EQUILIBRIUM

LESSON - 6 :

KEY POINTS-

Equilibrium - An equilibrium represents a state in

a process when the observable properties such as
colour, temperature, pressure, concentration do not
show any change.

Equilibrium in physical processes:
solid = liquid = gas
H20i)= H20() = H2O0wap)

Law of chemical equilibrium: At a given
temperature, the product of concentrations of

the reaction products raised to their respective
stoichiometric coefficient in the balanced chemical
equation divided by the product of concentrations
of the reactants raised to their individual
stoichiometric coefficients has a constant value.
This is known as the Equilibrium Law or Law of
Chemical Equilibrium.

E.g.- For a general reversible reaction
aA +bB=cC + dD

« ICI° [D°
“ AP [BP

Concentrations or partial pressure of pure solids
or liquids do not appear in the expression of the
equilibrium constant.

REACTION QUOTIENT (Qc):-The ratio of product
of initial concentrations of products to the product
of initial concentrations of the reactants at any
stage of the reaction.

If Qc >Kc, the reaction will proceed in the
direction of reactants (reverse reaction).

If Qc <Kc, the reaction will proceed in the
direction of the products (forward reaction)

If Qc = Kc, the reaction mixture is at equilibrium

Kp is equilibrium constant used when equilibrium
concentrations are expressed in atmospheric
pressure.

Kc is equilibrium constant used when equilibrium
concentrations are expressed in molarity.

Relation between K, and Kc
Kp =Kc (RT)*"

here R is gas constant, T is temperature

at which the process is carried out & An is
number. of moles of gaseous product minus
number. of moles of gaseous reactants.
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If Kc> 10% Kc is very high i.e. the reaction
proceeds nearly to completion.

If Kc<10'3; Kc is very small i.e. the reaction
proceeds rarely.

If Kc is ranging in the range of 10° to 107%;

i.e. reactants and products are just in
equilibrium.

Factors affecting equilibrium constant:-
temperature, pressure, catalyst and molar
concentration of reactants and products.

Le Chatelier's principle:- It states that a change
in any of the factors that determine the equilibrium
conditions of a system will cause the system to
change in such a manner so as to reduce or to
counteract the effect of the change.

Arrhenius acids are the substances that ionize in
water to form H™.

Arrhenius bases are the substances that ionize in
water to form OH".

Lewis acids are lone pair accepters while Lewis
bases are lone pair donors.

Bronsted-Lowry concept:-Proton donor are acids
while proton accepters are bases.

Conjugate acid-base pair- The acid-base pair that
differs only by one proton is called a conjugate
acid- base pair. If Bronsted acid is a strong acid
then its conjugate base is a weak base and vice
versa.

lonic product of water, Ky = [H'][OH]

pH = -log [H']; here [H'] is molar concentration of
hydrogen ion.
OH _

p~ = -log[OH]; here [OHT] Is molar concentration
of hydroxyl ion.

pH + pOH = 14

pKa +pkp = 14, here pka = -logka, pkp = -logkp

ka= Acid dissociation constant,

kp=base dissociation constant

Ka x Kp = Ky = ionic product of water

=1x 10"

Buffer solution: The solutions which resist
change in pH on dilution or with the addition of
small amounts of acid or alkali are called Buffer
Solutions.




common ion effect: It can be defined as a shift
in equilibrium on adding a substance that provides
more of an ionic species already present in the
dissociation equilibrium.

Hydrolysis of Salts: The process in which water
reacts with salt to form nan acid and a base.

Solubility product- Product of the molar
concentrations of the ions in a saturated solution,
each concentration term raised to the power equal
to the number of ions produced.

mﬁg
HIFATEEAT - EIGEAT U yihar fo &ufa ar
AT AT &, &9 q@al Qg 0T S T
AT FigaT F FIs IRAGT BETS 6T & B
ﬁﬁmmﬁﬁa@w.-
O = el = I
HoOi) = H20g) = H20(vap)
TS e &1 [Fga: dr v s auaEe
W, dfd IEEfAS Ao A 3ddh  d@dfUd
Wﬂ?ﬂwﬂﬁ?ﬁﬁdlwwﬁqmummm
T TigdT & 3cUIE B 3% ATFdIT ITTHHOIAIT
UM deh JeIT T TRPRPT HT Tigdr & 36 o
faTTToId el R Ueh TR Hed gl &1 3 T
ﬁwngWﬁw%mﬁm
ST gl

3EIEI0T & AU - Ueh AT 3chaoia AT &
foT aA +bB = cC + dD

FrEgraedr R $r dfFeaiad.

« ICI° D

¢ [AF [B]

Y€ I AT el uerd T Higal AT HifAeh gara
qraTaEdT s F @ A& &ar 2

HAFFAT HETHS (Qc ):- IR-AJe Fufdat & dgd
IcUTEr T URIAF Tigal & 3cUig T TRFRET
IR Higdl & 3cUlE ¥ 39T |

gfe Qc > Ke § , ar 3fafpar 3rf@ere #r 3T
3aRa geft (fAuda ifafsan)|

e Qe < Ke g, dr 3fafshar 3curel 1 30T saia
g (3T hr JrfAfsRa) |

Ife Qc < Ke &, ar 3ifafrar Bsor areamaer & g1

kp TFITGEAT TR § foTeT 3ur a9 foRar Sirar §
ST AT gl aYASAT gard 7 eFd Y A1l g

Kc arearaeem &Rt § fSgesr 39 a9 fFar siar &
S FFEIEEAT HiGAT I ATARET H egard fhar S gl

kp 3 K& e waer-
Kp =Kc (RT)""gel R 3t feeRriss &, T g8 &= §
g 9 3ifAfear & s &

HefT-11 QAT faaD

An =[N0 3cuiel & At $ gE)-(E ffeERe & A f aer )
afE ko> 10% ; Ke sga 310 & I 3ifRfRar aemsrer
ofr gt #r 3R T ¢

afE Ke<10® ; Ke dga T & Il 3ifafdar amag &
3T 787 @ >

af Ke 10° & 10° & & 7 §; I sfdens 3R
3cure; foesher @FaTaTdT A €

HAFITEET B &1 T/ F a1 FRF-
J9ATT , &a1d, 39 3R 3ifAere 3R 3caer $ir
WWI

o1 arafae fRura - R e s aaEen
aRifeufaat & FuiRa & gk FRE (Figor,
T 9) & ¥ R 7 st oRads @ W agEEr
w%&n#mﬁﬁ%mﬁﬁmwmgm
THTT HH YT FHATCT g AT

INRfATE 3Fa 3 9ard § S g 7 3mafad gl
H* sara gl
IRATH &R T gerd § S Ul F AT gl
OH- sa1a &1

TS HFA Uehlehl JoH Tdlehdll § SIdieh Js8 &R
uaa@rwm%l

FoEEG-ARI HTUROM:- Wieled &l 31Fel § STafeh Hiele
I &R &1

VLA HFA-4TR JIA- 3F-6TR oA fad dhael Th
HicteT & 37aX g &, WWWWW

%laﬁaﬁﬁgmwmm%?ﬁmm
3MYR Teh guel &R § 3R g8 faudia |

ST H AGfId 3c91G:- Kw = [H][OH]

pH = -log [H'] TBIH"] gT83iere 3MaeT &I Al
Higdr gl

p"'=-log[OH; T [OH] gTsgifFae 3 HAeR
g &

pH + pOH = 14 pK, +pkp = 14,

TGl pka = -logka, pkp =-log kb

ke = 3TFcl GUaFh0T fERTeh, kp = TUR JUFHIT
[E33RIED

Ka x Kb = Kw = 97t &7 3mafas 3caig =1 x 107

T fafager: 9 fafos S aeaor e o ar e
AT & 3 I7 &) e @ pH & aiadsT &
e g &, I fafoaea sgaa &1

AT A IHE: 38 R T &l Siise W
"ol H deld & § H IRATMNT fhar S Fehrdr
%sﬁqwqmmﬁmﬁsﬁaamﬁm
gt @1 31F g FaT B

QU AT AT-HTUSA: dg UishdT THTF el oIgor &
AR =& 37 3N &R g &




MULTIPLE CHOICE QUESTIONS

HAFOTEEAT f8A& naA + nbB — ncC + ndD
T T2

g faweda wea: a) K b) nK
c) K d) Kin
1) What does it indicate having a higher 5) For the following equation,
equilibrium constant? R ]
a) reaction occurs faster iI:Bar:g)e;u::’z?(g) + Brz(g); are both Kp and
b) rate of backward reaction is faster a) yes )
c) both the backward and forward reactions b) cannot say
are equal ¢ no
d) reaction may be slower than usual d) depends on the temperature
3TUaY AFAEEAT fORRis F1 §&d a1 87
b) ueEeTHr AFARFAT T & I A ¥ ;':l?r (9) %,,Hz(g) * B’Z(g) FT Ke 3R Ke
c) UTMHAT AR Al gt AfATFAT AT T .
) ¥ e a) @ b) €I g Hehcl
d) IR g O o & e B c) e
— , _ d) dmuAE W AR &R §
2) If the initial concentrations of reactants in )
a reaction increase then the equilibrium ©6) CO2(g) + C(s) =2CO(g) is an example of
constant -
a) also increases a) homogeneous equilibrium
b) decreases b) heterogeneous equilibrium
c) remains constant c) neither homogeneous nor heterogeneous
d) may increase or decrease d) both homogeneous and heterogeneous
Iy frel rffFar & sfferes f TR Figar COzA(g) + C(s) = 2CO(g) = 2CO (9)
dodr & @ gaEedr R : FT TF 3CEI0T §
gar ¥ a) AR JrEgaEdr
a) of St & b) ®T ST ¥ b)  FarwaAmT HJerer
c) R Wwar g d) ¢ I T ThdT ¢ c) o dr gard 3T o & _AwARy
3)  For the reaction Hzx(g) + Brag) «— 2HBr(g) d) T 3R fAwaAsh g
the equilibrium constant is given as 0.04 7) Wwhat is the expression of K¢ of the chemical
then what is the equilibrium constant for the equation
. N 2
Sacgoorll ) HZS) +4 orie) Ag20¢s) + 2HN03(aq) 2AgNO3(aq) +H20(1)?
0 o 9 100 a) [AgNOs3(ag)]/[HNO3(aq))?
Hae) + Bralg) ©» 2HBr (g) & AT b)  [AGNOs(aq)/[HNOs(aq)]”
AT Ha(g) + Brafg) - 2HBr (g c) [AgNOs(aq)*/[HNOs(aq)]
qere i 0.04 Ram wmar @ oar wiafear i e
2HBr (g) < Hx(g) + Br: ¥ fAT Hqea FeuRi= d)  [AGNOe@a]/HNO3(aq)]
FTE (D) ? TETafAE AT
a) 0.04 b) 4 AgzO(s) + 2HN03(aq) = 2A9N03(aq) +H20(|)? a';
c) 25 d) 100 Kc & siffeafea #ar &
2 2
4) If the chemical reaction is: aA + bB — cC a) [AgNOs@aq) /[HNO3(3‘J)3
+ dD and K is the equilibrium constant. b) [AgNO3(aq))/[HNO3(aq)]
Then what is the equilibrium constant of the c) [AgNO3(ag]*/[HNO3(aq)
reaction naA + nbB — ncC + ndD? d) [AgNo(aq)]z/[HNo3(aq)]2
a) K b) nK
n 8) What will happen if K¢ > 102 in a chemical
o K d) Kin reaction?
Ife varafas gfafsar 8: aA + bB — ¢C + dD a) products are predominant
IR K arareeyr s g1 ar e srfafear &1
HET-11 I fa=1) —=




b) reactants are predominant
c) equilibrium
d) dynamic equilibrium

wafaE ARFAT F Ko > 10 2 g@rar == e 2

a) 3cUle YHd & b) 3HSRE TG &
c) HFITTEAT d) arfaeier aFgraEar
9) For a reaction aA + bB — cC + dD, which 13)
is not in equilibrium the Qc is given as
a) [A[BI’/CI°ID"
b)  [CIIDIIAI°[B]®
c) [AlBVICIID]
d) [CI[DJIAIB]
% gyfafsar aA + bB — cC + dD & faw, &t
arFgTaEdT # € §, Qc F F T
# fmr @
a) [AP[BI”/[CI°ID]"
b) [CIDIIAIE )
c) [AlBJICIID]
d) [CIDJIAIB]
10) What will happen If Qc > K¢?
a) Qc decreases till equilibrium
b) Qc increases till equilibrium
c) Qc remains constant
d) cannot say
Qc > Kc @ ar a1 ghem ?
a) Qc TFIEEAT d Tl §
b) Qc WFIEEAT TF TG §
c) Qc R @ &
d) el &g Hehdl
11) At equilibrium, K¢ is 15)
a) greater than reaction quotient
b) equal to the reaction quotient
c) less than the reaction quotient
d) independent of reaction quotient
WA W, Ke ¢
a) 3IfATRIT deTEa T 318w
b) 3fATHIAT HETHS & SR
c) NfATHAT HITHST T FHA
d) 3fAfRIT seThe & FTadT
12) What do you think will happen if reaction
quotient is smaller than the equilibrium
constant?
a) equilibrium constant will change 16)
b) reaction quotient remains constant
c) reaction quotient increases continuously
d) reaction quotient increases till Kc
HET-11 I fa=1)

T &7 WA § i AR serwer aegrawer
feRiF @ ot g ar #ar ghm?

a) |FEAEGEAT & dgel SwE

b) 3fATRAT AT BUT TEaT &

c) 3fRfRIT RIS TETAR sgar &

d) 3fAfFIT HreThe Ke de §¢ SIar &
What did the Q depicted in the equation;
AG = AG’ + RT InQ?

a) reaction coefficient

b) reaction quotient

c) equilibrium constant

d) free energy

Q ¥ wHAiETor #F FAr gef™m AG = AG? + RT

InQ?

a) 3fAfkar qomes b)  JfARAT TR
c) WEIEEdl iR d)  HEA ol

What happens when the reaction quotient is
equal to the equilibrium constant?

a) the reaction proceeds in the forward
direction

b) the reaction proceeds in the backward
direction

c) the reaction reaches equilibrium

d) cannot predict

F4T g § 9 ARFA sered  aEEEdr
i & araT gar 2

a) TRGRAT MY & Rew F Y Fgdr ¥

b) ffsrar faudia feem & 3mr sedr &

c) fAfrar aegaEar a% qg”ﬂ?\‘r g

d) sfasyamlt & F Thd

Consider the chemical equation TiCls + 2H20

= TiO2 + 4HCI if the pressure is increased
what will happen to the equilibrium?

a) it moves backward direction

b) moves forward direction

C) remains constant

d) cannot say

TaEfae gHeIor TiCly + 2H,0 = TiO, +
4HCl W AR # I qE@ Fer—m sw at
AFITTEAT FT FAT FM?

a) Ig TARd fgem & Torar §

b) 3mar r feem & gear g

c) TR @aT ¥

d) 6l F§ Hehcll

In the reaction, Hx(g) + Brz(g) = 2HBr(g),

what will happen if there is a change in
pressure?

a) equilibrium moves left




b) equilibrium moves right

T AT HUUeH ATl FT TS FT THhd

c) there is no change in equilibrium 87 . ]
d) we cannot say a) @ b) F'_t?r
FBeAT #, Hig) + Brag) = 2HBr(g), aR: c) T d) T FE Fene
g g A g ar ? 21) What is the degree of dissociation for strong
a) HFEIGEAT §15 AR oIl g electrolytes?
b) TTEATIEAT 1§ T TeIdT § a) 1 b) 0
c) HFIEEAT H FIg IRAdA a1 & c) less than 1 d) greater than 1
d) & =gl %E Ahd Yoo 3 IueH & T guaHor v B w7
17) Which side does the catalyst shift the 87
equilibrium position? a) 1 b) 0
a) left side c) 18 &HA d 13 3%
b) right side 22) Degree of dissociation does not depend on
c) may be left or right side which of the following factors?
d) does not change the position a) nature of the solute
3oRw ey Ul & w3k wumaRa b) nature of the solvent
FAT 82 c) sound
a) S 3N d) concentration
b) - arfeelr 3 e 1 ot ffafae 3 e
) ¢ IT GV R% & Tl & g F §2
H) HGEAT G SGerl © a) R Husfa b)) Rews 6 gl
18) What will happen to the position of equilibrium c) eafer d) Hlegd
!f the conf:)entration of one of the products is 23) HCl is an Arrhenius
mcreasgd. a) acid b) base
a) shifts left c) salt d) water
b) shift right
c) does not change HCl & smfere @
d) may shift left or right a) 3 2) ;ﬂ:ﬁ
. C) dHSD
af frdl vF 3eurg @ wigar For & Je ) )
grEgraEdT $r Pufa #ar gef? 24) A strong acid has a
a) o 3R dcad b) & IR Rwe a) weak conjugate acid
c) gl SgeIdr b) weak conjugate base
d) o Im g’ e g vl & c) strong conjugate base
19) CH3COOH = CH3COO + H" is in d) strong conjugate acid
T gad HFEA A g &
a) ionic equilibrium a) i WA 3F
b) chemical equilibrium b) W W PEIce
c) dynamic equilibrium c) Y& HYIH &R
d) physical equilibrium d) Y& TYIH 3HFeT
CHsCOOH :CH3COO:;._+%H 25) Which of the following is a Lewis base?
a) = o a) ammoni.a .
b) TETARIE HETEE b) magnesium chloride
¢) i amTaE Z) aludr.nmur-n chloride
d) oM aaTEEr ) sodium on
20) Can nonelectrolytes conduct electricity? fﬁ“ A A B Eolé AT 87
a) yes b) no a)
c) sometimes d) cannot say b) R e
HEfT-11 RHTIA fasTr) —




26)

27)

28)

29)

30)
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C) TeIAIIA FoRISS

d) af3ad 3maA

Identify a conjugate pair in the equation:

NHs; + H,0 =NH4" + OH.

a) ammonia and water

b) water and hydroxide ion

c) ammonium ion and hydroxide ion

d) ammonia and hydroxide ion

FHIEIOT F TF qYIA S F gEA:

NH; + H20 = NH;" + OH.

a) 3rfaar 3R el

b) Ul 3R gESIFAES A

c) 3AfAIA 3mIT IR gssIFAEs INAA

d) 3T 3R gEgieFaEs A

The formation of products is favoured by
temperature in an endothermic

31)

reaction.

a) high b) low

c) moderate d 0

ssAT  A@AfFE #H sl &1 @=Er
AHAT garT FARST e &

a) 3Td b) &H

c) HEIH d 0

If the pH of a substance is given by 3 then

what is the pOH of the substance?

a) 3 b) 7
c) 14 d 11

gfy freY gerd &1 pH 3 e aram § &Y 9erd #1
pOH FaT &7

a) 3 by 7

c) 14 d 11

Precipitate

32)

33)

is formed if ionic product is

a) greater than the solubility product

b) less than the solubility product

c) equal to the solubility product

d) independent of the solubility product

e Imafas  3cure goa
AT FoTcT &

a) golAeferdr 3cdie d e

b) gerTfeldr 3cdie & FA

c) Yeleilerd 3cU1g & ST

d) gereRiierdr 3c9e & TodT

A salt

34)

is soluble if the solubility is

a) less than 0.01M
b) in between 0.01M and 0.1M

c) greater than 0.01M
d) greater than 0.1M

tF AAs  geada § IR geerefear

¢
a) 0.01M & &&
b) 0.01M 3R 0.1M & &=
c) 0.01M ¥ 31T
d) 0.1M & 318

The pH of a solution of hydrochloric acid is
4. The molarity of the solution is:

(@) 4.0 (b) 0.4
(c) 0.0001 (d) 0.04

TR 3+ & i &1 pH 4 &1 97
e

(a) 4.0 (b) 0.4

(c) 0.0001 (d) 0.04
The strong conjugate base is

(@) NO3 (b) Cr

(c) SO4* (d) CH3COO
YT HYIH &R ¢ :

(@) NO3 (b) Cr

(c) S04 (d) CH3COO

Le Chatelier's principle is applicable to:

(a) only homogeneous chemical reversible
reactions

(b) only heterogeneous chemical reversible
reactions

(c) only physical equilibria

(d) all systems, chemical or physical in
equilibrium.

a1 Amafae &1 RAgUia 3§ W &9 81 &:

a) FaeT TN TS yfaadt MR

b) Had AYH TE™S Yfaadl JfRfFaT

c) had #Hifdes FrFEgEEAT

d) @ vonforn, s ar sifaes,
HFITGEAT H gl

When NH4Cl is added to NH4OH solution

the dissociation of ammonium hydroxide is
reduced. It is due to:

(a) common ion effect

(b) hydrolysis

(c) oxidation

(d) reduction

S NH4OH ®id & NH4OH fAemar srar & at
IAfATA FSTIFAES FT GUFIIOT FH g ATl
el TE @ F FROT &

(a) AT AT JHTT




35)

36)

37)

38)

39)
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(YRESIRIRE]
(c) 3iTerenoT
(d) Y
For the reversible reaction
g + 3H2@ = 2NH3 + Heat
The equilibrium shifts in forward direction
(a) by increasing the concentration of NHs()
(b) by decreasing the pressure

(c) by decreasing the concentration of N>
and Hz

(d) by increasing pressure and decreasing
temperature

yfaadt FfRfRar & T Noyg) + 3Hoq) 5 2NH; + a3t
AFATGEYT AT F 2w & g Sar §

(@) NHa(g) & Fiear & gig &t

(b) T HA Fh

(c) N2 3R Hy & Higdr &I HA Feh

(d) sed garg 3R "ged AT |

which of the following is a Lewis base?

(a) AICI3 (b) Ag

(c) AI(OH)3 (d) NH3

ffaf@a # @ sla v ax &2

(a) AICI3 (b) Ag

(c) AI(OH)3 (d) NH3

Acetic acid is a weak electrolyte because
(a) It's molecular mass is high

) It is a covalent compound

) It is highly unstable
)

it does not dissociate much or it's
ionisation is very small.

tRAfeF 3va oF qad gATeIaTEe § FifE
(a) SHHI HTUIdeh GeIHTT 3T g g
) IE Th TEEdies e §
(c) Ig Icafaes 3R §
(d) I fee ST w16 grar 3ruar sasr
3TIARIOT Sgd BT 8T &l
According to Lewis concept an acid is
(a) Proton donor
(b) Electron pair donor
(c) Electron pair acceptor
(d) Proton acceptor
T HAURON & IHTAR e A
(@) 9w grar
(b) gl JIA Tl
C) Sl JaH Edlehal
(d) 9T TRdr

The species acting both as Bronsted acid

40)

41)

42)
(b
(c
(d

43)

44)

and base is

(@) (HSO4)? (b) NaxCO3

(c) (NH2) (d) (OH)

Ig TS seveg IFd 3R 4R et & T H
F FIA ¥

(@) (HSO4)? (b) NaxCO3

(c) (NHz) (d) (OHY

Kp, and K. are related to each other as

K, 3T ch?%#wmmﬁa%

(@) Kp=Kc(RT) (b) Kc=Kp(RT)-*"

() Kp(RTf”“3 (d)
For the reaction
CO(g)+H20(g) = CO2(g)+H2(g)

at a given temperature the equilibrium
amount of CO2(g) can be increased by

(a) Adding a Suitable catalyst

(b) Adding an inert gas

(c) Decreasing the volume of the container
(d) Increasing the amount of CO(g)

sfAfRar CO(g) + H20(g) = CO2(g) + Ha(g) &
T ggTaTyT A AT F TGR—T ST FHhdT §
(a) TH IUYFd 3RF A5

(b) ww 3frar I Sear

(c) HEHW FH HAIAT HH HLeAl

(d) CO(g) &T HAMET TGT=IT

The solubility of A2B3 is y mol dm? its
solubility product is

AzB; #1 goeefledr y mol dm?
amﬁa?n Seure ¥

(a) 6y’ (b) 64y*
(c) 36y° (d) 108y°
Solubility of a gas is liquid increases on -
(a) Addition of catalyst

(b) Decreasing of pressure

(c) Increasing of pressure

(d) Decreasing of temperature

I At gaerelear gg # ot §

(@) 3R el W

(b) & TT W

(c) T¥ Je W

(d) 99 §ell W]

for the reaction 3X(g)+Y(g) = XsY(g), the
amount of X3Y at equilibrium is affected by
(@) Temperature and pressure

(b) Temperature only

(c) Pressure only

(d) Temperature,pressure and catalyst

Kp-ke=(RT)An

T, FEET




ATRTFAT 3X(g)+Y(g) = Xa3Y(g) F fow Ar-arawar
# XsY(g) & AT 3

gl
(c) Ig 3R+ Hr 3uleyfa ww [ B

(a) AT 3R gard (d) I K geeamed wfafear & fAv awamaear

(b) Shael dATIHTT eI & o 3wy & JfAfshansit ar

(c) ¥de gard e e 1/K gl

(d) d9HA, gard AR 3RS 48) when solid sugar dissolve in the solution

45) If both the forward and backward reaction equilibrium is attained between.

rates are equal then the equilibrium is said (a) Liquid-vapour (b) Solid-liquid

to be (c) Solid-vapour. (d) None of these

(a) Dynamic equilibrium g9 o ol Qe & B aar & @

(b) Equilibrium mixture HFAEEAT 9I°d 2T §

(c) Static equilibrium (@) dRer-arsq (b) -l

(d) Newton equilibrium (c) drF-arsq (d) 5T & HIS 7T

Iy e i i @At srfAfFar v g@er € @Y 49) Dynamic equilibrium mainly concerns about

AFATATYT Fgl ATAT § -—-mn

(a) e AEATEEAT (b) HJeled fAOT (a) Spontaneous reactions

(c) Tifas TFgEEdr (d) Tgcel HIFATTEAT (b) non spontaneous reactions

46) Which of the following is an example of (c) Reversible reactions

solid-liquid equilibrium (d) irreversible reactions

(a) Water and steam a(;[ 100°C. afefier EFaTEET eI ¥ gafa

(b) Water and ice at O°c. (a) Taq: wafda sfafeard

(c) The point where NH3 is sublimized. (b) 3rFad: vafda fafward

(d) Boiling point of water. (c) widadt sfafFard

ﬁmﬁﬁa%ﬁﬁmmm-mm (d) 3aRadeia 3rfafsrane

50) which of the following is a characteristic of a
0

(a) OOC WGl ST A reversible reaction.

(b) O0'c = t"?ﬁ 3R a6 (a) It never proceed to competition in a

(c) @ Tg S8l NH; 3eduifad g closed container.

(d) 9T FT FUATH. (b) It proceeds only in forward direction.

47) Which of the following statements is false (c) Number of moles of products and
regarding the equilibrium constant? reactants are equal.

(@) It has a definite value for every (d) It can be influenced by a catalyst
chemical reaction at a particular rafaf@a & ¥ 39 @ gfaedt sfafear &
temperature. freryar ¥

(b) It is independent of initial concentration (@) Ig Fo off dg e & faeqe’ s
of reactants. GTRaT FIET T gl

(c) It is dependent on the presence of a (b) TE Faer MY T M F 3T Foar
catalyst. () 3eumet 3R HfPFR & At B e

(d) If K is the equilibrium constant for the ST B
backward reaction then the forward PR s=ee T
reactions equilibrium constant is 1/K. (d) =& F T &1 el &

AT RE & ey o Peatatag § @ 0 Amines behave as.

FT &1 FUT TS 27 (a) Lewis acid

(a) e AV TIAT W IAH IAIAH (b) Lewis base
JTRfRAT & O sTedr e HAfaad A (c) Aprotic acid
gl gl . . . . (d) Neutral compound.

(b) IE 3fFFERST HT IRFS Fgar & T@aT AT 3E YER SHEER F E

(a) TS| 3 (b) IH &R
HEfT-11 RHTIA fasTr) (73)




(c) TaIfew3Fer (d) dery Iiff.

ANSWER OF MCQ QUESTIONS

equilibrium constant. catalyst only affects the
forward and reverse reaction equally.

Scck- 3CUReh HIEGTEEAT &l BTy @l genfad gl ear
3 Feil: ¢ 3R sufow sue aeaEr s & AW
= WS GG G TS ¥ | e oA
gRaded & APgEaTdr Wi A Seo Hehdl
1 a 2 ¢ 3 ¢ gl 3c9R& Fad e iR 9T & gfafmar i
4 ¢ 5 a 6 b AT §T & JHATTAT T gl
7 a 8 d 9 b
10 a 11 b 12 d 4) Write the relation between Kp And Kc for
13 b 14 ¢ 15 a the reaction PCls(g)=PCls(g)+Cl2(g) B
16 ¢ 17 d 18 a FfAfFAT PCls(g) F AT Kp 31K Ke & i daer
19 a 20 b 21 a m_; r_ﬁ'“g)*c'z‘g)
22 ¢ 23 a 24 b Ans- Ang=2-1= N
25 g 2% b 27 a Hence Kp=K:(RT)"'=KRT
28 d 29 23 30 d 5) Find the conjugate base for the species H2O
31 ¢ 32 d 33 d and NHq+.
34 3 35 d 36 ¢ HzOﬁTNHﬂW?%‘GW‘FﬁW
37 d 38 39 a A ‘::T' .
40 b 41 d 42 ¢ ns- and s
43 d 44 a 45 a 6) If Qc < K¢, in which direction reaction will
?
46 b 47 ¢ 48 b proceed? ,
49 d 50 a 51 b IR Q< K, a afefear fra Rer & 3m
Fean?
VERY SHORT ANSWER TYPE QUESTIONS: Ans- Reaction will proceed in the direction of prod-
ucts.
sfa 3T g ! !
! = SeeR- AT SeE R # 3
1) What is common ion effect? VYhat is meant by conjugate acid base pair?
Ans- Common ion effect is a phenomenon in which LI HFA-4TRE LIA W 1 AT 82
degree of dissociation of any weak electrolyte Ans- An acid- base pair which differs by a proton
is suppressed by addition of small amount of is known as the conjugate acid-base pair.
strong electrolyte containing a common ion. 3ccR- U IF-81) oA St TE Wl ¥ BT @
AT I THTT 4T 872 %‘wﬁrmmm%mﬁmm
ScoR- TTHEET 30 YT Uk O gear ¥ forEe e ol
HASIN ITECH & GUFHIOT ?ﬁraj’r aﬁz;r U& 8) Define solubility product.
HHAT 3T Jercd Foted 3qECH AMET 1 ;
Yo & gar BRI g gmﬁw 3cUTe S IR | |
" Ans- It is product of molar concentration of ion
2) What is the relationship between p~ and raised to the power of number of ions pro-
P duced per compound in saturated solution.
pH 3R p" & fta Far Faw ¥ 2 Se- IF dqed Bl & wia A searfed sm @
Ans- P"+p°H=p, =14 qE B GIdiF 9F dET AT TS H AR
3) Does the value of equilibrium constant K AT 1 31
changes on adding a catalyst? 9) Give two characteristics of a buffer solution.
FT 3RS SAlsd W AFIEEAT ReR K & TR RAage 1 a7 RAYAT Fame)
AT dEa AT §7? Ans- lts pH does not change on the addition of
Ans- Catalyst does not affect the position of small amount of acid or base.
equilibrium and hence it doc_a_s not have any ® Its pH does not change on dilution or
effect on the value of equilibrium constant. .
; standing.
only change in temperature can change the
HefT-11 R I =

J



3cdl:

10)

Ans-
3cR-

) 3FST AT &R I A A A T AT
pH &l Fealdr gl
i) g—r_gww IT G3T Fel W SHH oAgl dgeldr
I
Which of the following are Lewis Acids?
famafaf@a & @ #la g8 s &2
H.O,BF3, H+ and NHa+,
BF3, H" ions are Lewis acids.
BFs , H " 3ae & 3% ¢l

SHORT ANSWER TYPE QUESTIONS:

oY 30T e

1)

Ans-

2)

HefT-11 QAT faaD

On the basis of the Le Chatelier principle
explain how temperature and pressure can
be adjusted to increase the yield of ammonia
in the following reaction.

Nz(g) + 3H2(g) = 2NH3 (g) AH = - 92.38 kJ
mol

What will be the effect of addition of argon
to the above reaction mixture at constant
Volume?

a1 ArafaT RS F YR W Fa@w fF q#m
IR gEmE A FERET X AEfaf@a st
FAAIT A 3usr FF FSE AT AT 82

N2(g) + 3Hz(g) 5 2NHa (g) AH = - 92.38 kJ
mol’

IRFT FARTFAT FAsor & YR 3maas # uws
W HET A &1+ 99T {19n?

According to Le Chatelier's principle, raising
the temperature shifts the equilibrium to the
left and decreases the equilibrium concen-
tration of ammonia since it is an exothermic
reaction. In other words, low temperature and
high pressure are favourable for a high yield
of ammonia. There will be no change in equi-
libria on the addition of argon (Ar).

a1 afar {@eld & AR, duA do &
HIEATaEAT §15 3N TAATIRT & oiar & 3R
IAfATT T FFEAGEAT Higdl HHA @ A ©
Fifr Tg T FsATeTdY AfARTHRAT B erear A,
FH d9AT 3R 3Ta & IFAAGT T 3TT 39T
& T 31efenel &1 3T (Ar) fRem= 9 Aregraear
#F FS afiade 6 gl

Does the number of moles of reaction
products increase, decrease or remain
same when each of the following equilibria
is subjected to a decrease in pressure by
increasing the volume?

(i) PCIs () = PCls(g) + Cla(g)

Ans- (i)

3eak- (i)

(ii) CaO(s) + CO>(g) == CaCOs(s)

(iii) 3Fe(s) + 4H0(g) == Fe304(s) + 4Hx(g)

FT ARFAT 3Rl F AN A FEAr TOd

Y wedt ¥ W WA e ¥ o9 efafad

HFGTEEAT # F Yods & ATId SGa gard A

HAT A AT §?

Pressure will increase in the forward re-

action and number of moles of products

will increase.

(i) Pressure will increase in backward
reaction and number of moles of
products will decrease.

(iif) The change in pressure will have no
effect on the equilibrium constant and
there will be no change in the number
of moles.

3mY i 3fAfhaT F gara §¢Im R Seurer

¥ Adt #1 FE & g gt

(i) we" HAfHRAT 7 qara 9¢am 3R 3curer &
Arell I J&ar g S|

(iii) goTa 7 IREde # e Fute
IS GHTT G TSI R Al f dEwr A
HIS IR AT g

At 473K, the equilibrium constant Kc for the

decomposition of phosphorus pentachloride

(PCls) is 8.3x1073. if decomposition proceeds

as:

PCls (g) = PCls(g) + Cla(g); AH = + 124.0 kJ mol”!

(a) Write an expression for Kc for the
reaction

(b) What is the value of Kc for the reverse
reaction at the same temperature.

(c) What would be the effect on Kc if
(i) More of PCIs is added
(i) Temperature is increased.
473K 9T, BIEPRH JeFaREs (PCls) & 3rquesT

¥ fav gaEed Riw Ke 8.3x10° §1 afy
HYYST ¥ YFR &dT ¢

PCls (g) == PCls(g) + Clx(g); AH = + 124.0 kJ mol”’
(a) AMAfRIT & folv Ke & fow e iffcafda
forgr

(b) THATT AYAT W AR 3fAfhar & fow
Kc & & &1 § |

(c) Kc 9 T 9HTd ggamm
(i) PCls 31f&e ST ST &
(i) dUHAT g6 ST gl

[PCL5 (2)][Cla(g)]
[PCls (2)]

(@) The expression for K. =




(b) For reverse reaction (K.)

B PCIs (g) _ 1 B

= TPCh (@][Ch(@)] _ 83x10° _ 12048
(c) (i) By adding more of PCls, value of Kc

will remain constant because there is no

change in temperature.

(i) By increasing the temperature, the
forward reaction will be favoured since
it is endothermic in nature. Therefore,
the value of equilibrium constant will

increase.
PCl Cl
3ccdl- (@) The expression for K. = [ [i’(Cgl)s]Eg)]z(g)]
(b) For reverse reaction (K.)
PCls (g) 1

— [PCh (@)]iCh(e)] _ 83x10° ~ 12048

(c) (i) 31/ PCls agar WX, ke T AT TW
?ﬂﬂﬁ:m#aﬁéwaﬁm
|
(i) dAT9ATST gl & 373 hr AfARAT T
Serdr AT Fifeh Ig gpfd & FeaArensy
¥ safaw, gEIaTAT RURiH HT AT 9
STTaT|

4) The species H20, HCO3* HSO4 and NH3
can act both as Bronsted acid and base. For
each case, give the corresponding conjugate
acid and base.

Fhefsr H20, HCO3 * HSO4 3R NH3 s=Feg
IFT 3T &R Y & T H FF FT THhdr 2
g—aesma;m wafa @7 3Fd AR AR
I

Ans-

3cck- Teh 3EA-T] JIA Sl shael Ueh WITTeT GanT 3ot
AT & (HA —» A +H)a$rqqm?:?r3ﬂ$rm
gm%mﬁmam%l

TgaHAr 3l HCN, H20, HCO3™ HS™.
g & NO?, ClO4, O

LONG ANSWER TYPE QUESTION
A 39T v

1) a) Hydrogen gas is obtained from the natural
gas by partial oxidation with steam as per
the following endothermic reaction:

CHa(g) + H20(g) = CO(g) + 3Hx(g)

Write the expression for Kp for the above
reaction

How will the value of Kp and composition of
equilibrium mixture be affected by:

(i) increasing the pressure,
(ii) increasing the temperature,
(iif) using a catalyst

b) What will be the conjugate bases for the
Bronsted acids? HF, H2SO4 and H2CO3?

a) farafaf@a ssarst sf&fear & e amo
#mmﬁwmmmh#
gsaere AWy #Y ST §:

CHa(g) + H2O(g) == CO(g) + 3Ha(g)

3RIEd gfafear & fow Kp &1 g faf@e
Kp &7 AT 3R aregraear Asor & @@ 5
U THTAT gIM:

() cs1q serer,

(i) ATIHATT FerET,

(i) 3P FT 3UIRT HAT

Conjugate acid Species Conjugate base
HOo" 10 O b) farafaf@a sevee e & faw wgealt &+
? . > o S F4T g1? HF, H,SO04 and H,CO3?
}%12258 0 }51284 A %843; Ans- a) The expression for Kp for the reaction is:
NH4" NH; NHy ~ (ECO)X(EH2)3
P~ (pCH,) x (pH20)

5) What is meant by conjugate acid-base () By increasing the pressure, the number
pair? Find the conjugate acid/base for th? of moles per unit volume will increase.
f°"°w'"9 species: HNO;, CH’, HCIO4, OH" In order to decrease the same, the
COs™ 8% equilibrium gets shifted to the left or
MW-&TRW#WW%7%R@'F@H in the backward direction. As a result,
wifefisr & fw W‘H‘ HFA/ATR W@ more of reactants will be formed and
HNO,, CH', HCIOs , OH" COs%" S% ) the value of Kp wiI'I c!ecrease.

Ans- An acid-base pair which differs by a proton (ii) If the temperature is increased,
only (HA A + H*) is known as a conju- according to Le Chatelier’s principle, the
gate acid-base pair forward reaction will be favoured as it is

. . § B } endothermic. Therefore, the equilibrium
Conjugate acid: HCN, H20, HCOs, HS. gets shifted to the right and the value
Conjugate base: NO2, ClO4, O2 of Kp will increase.

HefT-11 R I —=




(iii) The addition of catalyst will not change
the equilibrium since it influences both
the forward and the backward reactions
to the same extent. But it will be
attained more quickly.

b) Conjugate bases: F, HSO4 , HCOs3'.
a) 3fAfFar & T Kp & AfFcaa &

. _ ApCO)x (pHy)"

P~ (pCHa4) x (pH20)

() Ta19 o & Ufa 5HS IMIdT H Al
Fr TEAT d¢ ST SH FHH I &
forT gregraTyr 918 3R a1 A fr 3R
TATATIRA 8 T g1 IROTHETET T
3IfAFRS el JUT Kp FI AT g¢ AT

(i) afE aIATT Serr AT §, ar @ emafaw

F A & 3R, 3mer i afAfrar

Wmﬁ%wmﬁﬁ’r%lw

TFITEET a8 3R TAAARS & el &

3R Kp &1 & 96 Srwam|

30 SiISel O TEATIEAT T81 Scoldl

P AT AT d& Tefad Far g1 Afpe

s8R dofr & gifad fohar seem.

b) WA &R: F, HSO4, HCOs"

(iii)

equilibrium because np = nr

(ii) Increase in pressure will favour
backward reaction because np > nr

Increase in pressure will favour
backward reaction because np > nr
Increase in pressure will favour forward
reaction because np < nr

(v) Increase in pressure will favour
backward reaction because np > nr

Increase in pressure will favour
backward reaction because np > nr

(vi)

3ccR- g1 el ¥ Faer ggr AR ganfaa gl

S M iffeRel dur 3cucer & A $ir

e fet-ffest (np # nr) @RA) g AT

& 39dlg & A (1); &9@ deo1 & AW |l drw

fAfrard genfaa gl ameeT §9 &,

e IfE np>nr g ar 3fAfkar a8 3R STwel |

o T nrenp & A AR g 3R STEel |

S ST I CA F @ g,

(|)aawﬁaﬁg'qmammﬁqmﬁaa€ramﬁ
F2ifF np = nr

(i) cara & gig gea AfATRAT I 3HeThe
SATTIN FEHF np>nr

(iii) cora & gig gea AfATRAT I 3The
SIIED

2)  Which of the following reactions will get FATTI Fif np>nr
affected by increase in pressure? Also . ‘ 1
mention whether the change will cause the (V) aﬂmﬁﬁ%@ f{r # S8
reaction to go in the forward or backward P
direction. (v) cera # gig gea HATHAT &1 3Helhor
. ST FfH np>nr
gaId dea ¥ fAwfaf@a & @ sl @ sfAfFar .
gsfaa @i ag st aaTd B e aRadA & (vi) S A gie TR HRTHA F FgI
FROT ARG 3T AT S Y AR ST aa np>nr
(i) COCla(g) == CO(g)t Clay 3) i) Describe the effect of:-
(if) CHu(g)+ 2S2(g) == CSa(e) + 2H2S(g) (a) Addition of Ha2
(ii1) COx(g) + C(s) == 2COy) (b) Addition of CH3OH
(iv) 2Hg) + CO(g == CH30H(y) (c) Removal of CO
(v) CaCOs(s) = CaOgs) + COx(g) (d) Removal of CHzOH
(vi) 4NHj3(g) + 502(g) == 4No(g) + 6H20(g) on the equilibrium of the reaction:
Ans- Only those reactions will be affected by in- 2H2(g)+CO(g) «——> CH30H(g)

crei':lsmgft:lhe pressure in WT'CQ the ;umb(jer (t')f ii) What is the difference between ionic
moles of the gaseous reactants and products product and solubility product?
are different (np # nr) (gaseous). With the ] .
exception of the reaction (1); all the remaining 3) (i) 8% w8ima &1 qofer &
five reactions will get affected by increasing (a) Hz &1 A5
the pressure. In general, (b) CH3OH &1 A3
e The reaction will go to the left if np> nr. (c) CO = ger=r
e The reaction will go to the right if nr > (d) CH3OH &Y gerar

np. gfafear & AvgEEdT v
Keeping this in mind,
(i) Increase in pressure will not affect

HEfT-11 RHTIA fasTr) (=




2H>(g)+CO(g) «——> CH3O0H(g)

(i) 3mafa®w scure AR geerdfear scae ¥ &
T AT §7?

Ans- (i) (a) According to Le Chatelier's principle,
on addition of Hp, the equilibrium of the
given reaction will shift in the forward
direction.

(b) On addition of CH3OH, the equilibrium
will shift in the backward direction.

(c) On removing CO, the equilibrium will
shift in the backward direction.

(d) On removing CH3OH, the equilibrium
will shift in the forward direction.

(i) Solubility product is the product of the mo-
lar concentration of the ions in a saturated
solution but the ionic product is for any
solution.

3cci- (i) (a) o AT LA & IR, Hy Sl W,
& TS AW 1 GrEgEEAr 3 A
&M & TAETARA & SATwa|

(b) CH3OH & S[3a WX , Wgaedr 9
%erafrwmmﬁ?ré’rsrmrrl

(c) CO &I ged W,AFgEaeer 9 &r feerw
H TUATEIRT & Sue|
(d) CHsOH P gl W, FEATGEAT 33T Fr
feem & TUATIRA & ST
(ii) Tor=Telel 3cUTe Teh Jed ©ieT & 3MIel &l

Tigdl 1 3cUTE § el 3TTTF 3cuie
ey off o & forw B

HefT-11 QAT faaD (—a






