 mol L-1 mcans 0 5

mol L-ll1 mol L-l : () 5, again a dimensionless
quantity, Hence Kc or K, are dimensionless.

However, the magnitude of the equilibrium
constalt will depend upon the sta-odard state

chosen.
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equiribrium ro

the concentration ol an equilibrium mixntrc at 29g K
are N2O4 = 4.50 x l0-2 mote/litre and NO,
=.1-61 x 10-2 molellitre. Wat is rhe volue of equi_libium constant ?

lNorl'
INro+]

. Thking concentrations with respect to stand_
ard state conceqtration of I mol L-1, w" h;;--

.. (1.61x to-2\2r\=?50;ln_i- s'76xlo-3

Equilibrium constant K = t
kb

2.38 x 10-a= c,5 , ,o= = z'qz

Solution. K:

Solution.

lo_lC!&n. The reactioa betweeu H, and I,
may be represented as

H2+ 12 . - 2H.1

Amounts of Hr, I, and HI at equilibrium are
given to be

H, = 0.45 mole, I, : 0.39 mole

and HI = 3.0 mole
Suppose the volume of the vessel (i. e. reaction

mixture) = V litres.
Then the molar concentrations at equilibrium

will be

tH,l= Y,r,,l = Y
and [HIl = $ noteVlitre

t._ lHrlz _ (!.0/v\2

(3.0|2
= o+s , o-3, = sl:r

, t.\ \\ll,i I J.Tivo moles of pclswerc heated
to 327'C in a closed two litre vessel and when equi_libiunt wqs achieved, pcls was found to be ab%
dissociated into pch and C!2. Calculale the equi-
libium constonts Kpand K"Ior this reaction.

S_olution pCl, dissociates as

pcl, i- pcl3 + Cl,
Initial anount of pCI, : 2 moles (Givez)

7o age dissociation at equilibrium : .l{)%
.. PCl, dissociated ar equilibrium

= q/700 x2= 0.8mole

-. .'. Amounts of pCIr, pCl, and Cl, at equi-
librium will be

PCl, = 2 -0.8= 1.2mole

PCl, = 96-o1"
Ct = 0'8 mole

[ .. 1 mole of pCl, on dissociation gives

1 mole of pCl, and I mole of Clrl

. Since the volumeofthe vessel is2litres, there-
lore, l.he molar concentrations at equilibrium wilJ
be

lPclsl = *= o.6nort-t

tPcl3l =T=0.4molL-l
and fcLl = 9j= o.4mol;--r2'

_ |pply,ng tne law of chemical equilibrium to
the dissociation equilibrium, we get

,. [PCI3] [Chl 0.4 x (].4

"" - - tPal.l =1" = 0'267

K, = r! (m)&
Here An:no_ nt=2_l=7
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s= K"(Rr)

But T = 327 + 273 = 600 K (Given)

R : 0.0821 litre atmosphere/degee/mole

.. \ -- o%1 x 0.0821 x 600 = 13'15

, l, \ \\ll'1.1. 5, For the reaction, x =

Solution. The reaction is

ffi+rHr61 .- 2NH3G)

Wc arc given that at equilibrium

Px' = 0 80 atmosPhere

Pnu:040atmosPhere

Par+ Pu, * PxHr = 2'80 atmosPhere

''' Pxu3 = 280-(o8o + o4o)

: 1'.60 atmospheres'

Aoolvinu the law of chemical equilibrium' we

get (u-liiiig prissures with resPect to standard statc

pressure of 1 atm)

.. Pir, _ (I.60)2 
= SO.OK, = 4I" E = oao ire:aY - "" "

. l .\ t\ l l'l 1 . 6 0.1 mole ol PClr is vapoised' in

a litre vessel at 260oC Calculate the concentration o{

Ciri 
"q"iti\;"^, 

i1 the equilibiutfl constant Ior the

dis sociation ol PCltis 0'0414'

$plullo". Suppose the concentration of Clt at

equilibrium isx moles/litre. Then we will have

PCls + PCl3 + clz

Initial conc. 0.1molo 0 0

Conc. at eqm. (0.1-r) x x

(moles/litre)
Applying the law of chemical equilibrium, we

get

.. lPcl3l lclrl..c 
IPCLI

Here K" = 0'0414 (Given)

xxx... 0.0414 = (o_1_r)

0'1-x
f+ 0'0414; - o'00414 = o

or

or

2_
b !!b2-4ac 1

[Usin8 
the formula * = 

--i- 
)

- -0 0414 * y'6 mr-+-oT656-
-2

- o'M14 + 0 0182b
-2

-0 0414t 0 135=z
= 0 0468 mol L-r

(The negative value olx is meaningless and

hence is reiected)

Thus the concentralion o[ Cl, al equlibrium

L-t .

ErhYl acetate (unestet) is [ormed
etlianol snd acetic qcid lccord'

itl,oto tlrc reaclion

cH3cooH (t\ + cflsoH (/) +
1H3COOCS{s(l) + HrO (t)

(d) Starling with I 00

0' 180 mol of ethanol ot 29j
fiue is found to contain 0 l
Caladate lhe cquilibium constanl'

Solution. (a)

cH3cooH + ql{5oH <- C}{3COOC2IJ{ +HzO

Inirial 1.00 mol 0 180 mol

nt eqm-

l-0.171 0180-0 1'1-7 O'l'71mol 0171 mol

= 0.829moI =0 009 mol

Molar coD(s.
o-829N 0.009 / 0'1'11N 0 171nl

ICHICOOCTH5l lH2ol
^. - lcHrcooHllqHjoHl

_ (0.171/V\ (0.171/v) _ 1.e2- (o'sze/v) (o'Ng/v)

-0.0414 l V16 o+l+12 -ax t tr1-!'m111
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(r) CHiCOOH+CzHsOH : CH3COOqH5+H2O

Initial I 000 n)ot 0.-500 mot
At eqn).

l-r1.214 0.500_0.214 0 2I4 mot (J Zt4 mot
= ().786 mol = 0.286 mot
Reaction quotienr (ec)

, I \ \4,,,' t,r.AB2dissocidtcs qs

ABr(s) i- AB (g + B (d.

.If the initiql prcssure is 500 mm of Hg and. the
tt,tal prcssut? qt equilihium is 700 mri oiHg cat-
cUtote KpJor the feaction.

, Sr!+igl Afrer dissociarion. suppose rhe
decrcase rn the pressure ofAB, at equilibrium isp
mm. Then

= 0.204

As Q" - K", equilibrium has not beon attained.
\ll'1.1. s. Tlre quilibium (onstunt ut

27tJ

Cu (s) + 2 Ag+ (aq) <::

und,thc ..(utccntration ofAg+ ions is J.U x l0 -q ntol
L- 1. ls this system ot equitibiunr ?

,., Solrrti-on. Applying the law of chemical r:qui_
lrhrtum to the given roactjon, we have

srG) <- ABG) + Bk)
Initial pressure 500 mm
Pressures (5fi)-p) mrn
at eqm.

00
2mm pmm

By convention, putting [Ag (s)l = 1

and [cu (s)l = 1,

* _ lCur+ (cq) I

lAe* @dlz
. . With respect to stan-dard stale conccntration

or I mol L ', we put [Cuzrl = l.g x l0-2
and [Ag+l = 3.9 y 1g-r

. . Solution. 
-With refere_nce to the standard

state pressure of 1 bat i.e. 7ff pa,

Ko= Pcor- 
2 5xo1(FPa

2.5 x l(f pa
= --Tm;- = o.rt

.. Totalpressure ar cquilibrium
= 500 -p + p + p = 500 +i, mm

500+p= 700 (Given) or p = 200mm
Hence at equilibrium

pas, = 500 - 2ff) = 3ff) mm,

2o, = 200 mm, Zs = 200 mm

K, = 
Po! tr& 

- 2oo-x-2oo 
= r33.J mm' Peo2 300

. , , 
*r1". Yf^I..nect to stan(lcrd stare pressure

oI I hilr t.s. l).987 atm t.c. 750 mm,
.- 133.3
rre = l5d_ = t). r7E.

t'qurntolurnttnure ofpCl,ond. Clrbe pluced at 250,C
in^otderto ohtain pclsqt I atm ? (K;for tlissociation
olPClr= 1 761.

,-.!l]tt!U, Suppose partial pressure of pCl, at
equilibrium = p atm
Then partial pressure of CI2 at equilibrium = p atm
Purtial pressure of pCl, ar equilibrium = I atm
For dissociation of pCl5 

,

PCI.r \_ PCls + cl2

Pect, \ po,
KP = 1.78 =

Pto5
P xp
-1 =P'

K:

p={T'78=1.33atm
Total pressure = prc,r+ prc,r* pgt,

= 1+ 1.33 + 1.33
= 3 .66 atm

0.21.4/V\ (o.2t4/v
(0.786/Y) (0.236/V)

C\2+ (aq\l lAs (silz
[cu(s)l [Ag+ (a4)1,
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f'lx,\i!lt'I-lt lz.At 448'C, the equilibium con-

stant (K) for the rcactton

H2@) + IzG) i- zHI (8)

is 50 5. Predict the dircclion itt which the reuclion will

p,i""od to ,"o"h 
"quilibium 

at 448'C' if we staft witlt
'2.0 x 10-2 mol if HI, 1 0 x 10-2 mol of H2and

3'0 x l0-z mol o[ l2in a 2'0 L atntuirvt'

Solution. The initial concentrations are

E i= z-9+1! -' 
'ol 

L-l = t 0 x 10-2 molL-1

1ur1 =1 if!-' "rolL-1 
- 0 5 x l0-2molL-1

ILI = 1-9+9] 
"rol 

L-1 = 1 s x 10-2 mol L-l

IHII,
Reaction uotient,U= 

tr,;11rt
(1"0 x l0-z)2

= (o;, lo=x(r-'lr5 = ' '
Since Q < K, the reaction will proceedin tht

fo.war<t direction'to attain equilibrium so that O

becomes equal to K

atmosPheic Pres'

stue is 0 2. Calculate the pressure at which it will be

half (50%t) dissociated at the same temPerod're'

Solution. Suppose a is the degree ofdissocia-

tion, then
PCls <------s PCls + cl2

Initial conc. l mole 0 0

At. eqm. l-a d a

. . Total number of moles at equilibrium

=l-czt('+a =l+q
If P is the total pressure at equilibrium' then

partial Pressures will be

P*,r=fi;P' o..,r= Y'n'or=fiP

When dissociation is 50%t, i'e G = 0 5' sup-

pose total Pressure is P'. Then

o.o4t7 =#d,y xY' =ffi"e'
or P' = 0 125 atm

' Detemine
CO, be in

2'5 rolCOat 1

Feo (s) + co G) ----s Fe (s) + Co'(g)'
K'=5 o

lC().I lcorlK.=ffi i.e. s=rs,loa
or [Cozl =5 x2'5\10-z

= 12 5 x 10-2 mol L-l
At a certain temPerqfitte and a

Pa, iodine voPour contain 40Vt''

utoms F2G) = 2l (dl Cllcu-

fi.2\z
KP= l:fiF x t =ffi=o o+rz

Solution.

Initiat 10 bar

AteqE. 10 -P

(N.C.E.R.T,)

-, Solution. Partial pressure of I atoms

4 xrrPPa=o 4x105Pa
100

QxrotP,' Partial Pressure ot lz (plr) = fOO

=060xldPa

2HBr(g) +HrG)+Brr@)'
r<=C6i,tr,

late Krfor the eluilibium'

plz Plz

Pto..x Pcr,
, Kr= pr%

('fo') '(,fo!
(i#")

-2
- --Y- p
- l-q2"

W€ are givetr that at P : 1 atm, a = 0 2' Hence

1.6 x 1d
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Thking square root of both sides, we get

P7
,Od-pt=4xtd

or 4x702p=2(7O-p)
or 4O2 p = 26

20ot p = m= 4.,)8 x l0-2 bar

Hence at equilibrium
Ptr= Ptu,l = P/2 = 2'5 x 10-2 bar,

Pru,=1b-P=l0bar
t. At j 12Z K dnd t atm pressurc,o of CO anct COrin equilibium witi

solid.cqrbon has 90.5SVo CO bymass in the rcaction
C (s) + Co, (g) <-\ 2 CO (g)

Calculqte K" for this reoction at the above
tetnperature. N.C.E.R.T)

. If total mass of the nixture of COand g, then

CO = 90.55 g and CO, : 190_90.t5 : g.45 
e

.'. Number of moles of CC) = gO.55lZA : 3.134
Number of moles of COz : g.45144 : O.Zt5

. 3.234
' ' Pco = iajiTd7ia x I arm = 0. 938 arm

0.2r5
Pcor= l$laf,gj x I arm = 0.062 arm

-2_v vco (0 938)r\.=-- = 14,19.r Pco2 0'062

Ntr=2-l=l
Kp = \(m)

o.K=Kr- l4'lg- ^.- nr =brsrrrli, : o rs3.

N, and of NH3 at cqui-

- 1':n" (n) o.ro mor L-rl
t. How mu to a one litre vessel

at 25f C in order to obtain a concentrahon of 0.1
mole of.chlorine ? Equilibrium coostaDt ior tbe
orssoqataon of pCI5 al 25OC is 0.04 I 4.

CalqJlate the amounts of HI, H2 and 12 at equi-
librium.

lArIs. I = 1.6 oolo E, = tL2 Dole I2 = 0j molel
I0. For the reactioD

cD O)+2 Ag+ (aq) ,:_ cu2+ 1a4;+u ag 1"y

CO G) + r ,/ 2 O" r!,) -------_r co2 G)
Given rhat the-partial pressures ar equilibflum in a
ve.sscl at 3O0O K are

Pco = 0.4 atm.p.o 0.6 atm arld p02= 0.2 atm

[ 1.|. K, = 3.354, X. = 52.641
3. 1.5 moles of PCls are heated at constant tempera_

ture.in a closed vessel of 4 litrc capacity. Ar theeguilibrium poiDr, pct5 is 35% diisociared into
PCIJ and Cl2. Calculate rhe cquiltbrium constant.

4, The equilibrium corn*rn,on ,o, ,n" ,'"J ,oun ruJ"
PCl3 + Clz i- pCIs
0.20 0.10 ' 

0.40 motes./litre
Whal will be lhe equiltbrium concentratton o[PClj on adding 0.10 mole o[ Cl2 at the same

- I,L)" 0 45 rnol L-ll5. cid and I molc oferhyl alcohol
action proceeds to equilibdum,
of acetic acid and water are
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, rl..al (-l r i.,-!
fill in rhc blanks in the following tablc for rhc three
solutions at equilibriun)

Solurion ICuz+1aq, [AS+(ag)] K,4itre mttl I

/nlol lit-l /mol lit-l
1 (a) l.o x lo-e 2.0 x lo15

2 20 x 1o-7 l.c x 10-11 (b)

3 2.0 x lo-z (c) 2.0 x lols

I \ri. (a) = 2.0 x 10-3 mol lit-l (D)=2oxrot5

(c) = 3.t6 x 1o-e mol lit-li
11. WheD PCl5 is heatcd rn a closed vcsselat 575 K,lbe

tolal pressure at equilibrium rs found to be 1 alnr
and partiai pressure of Cl2 is fourrd 1o thc 0 324

alm. Calculate the equilibrium constaot (Kp) for

the dec{mposition rcactiou. [.rns.0 29t1

12. In lhe dissociaiion of Hl, 20% HI is dissociatcd at
equilibrium at a certain terirperaturc. Calculate
Kp for the reaction

HI(s) <- lnr@*!rr@1.
[,\t'\ Kp=K.=01251

13, A reaction mixture containing N2 at 0 50 atnl.

ll2 at 3 0 atm and NI{3 at 0 50 atnl is heated lo

450'C. tn which direclion lhc rcaclion
N2 G)+3H2 G) .- 2 NI'I3 G) will go ir

K, is 4.28 x 10-5 ? [ \,r. Ilrclo,vard direction]

14. Reaction betweeo nitrogen and oxygeD takes placc
as follows :

2N2tg) + o2@) + 2N2O G)
If a mixturc of 0 482 mol ol N2 nd 0 933 nrol of

02 is placed m a reaction vesselofvolume 10 Land

allowed to form N2O at a temperature fbr whlch

K. = 2 0 x 10-37. Deternine the oomposition of

the equilibrium mixture . (N.C.E.R.r.)

|.\rs. IN2l=0.04t2 mol L-r, lO2l=0 0933 mol l,-r,

INrOl = 6 6 x l0-21 mol L-ll
15. Nitric oxide reacts with bromine and gives nitrosyl

bromide as per reactioo Siven below:
2 No (g) + Br2 G) + zNoBr(8)

When 0 087 rDolof NO and 0 0.13? molofBr2are

mixed in a closed contaioer at constant lempertr-
ture, 0 0518 mol of NOBr is obtained ar equi-

librium. Calculate equilibrium amount of [rtri{)
oxrde and bromue. (N.C.E.R.T.)

i ir l,iJ C.]N rD

16. Onc molc ol tl2O rnd one nrole of CO arc tlkell
io a 10 litro vesscl and heated nt 725 K. Al equi-
librium 40 per cent ofwater (by mass) reacts with
CO according fo lhc cquatior')

H2O (9) + co (s) 

- 
ltz 0{) + coz (()

Calculate lhc equilibrium conslant for the reaclion.

[.\n\ 0 4441

17. At ?00 K, equilibrium coDstant fbr the reaction

llz(9+tzg) + 2I{I(8)is5a 8. Ifo 5nrol

L-l of HI G) is present at equilibriuul at 700 K,
what are the cencentrutions of lI2 G) aDd I2 G)
assuming that wc lnitially started wilh Hl (8) and
allowed it to reach equilibriunr at 700 K.

(N.C.E.R.T) [ r,r,i [H2l = [I2l = 0 068 mol L-ll
lll. 'lle equilibrium consiaot for the reaction

CH3COOH + qHjOH <-\
CH3COoC2FI5 + Hzo

is 4 0 at 25"C. C-alculate the weiSht ot ethylacetatc
that will be obtained when 120 g oL acetic acid arc
reacted with 928ofalcohol. [.\ll3 f17'048]

t9. A sample of pure PCI-5 was introduce.l into an

evacuated vessel at 473 K A-ftcr equil,brium wils
attaiDed, concentration of PCl5 was fouDd to bc

0 5 x l0-l n,]olL-l.lfvalueofI(cis8 3 x 10-3,

what are the concentrations of PCl3 aDd Cl, at

equrhbrium ? (N.C.E.R. r)
I.\Ds lPcl3l = [Cl2] = 0.02 nlol L-ll

20. Bromine Donochloride (BrCl) dcconlPoscs into
bronrine and chlorine and attaiEs the equilibriunl

2 BrCl l") ----------\ Br. (c) . Cl. {(l
tor which Kc = 32 at 500 K. If inilially pure BrCl is

prcsent at a conceDtratiorr of 3 30 x 10-3 nlol

L-1, what is its rDolar coDcentration in thc nll\ture
at equilibrium ? (N.C.L.ll.'t )

[ \'r\ 3.tl x t0-a mol l, r]

21. [-or the reacrion CHa g, + 2 IIzS Q{) <-
62 (g) + 4 H2 (s), a[ 1173 K, the magoitude of the

equihbrium constant, Kc rs 3 6. For the iollo\tring

conpositioD, decidewhether reactioD mixture is at
equilihrium. If i! is not, dccide to whioh direction.
the reaction should go

[CHo] = 1 67 14, 1s2sl = 1 20 M'

lcs2l = 0.90 M, [Hr] = 1 78 M. N.C.E.R.T)
['\rls Backward directionlIAns. NO = 0.0352 mol, Br2 = 0 0178 rnol]
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FOR DIFFICULT PROtsLEMS
H2 +lz i- 2Ht

42.85

42.857-V mq1s5 1- 1

0.525 0.525

o.5xt4 0.525/4

Initial Imole lmole
At. eq. 1B mole 16 mote
Molar tB V 1BV
coD(s.

(mot L-t)

2B mole mote
zBV 2RV

3H2

Moles at eqm : 6.34 4.Oz

Molar @n(s..: 6.34N 4.U2ly

,, A2.a5 / V\2\c = l6l-4G-:bTt = 70 042

2. co * *o, i- co
At. eqm.0.4 atm O.2atm O.6arm

- Pa" 0.6

'>= ,."r4= t. ^ff7^
= 3,354

K, = I! (RT)& or K" = $ z (RT;&

= 3 354 / (0.0821 x 30Nt1- t/2 = 52.64

Initial motes 1.5

at.esm.(r.s-#,,r)
= I 5---0.525

=0 975

Molar concs. 0.97514

clz

v _(o.525/g@.525/4\'\--l[gB7ry-=o ozt

+ q= of{fr-=zo
New inirialconc. of Cl2 = 0.10 + O.l0

= 0 .20 mol L-r
New initialcoDcs. of pcl3 and pcl5 remain thesame
Supposing -r mole of pcl3 reacls, the new equF
librium concs. wi be [pcl3] = 0.20 _ r,
[Cl2] = o 20 - j and lpctsl = 0.,t0 + x

Putting the vatues iD rq= di$,
iD.to:r(o:i6=, = 20

or (0 40 +r) = 20 (0.04 +r2 _ 0.40x)
or 2Ol- 9r+0.40=0

o,*-'t=Elf,i
y t y'ET:ZT)olT:r o-,- -------2-x-Zn- = 40

7. z NU, ,_____. N2

Initial I mole
Al. eqm- (1-{).2) mole 0.1 mote 0.30 mole

= 0.8 mole
Note that 2molesof NH3 dissociate to form 1 mole
ofN2 and 3 motes of H2.

t. pctj 
-+ 

pCI3 +
Initial a mole

K"=#tr^#ffi=o
For the revease reaction

cH3CooqH5 + H2o i- cH3cooH+qHsOH
IDitial I mole 3 moles
At. eqm. (l -.r) (3 _ r) x x

.ir
i] -r(3- = 

4

or ai=l+3-4x
or 3l+4r-3=0
^. , -4!/-t6;4xf;-i.._----_-zrT-

= 0.535 motc
.. Ester present at eqm. = l__O,535

= 0.465 mole
6. Suppose-we sta( with I n]ole of HI and.r is the

oegrce ol d,ssocialion. Then at equilibrium,
lHIl = (1 -j)A4 tHrl -, / 2v.

[I2l = x./ 2V moles per lirre.

Put thevalues in the equation

ti=
aDd calqJlate r.

tHrl [Izl-IHII-

= 0 4 or 0.05 (0.{ is impossible because'r c,tnnot
De greater than 0.2)

I{eoc€ [PCls] = 0.40 + 0.05 - 0.45 mor L-r
5. cg1cooH + qHsoH ==clr3cooqHs + H2o

At.egm. (a--{.1) 0. I 0.1 mot L-I
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lPchl [cl2]
K. _ __TPeiJ_

o l x01Le. 0 0414 =;=T;f.
This gives a =0 3415mole

9. Supplse I moles of Hz are formed at eqm Then

concs. at equilibrium will be

llltll = (2 - 2 r) / 10, [Hr] =r / 10

and Uzl =r/ 10 moles,4itre

11. PCl5 + PCl3 + cl2

At eqm., Poz - Ppo, = 0 32,4 atm- Hence

Peos= 1 - (O 321 + o 3U) = o 352 arrn

,, Pror'Pa:. _o.32o ro 32o 
= 0.298atm

\ =-7pc,, 0 352

12' HI + l.r, * l',
IDitial I mole

At. eqm. 1-0 20 0 10 mole

= 0 80 mole

On soMng, this givesr = 6 6 x 10-20

- [NzO]=01,=6 6 x 10-21 molL-l

15. 0 0518 mol of NOBr is fornled from 0 05'18 mol

of NO and 0 05182 = 0 0259 mol of Br2'

.. At equilibrium,

Amountof No = 0.08? - 0 0518 = 0 0352mol

AmouDt ofBr2 = 0 0437-0 0259 = 0 0178 mol'

16. At equilibrium,

tHrol = 1-#lg mol L-r = o o6 mol L-l

[COl = 0 06 mol t--l'

lUrl = S mor L-l = 0 04 mol L-1'

[COr] = 0 04 mol L-l

*=ffi=frffffi=oooo
11.2Ftt(9 + Hz G) + 12 (8), K = U54 8

At equilibrium, [HIl =0 5 mol.L-1'

IHrl=tlzl=rmolL-r

K=6+=fito*"'l'
ThisSivesx = 0 068

1t. Initially, cH3co6H = s nrs1 = 2nrot

crHroH =!|mol =2mor

At equilibrium ICH3COOHI = (2 - r)n/ mol L-l

lqHsOHl = Q' - x) / Y molL-1'

lCH3COOqH5l = [Hro] = t/V mol L-l

K= X*xr= 4(Given).
12 - x)'

This givesx = 1 33 mol
. . Mass of ethYl acetate = 1 33 x 88

= 111 o4E

(Molar mass of CH3COOQH5 = 88 g n:ol-1;

19. Similar to Problem.lT'

20' 2 Brcl G) <----\ Br2 GI) + cl2 g)

Initial 3 30 x 10-3 molL-l

At eqm. (3 30 x 1o-3 -l) xD xD

(x/2\U/2\v = ----)----------' = 32 (Given).'c 
(3 30 x l0-r -r)'

0.10 mole

K"=

Ke=q=0125
13. Concertration quotient (Q)

r,2r H3 (0.50)2=ffi=";7'=o*'
As Kp < < Q, reactionwillSo iD the back'vard direc-

tion.

14. 2N2G) + o2G) + 2N2o (8)

lDitial 0 482 mol 0 933 mol

At eqm. O'482-I o'933-xn x

o 482 -x O933-x'2 x
Molar conc. 

-- -m-- 
l0

As K = 2 0 x 10-37 is very small' this means.that

,i" urouot ot l'1, nod 02 reacted ('t) is veryiery

small. Hence at equilibrium, we have

[N2l = 0 0482 mol L-1'

lo2l =0 0933molL-r,1XrO1 =O t'

= o. t25,

- z.o x to-31 (Giten)

Iq=
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, = ll 32(3.30 x '10-3 -r)
ot 12 32x = 11 32x3.30x 10-3

or x=30x10-3

*

-=JZ

4 (3.30 x l0-r -r)

2 (3.30 x 10-3 -.q
= \/fr

=5 66

A system in equilibrium is affected by the
following factors :

(1) Change of concetrtration of any reactant
or product

(2) Change of temperature of the system

(3) Change ofpressure on the system
(4) Addition of catalyst

(5) Addition of some inert gas.

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

EtTect of adaltng Catalyst on the cqulllbrlum.
It may be summed up as follows :

Tle dn&ioi DI 0 @,&;u ifu tut nitur, itv
qailibrisn Eifiiw@, it ,r/ps h tlu aa*iwr** o!
qdhbrlurt quicr,b.

For example, the following equilibrium exists :

zHzG) + OzG) i- zH2O (B)

But this equilibrium is never attained under

value of the equilibrium constatrt at 298 K is found
to be same i.e. 1.2 x tff (which is quite large)
irrespective of the speed at which the equilibrium
is attained. This is obviously due to the fait th"t the
addition of catalpt increases the speeds of the
forward reaction arrd the backward reaction to the
same extent.

.. At eqrD.

lBrcll = (3.30 x lo-3 - 3 0 x 10-3)

= 0 30 x 1o-3 = 3.0 x 10-a n:ol L-l

,,. o. =,!T']J,T4:- o 2e' tr lg)1 =s.ao-c 
[cH4l lHrslz 1.07 x (l 20)'

tu Q" , I(", equilibriunt will go in the backward

direction.

EIIect of adding atr lE€rt gas to a rractlon
mixturc in equilibrlum, Corsider the dissociation
equilibrium

PCr5 G) <- PCl3 G) + Cl' G)
Applying the law of chemical equfibrium, we

get

.. [PCr3] lctrl..8 
tPct"l

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

(b) II the reaction takerplace at constant pres-
surc, addition ofthe inert gas will increase tho total
volume. Hence at equilibrium, the molar con-
centration of each of the reactatrts and products
will decrease. Since there are two concentration
term-s in the numerator and only one in the
denominator, therefore I! should decrease. But
K., is constant at Constant temperature. Hence to
keep K" constant, either [PClrl should decrease or
[PClr] and [Clrl should increase. This can happen
only if more of PCl, dissociates to give pCl, and
Cl". Hence the dissociation increases with the addi-
tion of an inei gas.

To sum up :

Note. .In case of gaseous reactions of Tlpe I,
as no = n,i.e. there is no change in the numbir oi

?
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moles, tlerefore there isno effect ofaddingan inert
gas on the state of equilibrium.

7.14. Le Chatelier's Principle :i 
':i 

r'r::r:i :i; 
': 

:r':i:i ::ii:: r::r':i: I ::: 

' 
::r:::

The elfect of concsntration, temperature
and pressure on a

predicted with the
proposedby a Frenc
After his name, this
Chatelier's principle. It statqs as follows :

Fe3+ (aq) + F- (oq) + FeF?+ ktq)
Fc3+ (aq) + 2F- (uq)- FcFr+ (arl)

Thus the conccntration ol Fc3+ ions

decreases. The intensity of the colour of the solu-
tion is found to decrease indicating that the cqui-
librium shifts backward.

The effect ofchangc ofconcentration can als<r

be predicted by comparing thc reaction quotienL
witi the equilibriurn constant. Lct us a considcr the
general rcaction

A+B <-------\ C+D

K- = -l!UP] ...(,.-c 
lAl IBI

Suppose conccntration of the reactant [Al or

[Bl is inireased, so that now we writc Q" in place of

Kc

o- = l9l:lP-l ...(,,)vc 
IAI tBl

As [Al or [Bl has been incrcased, Q" will

become less than K". In order that cquilibrium is

re-estublished, O" witl tend to hcrease till it be-

comes equal to K". This can happen only if [Al ancl

lBl tlecrease aod lCl and lDl incrcase i.e. equi-
iibiium will shift in thc forward direction. Similarly,
it can be seen that the effect of rcmoval of product

tcl or [D] shifts the equilibrium in tbe lbrward
diriction. This has a great signihcance in the in-
dustrial processes because i[ the product is
reovered iide by side, the equilibrium will shift in
the tbrward direction to form rnore product. Thc
removal of product is especially easy if it is a gas.

For example,
(i) in the manufacture of NH. by Haber's

proccss, NH, gas is liquehed and hcnce removed

side by side tiom thc reaction mixture.

(li) In the manufacture of quick lime (Cao),
by clecomposition of CaCO3, thc gaseous CO,

which is one of the products is allowed to escape.

Looking at eqn. (ii), it may be noticed that
continuous removal of the product kceps the value
rrf (). Iess than K.. As a rcsult, the rcaction con-

tinucs to move in the forward direct ion

Some examples from everyday life. If in a

system in couilibrium, the
part is disturbed. it no I

Iibrium and rcadiusts its

Let us now discuss the effect of the various

factors one by one.

(t) EIIect of cbange of conc€ntration. Con-

sider the general reaction
A+B <- C+D

I[to this reaction in equilibrium, more ofA or
B is added, then accordirg to Le Chatelier's prin-
ciple, the effect will be to decrease the concentra-
tions of A zurd B . This is possible only if more of A
and B react to form C and D, i.e. the equilibrium
shifts in the forward direction' Similarly, the effect

of adding more of C and D to the reaction in
cquilibrium will be to shift the equilibrium in the

backward direction.
The effect of change of concentratiol on a reac-

tion in equilibrium can be very easily seen in the

laboratory with the help of the following reaction

Fe3- (a4) + (scN)- (aq): [Fe(SCN)2+l (aq)
(fate yeitoorl (Crlourl..ss) (Rcddish broq'r)

i.e. if to the solution ofa ferric salt e.g. ferric nitrate
of sulPhocYanide
less) is added, a

due to the forma-
tion offerric sulphocyanide complex ion. Now if to

t solution or Potas-
s added, the colour
showing the forma-

NaF mav bc added to the reaction mixture lt com-

bioes wiih thc ferric ions as follows :
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tablish the cquilihrium. This is illustrated with the
frrllorving cxamples :

(i) Ckthes dry rytickcr wlvn tlrcre is q breeze or
xc keelt ol shokitg it. This is because watcr vapour
ofthe nearby air are renroved and cloth loses more
watcr vapour to re-establish equilibrium with the
surrounding air.

(ii) llb swcat nlore on a huntid dq! but it
der the fan. Morc swe.ating
srrrrounding air has large
and our skiu cannot losc

more to it. The fan removes the humid air and
evaporation starts from the skin.

(iii) Tiqnspoft of otygen by h.oemoglobin in
bhxttl. Orygen breathed in combines with the
hacmoglobin in the lungs according to the equi-
libriunr

Hb(s)+ orG) + Hbor(s)
When it reaches the tissues, the pressure of

the equilibrium,
Whe[ it returns

gen is high, more

(iv) Rentoval of CO, fiont tissues bv bktod.
The equilibrium is

co, G) + HzO (4 s I HrCO, (aq)

. - n+ @q) + HCo, (aq)

As partial pressure of CO, is high in thc tis-
sues, CO, dissolves in the blood. In the lungs, as
partial pressurc of CO, is low, it is released lrom
the blood.

(v) Tooth decayby slrseh. Our teeth are coated
with an enamel of an insoluble substance known as
hvdrorypatite, Ca. (POo). (OH). It exists in equi-
librium with its ions as follows :-

Deftineralisation
Ca. (Poo), (oH) (s) --

R€annemlisation

5 ca2+ + 3po:- + oH-
The forward reaction involving dissocation is

callcd demineralization and the backward reaction
involving tbrrnation is called remineralization. If we
do not brush our teeth after eiiting sweets, the sugar
gets lcrmertcd or the tceth to produce H+ ions
rvhich combine with tbe OH- ions shifting the
equilibrium in the forward directiou therebyiaus_
iug tooth decay.

Thus in general,

Il in a rcaAion in cquihbium, lhe conccntralion of
an! rcadad & increcsed, the equilibrium shi.Jts in
thc larwad dirqtion. On the otlrcr hund, d lhc
concent rlion ofun! producl it increused, the equi-
libium shilts in the buckward diretrion. The
revene happens dthe concentration\ are decreusc(I.

(2) Efiect of change of temperature. The
change 

-of temperature alters the itate of equi-
librium for only those reactions in *.hich eithcr hcar
is evolvcd (cxothermic) or hcat is absorbccl (en-
dothermic). In fact. every such rcaction is ma,Je ufr
ol trvo opposing reactions. lf thc lorward rcaction
is exothermic, the backward reaction will bc en-
dothermic and vice-versa,

(i) Consider thc exothcrmic rcuction
N2 G)+3H2 G) 3 zrvH, (r). AH = 92.4k.I

or it may be witten as

exo
N, @)+3H, (C) <=- 2NH, (q)+e2..1 1.1

endo

Obviously, the forward rcaction is exothcr,nic
whercas thc backward rcaction is cnclothcrnric
Now, i[ the temperature is increascd i.r, Irrr:L i.
supplied to the systcm, thcn according trr I_r
('hatelicr's principle. thc cquililrriunr rviii rrr;r r .

thc side that absorhs hcat l.r,. in lhr. h.rckrval tlir.i
tion. Similarly, decrcasc in lcmpL.raturc rrlil .lrrrr
thc equilibrium in the forwlrLl ,.lircttirrn.

(ii) .Again, consider thc cndothermic r cirction
N2 k)+o2 G) -- 2NO (q), AH= + 180.7 k.r

or it may be written as

cndo
N, G) + o, (Jt) + 180.7 k.t s_ 2 NO k)

Ob\.iously, herc the fonvard reaction is cn-
dothermic whcreas thq backtvard roaction is cx-
othermic. Arguing as beforc, thc incroase ol
temperaturc rvill favrrur the [orward reaction whilc
thc decrease ol temperar,ure \vill lavour the back-
ward reaction. Thus in gencral,

:tr:il;;
(3) Effect of change of pressure, This fuctor

has u.signiliclrnt role to pluy only in r.asc ol guscous
rcuctions .rnd thosc loo which procecd with r
change in thc number o[ moles.

(i) Consider the dissociation oI NrO, into
NO-;



Pradeep's
7130

Nro4G) +
1 molc

2NO, G)
2 moles

Here, the forward reaction occurs with in-
crease in sumber of moles. Therefore, the back-
ward reaction must Proceed with decrease in
number ofmoles.Ifnow the pressure onthe systcm

combination of NO, molecules to produce NrOo

i.e. suppresses the dissociation of NrOo into NO2.

ConverselY,
decreased, the eq
direction which is
number of moles. In other words, decrease in pres-

sure favours the dissociation of NrOn i.nto NO2 i.€ ,

increases the dissociation of NrOo.

(ii) Now, consider another gaseous reaction
involvrng formation of ammonia.

NrG)+3H2G) +2NH3G)
Suppose the reaction mixture is enclosed in a

Now suppose the reaction mixture is com-
pressed to half the volune @g. 7.12) i.e. pressure

reaction quotient is

N, G) + 3H, G) <-
1 mole 3 molcs

4 moles

place i.e., in tavour of formation of ammonia. Thus,
'higher 

the pressure, the better would be the yield

of ammonia.

If,
system
that dir
moles occurs i.e., in the backward direction' In
other words, a decrease in pressure will favour the

dissociation of NH, hto N2 and H2.

(iii) Lastly, coosider the following equilibrium
reaction involving tbe formation of hydrogen

iodide.

2M:G)
2 molcs

H, (g) + I, (g) a.l
1 mole 1 mole

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

Thus Q" is tess than K,. To re-establish the

equilibrium Q"will increase till it becomes equal to

\. This can happen only if [NHrl increases and

[N2l and [Hrl decrease i.e. equilibrium will shift in

the forward direction.

For example, for the reaction

C(s)+ork) cl zcoG)'

'""*.it" a"=ffii1
ElIect ofchange in volume. If the volume of a

gaseous reaction is decreased, the pressure exerted
6v the molecules will increase Thus the effect of

{2 tr',{HJ}'
Q"=

{2 tNrl} {2 tHrl}3

1 [NH3l2 t --
=?1N,1 1H7=;r'"

zHr (g)
2 molcs

to Le Chatelier's principle, pressure will have no

effect on this equilibrium. In general,
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GASES AT EOUILIBRIUM AFTER COMPRESSION-
DISTURBED EOUILIBRIUM

o =N2
@ =Hz

Q =Hr.

EOUILIBRIUM
RE-ESTAELISHED

w-ould be thc yield of ammonia. Usually a pressure
of 350 atmospheres is employed.

_. (iii) Effea ol Concmtration. According to Le
Chatelier's principle, an increase in the conientra_
tion ofreactants (N2 and Hr) would shift the equi-
librium in that direction in which the reactarts are
consumed i.e., in the forward direction. In other
words, formation of NH, would be favoured.

(i) Effect ol Tempemrure. The forward reac_
tion resulting in the formation of NO is endother-

. (ii) Efrect oI tuessure. In this equilibrium reac_
tion, no change in nunrber of moies takes place
since one mole of N, combines with one mdle of
02 to produce 2 moles ofNO. Hence pressure has
no effect on this equilibriuo reaction.

. (ii) Effeuof Conceatralion. Ahigfcancentra_
tion of N, and O, will favour thc formition ofnitric
odde.

715. Applications ol Le Chatelier,s principle 
i,;+-r.r:

(A) To Chemical Equilibrla, Le should be continuously
Chatelier's principle is very useful in predicting the so that oquilibrium shiftsconditions of temperature, pressure and -con-

centration to get higher yields in certain industrial
reactions. A few examples ue given below :

l. Formation ofAmmonia (Eabefs proccss).
The chemical equilibrium takiag place in this
process rs

N2 G)+3H2 G)F- 2NH3 G), AH =-92.4t:r NrG)+o2G) .-2NoG), AH = +180.7kJ

m state. Therefore,
make the process
rature of 750 K is
the leld of NHr, of

course, is less than that at a lower temperature. But
from indusrry poi.ot of view, it is rathei advisible to
get a poorer yie.ld than to waste time unnecessarily.

Fhely divided iron
achieve the equilibrium r
(promoter) is used to incr
catalyst.

(ii) ffict ol pressure. It has already been dis-
cussed above that higher the pressure, gr€ater
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3. Formatirrn of Sulphur Thioxide (Contact

Process). The equilibrirrm rcaction involving the

oxidation of sulphur clioxicle to srtlyhur trioxide
may tre representetl as :

2soz k) +()2 G) <------r 2So3 G) + 193'2 k'I

(i) EfJ'ert oJ' TLmperttttu'e. The forward reac-

tion lcacling trt thc formation of SO, being exother-

rnic is lavourecl by lrlrv tempcrature in accordance

rvith thr: L,e Clhatclier's principlc. Usually an op-

t i rn tr rn temperatu re ol 6'73 - 12-\ Kis used' Further,

Iinoll clil'icied platinum or vanadium pentoxide

(V2 i)s) is useci as a catalyst to attain the equi-

libtium state rapidlY.

(ii) Elfect of Prcssure' The forward reaction

lovouii.,g [-he foimation of So, takes place with

dccrcasc in number tlf moles' If pressure on the

systcm is increased, the volume will clecrease cor-

rLspondingly. Hcnce, the total number of moles per

tunii voluml-rvill now be morc than before' Thcre-

lbre, accorcling to Lc Chatclior's principle, equi-

litrrium will shift in that clirection in which decreasc

in number crl rnolcs occurs i.c. in the forward direc-

tion. Therelo rc,lhe Jonnation oJ' SO ris J'avowed 14'

Itigh pre,rxre. Usually, a pressure of 1'5 to 1'7 at-

rn<lsphere serves the Purposc.
(iii) Effect o|Concenlratiott' Highcr. the con-

ccnLrition of SO, and 02, greator lvould be the

yiclcl ol SOr.

4. Brlsch Process lilr the Manulacture of
Hydrogen. In this pr()cess, H, is produced fiom

water gas and stcan according to thc following

equilibrium reaction:
H,k) +Cote) +H2ok) = ^

---.-v-- Steanr

(iii) Efl'ect of Concentrafiort. Formation oI

CO, and Hl is favoured by high conccntration of

water gas as well as steam'
S

princ a

asto c

LeC e

discussed below :

( i ) I ce -Water E q u i I Dlun-'{e]tluCtrUqg*

More volume Less Volume

The change of ice into water is an endother-
mic (a heat absorbing), reversible process' Thc

reaction involves dccrease in volume i'c' whon icc

melts into water, volume cleclcascs. Hence accord-

ing to Lc Chatelier's PrinciPlc,
(a) On increasing the pressrtre on this system

in equifibrium, the eguilibrium tends to shift in a

tlireition in which volume docrcases i'e' eqtri-

librium shifts to the right. Thus increasing pressure

l'avours change of icc into water i'c. n.rore of ice

melts.

(b) into water is an

ondothcr in temPerature

tends to I,he right, i.e' on

increa.sin e ice melts into

watcr.
(ii) Water'Vapour equilibrium -Vaporisa-

tion of water

\lhtcr * HeaL <-^ Water vaPour
Less volttnte Morc volunte

Thc change of water to rvater vapour is a
reversible endothermic (heat absorbing) process'

The reaction involves increase in volume i'e' whcrl

water vaporises into rvater vapour, 
"'olumc 

in-

creases. H"nc" according to Le Chatelier's prin-
ciple,

(a) On increasing the pressure on this system

in cquiiibrium, the equilibrium tends to shift in a

direition in which the volume decreases i'e' eqtli-

librium shitts towards condensirtion of watcr

vapour into water. In other words, the increase in

p.tt.t.tt" favours the condensation of water vapoul'

into u'ater and clccreasing prossure favottrs

vaporisation of rvater into water vapour'

(b

vapour
tcmPer
on incr
into watet vapour.

Water gas

,2Hr(8) + Coz G),; AH : + 42'0 k'l

3 nroles

(i) Effcct of Tbnryerurure' The fr-rrward reac-

tion Ueirig enclothermic is favoured by high

tcmperatuie. Ustrally a tcmperatur e of' 67 3-7 23 K
is used.

(ii) Efl'ect of Pre,ssure. Since thcre is no change

in tlrgtota"Lno.[',.. of moles in this revsrsible reac-

tion,l.zz.r.stirz llus rut eJJ'cct ot this equilibrium reac-

Lion.

3 nroles

-e
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(iii) Solubility of Substances. Certain salts
like solve with the absorp-
tion The solubility of suih
salts in temperature.

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

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

sure is
piston,
refore,
means

that.increase of pressure increases the solubility of
gas in liquids while decrease in pressure lowers it.
For example, an aerated soda water bottle like
Campa, Thums up etc., on opening bubbles out
dissolved carbon dioxide as pre.su.Jis decreased.

::l;:::::::r::::i:::::::::::::ii::::::::::::::j:ii;i:l::il:::l:::j:::::i::i:ri.i:::::::::::::::::rr:r::j::;:::::::j

A,P " :' , ::K,'N,.0W,L,EIDI@,.E I
iiri:i:l: L van't I{off equation is

dlnK, 
- AIl"7r- - *7

Assuming aH' to be coDstal)t over a smatl temperature range, integration of the above equation gives

10,,ry=l*B,,
)

on. I a-r
= -"--J ,"

or lnKr:-#*,
where I is constant of integration. Thus a plot of ln K, versus 1/T gives a straight lirre with slope
= - AI{',2 R.

ii:;i:'i 2. From the van't Hoff equation,

(r) rf 
^H

, _Kz AH /Tz-Tr)
,oB Rr Z:30tR t-rtj, 

we may conclude that

= 0 r.e. no heat is evolved or absorbed in the rea tion,
log (K2lKt) : 0

K2/\ 1

IQ=Kr
i.e. equilibium. conttant does not change wilh tem.perature

0i) IfAH = *ve i.e. heat is absorbed in rhe reaction, then
log (I!,2K,1 = +ve

or log K, > log K,

or I(2, Kr.

i-e. equilibtium conytant increayes with increase in temperahtre.
(rrr) If AH : -ve i.e. heat is evotued in the reaction, log (K,zK,; = _vs
i.e. log Iq < log K, or & . Kl
i.e- equilibrium constont d.ecrcarcs with increase in tenpraate.

i.e.

or
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C'o N ue-str..iQna
i , I::::t :::ll::ll;i i:::l:ilitiiii:::::i::::::ll::::::l::li!lit::::ilii:i::::::::iii::il::ili::i:i::::::i

Q. L some sugar is addetl into a saturated solution of sugar in a beaker- what process/processes if any, do you

' expect tJhappen with the passage of time? yghat is this state called ?

Ans. Ttro proceses namely dissolution and precipitation will continue to take place at equal rates. It is called a state

of equilibrium.

1j - Why gas fizzes out when soda water bottle is opened ?

Ans. The amount of the gas dissolved is very high due to high pressure' On opening the bottle, the pressure tends

to decrease to atmospheric pressure. Sb th1 solubility decreases i'e' the dissolved gas escapes out'

e. -r, Reaction between acetic acid and ethyl alcohol attains a state of equilibrium in an open vessel but
- 

decomposition of CaCO, does nol T[h]?

Ans. Acetic acid and ethyl alcohol are liquirls and their produ_cts ethJl acetate and water are also liquids but one of

the products of Oecomposition of iCO, is gaseous (COr) which escapes out and the reverse reaction cannot

occur.

e. 4. At equilibrium, the mass of each of the r.eactants and pr.oducG remains constatrL Does it mean that the

reaction has stoPPed ? ExPlain.

Ans. No, the reaction does not stop. It continues to take place in the fonuard as wall as backrrard directions but at

equal sPeeds.

Q.5.Whathappenstoareversiblereactlonifocatalystisarldedtoit?
Ans. The state of equilibrium is not disturbed but is attained quickly because both the rate of forward and backward

reaction increase to the same extent.

Q. 6. The value of equilibrlum constant depends on what ? (B'I'T Ranchi 1990)

Ans. The value of equilibrium constant depends upon (i) nature of the reaction (ii) temperature'

e. 7. A cylinder litted witn an air tight piston contains a small aDount of a liquirl at a fixed temperature' The
- 

piston is moved out so that the volume increases'

(a) \ilhatwitl be the effect on the change ofvapour pressure initially ?

(D) Hor witl the ratcs of evaporation and condensation change initially ?

(c) \ilhat will happen when equilibrium is restored flnally anil what will be the hnal vapour pressrrre ?

(N.c.D.R.T')

Ans. (a) Initially the vapour pressure will decrease'

(b) The ra Dritant temprature in a ctosed vessel. (discussed in unit 2 under

,apour pr tion will d6crease because there are fewer molecules per unit

volume in r of collisions per unit time with the liquid surface decreases.

(c) when equilibrium is restored, rate of evaporation = rate of condensation- The final vapour pressure will

be same as it was originallY.

Q. ti. write expressions for the equiltbrium constant K for each of the followlng reactions :

(r) 2Nocl (g) + 2 No (s) + cl2 G)

(ii) Narcor(s) + so3 @ +*o, G) + Narso.(s) + co2 (s)

(rr0 PbI2 (s) + aq <--r Pb2+ @q) + 2t- (aq)

lNo (s)12 lclz G)l
Ans. (i)K= ,r

lNocl G)'

(N.C.D.R.T')

[NqSoo (8)l ICo2 G)] lcoz G)l Pcoz

1N,pq 1r;1 tsoz G)l lo,itglr/z

,,,0 * = IlElffi{tti#tr = rpb2+ @s)nt- (aqf

(,,) K
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' The concentrotio[ quotie[t ofa reversible reoction is Q, and the equilibrium constant is K. Wh{t do yon
conclrde if (i)Q=K (irQ>K (rir)Q<K.

Ans. Refer 10 page 7/11.
1-r i i' Jf concentrfltiotrs are expressed in moles L- | and pressures in otmospheres, whflt is the ratio of Kp to Kc

for the reaction 2SO2G)+02Gt) $ 2SOr@)at2fC?
Ans. Ara = ftp - nr= - 1.

Hence Kp=K6(RT)-l ot Kp/Kc= 1,/IrT=0rE;;2e8 =0.0a
i.) I i, The eqlilibriuh constsnt for thc reactioDs

Nz + ()2 

--r 

2N0 and 2 NO + 02 -- 2NO2

are K, nnd K, respectiiely, then what rvill bc the equilihrium constart for the rcaction

N2 + 2O2 <-------r 2NO2 ?

Ans, For the required reaction, K = Kt , &.
(J I I For the rcaction N2 G)+-r H2 G) : 2 NII] G), ar 400 K, Kp = 41. FiDd t}e vrhrc o[Kp for ench ofthe

follording resctio[s at the snme temperature :

(r2NH3G) <- N2G)+3rr2G) (ii) ; N, G) + ] u, rsy .=,. NH,et
(iri) 2 N2 G) + 6 H2 G) + 4 NIt3 G) w.c.E.R.T.l

t-
Ans. (i) Ke = 41 (x) tAT (iii) {a I )r.

(l I-1 What doqs the eqrilibrium constart K < I indicate ?

A[s, Thc reaction does Dot procecd n]uch in the forward direction.
Q l'l For an exothermic reaction, what happehs to thc equilibrium constant iftempernture is increased ?

Ans. K = kl / kt.ln exothernlic reactlon, with iocrease of ten'rperarure li6 iocreases much nrore than lil. Hencc K
decreases.

(.) I 5. Writc exprcssions for K, nnd K. for the retrction CaCO3 (r) i:. CuO (x) + CO2 G),

Ans. K" = lrtr*ffig, lirkint acrivc masscs of solids as uniry, q = lco, E)1. sjmi tady Kp = pcoz.

(J 
1 (,. The equiliDrium constart expression for a Eas rcaction i"*- - 

lNHsl'lorls. --. 
lNol{ l1l2ol5

Write the bnlonced chemical equation corresponding to this expres-sion. (N.C.E.R.T.l
Ans. 4 NO (q) + 6 H2O G) 

-) 
,l NH3 G)rs 02 E)

(l lT Whflthappers to theequilihrium pcls (f) -.= pcl3 G) + Ct2 G), if nitrogen gns is added to it (i) at
constaDt voluhe (ri) at constaDt press re ? Give rensons.

Ans. (i) Tho state of equrlibriu nl rentains unalfectect
(ii) Dissocation increases (r'.e. equilibrium sbifLs tbrward) For reasoD, refer ro thc text (page 727).l'' ls TI. .quilibrium constant ofa reaction is 2 x 10-3at2SoCanrl2 x l0-2 at 50"C.Is tle reaction exothernric
or endothermic ?

Ans' ds equilibrium constaDt has increased\,Jith ten]perature, the reactro[l ts endothern]ic(in the.fon\ard direction).(.) l" What two chnnges on the equilihrium Nr@)+3H2G) _ 2Ntf3G), All =_92.4U.
coD keep its strte urdisturbed ?

Alls' Increase o_f tenlperature alontwith suitable rncrcase of pressure or increase of pressLrre alongwith surtablc
increase of tcmperature.
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Q.2t). some pnocesses ane given helop, what happens to the process if it sulriectcd to o changc given ln the

brackets ?

M. P(
(i) Ice 

-> 

rulhtet (Pressure is increased)

(ii) Dissolrtion ofNaOH in wat r (fernperature is increosed)

(ir4 N2 G) + 02 G) + 2 No G) - lto 7 kJ (Pressure is increosed and temperotrr€ is dccreased)'

Ars. (i) Equilibrium willshlft in the forward drrectloD t'e. morc of ic€ will melt.

(ii) Solubilrty will decrease because it is an exothermrc process.

(ili) pressure has no effect. Decrease of teotperature will shift the equilibrium in the backward direction.

Q : I Explaitr why pure liquids ond sotids are ignored whilc writing the equilihrium colstant exPression.
(N.C.E.R.T)

\o of mol€s Mass/nrol nrass
Ans. IPure liqurd]or IPure solrdl = ffi;;i t- = --fiffi

Asdensiryorapurerio,,..,;,:ffi;,I,ll,,,T.,iln=.,llffH,atureandmolecularmassisarsocoosranr,
thersforc their molar conggntraticDs arc constant and included into the equilibrium constant.

e 22- Whot q nlitative ihformation cnn you obtein from thc msgritude ofequilibrium constoEt ? (N.C.E,R.T)

Ans, (i) Largc value of equilibrium constant (> 103) shows that foruard reaction is favoured t.a coDcentration of
produots is much larger than that of the reactants at equilibrium.

(ii) lnterDediate value of K (t0-3 to 103) shows that the co[centration of thc reaotants and products are

comparable.

(iii) Low value of K (< 10 - 3) shows that backward reaction is favoured ia crmcentration of reactants is much

larger lhan thal of the Products-

Q. l-1. The following reactiotr hos attained equilibrium

CO (g) + 2fl2f;) + CH3OII G), AH' = - 92 0 LJ uol-r
Whot will happ€tr if (i) Volume of the reaction vessel is sudde[ly rcduced to half?

(ii) the portiol pr€ssure ofhydrcgetr Ls sudderly douhled ?

(iii) an ltrert gas is added to tbe system ? (N.C.E.R.T)

tcH,oHl Por.oH
\= p*i4

(i) when volume of the vesselis reduced to half, the conoentration ofeach reactantor Product becomes double
'llus

2 tcH.oHl
o"= rrcorxffi;F=;K'

As Qc < Kc, equillbrium will shift in the forward direction, producing more of CII3OH to make Qc = Kc'

Por.ox - 1(i0 op = pco x 1z p:H,f = 4 Ko.

Agaio Qp < Kp, equilibrium will shift ln the forward directioo to nlake Qp = Kp.

(iii) As volunrp remains constant, ntolar conceltrations will not chaDge. Hence there is no effect on the state

of equilibrium.
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Q l'l which oftbe following will be affected by increase of pressure ? Also mention whetherthe chflDge1rill cause
the reaction to go into right or left direction ?
(, cu4 (a) + 2 s2 G) -== CS2 G) + 2 rr2s G)
(ii) co2(9 + c G) i=----r 2 co (s)

(iii) 4 NHj G)+s 02 G) s:= 4 NO (t)+6 H2O G)
(iv1 c2Ha@) + lr2 G) \-\ C2li6 (g)

(N.C.E.R.T)

ADs. N l except (i) will bc affccted by presswe (Fot (i) np = n. = 3,
ln (ii), n, = l, np = Z i.e. tp > nr equilibrium will go to left.

lD (iii), nt = 9, np = l0 ia ,rp > ,,, cquilibrium will go ro teft.

ln (iv), n, = 2, n, = 1 L e. n p < h /. egutltbrlunt will go ro right.

Q 25 Hydrogen gos is obtoined fmm nfltnral gos by portial oxidation wiih stecm occordiDg to thc tbllowing
cndothermic reaction

CIt4 G) + Hzo G) + Co G) + -r H2 (3)

(@) Write lr expression for K, for the above reaction,

(rr) I{orv will thc value of Ko and composition of the cquilibrium mixhtre bc offected }y
(i) increasing the pressure ?

(ii) increflsing the tetnpemture ?

(iii) using a catalysl ?
tN.C.E.R.T)

Pco x P3y-
Ans. (a)xp =FA,l.r.r

(r) (i) By Le Chatetier,s principtc, equitibriuDr willshifr in rh€ backward direcrioD.
0'l) By Le Chatelier,s principle, cquitibrium willshifi in the backward directiorl
( l) Equiiibriunr conrpositioD wilr not be distu rbed bu t equirib.unr will be ar raincd quickry.

Q 2(r The following system is in cquilibriuh
so2cl2 + Heat i_ SO2 + Cl2 ,

Whllt rvill h.PpeD to the temp€rnture ofthc syst€m ifsome Clz is odded into it at corstant volume ? (; iYe reasorl

Ans.'ltn)pcrature of the slsteD will increase bc€use on adding cl2, equilibriuDwillsbift iD the backwit rct direction
producing more heat.

(.). 27. ln which one of the follorying reactionln thc )ield of thc prcdoct wi be maximum ?

2A+B + c,K= 10-5

c +2D <- E,K= los

D +38 \_J F,K=ld
r\ns' Higher lhc value olcquilihrium conslant K, greater is the yield ofproducts. Henceyield ofE will bc nranimunr.

Q lS Thc e(tuililriu. H2o (4 s ---\ H2o (r/) is athitred ir a cro.ed contailer ot 40oc. The aqueous reDsio[ of
watcr ltt 40o C is 23 mm. What is Kp for the sai.l equilihrium ?

Ans. Kp = pH2o = 23 ntnl
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, ,Llyg hg rt Angwer Quegliong cAhnlua'i :hrlARK

Q.l.Whichmeastrrablepropertybecomesconstantinwnter
temperature ?

Ans. Vapour Pressure.

Q. 2. Give one exnmple of everytlay life in which there is gas <- solution equilibrium'

furs. soda-water bottle.

Q. 3. Unrler whnt condition, a reversible Process becomes irreversible ?

Ans. If one of the products (gaseous) is allowecl to escape out (i.a. in open vessel)

Q.4. What happens if ferric snlt is added to the equilibrium of the reaction between [e3* and SCN- ions ?

Ans. Red colour deePens.

Q. 5. Wrat is the effect on the value of equilibrium constant on adding cntalyst ?

Ans. No effect.

Q. 6. Write the expression for equilibrium constant K, for the reaction

3 Fe (.s) +4 uzO G) + IerOn (s)+4 u2 G)

Ans. K, = pHr/ pH,o.

Q. 7. What is ttre effect of increasing Pressure on the equilibrium

N, + 3lI, a--.---l 2NII3 ?

Ans. EquilibriuDt will shift in the forward clirection fornriug more of ammonia'

Q. lt, lurat are the conditions for getting maximttm yield of NfIr by Haber's process ?

Ans. lligh cot]centratiol'ls of N, and H2, low tenlperaturc, high pressure'

e.9. If the equilibrium constant lor a reaction is 4'0, whut will be the equilihrium constant for the rcverse

reaction.

Ans. 1/4 =0'25.
e. 10. lvhat happens to the dissociation ofPCl, in a closed vessel ifhelium gas is introduced into it nt the same

temperature ?

Ans. No etf'ect.

5,-h,,o,,r,t,,fi n e w I r Q u.9 st \?,n,?,,,, 
c An nvt xc 2' o r 3 

"M 
AR KS

\ r.t . l.l l. What clo you understancl by ternr 'Equilibrium' '? Explain physical equilibrium with one suitable

ro 7 -1. exan:ple.

2. Give one exanrple of each ol the following equilibria :

(i) Solid-Liquid Equilibira

(ii) Liquid-Gas Equilibrium

(iii) Solid-solution IJquilibrium

3. Deflne the terms'Vapour pressure ancl 'Solubility''

4. Define Henry Law. Why the gas lizzes out when a soda water bottle is opened ?

S.Unrjerwhatconciitioneachofthefollowingequilibriacanexist:
(i) Solid-Liquid equilibriunr

(ii) Liquid-gas equ ilibriu m

(lii)Solici-solution equilibriu m

(iu) Gas-solu tion equilibriutlr'

/
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\cr ' 1 6. What do you u[dcrstand by Rerversible aDd Irrcversible reactions ? Iluskate your answer with two
examples. Under what conditions a revcrsible reaction becomes irreversible ?

7. What do you understand by chemrcal equilibrium? ExplaiD with orle suitablo example.

t. What do you understand by dynamic nature of chemical equilibriuD ? Give one experiment to provo
that equilibriunr is qnanrc in nature.

9. List any tbur important characteristiG of a chemical equihbrium.
\, i r i 10. State and explain the Law of Mass Action.
\,( l6 11. State aDd explain the'Law of Chemical Equilibnum.'

12. Derive a Seneral expression for the equilibrium coostant.
i!( r1. 13. Whatdoyou undcrstand try Kc and Kp I Derive a relationship between ihem.

14. Under what conditions Kc = K, for a gaseous reaction 'l

s!r. 7.s 15. List the importa[t characterlstics ofequilib uD constant.

16. Hou does the magoitude of equilibrium constant give an idea oI the relative an]ounts ol the reactants
aDd products ?

17. The equilibrium constant for the reaction

N2 + 3I{2 + 2NH3

is K whar will be the equilibrium constant for the reaction
t1jxr* jH, # NH3?

Srr tr, lt. Discuss the effect oftenrperarure on the equilibrium clnsra[t. Ho\xdoes it change for (a) exothermic
rcactioo (b) endothermic reaction (c) reaction having zero heat of reaction 'l

Sre 7l(i. 19. Define 'HomogeDeous Equilibria and }leterogeneous Equilibria'. Give lhree cxamples ofeach of
them.

Sr., l ll 20. Write lhc equilibrium coDstant expression for the following reactions:

(t) HCI (a4) + H* (oq) + Ct- (ott)

(,t) NHj (dq) + NHl+ @O + oH (a4)

(i'r) Ag2CrO4 (r) + (o9) 
=:f 

Za!+ @4) + cfi1- @q)

(D Ar (r) + 3H+ (oq) =- A1'* (a9) + 3 / 2h2(E)

(v) CH3 COCH3 (l) a-------r CHTCOCH3 G)

21. Applying the law of chcmical equilibriunr explarn whyvapour pressure ofwater is consrant at coDstaDt
temperature.

5r'c I ll 22. Why strictly speaking equilibrium coDstant has no uoits ?

5, ( .I.1 23, '[he cquilibriun] constant for the reaction.
rrr : ri. 2H2 G) + O2$) + 2H2O (g)

is 1.2 x 10o at 298 K,:a quite Iarge while H2 and 02 do not react under ordinary coDditions. IIow
do you explaio it ?

24. What is theeffect ofaddinga catallst or a reaction which is (a) io equilibrium (b) Dot in equ ilibrium ?

25. What is the cftbct ofaddrng I mole of He (g) to a flask containing SO2, 02 and SOJ iD equilibriunt ar

coDstaDt temperaturc ?

26, Name the factors which iofluenc€ the equilibriunl state. Explain iDflueocc of each tactor with the help
ofexamples.

27. State Le Chatelier's principle. Givc two examplcs of its applications in chemical industries,
2t, The follolving reprcsents a gaseous system at equilibrium.

2SO2 G) + oz G) + 2SO3g)+ Heat

IDdicate the direction in which the equilrbriuD will shift when rhe following changes are nradc :

(i) 'Ibmperature ofthe s) rtem is decreased

(ri) Total pressure is decreased
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Qii) Volume of the container is increased

(iv) A catalyst is added.

29. What is chemical equilibrium ? How does Le Chatelier's principle enable us to predict the effect of
change in external conditions on a systenl in equilibriunr ?

30. Consider the tollowing reaction

Nzo+(c) 
=+ 

2No2G) AH =58'6kJ
What will be the effect of the following changes on the concentration of NrOo at equilibrium l
(i) Increasing the pressure

(ri) Increasing the temperature

(iii) Increasing the volume

(lv) Adding more NO, G) to the system without changing temperature and pressure

(v) Adding catalyst.

31. What will be the effect of increased pressure on the following equilibria ?

(,) H|G) + rz?) <----S z}lr(8)

(,,) Nz G) + 3Hz@) <- 2NH3 G)

(iu) 2ot@).^ 3ozg)
(v) Nz Or G) # ZNOr lg;

32. Using Le Chatelier's principle, predict the effect of
(i) decreasing the temperature and

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

A. Nz G) + 3Hz(6l) a---i 2NH3 G) + Heat

B. Nz G) + oz@) <- 2NO (S) + Heat

C. H2o (f,) + Heat $ HzG) + lorO,
D. zCO(9+oz@) 

==: 
?CO1G) + Heat

ifthe concentration ofC is increased ?

34. Mention at least three ways bywhich the concentration of SO, can be increased after the equilibrium

is established in the following reaction :

2SOz@) + o2G) <- 2SO, + Heat

35. What is Le Chatelier's principle ? Under what conditions is it applicable ? How does it cliffer from the
Law of Mass Action ?

36. Why does manufacture clf ammonia by Haber's process require higher pressure, low temperature,
use of catab/st and pure gases ?

37. State Le Chatelier-Braun principle. Discuss its application in the nranufacture of NFI, by llaber's

process.

3lt. With the help of Le Chatelier's principle, explain the following :

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

(ir) Effect of temperature and pressure on the solubility of gases in liquids.

(iii) Effect of pressure on the boiling point of a liquid.

(iv) Effect of pressure on the freezing point of liquid.
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srt.7.1.
lo 7.3.

Scc. 7.{. ,-

CARRYING 5 or more MARKS

What do you understand by 'Equilibrium' ? Discuss one example of each of lhe followiDg physicnt
equilibria:
(i)
(r)) Liquid-gas equilibrium

(iii) Solid-solutioo equilibrium
(rv) Gas-solu tion equilibrium

Give one importaot characteristic ofeach of the above equilibria.
Briefly explain the foll@ing :-
(i) Reversiblc and Irreversible reaction

(ii) Dynamic nature ot chemical equilibriuDr

Briefly explaio the important characteristics of chemical equilibrium.
State and explain the Law of Mass Action. Derive the Law of chemicalequtllbflum and heoce define
equilibrium constant.
What are lq atrd \ ? Derirc a relationship bem,ern them.

S('c.7.5.
1o1.6.

Scc.7.7.

Sec.7.E.
to 7.9.

Scc.7.l0,
lo 7.12.

Sec.7,l1
to 7.15.

3.

4,

t

6. Erplain the effe€{ of the following on the equilibrium constant.
(i) Concenhations of the reactaots are doubled

(ii) The reaction ls reversed

(rir) Catatyst is added to the re€ction

(rv) Tbmperature is iocreas€d.
7. What are Horrogencous and Hetetogeneous equilibria ? Give three eEmples ofeach. rr\'trite expres-

sions for their equilibrium constant and give its units in each cas€.

8. State and explain Le-Chatelier's principle. Discuss its application to the manufacture of
(i) NH3 by Haber's process

(ri) H2SO1 by contact procEss



Cnlculntion of degree of dissociation from voPotlr density measurements

Degt ee of rlit,tociation of a fibrtance at a particular temperahie is defned ot lhe lraclion of the tolal numbet

of noleatler di.tsociated into impler molecules ol that Pshiculor lemPeruite i.e-

No. of moles dissocialed
l)e8ree ot dtssocratron (.) = ToGl-;;l;f;;ks r;I;;

Degree of dissociation caD be calculated fromvapour density measurements for ihose substances which are

accompanicd by cbange in the number of moles e.8.

PCl5 + PCb + Cl2 or N2o4 <- 2 NO2 etc.

'fakiDg the example of dissociation of PCl5 , suppose we start with 1 mole of PCls and a is its degree of

dissociation at the exepenmental temPerature. Then we have

PCt5 G) <_------r 
PCl3 G) + cl2 G)

No. of n]oles before dissociation I 0 0

No of moles after dissociatioD 1 'a
Suppose thevolume occupied try the vapout per mole = v litres. Then

Before dissociation, 'Ibtal no. of ntoles = 'l - I lence total volume = V litres. If D is the vapour density of
PCI( before dissociation (calle\l theoreticoI t oPour dentiily),lhen

D"+ ( 'oensrtr"c*,"" (!)

Alter dissociation. Totalno. ofmoles =(1 -.:)+.r+a=l +a
.. Totalvolume occupied by the reactioD mixture = (1 + r:) v litres

Now, if d is tbe density of the vapour (called obse1ed derltity), the|tr

,t
a " ,1+,rlv "'lii)

Dividing eqr. (t) by eqn. (ii), we 8et

D+-D
7=-r= t +,t ot a=7- |

C+afV

D-do=--T-

7142

...(ii )
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ADDITIONAL UgEFUL lNFORMATlONcont.d

As Mol. mass - 2 x Vapour density, eqn. (iii) can also be written as

M,-14
a = --Mo _.(iy)

where M, = theoretical (calculated) molecular mass

lv{o = obs€rved (experimental) molecular mass

Al ternatively, observed molec,ular mass can be calculated from the mass of a definite volume ofthe vapour
at a particular temperature, using the relation

pv-#Rr or M"=iS ("", =#)
In case ofdissocistion ofN2Oa , we can write

N2O1(t) \-r 2NOz e)
No. of moles bcfore dissociation 1 0

No. ofmoles after dissociation l-.I 2a, Tota!=l+ d
Henc€ the same formulae will apply as for the dissociation of pCIs .

In genernl, ifone mole dissociares to give n moles of products

ie.A+nB
IDitialmoles 1 0

Moles after disso. l-a nd Tb[al = I -a+aa= I + (, - 1)a

rhen 3=r*r-t)a ot a=*(+)

"' ;";.;;;;;,,:,',,,,;;r 
^,;;,;",i,;.":,;;,)l),:,.,"0lound to be 70.2. Find the degree of dissociation of PCls ar I olm weight 2'695 g Colculatc the perceruage

PCls at this ,empratun. dirsociaion of pCl, at 523 K
Solution. -fheoretical vapour density of PCls is Solution, Applying the relation,

^ Mot. mass of pcls 3r + 5 x 35.5 pV _ # RT"=--------z-=------z_-
2o8 s Mo=#=269sx9!q2lx523-,s.7

= --T- = toq zs

observed vapour density is, d=70.2 For PCl5 ' Mr =31 +5 x35'5=208'5
.. Degree ofdissociation (a) Mr- Iv{o ZOA.S - 115.7 ^ ^^

= 
tL.I-ru-rlo.2 =o.ss " a=--E-=----ll3--r-=u Eo

= aO%

1. f! 3 celai! tempcrature, the vapour densiry of 2. I . 588 g of N2O. givEs a total prdsure of 760 mm
N2o.is24.8. Calculale ils pcrc€ntage dissociation *l.n finiatti oiooclated i|I I5OOmlvesselat 298.
at this temperaturc. K What is its degree of dirssiation at this

[,rn". E5.5%] tcmPeraturc ? l,{r)s. 0.1tgl
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C, tl,S, 8,. P, A,l,T. ( ltl AIATSJ S PE C I A L

A. SUEIECTIW QUESTIONS

Q. I. Prove thatthe pressure necessEry toobtain S0

dissociatlon of PCl5 at 500 K is nuEerlcolly

equol to thEe tlrD€s the velue of the equlllbrlum
corctong Kp.

Ans. PCls <--s PCl3 + Ch

Initialmoles 1 0 0

Molesateqm. 1-0.5 05 05
=0.5 'Ibtal = lsmoles

If P is the total required pressure, theD

rr.,, = H " r = !, rrr, = S' n = |,

ror=$'r =|
.. PPdrx Pct, t,/3\(P/3t P

" trl= ppo, =--lI71;=1
or p=3Kp.

Q. 2. Show that the degre. ofdissociatior (a) for the
dissociation of PCls into PCl3 atrd Cl2 ot pres'

surepis giyen by " = 
[#h)"'

Ans. PCIs + PCl3 + Cl2

0

a, Total =1+ c
Initial moles 1 0

Moles after dilso. 1-d d

2AB2 g) + 2AB (8) + 82 E)

Initial 1 mole

Atcquilibrium ! -r
0

2x
0

x
Tttal numb€r of moles at equilibrium

= I - t + 2r + t = 1+ 2,
1-r

P At\ = t + 2x- 
x P

^ - 2, --rAB - I +2,r^,

Pnr= ;7 xt'

.. P-oox Pa,.\=-._;-
" ABz

= (+#)'. (+++) (i;i,.)'
alpor \ = ir=r6+ zo

Neglectingr in comparison lo unity

- /lq )'"
Kp = +Jp or ,= 

[oE ,J

Q l Glvin8 rcssons in brlef iDdicate whether the
following stat€ment is TRUE or FAIJE :

The rate of ar exothermlc r€action increases
roith increasitrg temperature. (I.I.T 1990)

Arls. hlse because in an exothermic reaction, heat is

evohed. Increase of temperature will shift the
equilibrium in the backward direction ie. the
rate of reactioD decreases.

Q 5 Whst is the effectofreducinB thevolurDe on the
srstem described below ?

2c(s)+ o2E) + 2CO(8)

(B.I.T Roachi 1990)

Ans. On reducing the volume, tbe Pressure will in-
crease. By Le Chatelier's principle, equilibrium
will shift to the side accompaded by decrease of
pressure r'.e. decrease in the nuntber of Saseous
moles r'.e. backward direction.

Q 6 Nitrogen nnd hydrogen recct to form ammoniA
as per the reaction

l/ZNrtjtzll, 
- 

Nll3
When the mixture ofthe three gases is in equl-
lihrium, predict whether the arnottut of am-
monia increases or decreases iI
(i) the ptess[rc on the system is increased.

,. pro, - fi * v, p,., = # x P, lq= fi;, Y

_- ppor, po,
rt= p"o, =

or 1r -a215=azY

t _- ,t/2
or (p+Kp).2=qor"=t"e]

Q.l At tempereture 1 6 conrpound AB2 G) dis-

socistes accordiDg to the reactlon
zAJz + 2ABG) + B2G)

with a degree of dissoclation, r, whlch is small
compnred with unity. Deduce the expressloh for
, in terms of the equilibrium const{nt' K, and

the total pressure, P
(I.I.T Ie94)

;P
l-a'

(#,')(#"i
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(r, th. tcmpqatur! ofth. E6t m ls rofu.d.
(iio thc corccnarotlotr of hydrog€n I3 ltrcrcoscd.

(B.Ll. Rotdti t99t )
ArLs. (D Wbcn pressurc is iDcrcas€d, equi[brium siifrs

to that dhedioo in t}lliclr pres$re decrEses ia
number of mohs decre8€s sfii:h is in thc ftrilard
direclion. HeDce tlrc amqlnt ofNH3 increalEs.

(u) As the fon\ard reactir b €mlhqmiq iDcrease
of tem[Eraturewillshift lbe equilibrium in ]be bck-
v.ard directim i€. the armunt of NH, dcqEas.
(iii) On increasing the conc€ntration of H2,
equilibrium willshifr in the forward direrrion ie
the amount of NH3 iDcres!€.s.

Q 7 Express XD ard K. for the rrsctlor
N2 6) + 3H, G) i-------\ 2NHr G)

rrvhnt is thc Elstlon bctrv.er th6. cqulllbrlum
constaDts for thc obovc rcsdlon ?

(1.5.t4. Dhqnd Dgt)

Ans. u IM:P ,, rzrix3

^"-fNrlH;P' 
"= et j6'

Ltt =2 - (1 +3)= -2
- x, = q lnryan = I(6 (RD-2 - Iq,/ (RD2

Q.8. A rcrcdor AG) + B 6) =::f 
2 Ce) k in

cqulllbrluE ot f, c.rttltr tcEpcrrturc. C{B rr
lncreoao the emouot of Plodrcf! by (, oddlng
co& yst (ii) hcccsiDg prrssnE ?

AIrs. (i) No, because cahlysi does noi disturb the state
of equilibrium. (r'i) No, bcc€use z, = nI

Q. 9. Thcrcoction N2Ot G) <- 2NO2 G) is belng
corried out ln a closed vcssel st 373 K. Af o
particular insteug concentrotion ol NrOa os

well as NO2 ls I mol L- l. Itr Fhlch dlEcdon the
reuctlon vill go to cs-tsbush thc Gqullibrlum ?
Tbecqulllbrlutn corstatrt for tb. ]!oction ot373
K is 0.36.

ADs. CrnccDtration quo0cnt, Q (at 3?3 K)
tNo-t2

= itr;".1= l' But 4 = 0 36'

ThuE to establish the cquilibrium, e should
decreasc. This can happen if [NO2l decressee or

[N2Oal increases ic. equilibrium shifts in the
bachpard direclion.

Q. 10. ID ttr. FactioD N2 + 3 Hz ir 2NE, ot cqul.
llbrtunr, gos ls lDJe.ted iDto thc yesscl vithout
dtsturtlng tie overoll prtssul! ot the qa'tem.
Vyhat Flll b. tt. .trcct on th. cqdlibrlnm ?

tNI{-t2Ans.K= ' "-' INzl [Hr]'

As prqalure is kept constant, volume will in-
creasc. Hencc molar concentratoD of NHr, N,
and H2 will decrcase. As there are two concentra-
tion tcrms in numerator aDd four concentration
terms in the denominator, to keep Kr constant,
decrease in NH3 shouu & morc ie. equihbrium
will shilt in thc baclaud ditection

Q. I: At o pordculor trDrperatur€, th€ number of
Dolcs of dlffercnt cotrsdtuctrts lor th. reactlon
N, + 3 Hr <::i 2 NH, {rc (r - a) for Nz,
3 (l - a) lor II2 &Dd 2 a for NIfr. Finrt out \ ln
t rDs ol a oDd th. totsl prcssurt- Show thot a
trlll lrcEeEG r'lth thc lDcrlnse of tb€ aotal pr6-
surG- Assu[G thst a << 1.

(ttcd B6pt I.E.E. Z00t\
Atr& Nz + 3 H2 \---.----r 2 NH3

Moles at l-a 3(1 -a) 2o,
T&[al=4-zd=2(Z-d)

^r=ffi2#52
zi\,

,ft-,,

hr.l4

eqm.

hr-
P*r, -

L.

_ t6 a212 - a)2 |l(t -;I-P
'Ihking a << t,

- 16a2 x (2\2 1 64a2Ap=------qj-^F,=tFr
If P is iDcreased, to kecp K? conshnt, a will increase.

t.r Mcntiotr two dillercnt rvoys ofdrawing the fol-
lowin8 equilibriurn torvsrds rlght 

-II'
CHTCOOH + CHTCH2OH +

CH3COOC2H5 + H2O (aI are tiquids)

(West BenBal I.E_E. 200j\
Ans. (i) By adding more of CH3COOH or

cH3cHzoH.
(ii) By remqving the ester or watcr formed., ' ' The equilihrium constant for the rractio]r i
r{2 + B, 

==- 
2AB is \. Whet will be the equi-

librium constant for the ieflction, AB i:-
| +*!ur, [A, B onrl AB, aI are gases]

. llYest BeryalJ.E.E. 20041
Ar& For A.2+82---2 AB, equtlibrium coostaot =Rp

ozto-otzlp2
l(t - a) t 2(z - a)lp x teTt -;f / Be --.yl
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Fi)r the reverse reaction, 2 AB <::.A2 + 82,

equitibriuD constant = 1 ./ Kp

( )n drvr(trng b) 2. AB + ) nr - lur,
equrtihriurn (, rnsla,'ll I r'K;

Ammonium carbamate decomPoses as

NII2COO NII4 (s) + 2 NH3 G) + co2 G)

ln,r (losed vessel containing ammonium car-

hnmxte in eqrtilibri[m, Nll, is added such that the

partinl pressure ofNIIS now eqrlals originarl tot[l pres_

sure. Calculate the ratio of tohl pressure now to the

originxl pressure.

Solution. Suppose the totalpre$sure ofthe mixture

lDuially is P This is due to NH3 and Co2which are Present

rn rhc ralto o[2: l. Thus7"r., = i t ,ao, = ] O

- K, = (PxH,)2 (Pco,,' = (?r)' (lr) = +r*
Alter adding NH3,pps, = P (Given)

- a-L
Pz x pcot=Ko= *P' ot Pco2=frP

' Total Pressure no\{ =PNHI + Pco2

' ' - 3l o=P +rlt - 27,
'. t{atio of total pressure now to the oriSlnal pres-

3l
SUfe =,

The equilibrium const[nt ofa reaction

doubles on increosing the temperAture of the reaction

from 25"C to 35oC. Calcrtlnte enthslPy change of the

retction, flssuming it tobe constontir thistemPerature
rarrSe.

Solution. Ac.cordin8 to integrated vanl Hoff
equati (pat'e ?/16)

tK,)2 a Il" ITz - Tr )rocG\ = r;o'rR 
[-T-lTr-,J

tutting (Kr)22(I$)r = 2,Tt = 25oC = 29a K,

T2 = 35oC = 308 K

It = 8 314JK-1 tnol-l,ue get

,^.., : a H' (308 - 2e8) K
rou z = ,Jo3;lil; rK:r;;F ' -,r8T 3o8T-

or A H' = 52898 J nrot-1 =52 llgt kJ mol-l
Prubleh An equilibrium mixture

CO (g) + H2O (g) {r CO2 (g) + H2 (8) Present in

:r vessel o[ one litre caPacity ot 1000 K wss found to
contain 0 4 mole olCO,0 3 mole ofHrO,0 2 mole of

CO2 .rnd 0 6 mole ofH2' Ifit is desircd to iDcrease the

concentmtion of CO to 0 6 mole by odding CO2 into the

vessel how maoy moles ofit must lre added into eqoi_

librium mixt[re ot conshnt temPernture in order to 8et
this clrange.

Slrlution. Step l. 7o cakulate Kcofthe rc.Etion.

.. ICO G)l lU2 (8)l 0.2 x 0 6
K. = 

lco, Gtl luF€)l =0 4 xrl 3-'
Step 2.To colctthle efrra Cozlo be ad.led

Suppose extra COz to be added = -r nlole Then

writiDg the reverse reaction, we have

COz + II2+CO + H2o

Initial nroles O2+x 06 04 03
after addition

Moles (Molar (0 2+r-0 2) (0 5-0 2) 0 6 (0 3+0 2)

conc.)atnew =x =0 4 (Given) =0.5
equrlibriunr (V = lL)

1 0 ('x0 5K. =it= Iorr=0 75mole

I t,)J,!, n 1 Thedegree ofdissociotior ofN2oa into

NO2 ot ore ntmosPheric pressure nnd 313 K is 0 310.

Cslculate Kp of the dissoclotion rerction nt this

temperature, Whot rvill be the degrec ofdissociation at
10 atmospheric pressure At the sahe temPerature ?

Solution. For the dissociation reaction

N2Oa G) t' 2 No2 G)

lnilial molcs I
Molesateqm. 1-0310

0

2x0 310

(z=0 310,Given)

=0 69 =0 62

'lbtal =0 69+0 62=I3lllloles
At one atmosPheric Pressure,

0.69 0.62
i"r,rroo = ffi x Iatm pNo!=l.JTx laln]

fno, (o.t 2/ t.3t attr,2*,=ffi = o 42sarnl

At 10 atmospheric pr"rrrr", ,uppor" degree of
dissociation = d. Then

N2O4 

----------r 

2 NO2

Initialmoles 1

Moles at eqm. 1-a ,
0

2d, Tbtal =1+d

nnroo= # 'lo atm' PNo2 = ?f; x to atm

,, [20 at 1l + a1]2 4o az - 4O az
tr? = ili[=rd=;]=1r= dIT +a--7

NeuJ CoaYse Cl;emistrq
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.. 4o 
"z- =o tzsl-r,'

NcglcctNe a2 in comparison to 1, 40 a2 = 0.42.5
or a=0103=lO37.
'' ,,/,, rr . Wlren d - D glucose is dissolved io

water, it undcrgocs m[tsrototioh to form tln equi-
libriuh mixture of a - D glrcose and p - D glucose
conlflining 63.6qa of the latter. Colcrlflte K. for the
mutnrotation.

S!I]!iq!."- D Blucose s__
At equilibrum 3(,.4Ec

r"=ffi= r tat
!" t,/.lt /, At77.Cand one atmospheric pressnre,

NrO. is 707o dissociated into NO2. WlrBt will be the
volumc occupied by the rllixtrrr uDder thescconditions
ifwe st{rt with l0 g ofNrO. ?

Sohttion. Molar mass ofN204

= 28 + ()4 = 92 8 not-1
NzOl <------\ 2 No2

Initial moles *g 09)

After di$sociation ,,]! -#l< # zxo oi6

=0.109-0 076 =0.tsz
=0 033

Tbtal n'toles after dissociation

= 0.033 + 0.152 = 0.t85
'f ='l']'C ='11 + 273K = 35OK

l,tohl(h 7.Some soliil NHaHS ls ploc€d itr s flosk
cortanlng 0.5 otm ofNII3. Whotlrorld be thc pItssure
of NH3 and HrS phcn equillbrluD is rcached ?

NH.HS (r) \-- NH3 6)+Hrs G) , Kr =0.r1
(M.L.N.R" Albhotu 1994)

H3 arld H2S produc€d by the decom_
position of NHiI{S will be same. Supp6€ ar equitibrium

:1_+_!!sfressure = p atm due to decomposition of
NHaHS.Then p:HS =patm

PNH3 =P+0 5atm

Applying law of chemical equilibrium io the given
reactron

Zr.lH., x pHrs = \
p x (p + 0.5) = 0 11

p2 + O S p = O 1I

/r2+ 0 -5p - 0.1I = 0

-o s= y'@.sf -+t-n.rrl

or

or

P - D glucGe

63.6%

Sol[tion. IIu

Initialconc. 1

- o s t Vo.Zi=i:At
2

_ _ 0.5 ! Vo;g
2

-0 5 !0 83 0 33= 

-i- 
= --= o trs

. PHrs = 0 165 atm, pps. = 0 665 atrn

(Ncglectiug _vc valuo)
/ One mole of lI2 and three rnoles of lll

are injectad in a litrc flask Wtotwill be thc concentrr_
tion of H2,I2 flDd tll at eqrrili}ritlm at 490oC ? Tlrc
equilibrium constrnt for tltc reaction at 490" C is 4S.9.

(M.L.N.R. Allalnhad 1 99 5 )
+ 12 + 2ljl

23

Concs at eqm.
moles f.--l

O -.) (2-r) (3 ru)
nrole L-l

K = :J+lr)'? - e+4L+ l2.r- .lse(t -x)(2-x) 2+i_3r
(Gite,t\

. 9 + 4* + 12x =91.8 + 45.ge - :B7..7x

or 4'!.9l- t4g.7x+ 82.8-O

- 11e.7 r ITI?lb-0-r=-T-8I7.?s
838

119 7 ! 92-4= --li'8- = 2 8e and o 68

But i=2 89 is impossible. Ijenccr: = 0 6tj.l
.'. CoDcentrations at equiltbriuD.l \\iil be

IHzl = t-r= t-0a,81 = 0.316nrot r.-r
[Iz] = 2- y=Z-0.(,84 =I ;116moll-l
[]lll =i+2t =3+2x0.684

= 4.36t mol L-t
' A hixture of H2 alld 12 (vapour) iD

holecular proportion of 2 : 3 was lteated tt 440oC till
thcresctiol H2 + 12 <=:= 2[It reache<l equilihrium

PV = 2t{1 o, V=+
0 185 molc x 0 0821 t. atnr K-1 mol-l

= 5.12 L.

'149.7 ! Y(49.7)2 -4x41.9x82.8
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-. (2t / v)2
r{c=iE=t7vJf(3--_r-DlVJ

'-2= ---*.-----= = o 02 (Given)
lz-x)lr -x)

This oo solvi[8 Sives-r = 0 1615

. 7o of iodine converted into HI

-o 1615xloo=53E7a
3

t\ thtt n ltt 0. 1 mole ol N2O. (g) was scaled in a

tuhe under atmospheric conditions {t 25oC. Calculate
the number of moles of NO2 (8) presetrt ll the cqui'

librium N2O. (g) \-=r 2 NO2 (g) is reached after

somc time (K, = 0 14) (M.L.N.R. 1997)

statc. Calculate the Percentage of iodine conveiled hto solutioD. N2O4 G) + 2 NO2 G)

InitialamouDts 0lnrole 0

At equilibrium (0.1 -r) 2x,
Tbtal=o l +rmoles

As P=latm,
01-r b

Pxroo = oiiai, PNor=tl-l +r-:atm'

pfr",
v - ------1.? pnroo

ot/ 0.1 + x\z 4]=ffi =?0-:1=lt?d 
' 
+rt

4?
0.01 -,r
4P 

= =0.14 or 4.14f =o.ool4
0.01 -r2

or x=0018 .,

.. No. of moles of NOz at equilibrium

=r(=2tO.O18 =0 036molc

1 (x/2f
^c = K:- lZ=ifTZ=d -' l--2-l (--2-l
4?t2xl2

e:;f -iot ,-=2or x=\

Thust2left=2-i=;mole

Step 3. Catculation of vohune of hypo wed.

2NazS2O3 + 12 ...- Na2S4O6 + 2NaI

2 moles I olole

.. Moles of N2S2o3 r"3s1s6 = 2 x l nrole

11 mol"=5
Volume of 2 M Na2S2OJ reacted

=ryr+=1600mL=r.6L
: tt":: ); At 627' c nnd one atmospher€ Prcs'

sure, sO3 is psrtially dissociated into So2 aod O, os

so3 G) + so2 G) + ; 02 G).

III (K. ot 40-C is 0 02).

H2@) + tz (8)

lnrtial 2 3

At eqm. 2-x 3-x
Molar corcs + +

(Bihat 1997)

<-.------\ zHr G)

0 moles

2x

2xv

Hz+12-2HI
220

(2 -r) (2-x) 2x

(2-r)/2 Q-x)/Z bD

t'rol'htn I 'I\e dqrcc of dissocirtlon of HI ot a
particular temlEmture 16 O t Calculsie th. voluEc ol
t M Na2S2O3 colutlotr rcqulrGd to tr€uhillr. thc iodire

pres€Dt itr the equillbrluE mixture ol8 rc{ctlo! vhcr 2

mote eoch ol H2 oud 12 ore hettd iu o clmed vessbl of 2

litre clpacity,
Srep l. Colculation ol Kc.

Degrec ofdissociatioo ofHI (a) = o 8
zIJt+H2*Iz

Before dissociation 1 0 0

Moles after disso. I - a o/2 a/2

, _(a/2)(a/2) - a2 - = (ot)2,-a
,-c - 6_a1z 4(t _e)z 4(l _o.Bf
stoe 2. Cdlculation of lrin equilibrium mimte.

4c
@.4

Initial moles

Moles after

reaction
Molar @Dc.

.Thcse bcing originat prcblcms e5 askcd in thc compciitive examinations, ai many places units of \ and Iq havc bccn

includcd e6 pcr old convEntion.

INS ) SI?EC'AL
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Thedensltyoftheequilibriurnmixtureisfoundto
be 0.925 g L-r. Calculnte the degree otdissociotion of
S03 uEder the giveD cotrditio[s

mass caD be calculatedfrom :

PV=4RT=#RT

or M"b.=tF=dRr

_0.925sL-1x0 0821 L a_tm K-l mol-l x(627+273)K
l atnl

= 68.35 g mol-l
Theoretical molar mN of SO: (14r,_.",i..t)

= 32 + 48 = 80 g mot-l.
Ifa is the degree ofdissociation,

so, 1s; -- 
so2 G) + + o, e)

0

I

mtat=t +7

Theoreticat VD. (D) a | (V = Motar volumc;

Observed VD. (d) a

D., A=r+Zot a

/'ro6lei, .1, NE, is heated et 15 atu from 2?oC to
347f keephg the voluEe constrrl Thc tr€r, prcssule
bctoEcs 50 aaE st equlllbriuD oftbe reacfion

2NH3 i--i N2+3H2.
Cslculrtc % olmole of NE3 sctually decoupG€d.

Solution, 2 NH3 -:= Nz + 3 NHz

No$, at 327"C aDd conslant volume,
Presure a No. of moles
:. 31 ta

5OnasV
. d+b 50_ i =TT or x=#,a

Initial moles I

At equilirbium 1-a

Initial molcs a
Moles at e{m. o - b

00
x k,'lotal=o+2x

Pressure of4 moles ofNH3 at 27"C = l5 atm.

Pressure ofo moles ofNH3 at 347.C

= p arm (rq,)

As votume remains consranr. l = !' Ir 12

% of NH3 dccompced

= 4 x roo = z 
^ ff *! rloo = 6r.3e6

, .Prublem 4.Thc qtlllbrium coDBtaDt ol the reac-tlol
4@) + B2@) i-- 2AB G)

Et lfi,"c b gt If o oEe lltrc fiask coDtaltritrg one mole
of & ls cotrtrGcd to s two lltre ltosk contahtug tr*o
Dolcs ol Br, hor tnstry nolcs ol AB wlll b€ fomed at
373K?

A2+
Initial I mole
amounts:

Amounts 7-x
at eqm:

Morar 1-
t

coDcs at eqn,I.

(I.IX 198'
82 <-----r 2AB

2 moles 0

2-x u

2-x 2x--3- 5
mol L-l

K = tABl2
tArl tBrl

or so = r;qr=r
t-3- J (r-l

On soking, we get x = 0 . 955 mole
Hence no. of mol€s of AB formcd at eqm.

- 2 x 0.9S5

= I .91 nol.s
Prublem S.AE,it tutre ofsor, SO2 ard O, goses is

moitrtsln d ot .qu lbrluu lr l0 litrr flosk at a aeEpero-
ture at whlch I(r for thc rcsctioD, 2 SO2 G) + 02 G)

.-r 2 56, 6; is 100 mol - I litre. At equilirbium.
(o) Lro. otDoles olsor rrd SOz h the Rosk are

saltrg hort Drtr!, EoLs ol ()2 ore prracDt ?

(b) lf tro. ollnoled olsOrlu tle flask are hf,lce the
aumber o[ ruoles of SOt, h mony Dolcs ol O, are
pl.lsert (Ro*tc I9E7)

SO2 G) + 02 (8) 

=+ 
2 So3

0

15 P
tm'= r20' or P=f1 21s1.

,I="-|ffi- lu(Given)

r)
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(a) As [So3] = [so2],
1l.. ,* = f6i or lorl = fr1mot L-l

I
. . 02 presenl in 10 lilre = ltT x l0 = 0 l mol.

Iso.l
(/, ) tt lso3l - 2lsozl, 

':e. iso;i = 2, then

,*=1j;1 or [o2] =1f,nmol L-r
I

.. 02 Present in l0litre = T06' 
x l0 - o 4 Brol'

;' ,',i 'r /' The equilirbium constant Kp of the

renction 2SO2+02 + 2SOl

is 900 atm-l ot t00 K. A mixture containing SO3 and

Oz having ilitial Pressurc of I ottE and 2 atm resPec'

tively is heated ot constant voluEe to equilibrate' Cal'
c$late the partiol prcssure of each gas st t00 K at
cquilibrium, <I.I'T 1989)

Sohrtion. Considering the reverse reactioo, we

have

2 so3 +2 Soz + or, K, = qfu atn:

hitial pre$sure latm 0 2atm

Pressure at eqm. 1-r x Z+L,

. r,3o, x po., i x 
1z 
,l'1 

IK,=-;6;=-7:;1= m
,{s Kp for this reaction isvery small,, < < l.Thking

2 +, - Z and (1 - r) : 1, we get

^r,1llZl=fr ot t'=]8ffi or r=0 0236

Hence at equilibrium

Pso, = 1 -t = 1 - 0 0236atm = 0 9764r1m

Pso2=' = 0 0236 otm

Por=z+|=z+Lff= 2 or18 etm

L 
"/'l' r'r 

: wtetr sulPhur in the form of s3 is

heated ot 900 K' the initiol Pressrrre of I otm falls by

297. ot equilibrium. This is becrus€ of co[versiotr of
58 to 52. Calculatc the equitibriuEt const{lt for the

reoction. (Roorkee 1990)

soruiou s3G) + 4 s26)

hitial I atm

Ateqm. 1-0 29 4xO'29 atm

=O?1 atm =t 16atm

/'a)rrr, 3. tui equilibrium mixture at 300 K con-
hins N2Oa ond NO2 rt 0 2t and l 1 atm respectively.

Ifthe volume ofthe cont$iner ls douhled' calculate the
new equilibrium Pressures ofthe two goses'

(Roorkce 1991)

Stelt l. Calculate of Kp

N2O4 + 2 NO2

Equilibrium pressures 0 28atln 1Iatnl
J

- PNoz 
- (l I ainf -- 4.32 arm.op=r,xq=t;f"trn

of new e

pressurc
ift to the
f nloles ,:

Thismeans that pressure ofN2O4 will decrease while that

of Noz wiu increase. SuPPose decrease in pressure of

N2Oa =p. Then

N2O4 + 2 NO2

Initialpressures 0 28/2alrn 1 1/2atm

New eonr. Dressures f0=28 -r'lrrn, {**zp) o,r't...,.. -r,...r._"_.__ \ 2 .) \2 .)
= (0'r4 -P)atm =(0 s5 +2P)atm

K,=ff #- 4 32 atm(catculatett dbove)

0 3025 + 4f +2 2P =o 6048 - 4 32P

4p2 + 6 52p - 0 3023 = 0

-6 52 ! ,{425114 9
p =a=-=:ff = 0.045 atm.

(minusvalue is Deglected)

(For quadratiaequation d + bx + c = o

-t ='/F - ni .,=-------E-)
.. New equilibrium Prcssures

Puzo,=014-o o45-o o95 atm

Pxo,=0 55 + 2 x0 045 = 0 64xtm

/'t,,/'i r,, 'J Kc for CO(g) + ll2g(g) +
CO2G) + H2(c) Bt 9t6'c is 0 63. A mixture ofl mol

of UrO@; and 3 mol.s CO(g) is allowed to reoct to an

equilibrium. 'Ihe equilibrium Pressnre is 2 0 atm

(d) How msny moles o[ Il, are Present at equi'

librirrm ?

(r) Calculate partial Pressure ofeach Ens ot equi'
librium. $kn*ee 1992), : Pl (r) - ,, ,u)n 

= 2.ss atm!'? P,s (g) 0 71
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Moles at
eqn].

1

1-x

CO (A) + H2O G) -: 
COz @) + Hze)

Initialmoles 3

3-x
0

x
0

x

,, Pcurou r.sj\ = 4;iE = 0'+2;1 11p= 
o t:se

q=
'Ibtal no. of moles at cquitibrium

= 3 -, t 1 - x + x + x = 4

K- = ,. ',1I . r.a o t3 - --j1-. (l-t)fl-r) ' J+r2-4x
On solving, ir givesr = 0.68'l

( r'=^/F-; \

l'=----2,, -l. Moles of H2 present at eqm. = 0 6tl rltole

Total pressure at eqm. = 2 atm (Given)
Total moles at eqnl. = 4

z.o=#x2=l 16etm

I - 0.681
PH2o = ----4- xZ=016atEr

0.681
Pcor= PlH, = --Z--' Z = o J4atm.

I'rohltnt 10. 0 15 mole of COtikenin2.5Illask
is mairtAincd {rt 750 K llongwith a catalvst so ihat the
following rel|ctioD can Llrke place.

co G) + 2H2 G) <- crr3oH G)
HydrogeD is introduced until the total pressure of

the system is t.5 atmosphere nt equilibiium and 0.0t
mole ofmethanol is formed. Calculatc

(i) I<}and Kcarld (ii) thelinal pressure ifthc sEme
nDourt of C0 and [I2 ns before are llsed but with rlo
c{tslyst so that the rciction does not take place.

Sohtion. (i) CO + 2Hz

lnitially : 0.15 Drolc
At eqm. : 0. 15-0.08 mole

= 0 017 mole

(I.I.T 199j)

i- cH3oH

0 08 ntole

Totalvoluore, Y = 2.5 L,
'Ibtalpressurc P=8 5arm, T=750K.
Applying PV = ,RT
we get 8.5 x2.5= n x0.0821 x750
or a = 0,345 mole
. No. ofmoles ofH2 at equilibriunt

= 0 34.5 - (0.017 + 0.08) = 0.248 mol
,. 0 017rc" = o.ET x8 5 atm = o 42arnl

^ 0.248.p: - O-as x8 5atm=6 llalm

- 008rcH3oH = n.3?5x8 5atm = I 97arm

lcHsoHl
tcoxH;j,

o08/25
(o.o11 /2.rao.2487rif

(r'i) No. of mot€s of H2 takeo iniria[y
=0.248+2x0.0E=0.308

= 47a 2

No. of moles of CO taken iDitially = 0. 15

. Total no. of moles = 0.308 + 0 I5
= 0 4S8

ApplyiDg PV = ,RI
P x2.5 = 0.458 x 0.0821 x 750

or P = ll.Ztotm
I'n,hl|'n I I A ye-lisel at l0O0 K contains c{rboll

dioxide with a pressure of0.5 atm. Some ofthe csrbon
dioxide is converted to carbon moDoxide oD addition of
graphite. Calculote the value of K if the to&rl pressure
st equilibrium is 0 t ath, (Iloorkee 199j)

Solutiop. The reactioD is

CO2 E) + c (r) -=+ 2Co (s)

Suppose decrease iD pressure of COz after reaction

=p atn'l

Then increase in pressure due tb CO = 2p
'. Finalpressure = (0.5- +2p

=05+P=08atm (Given)

''' p = 0.3 atm. He nce we have

PCO\=0 5 -0 3 = 0 2 atn]

and pco=Zxo.3=06atnl
D7rio ro er2=E:=ttpco2

1000 K. For the re.lctioD
2H2S G) + 2H2 G)

the value of K. is I 0 x l0-5

Soluton. Molar conc. of H2S -- ffi rno, a-,

= 0 25 mol L-l
Suppose degree ofdissociation ot H2S = a. Then

HzS (----...: 2H+ + 52-
Iniialc!nc. 0.25 M
Conc. at eqru.0.25 (1 - a) 2x0?5a 0.25a

= 0 5a

+ sG)

(Roorkee 1994)
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Iq=

.^-6 (O .s a)210 25 a; 0'25 a2
Ir, - = --ll)5-[l-;, -1 _"

Neglecting a in conparison to 1, we get

1o-6 = 025 nz t)r n2 = 4x10-6

t)t a= 2xto-3= 0 fi)2
.. % agc dissociation = o 27o

I'rohlai It. Forthe rcectior Ag(CN)t +
Ag++2CN-, K. at 25'C is 4x10-19. Calcrtlote

lAg+l in solution which was oriSinelly 0 I M in KCN

ind 0 03 M in A8N()3. (I.I.T. Ie94l

Originally on $ixing KCN aDd AgN03,

thc reaction is

2 KCN + AgNo3 --
Initialamounts 0 lM 003M
AmouDts after (o l-o 06) 0

reaclioD =004M
A8 (cNt + KNo3

lnitialamounls 0 0

AmouDls after 0 03 M 0 03 M

rcactioD

Thus iD the solution, DoItr we havc

Ag (CN)t = 0 03 M, CN- = 0 04 M. Suppcc r is rhc

aorount ofAg (CN)t dissociated at equilibrium. Then

A8(CN)t+Ag++2CN-

H2 + Br2 <- 2HBr

lnitial 0 6nlolc 02mole
amouDll

Amourts (0 6 - r) (0 2 - r) 2x

at eqn]. moles

0.6--r o2-x 2x
Molar concs --': --T- T.
ut eqm' 

molcs L-l
(V = volume ofreactio[ mixture)

-- 0x/Y\2
''- ro6 -r\ n.2-x\

vv
4x2

= It,.6 - rxo--=,
4lOr 

-

0.12-08,+.!.
or (r2 - o 8x - 0 12) x 5 x tttE = 4l
Neglecting 4.1 iD comParisoD to 5 x 10t1, we get

l-o.tl-r-o'tz=o
11.s * V10.8;2-4x0.12

2

- o 8 I0 693 - o ?465 and0 0535
2

, = 0 7465 is imPossible. Hence, = 0 0535

. . Amounts at equlibrium will be

H2 = 0 6 -0 0535 = 0 5465mol€

Brz =0 2-0 0535 = 0 146smolc

HBr=2x0 0535 = 01070nolc
t'rohlctn It At some temP€niture and undet a

pressurc of4 atm' PCl5 is 107o dissoeiated' Calculate

the prcssnrc trt which PCls will tE ZO% dissociated'

tcl'lperature remaining samc. (Roorkee I 996)

lst case. When PClrit lOVo dlrxrcioted

PCI( + PCl3 + Ctz

0.1mole 01lllole

=5xlOE

= 5 x 108

lnitilalamounts 0 03

ADrounts at eqm (o'03 - r)

+K+
0

0 03M

0 004
x o.o4 + 2x

,. Ins'l l('N 12 - r 
(l {lt + zrl'?

\ 
tngtcN', 1 - (o 03 -'r)

=lxto-19(Given)
As I(. is very small, disociation of Ag(CN)t is!€ry

smirll i e. r,- is very small. tlenc! 0 04 + 2, - 0 04 and

003-r=003.

+-#=4x 1o-1e or 1=?5x1o-r8

lhus al equilibrium, [Ag+|= 7 5 x l0-rl M

!\ ohlt n lJ 4t700 K, hydrogel and brolriDereact
to form hydrogen bromide. The v{rlue of eqrtili[rium

consta[t for this reoction is 5 x l0t. Cslculate the

xmount of the llr. Br, and IIRr at equilibrium il a

mixt[re of0 6 mole of II, anrl0 2 mole ofBrz is helted

Ateqm. I-01
=0 9 mole

Tolalno. of moles = 0 9 + 0 l + 0 1 - 1 1n.lole

o.q 0.1
rno5 = ii x 4atm, PPo3 = x 4alm'

0.1
Po2 = I.l x4atm

04 04
,, Ppcts xPct2 I.lxl.T

i,i' 
' ='**

to 7ll0 K. (Roorhee 1995)
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2nil case. l[/]ten PCls i.t 2OVo ditociated_ S|p-
pose t(,tal prcssurc = P atD. Thcn

PCls i- PCt3 +

lnitial I mole
At cquilibrium I-02 02mole

= 0 .8 lnolo
lbtal no. olnrolcs = o 8 +o 2 + 0.2

= I 2 Droles

O.ll r. )
/oro, = 1.2' Patm. Ppoj = I.; x Palnl.

0.2 _
Pctr= 11 < r i]tm

0.2 P - 0.2 P
.. l2 ^ l2 0.2 [.7
Kp = ----O:E-F- = -,i.2' 

-0+ 
P = {) 040.1

1.2 (cahuktted abote\
which givcs P = 0.97 atm
l'l,hleth 16. ZO% ol N2Oa tholecules nre di6-

socinicd in fl snmple ofgns at 27.C and 760 torr. Calcu-
lnte the density ofthe equilihri[m mixturc.

Solutioll.
qn*ee t996)

NrO4 6) <----: 2 NO2 G)

I moleInitial
At. eqm.

l.t. Esiihrte thc initial conrposition ofthe air in molc
fraction ofN2 and ()2, (l.LT. 19971

In the givcn re{clion, ihere is no change
in th of moles. Suppoee total no. of moles
initialty present iD the air = lm.Thenno.of molesafter
attainment of equilibrium = l0O. We have

N2G) + O2@) <- 2NO
Inirial o b 0

a+6=Iffi -.(i)
b -t 2t

u (b)2 4x2. \a-x)(b -r't (a -r)(b _r)
ID the questioD, we arc givcn 2r = 1 .8

orx=09 and K.-2lxl0-3

.. z.t*,0-r="_##=o,r,
ob - O.9 a - O.9 b + 0.8t = 1620

ob -O 9(a + r) + 0.81 = 1620

ob-O9xl00+0.81 = 1620

ot ob = l'l(D.19 = 17ff)

Now @-b)2 -(o+b12 -4ab
-0oo)2-4x1709=3164

At eqm. u-x

or n - b = \r.\164 = s(i.z

clz

0.2 mole

I - (,.2 = 0 8 D]de () .l mote.
'li)tal = 1.2moles

If V is tbe volunte of the vapour per mole, volulllc
ofvapour beforc dNsooiation = V

llence derisity (D) * +
But deDsiry betbre dissciiltion

D = 
Mol.t t._of NzOl 

=r] = X
(Theorericat deDsity)

Volune after dsy,ciation - 1 .2 V

'. Densiry 1a) . ;]y

?-+,. 1.zy=12

o, a=S-S=st
Ahematively, use (he formula direc y,

D-d
'd

I'rohhtn 17. A sahple ofair consisting ofN2 and
()2 was hented to !500 K l|Dtil the equilibrium

N2 G) + 02 G) + 2No (s)

rvas established with an equllibrium constant
Kc = 2 l x l0-3. At equilibrium, the mote % of NO wes

Solung (i) and (ri), d - 78 I mote.s,

Mote rracrion of N2 = 11# = o zu
Mole fraction ol ()2 = I - 0.781 - 0.219

i'rohltn 13. The Kp lor the reaction NrOl ;-
2NO, is 5rl0 mm ot 775 N. Calculate the perceDtage
dissocation olN2Oa at equilibriuB! pressure ofl60 mnr.
At what prr*sure the dissociation Fill be 50% ?

(kn*ee 1997)
Suppose initialty N2O4 raken = I ntote

and its degrec ofdissociation = .,
NrOo s_: 2NO,

lnitial l mole
At eqm. l-a 2,t
Total = t -a+2a-l +a
If P is the total pressure at equilbriuDt, rhen

t -r, 2.
Prroa = iTi r Pdr)d pNo2 =ff ^ P

-, 12" c)'Pio" ll+"'
? pr,o. 1-4 D

)+d

4a2 4r2=at+")iI-")=l_7xP

...(ii\
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PuttiDg Kp = 640 nlm (Given) afnl equilibrium

pressurc, P = 160mDl,weget 6ao:4x$o

1
o' Lr-o'=1 o' o2=l-J

or 2,] - 1or"2 =O 5ota =o 1o'l =7[ 1qo

For dissocatioo to be 5O%,a - o 50,Kp:640mn]

rconsranr) ooo - +t0,5'12. 
^ e

I - (r 5r
rJ

rrr tr40=-r-TP=iP or P=4lt0mmr-i
The degree of dissociation is 0'4 at

400 K anrl 1 0 atm for the gsseorts reaction PCl5 t'
PCll+C12. Assuming ideal hehnvioor of nll the gases'

cnlculate the rlensity o[the equilibtium mixtute lrt 400

K nnd 1 0 ntmosPhere. (Atomic mrss ofP = 31 0 and

Cl = 35 5) l.l.T 1998)

Solution. PCl5 <---r PCli + Cl2

At eqn). 06 04 0 4rnoles

Average molccular mass of the mixture

_ 125 1+55 +12 6 _ t48 9214

For ideal gases, PV = rRT = # RT

or PM=sRr=dRr
. PM l x 148')2 4.5374gL-r'' 4 =nr=n 66205-vtrm -

At540K'0 10 mol ofPCl3 are heated

in a t 0 L llosk Th. Pressure o[ the equilibriurn mix-

ture is founal to hc 1 O atm. Calculate Kp and K. for the

resction. (Rmrkee 1998)

solution. PCl5 + PCl3 + Clz

IDitial 0 l mol

At eqnl. 01-r x x

Total no. of ololes at eqm = 0 1 + x

PV = nRT

. PV 1x8i.e. ,,=hi=6:o6iirTAo=0 18

.. Ol+r=018orr=008
/ (0 08/8)(0 08/8) -0.04'' ^" 

='---o:027Tt

Kp = K. (RT)^" = 0 04 (0 0821 x 540)1 = 1 77

' When 3 06 g ofsolid NIIaHS is irtro-
duced into a twoJitre evacuated flask at 27"C' 307o of

the solid decornposes into goseous nmmonia and

hydroEen 6nlPhide.' 
lil C.t.rtot. X. aDd Kp for the rcoction ot 27oC'

(ii) WhEt ttrottld hopPen to the equilil,riurr *hen
more solid NHaHS is introduced into the flnsk ?

(i) NHaHs (r) +
IDitial 3 06 g

amouni =3 06/51mcle
= 0 06 Dole

1n
At.eqDr.006-iffix006

=0 06-0 018

= 0 042 nlole

(I.I.T 1999)

NH3 (s)+H2s G)

Eq0r conc.s. 1

(being solid)

0.0182 0.0182

=0.009 = 0.009

mol L-l
-, lNH3l [HzS] o .ooe x o.ooeK.=JFIITFS| =T

= E.l x t0-5 ([NI{4HS (r)] = l)

Ke = Kc (RT)eg

=8 1 x lo-5 x (0 0ti2 x300)2

=o o49 (t','c=2Jr =z)

(lr) A,s K. = [NlI3] [H2S] trnd does Dot depend

upon the alnount ofNH4IIS (r). HeDce thcrc will bc no

effect on equilibrium when more solid NH4l-IS is added-

I'robtun 22 The Kp value for the reoction

Ilz + 12 + 2 Hl rrt 460"C is 49.

If the initial pressure of H, snd 12 is 0 5 atm

respectlvely' determine the Partial pressurc ofcach gos

rt equilibrium. (Roorkee 1999)

Hr+lr+zHl
lDitial 05 05 0

At. cqm. 0 5-, 0 5-x 2)c

r,==!t"-=to o, 6{f =IP (0.5 _.r)-
or 2x=35-'7x or 9x=35

1,S
or x=:E1 =0.39
'. Pressure of H, and I2 at cqm. = 0 5 - 0 39

=011 atm

I'robl(t )3. A mixture in which the mol. mtio ol
H, nntl O, is2:1 is used to prePare water by the renction

2H2G) + o2@) 

- 
2llzo (8)

Tte total pressure of lhe contniner is 0 t atm at
Z0'C Defore the reaction' Dctermine thc final pressrtre

at 120oC after rcaction assuming t07o yield ofwoter'
(Roortue 1999)

0.018 0.018
mole mole
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Solution. 2H2G) + oz(g- zHzO G)
Initial moles 2a a O

.\s pressures are in the ratio of their moles

.. 2a + d =O.8atmor3a = 0.8ora=Tarm
Theorctically expeoted yield of H2O - 2,?

anAclualyield=2axffi=t 6a

. H2 reacted = I .6 a moles,

02 reacted = 0.8 a moles

Molesalrer reaction : Hz = 2o - 1 6 a = O 4 a,

o2=o-O8a=O2a
Tbtal oo. of moles

=O.4o+0.2a+l6o=2'2a
HeDce final pressure = 2 2 , !-9 - 0 s9ut-

l'^,hint )J. Al tI7oC, K, for the reaction b€twecn

CO2 (i:) and excess hot grsphite (s) is 10 arm

(a) What are the cqrlilibrlum oonceDtrstions of
the gnses st E17'C and a totol pressure of5 atm ?

(r) At rvhot total pressure, the 8os contains glTo
CO2 by volume ? (Rnrtue 2000)

(d)cox@) + c G) + 2coG)
Suppose at equilibrium, pressure of

CO (t co) = p atm

Then pressure of Coz@cor)=5-parm

.. Pco bzrlp=pcor=6:p)=lo

orf + top-50=o
-tr'/*-ao,

- 10 r y'T00-=?=Zo-0-f
=---,--=3.66atm

Thus ai eqm.,pco = 3 66 atm,

Pco2= 5 -3 66 = 1 34atm

Applyrng PV = r, RT
nPor v=RT

p
r?. motar conc. = Ef
Molar conc. or CO = 

"aE71+E+irr-
= 0.04r mol L-l

Motar conc. of co2 = 

"*#+ra*= O.Ol5 mol L-I
(b) When the gascootatns 5% COz by volume, this

meaDs that pressure exerted try CO2 is also sEo of the
(otal pressure. Thus if P is the totai pressurc, then at
equilibriuur, p66, = 0 05 P and pco = 0 95 P

s= pco2
t"o

til#=1oor 18o5P=ro

ot P=0.554otm.

l'roblen 25. The value olK, is I x 1i-3 oqo-t n,
25oC for the Eaction | 2 NO + Cl2 + 2 NOCI. A
llask contalDs NO at 0.02 atm oDd at 25.C. Cslculste
tbe mol of Cl, thot nrust bc oddcd if l% ofthe NO ls to
be convcrtcd to NOCI at equlllbdum. Thc volumeofthe
nosk is such thet 0.2 mol of the gos produc! I otE
preEsurc at 2SC.

(Iguore the probeble assoclation ofNO to N1O2)

(R@*ee 20Ol)
Suppose initial prcssurc of Cl2 added isp

atm. Then

2NO +

Initial 0 02 atnt

ctz <- 2 Nocl

P Atm

atm

*"c,.(ooz-ffi) (, H q#
= 2 x 1o-z-2x11-t =p-to-l =zxto-4
= 2xlo-1(loo-1)
- 19t x 1O-4 atm

_2., PNoo
A- - --t-
' PlNo x P<\

l0-l =

,4. 1or(P- lo ')=fiqlzx113=o toz

or p=0102+00001 =01021 arrn
Volume ofthe vessel can be calculated as folloPs:

PV =nRTorV - ff - o 2 xo 9a2 x 213 L?1
= 4.887 L

To calculare the number of moles of Ch, agaiD

PV = ,rf 61' = H = 
.,i$?!:i#

(t98x1O-')2x(r-10-1

apply

= 0 0204 mol
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is carried oul

(d) at constaDt temperature

(r) at constant pressure

(c) iD an open vessel

(d) in a closcd vesscl.

2, The relatiooship bet*een Kp and Kc is

(aiK" = K,(Rr)^" 1tyt<.= 5lnrl-&
,tdx, = x. (nr)-& (.1) None or lhesc is correct'

3, The equilibrium constant for the rcaction
N2 + 3H2 <- 2NH3 is K. The equilibrium

constant for

lvrrlw, ;4 vH, w1169

,>E_ rNl I trrclll.llrrdr yr,
and All Other ComP

l. Reactioo between iron and steam is reversible if il

(o)K / 2
pflK

(b)2K

(d) K2

lf an inert gas is added to the equilibnum mixture
of the dissociation of PCls iD a closed vc'sel,

(a) the concentration of Cl2 will incrcasc

(b) thc concentration ofPCl3 will iDcreas€

(c) thc coocentration of PClj will increase

(d) the cquilibriunr concaDtralions will remain un'
affecl ed.

If pressurc is iDcreased on the equilibrium
Nz + oz <=+ 2 NO, the equilibrium will

(a) shitt in the forward directioo

(r) shift in the backward directioD

(c) renrain undisturbed

(rJ) may shift in the lorward or backward drrectioD

For the reactioo

PCl3 E) + cl2 (S) + PCls Cl)

the value of K. at 250"C is 26. 'lhe value of Kp at

this tcmperature \4ill bo

(?t) 0.61

(c) 0 83
,lu1o-s'l

(d) 0 46.

(M. L.N. R- Allahabdd I 990 )

iis
i.c

7, According to l-c Chatelicr's principle adding heat
to a solid and liquid in cquilibriun'r will cause the

,{€) amount ofsolid to decrease

(6) anlount ofliquid to decreasc

(c) lemperature lo rise

(d) temperature to fall.

iJl.l"N'R AlllJnbatl Ie90 )

t. In a reactioD 426) +4 BzQl)+ 2AB1g),

AH < 0. The formatioo of AB4 G) will he fhvoured

by

(4) lov le$perature aDd hiSh pres\urc

(6) high temperature aDd lo\x pressure

(c) low temperature and low pressure

(d) hiSh temperaturc and hiSh Pressure.
(1.1.'I 1990)

9. The reaclion which proceeds in the forward direc-
tion is
(o) Fe3Oa + 6 HCI = 2 Fecll + 3 I-I2O

(b) NH3 + Il2O + NaCl = NHacl + NaOH

(c) Sncll + H82Cl2 = SnCl2 + 2 HSCI2

(d)2CuI+l,+4K+ = 2 Cu2+ + 4KI.

tl L'l: 1let )

10. For which of the following reactioo, Kp = Kc ?

(4) 2 NoL-l G) # z t'lo 1r1 + ct2g\

(b) N2 G) + 3 I12 G) <=--r 2 Ntl3 (c)

(c) H2 G) + ch G) s- zHCl (8)

(d) 2 Nro4 €) <: 2 No2 Ui) t
,. ,1.1. L l99l)

. 11. ln u vesscl ,jnnlainlng S()3 . SOz and ()z irl cQui-

'' librium somc heliuol sas is introduced so that lhc
total pressure increases while len'lperature and

volunle remaiD coDstant Accordlng to Le
Chatelier's Prlnciple. Lhe dissociatroD oi S()3

(a) increases ,,@j c""r"^o
q;)remains unaltered bly.
\ ( I'

9.dl. .l
ll. ,

2,b 3.c 4.d 6.a 7. t E.d 10. c

lUULTIPLE CHOICE Es'T/,ONS
For
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12. lD a rcversible reacti()D: t\+'o substances are in equi-
librium. Ifthe concenlration ofcach oDe isdoubled.
lhe equilibrium constant will be

(d) Rcduc]ed to half its original value

(D) Ilcduccd to onc lburlh of its original value

(c) Doutled (d) Coostant.

t,lI.L.N.Il. rlllalubad I9t)).lt.l.7: lt .hi l,t)))
Ir. AD equilibrium mixture for lhe reactioD

2 HzS (B) s-:-: 2H2G) + sze)
had I mole of HzS, 0.2 mole of H2 and 0 8 mole

of 52 io a 2 lilrc flask. Thc value of K" in mol L-l
ts

(a) 0.fi)4
(c)0 (l 16

17. ln 2lII 
=- 

Hz + Iz, thc ti)rward rcitction rs

r,lccled by change in

(4) Catab6t

(c) Volume

(1, ) I'ressure

(d)'lijnrperatoro

(r) 0.08
(d)o.l(ff. ir r.T 1ee2)

lll\Ofttut L"L.L l. It)ttJ
l& 64I of HI arc prcsent in a 2litre vcssel. '[}!c adivc

mass o[ I{I is

(a) 0 5 <bTO.2s
.(t)l0 (d) Noneol the rhrce.

t Ih1^a,u (.1).L.1: lee:
lt . The equilibnum consrant (Kp) for the roaction

POs G) + Pcl3 G) + cl2 g) is 16. It lhc
lolume of the oontainer is reducrd ro one-half of
ils originalvolumo, the value ofKp for the reacrion

at the same tempeEturc will bet*-ln what maDner will iDcrease ofpressure affect the
" lbllo$'ing cquilibrrunl 'f

C (r) + Il2O G) <=:+ CO E) + Hzo (f )

(a) Shili in the forward direction
(r) Shift iD the reverse direction

(c) Increase in the yield of hydrogen

(J7lio en-ect. (LLT. 1991i
15. 'I}le rcaction, SO2 + Cl2 i- SO2 Cl2 is ex.

othermic aDd rcversible, A mixrure of
SO2 E) , cl2 E) and SO2 Cl2 G) is atequilibrium in
a closed contaioer. Now a ccrtain quantity of cxtra
SO2 is introduced i[to (he container, the volumc

remaining the same. Whici of the follqlring is/are
truc ?

(a)The pressurc inside the container will llot
change

(D) Thc lemperature will not change

(c) The temperature will iDcrease

(d) The temperature willdccrease.

I S ll l)tutlhLt.l. it)t):
16, The equilibrium coDstant for the reacrion,

N2G) + ozG) <- 2NO(a)is4 x l0-1ar
2ffn K.

In prescnce ofa catalyst. equilibrium is attaiDed ten
trmes faster. Tberefore, the equilibrium constant,
in presence of the catalyst, at 2000 K is:

(a) 4O x lO-a 165 t x ro-a
(c) 4 x 10-3
(d) difiicult to compute without more data.

IM.L.N.R. Alhtuhtd, 1994 t

Q1'tz
r<c) t6

(a) 1 .2 
"tm

(c) 2 0 atm

A]VSLL'FRS
15. c 16, b 17. d llt. , t9. c

-/..-t 
l)t

,4zlnarw;aion,A + of
A 3.0 mole of 'B'a in
a 2.0 L flask and the e4uilibrium concsntration of
'C'is 0.5 rflolc/L The equilibrium corshnt (K) for

(D) 0.147

(d) o.026.
(Hda-dm C.E.E. [, 199(

gy'One mole of N2O1 G) at 3m K is ke?t in a ctosed
' co[taiDcr uDdcr one aunGphere. It is heated to

({n K s,hen 2070 by mass of N2O. (g) decompces
lo NO2 (t). The resultant pre.ssure is

. (D) 64

ig)+.

(r)+

ldJx

(b)2 4 a.m
(d) t.0 atm. I.I.T tss(

22. If the colc€Dtratioo ofthe reactaDis is lncreascd by
r, theo equilibrium constanl K becomes

... Ktrtln-x
(c)K+r

A.Etl.C. I\tw 1997

23. In which case Kp is lqas than Kc ?

(rl) PCl5 + PCl3 + Cl2 
.

(b) H2 + Cl2 + 2HCl

(.) 2SO2 + 02 r=l 2SO3

(d) All ofrhese it.E]I.C. I'tru 199i

12. d 13.
22. d 2i.

c 14. b 2lt. t 2t. b
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24. If Kl and Iq are the respective equilibrium con-

staDts for the two reactions

XeF6 G)+H2O 0I) + XeOFIG)+2HFG)

Xeo4 G)+xe F6 G) + XeoFo (g)+Xeo3F2 (8)

the equilibrium conslanl of the reaction

Xeol G) + 2 HF G) + Xeo3Fz G) + Hzo (E)

will be

(b)& Ic,

)ulxa/ Kl

(c.B.s.E. Pm.T 1996)

For tbc homotencous 8a! reactiql

4NH3 + 5 Oz + 4NO+6H2O

the equilibrium constant, K! has the dimensions of

(a1 conc+lo

(c) conc-1

Forn]atioD

reaction

2SO2+ Oz + 2SO3, arl = -45 2 kcal

Which of the following factors favoum the forma-
tion of SO3 ?

(a) Increase in temPerature

_.pflncrease in pressure

(c) Remol.al of orygen

(d) Increase in volume (M'P PM'T' I99E)

27. Kp / K. for the reaclion

co@)++o|@ + co2 G) is

(4) I (6) Rr

141/,rrf (d) Gr)'/'
uu.P PM.',t 199E, A.l E.E.E 2oo2)

For the reaction

CO (A) + H2O G) + CO2G) + H2@)

at a given temp€rature, the equilibrium amount oi
Coz G) car be ircrea$ed by _/L'
(.I) addinS a suitable catalyst

(b) addrng an inert sas

(c) decreasinB the volume of the conlainer

(d) increasrDg the amount of CO(8)
(t.1.7: t99E)

Q) con"+ |

-4'1 
s)

of SO3 takes plac€ acaordiDg to the

29. For the chemical reaction

3 XG) + Y(g) + X3Y (8), thc amouni of

X3Y at equilibrium is affected tY

-(t/) tenrperature and pressure

(6) temperature only

(c) pressure only

(d) remperature , pressure. aDd catalyst

30. For the reaction N2+3 H2 + 2 MI3 + Hoat.

{d) Ke = K. (RT)-r (b ) Kp = Kc

(c) K, = K" RT (d) Kp = K. (RT)-t.
(D.C.E.E.li. 1999)

31, What would happen to a reversible dissooialior
reaction at equilibrium when an inert 8as is addsd

; $hile the pressuro renains unchanged f

' (4) Less ofthe product will be formed

,!81More of thc product will be tbrnled

(c) More of lhe reaotants will bo formed

(d) It remains unaffected. rl).c.l: Ii li. 1999)

32. For the reaction !I2 G) + 12 [C) + 2 Hl (8),

the equilibrium coDstaot Kp challges with

@) Ktt$
(c)\/Ka

23.

(b) total pressure

(.1) amount ofH2 and I2.

(D.C.D.E,E. t999)

33, In thc gaseous reaction A + 2 B + C+heat'
the fonvard rcaction is favoured by

(4) low temperature and low pressure

(b) low pressure

(c) high temPerature and hi8h Prcssure

-{d)high pressure aDd low temPcrature

tD( IiLL le99)

34. For a reversible reactioD, ii the concentratiolts of
the reactants are doutled, the equilibrium constant

will be

(a) halved

(rfthe same

For the equilibrium

(6) temperaturc

(c) catalist

(b) doubled

(d) oDe fourth.
(c.B.s.D. PM.T 2000)

A
MgCo3 (r) <-------\ Mgo (x) + co2 G)

which of the fouowing expressions is correct ?

Puso' Pco, - -- [Mgo] lco2l
to) Kp = P'sco, (h) 5 = JMgm;T-

74. .1

34, c
25. b 26. b 27, c 2E. d 29' a 31. b 32. a 33. d

I,
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\ 1 11 i - trl

,, 500 mlvessel contaiDs I 5 M each of A. B, C and
D at equilibrium. If 0.5 M each of C and D are

. rakcD out. lhe \alue of K. lbr A+B # f;+O
will be

kr1 0

(c) 4/)
(D.('.1,.E.L: )0(1(1t

3ll" Al 25'C the value of Kc for thc reaction
Ij x, + o, <-----r No2 is 2 x lty'. whar will he

the value of K.' for 2 NO2 <: N2 + 2 02 ,

PMso x Pco.
(.) It = /r,rscq @) \ = pcoz.

lc. lr.s. li. l!,t|.'l: )0t)t))

36. What happens to the yield of this reaction whcn
tcmp€rature is incrcascd I

Nz+()2 # ZNO;+:.Zt<cat

41. WheD two reactaDts A aod B are mixed to givc
producls C and D, tbe reactioD quotie[t, Q, at lbe
initial shges ofrhe reactior
(4) is zero (lr) dccreases wil.h timc
(c) is independent ot tin]e

(y') iocreases with tiorc. (1.1.7: 2ooo)
42. At corlstant len]perature, the equilibrium coDstaDl

(Kp) for thc deconrposrtion reaction

N2O1 <- 2NOz Ls expressed by

Ke= Ot \/( -l; where P = prcssure, r =
extent of dccomposition. Which one of tbe follow-
ing statemeDts is true ?

(.r) Kp incrcascs with iocreas€ of P

(6) Kp iocreases with increase ofr
(c) Kp increases with decrease of.r

-€+Kp renrains constant with change in P andr.

. (! l.T 2t)01)

23. 5 moles of SO2 irnd 5 moles of 02 arc allowed to
react to form SO3 in a clGsed vessel. At the cqui-

librium stage,60% SO2 is uscd up.'fhe total num-

ber of moles of SO2, 02 and SO3 in the vessel now

(b) r0.5
(.1) 10 O (R.C.E.T 2001)

-r4' A quantity of PClj was heatcd in a 10 drfl3 vesselat

250'C : PCls g) i- PCl3 E) + Cl2 E). At
equilibrium, the v6scl contaios 0.1 mole ot PCls

and 0.2 mole of Cl2. The equilibrium mostant of
the reaction is

(a) 0.M
(c) 0.02

45. 9 2 grams ofN2O4 (g) is taken iD a closed oDe litre
vessel and heated till the following equilibriunr is

reached

N,O, 1g1 ---------s 2 116. n,
At equ ilibriu nt, 507, N2O4 G) is dissociared. Whar

is the equilibnum consrant (in mot lir-l)
(Molecular weight ofN2Oa = 92)

(4) increases

(c) remains samc

(D) decreases

(d) NoDe ofthese.

(b) lB
(d) 8B

(o),17 x ro2

@)2xtd

kG:@
@) 1(f . c.Piv.T 2oo0)

39. Which oF the following is not affecled by increase
in pressure ?

(4) 2 NIL G) <r N2 E) + 3 H2 g)
(r)N2e)+3H2G) + 2NH3G)

(.)N2E) +02e) + 2Nok)
(tl) ZSO.G) + 02 E) + 2SO3 G).

t.l. I. Pll. I-, R. 2t)()0)

,10, For the reversible reacrion, N2 (l)+l Hz €) ;-
2NH3g) at 500'C, the value of Kp is

1.44 x 10-5 when partial pressure is measurcd in
atmospheres. The correspondiDg value of K.., wtth

conc€nradoD in mole litre-1, is

(a) 1.44 x 10-5,/(0.082 x 500) -2

(h) | 44 t< 1O-5 / (8.314 x 773)-2

(c) 'l .44 x 1O-s / (0.M2 x 773)7

lLJ 1.44 x ll-s / (o.o82 x 713)-2.

ls

6z.s
(ff8.s

(a) o.l
(c) 0.4

(D) 0 025

(d) 0.0s
(K.c.E.T 200t)

libn.2
(d)2

(D.A.M.C.E.T 2001\

fS. .t
45, b

36, a 37. a 39. c 40, d 41..t 42..1 4!. c 44. .t

.l
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47.

46. lf N2 + 3 H2 s---------r

2N?+6t12 =-
6x, (D) r'Ir

In thecase ofa gaseous homogeneous reactioD, thc
active mass of the reactant is obtain€d by the cx-

Prcsslon

- PV -,.P(.,)nT (a)RT c)+ r\9o
\'tanil ,\'du L.l .'l: )olt)

4tl. In which ofthe folloBiDg equilibrium, change in the
volume ofthe system does Dot alter the nuDber of
moles ?

(d) N2 G) + 02 CI) i-s 2 No G)

(r) PCr5 E) <-PCt3 G) + ct2 g)

(c) N2 G) + 3 H2 G) u-------s 
2 NH3 G)

(d) so2cl2 (s) + so2 G) + cr2 G)
trll l: l. :t)tl)

49. I moleofN2 and 2molesofl{z are allowed to react

ia a 1 dn| yessel. At cquilibrium, 0 8 molc of
NH3 is formed. The concentration of H? in the

vessel is

Gr)O 6mole (r)0 8mole

(c)0 2mole (d)0 4 mole

, t.\liniDol l'\l l: )t)t)) '

'")O' Tt 
" 

rut" of fo*rrd reaction is two times that of thc
rcverse reaction ai a Siven temperature and identF
cal concentration. K*ollitrium i.t

(o) 0.5
(c) 2.s

(6) 1.s

W2.o (.KL.ll.l: 2ott)

51. Considcr the follo$,iDg equilibrium in a closed con-
tainer: N2O1G) + 2NO2G)

At a lixed temperature, the volume of the reaction
container is halved. Fbr this chanBe, which of the
following statements, holds true regarding thc
equilibrium constant (Kp) and dcgrec of dissocia-

tion (a) 'f

(d) Deithcr Kp nor a changcs

(6) borh 5 and a chan8e

(c) Kp changes but,, does nol change

p)'k, does rrot change but 4 chariSes, /.1 i-ll,r/l
52. The reaclion quoticnt (Q) for the reactbn

N2ct) + 3 H2G) -- 2NH3E)

2 NH3-K then

4 NH3-X. ?

(c)t/,/K glrt*
(Roids nn llll.T 2t102)

{lt. a J9. h SU. ./ 51. I

lNH.t2
is siven rry e = INJE;p
'lte reactioD will proceed from riShl to left if
(a)Q= K. 0,)o.q (9Io > \ 1l)o=tt

i(.ll.s lt. Plt l: )0t)iI
53. The following equilibria are given

N2 + 3 FI2 <:l 2 NH3, Kr

N2 + Oz i=:= 2 NO, Iq
IH2+ioz <- H2o, K3

Thc equilibrium constant of the reaflion

2NH3+iO2 + 2NO+3ll2o
in terms of Kt, Iq and Iq is

46. a 17. h

(a) Kr I! Iq
G)\Rl/tq

t(.8.\ li I!.11.7: )oo l

64. For the sfnthesis of ammonia by lhe reaction" ' Nz +.1 H2 + 2 NH3 in lhe Haber's process,

the attainment ofequilibrium is corrcctly predicted
hy the curve

TIME
(c)

(6) Kr rqlrq
.\dIK2Y'.tr/ Kl

I IMI:

-(3. d 5.1. .t

zI
2i

=6zoo

zo
=

t2
zo
O

zo
E<<t

=3zoo

zI

A,
2o

zoo

zoE
*a(e) l,
<uJ

zoo
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55. ln the reaction PCl5 (g) + PCll(()+ClzG),
thc cquilibrium concenirirtions of l'}Cl-5 and PCI3

arc 0 4 and 0.2 mole/litre resPectively. Ifthe value
of K. is 0 5, whal is the conccntratron o[ Cl2 ill
nloles/4itrc.'

(o) 2 {t

(c) I .0

u & KC.li.'l:200Jt
ln Lhc gileD rcac ol 2 X G) + Y G)+2ZG)
+ 8() kcal, which conlbinahoD of pressure irnd
temperature will give the highest yield ofz at equi-
libriurn ?

(4) lffn atm and 200"C

(6) 500 atm aod 500eC

(c) lmo atm aDd 20ffC
(d) 500 alm ard loO'C
(e) 1000 atm and 50ffC tKtrala C.ti. | )|t)J t

A mixturc ofNO2 and N2O1 has a vapour density

of 38 3 at 300 K. What is the numb€r of moles of
NOz in 100 g of rhe mixlure ?

(D) 1.5
(d) 0.5

( E.A_ il t. c. l:.'l: 2 0 0.1 \

(b)2,2,1
(d)2,1,2

tunntkd ( 11.1: )qi).li

W,4
(d) 4

(a) [cl2l > [PCL]

(c) [Pa] > {cl2l

(a) 0.043

(c) 3.a
(c) o.a37

(o) 312

(c) 2
(e)sD

(6) lcrrl > [P1]

(l) lPct3l > [P4]

(b) 4.4
(d) 3 86

(K?rdln l!M.T 200J)

(b) 12
(d) |

(IQrula PM.T 2004 )

64.

62.

56. Io a givcn s) item, wa(er and icc are in equilibrium.
If pressure is applied to the above $lstcm rhen

(.,) More of ice rs formed
(h) Amount of icc and water will remain same

(c) More of ice is meltcd

Gl) Either (o) or (c) \lthto ( l( l.:t)tt1
57. Of tbe lollo#iDg which change wlU shifl the reaction

tovards lhe product ?

12 G) 

---------r2 

I G), 
^ 

H', (298 K) = + 150 kJ

(rr) increase in concentration iI I
(b) decrease in con0entration of12

(c) increas€ in temperature
(d) increase iD total pressure \ I I tl \ :ttt).])

5t. For the reaction CO G) + cr2 G.) i- Coclz G),

Ammonium carbamate wheD hcated to 200'C
giws a mixture of NH3 aod COz i|apours with a

density of 16.0. Whar is the dcgree of dissociarion
o[ammonium carbamate ?

63,

Kpl Kc equal to

(a) 1/FtT

(c) r'ET-

(,) RT
(d) r.o

t,tl l,.l: E 20t)l)
56 g of nitrogeo and 8g of hydrogen gas are heatcd
in a closed vessel. At equilibrium, 349 of amnlonia
are prescnt. The equilibrium oumber of moles ol
nirogen, hydroen and amn]oDia are respectively

2 mol of N2 is mixed with 6 mol of H2 iD a closed

vessel of one litre capacity. If 50% of N2 is coD-

vened iDto NH3 at equilibrium, the lralue of Kc lbr
the reaction N2 g) + 3 H2 6) + 2 NHI (a) is

(a) al2'7

(b)nh
(c) Un
@)n
(r) e

59.

(o) 1,2,2
(c) t, t,2

Calculate the partial pressure ofcarbon moDoxide
from the lbllowinS data :

a56GCo3(r)- CaO (r) + co2 t, K, = 8 x l0-2
COz G) + c (s)+ 2CO G).Kp = 2

(o) o.z
(c) 1.6

(Kerula Pll.l: 2tJo4)

Kp for the follqwing reaction will be equal to

Fe (r) + 4 HzO G.) i==: Fe3Oa (s) + 4 H2G)

. ps^
(a)(Pn^)'@e..o.) (b);--1

r H20

\()ti\ut Il.l: 201)Jl

61. The equilibriurn P4 (T) + 6 Cl2 g) =+ 4 PCI3 G)
is attaincd by mixing equalmolcs ofPl and Cl2 in

an evacuated vessel. Then at equilibrium

(y' s,)(c)G;;F @ s-) @ p..o.)
pp.

(u.l c.t!M.T 200r

(t5. a
56. c
66. c

,r( _s
61, c 62. c57. c 5t. a 63. e

60.

65.
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H I NT9/EXPLANATI O N 5 t o W ul1i-i ?l e Ch oi c e Q.u e sti o n e

11.

12.

14.

l. As othcrwrsL thc I{2 gas $ill cscirpe

2. Kr = Kc (RT)^' or Kc = K/ (RT)- ^n

4. lu a closed vesscl, cor)ccntratloo$ of reactanls and

products do nol chrDge ort addins in€rt gEs.

6. Kp = Kc (RT)A" = 26x(0 0821xs23)-l = 0 61'

7. S()lrJ + l{eut # l-iquid. Adding heat wrll
shrll lhc cquilihriirm in lhc forward direclion.

!t. 'l'hc given reirctioD is exotherffic (all < 0) and

lccomp nied try dccreas€ ir thc trun]ber of moles

IIcncc it will b,e fa\oured by low temperature and
high pressure

9. FcCl3 alld I IzO do nol react to Eivc bsck FcaO4 and

HO.
Sec IliDt to Q.4.
Equilibrium constant ofa reactioo docs not depend

upon c([lrfcnlrations. [t is cotlrtant at cooslallt
t cll't pe ra Lu rc.

ll)c for$'ard reaction is accompanied by the in-

crease in (he Dumber of gaseous moles. Hence

incrcase of pressure will fflvour the reverse reac-

tion.

SO2 + Cl2 .- S(]161, + Ileat. OD adding

SO2, thc cqurlihriurn will shitl fon ard is. nlor€

heat will be c1,olved. So tenrPerature will Increase,

Ilquilibriunr constaft of a rea0tion i! coDsunt Rt

cousfant tenlpcralure.

Ir is an endothcrmic reaction. Hence equilibrium is

affgcted by tcnrperature,

Mol. mass of I{l = 130,

. Ilrrl =ffi"1=o zs.

19, Ki, docs not depeld upon voluD'lc or coDccDtra-

li(n)s. It is cor]slatlt ilt coosunt temperatute

20.u\*28+2C
lDitillconcs. 1molL-l 1 5motL-l Imoll--l
/\t cqn]. (1 + 0'25) (1 5 + 0'.5) 0 5

=l ls =:0 nrol I-l
mol t.-l nrol L-l

,, tu 5t2N= l15 \ edr
21. NrOl (-

lnitial 1 o]olc

/\1 cqm. 1{ 20

= 0.30 mole

Applying PV = zKI] 1 x V - 1xRx3fi) ''(i)
Whcn z = 1.2 mols, f = 600 K,

PxV-l2xRx600 . (t/)
Dividing 0i) by (i), P = 2.,1 atnr.

Equilibrium constant is constallt at constal,lt
temPerature-

Kp - Kc (Rf )e. Kp is less thon l(" if aa = - uc i.e.

,. fxeoFollHFl'? ,, lxcot'al lxco3l zl
trr = JF4ITrJFI- |\' = lre-oJTxE4I-
.. [XeO3F2] Illrol Ka
Atm: 

lxeo;l IHFIr 
- Ri

tNol1 IH"ol6 .^----.rox.=ffir=ffi'"'n"'
But with respect to stirndard stale concentration ol

1 mol L-1, it is dimensionlc,ss.

_ /_ l\ t&,s= r- I\I 
*Z) =-Z

xrz f. = 1nr;& = (RT)- 1/2 = t r r4{T'

Back$ard reaction is dissociation reaction and
henct endothennic. The forward reactioD will.
ilterefore, be exothermis. Fulther, it is accom-
paoied try decre&ie in the number of Saseous
moles. Hence its equilibrium will b€ affected try

tempErature and pressure.

On addilU iDert 883 at coflsmnt prEssure, di$socia-
tion i[creases i.e, more of tho Produus will he

formed.

Equilibriunr coostant changes only with lcmpera-
ture-

3s. [Solidl = 1.

1.5 Y 1.(fl. X" = i# = l. ()n char)grng uoncenl rll iot1s.

cquilibriuff clDslsnl does not ohal1ge.

3& The reactiol is rel,ersed alld nrulliplie(i try 2, thcro'

[or( equrlrhriun] conslr,tt - I K?

= 1 ,, 12 x ltlalz = -'1-' a ^ toT

lo. X. = X, z1n'r1&

= 1 44 x'lo-s / 1o 082 x 113,-2

4r. A + B+ c + D, o = {:tlBi withrine, [c]

and [D] incrcasc ancl so does O.

t5.

16.

17.

1E.

= 0't)5

2 NO2

0.40 mole,

lbtal = 1 2 n]ole

I mole \apour ha\re pressure = 1 atm at 3(n I(

I

22.
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HIN:T6 CONTD.
42. Kp is corsrant at constanl temperature.

4.3. 2SOz + Oz <===+ 2SO3

Irrtial molqs 5 5

r,0nr cqnr. 5-TfrY5 5-1.5 1

=s-3=2 =3.5
'lbral=2+3-5 +3 =8 5

44. l(15 <_=+ PCll + Oz

Molcs xt eqnt. 0 1 molc 0 2otole 0 2mole
Mohr coDcs. 0 1/10 O A:(t 0.2110

ntol dar-l

x=!l${f14=o 61

45. lnitirl IN2Oa] =9 2/92moll,-l
=0.1nrolL-l

At. cqn]. (aftcr 50% drssociation),

IN2O4] = 0 05 M, [NOzl = 0, I M

'r1,1 I2
,, I't(,21 r0.1lr
K = iNJIJ ='Ori- = u I

,17. 1\cllvc l'lilss = Molar conc = #
Irrom pV=,,R'[+=#

4t. (lhangc in voluDe changes the molar coDccDtra-
tion. In (a),np = r,,- Change in volumewillnot alter
rhe nuDtber ol n'loles in rhis case.

.{9. N2 + 3 tl2 \--+ 2 NII3

I:orotarion of 0.8 nrolc of NllJ means that
'I

r ( 0 li nrck' ol H2 hilvc reacterl. Hcncr con-

ccntrarron ofI12 = z-lxo.s =2-I.z=0.8mole
k, .,

so. Kcqh = i= i =,
51. Kp rs constant at constant temperatute, dslplume

is hahed, prelsure wilt be doubled. I{ence equi-
libnunr will shill in rhe hacloxard direction i.e- de-
{rec of disst)ciation decreases.

52. 'l}le reaction proceeds fiont rigbt to left when
Q, K. s,r lhrl Q tends to decrease to beq]me
cquill to Kc.

INI l l2 , r r^,2
s-'. K, - rNJfu'-, = did;I,

IH.OI

' lurl lo,l'''

lNolr llr,olr K, KjAim:K- ''' = _j-
lNHr12 Jo2]5/2 Kr

54, (a) is ccrrect hecnuse coDcenlrations ol H2 il,td
N2 decreaso wi$l time while that o[ NII3 incrclses
wilh time anci nfter equilibriunt, irll olthem remiliD
constant_

lPClrllclrl5s. r\. = JpfXT_
0.2 x lCl- l

r." o 5 = --57-4 rrr l( lzl - I (t nr,'r l r.

tr. Ice <=.J Whrcr.

Morevql. [,e$s vol-

On apptying prss.\ure, equilibrium shifrs k) the si(lc
in *hrch volume is les.

57- l'he givel rerclioll is endothcrn]ic.9l on increJs-
rng temperaturc. it will shilt in the forward dirccti(nr

5ll.,trr=1-2=-1
Kp = I(" (R-l')^, = K.(t(f)-r= K..,lLI'

or Kp,/K. - 1/RT

59. ,569 Nz = 5(',,28 = 2 motes,

[i8 H2 - 8, 2 = .l molcs,

34gNfI, = 3,f ,' tl = I n1;1g\

Nz + 3lt2 -.--+ 2NIJ3

Initial 2 moles 4n]oles

At.(4D1,2- I nrolc 4-3 2 nrolLn

= I mole = lmole
60. For reaclioo (i), Kp = pco, = 8 x tO-2 ((;ivn)

F'or reaction (ii). 
", 

= *=,

,--rL-- tr.lrco=0..1

(Given)

61. P4 (r) + 6 c,2 G) \,_r
Initial lmole I nlole
At eqm. I -x 1- 6r

4 PClr (s)

.[x

As (l - r) > (t - 6 r), heDce IP4l > [Ct2]
62, 46 np < h..hi[hf.r I he pressure. greater will bc yicld

of Z. As reaction is exofhermic iD thc tbrward
dirscyiekr ,-#i:i#';
slot , is used).

61. Suptrce NO2 -.rg- Theo NrOo = (lur _.y).s
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lvtolcs of Ntl, = ft, Moles ot Nrtl. = $jI
x,4t

Molc lruclloD ol N()2 -- x/. i I (100-:l)/(D-
t )2 L\
46 t00+Y 100+(

1Y

Mole trirctron olNzoo = t - ffu
100-Y
'I 00 + t

Molar mal\s of mixrurc

Lr I00 -.( ^ ,200
= ------- x .16 * roo;T , ,z = 166-ll

#=2x383:76.6
or 76 (w = 9200 - 7660 = t5a0

or r=20 109

64. NI ITCOONI{* 
-

lnitial l mole

,\ller disso I - c

'l})coretical dcnsity (D)

2NH3 + Co2

2e
'lbtal =l+2i

t

I
obscrved densrty (d) " n -, ")A
D^

' I= t+2"

.- lrD-d\ I I48-lqa) .ro
", "=Tl--T)=t \--!6r l-"'

65 N2 + 3 }tz i=- 2 NH3

lnrlal 2mol 6mol
At. eqm. 1 lnol 3 mol 2 nrol

MolarcoDo I J 2nrol L-l
.- t2t2 4K,=+=xlt
' Ix (3,' zt

Exarninati

Ae s erAi on -Re a s on T, 
V V e Q.u e sAi o n s

The folloyilg questions consist oftwo st{tcmenLs, pritried as acseltion nnd Reasoh. whilc a|rslverinI these

q{estions, you ort required to choose tlny one ofthe tollowibg follr responscs'

(a) Ifhoih A.ssertion and Reason are true nnd the Reason is the corrcct explanation of thc asscrtion.

(,)IfhothAlrserlionondReosonartttuebutreasonisnotacorEctexphDlrtioDofthe,Assertion,'
(c) If Asscrtion is true hrlt Reason is false.

(d) IfAssertion is tolse but Reason is trre'
(?) lf hoth Asscrtion ond Reoson sre fglse.

Assertion

The equrlibriuD coiffiifE fixerl and charac-

teristic for any Siven chemica! reactlon at a

sp€cified temPerature-
whe n a calarysl is added to a reaction mixturc in

equilibriunl, the amount of the products in'
cteases.

Adding i[ert SiLs to dissociation equilibrium of
NrOn at consmnt Pressure itnd tenlpcralurc in-

creasqs the dissociatiotl.

Kp is lways Sreater than K".

Equilibrium constant of a reaction lncreases if
temperature is increased.

ReflsoD

The composition of the-firnl equilitrrium nlD(ture ill a

paflicular temperaturc depeDds upoll thc starting

amount of reactants.
'Ihe forward reaction becomes faster on adding the

catalysl.

Molar coDceDirations of the reac(anl5 ilDd Products
decrcasa-

Ite efTcct of pressuro is greater oll thc ralc of reacliol'l

than the cffect of conce[tration.
l}Ic forward reaction bccomes taster with lncrease ol
teD'rperature.

ADD'T'ONAL uEsrloMs

4,

5,
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2.
1

4.

True/False 9tatemente
Whlch ofthe follorving statements flre false ?
Whe[ equillbriunl is attaiDed, tbe conceDtratioD of
e{ch of the reactants and products b€comes equal.

BurniDg of magoe$ium to forn] MgO tS an irre-
versiblc process.

EquilibriuD is disrurbed ifcatatlst is added m it.

Fill ln The
When equilibrium is attained, the q)ncentration of
each of the reactanb afld products b€conles .... .

Chemical cquilibrium is ..... in Dature.

Soll(l 

-r 
liquid equilbriunr exists onh al .... 9'

The rate atwhich a subsiance reacts is proportioDal 10.
to its.....
'Ihe value of equilibrium constant is constant ar
constant.._...

The value ofequilibriuot constant ofan endothcr- ll'
n)ic reaction ..... with ris€ in temperature.
'lbnrperalure has no effecr on the equilibrium con-
stant for readions for which AH is ..... . 12,
If an ioert gas rs added to the equilibflum mixture

4. The equilibrium constant of a reaction is in.lc-
pendcnt of the concentratioDs oftbo reaclants.

5. There is no effect on the equilibriunl conslaDt of
H2+12 -=l2HI. if some inert gas is added to it.

6.'fhere is Do effect of pressure on the dissociation or'
Nzol'

blanks
ofthc diss$iation of PCl5 at constant pressure, the
dissoqation of PCl5 will ..,.. .

tixothermic reactiorN arc favourcd hy........
temperaiure.

For a giveD reactioD at a ltxed tempcraturc, equi-
librium constaots Kp and K. are relatcd as........ .

(LI.T 19941
A ten-fold increase iD pressure on the reaction
N2 E) + 3 rr2 G) ___ =i 2 NH3 G)
at equrlibrium results in....... in Kp. (.LT tg96)
For a Baseous re-aciion 2 B -..- A! the equilibrium

7,

coostant 5 is........ rolhao K6. (t.I.T. 1997\

W atchi n S Ty p e Q.u eetio n s
l. Match ihe cntries of columD Awith approprEte eotries of column d

Column A
(a) Reaction is reversed

(r) Reacnoo is divided by 2
(c) Reaction is multiplied by 2

Cohmr B (New eqm. corlst.)
(a)'tK

ft) K2

(c)l/K
where K is the equilibrium consrant oftbe original reaction.
2. Match th€ entries of columD A with appropriate entries of columns B and C.

Cohrrnn A Column B
(a) Nz + 3H2 + 2NH3 (a) Inqeasc ofpressurc shifts

AH = -92.5 kJ the equitibrium in thc foru,ard

(c) N2Oa <=== 2NO2 (c) Increase of pressure has

A H = + 58.6 kJ no effect on equilibrium.

ColurD[ C
(a) lDcrcrse of temp. shifls the
equilibrium in the forq"rd direction.

(c) Increase of temp. has Do effect
on the equilibrium.

direction.
(D) CII3COOH + qH5OH (b) Increzse of prcssure shifrs (D) IDcrease io temp. shifis rhe

.-J CII3 COOqH5 the equilibriunt in the backward equilibrium in the backward direction_
+ H2O,AII =0 dircclioD.
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ASSEBTION,REASON TYPE AUESTIONS

t. (n) 2. (e) 3. (a) a. (e) s. (e)

TBUUFALSE STATEMENTS

1,3,6.
FILL IN THE BLANKS

i]"oo.,"n, 2. dynamic 3, mclting point 4, active mass 5. temperature 6. iDcreas€s 7. zcro t. increasc

9. low 10. Kp = K. (tT)e 11. no change 12. less.

MATCHING TYPE OUESTIONS

1. (a) - (c), (bHo), (c)--(b) 2. (4) - (a) - (D), (D) - (c) - (a), (c)-(,)-(c)'

H I NT5 /EXPLANATIO N g Lo Ae6 e"tio n -R.e a 5 on Ty P e G.u e eaio n e


