WORK SHEET -01 CHEMICAL EQUILIBRIUM

[SINGLE CORRECT CHOICE TYPE]

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Attotal equilibrium pressure P, atm and P, atm, N,,O, is dissociated to an extent of 33.33% and 50%

P
respectively. Ratio of ;z will be
NE B) & 02 D) >
) 5 ® 5 © 3 OF

For thereaction: PCl,(g) = PCl;(g) +Cl,;K=10M

at 600K 0.1 mol of PCl.(g) isplaced inan evacuated 5L bulb. Then what would bethetotal pressure
at equilibrium. (Take: R=0.08 L-atm-mol~ K1

(A)9.6am (B) 0.96 atm (C)4.8am (D) 1.92atm

Thedissociation equilibrium of agasAB, can berepresented as-

2AB,(g) = 2AB(g) + B,(g)

The degree of dissociationis'x' and is small compared to 1. The expression relating the degree of
dissociation (x) with equilibrium constant K ; and total pressurePis-

(A) (2K /P2 (B) KJ/P (C) 2K P (D) 2K/P)Y¥3

Atagiventemperaturethefollowing reactionisalowedto reach equilibriuminavessdl of volumeV
litre. Thedegreeof dissociationisa., .If a sametemperature thevolumeof thereactionvessel isdoubled
(assuming the degrees of dissociationtobesmall ) the new degree of dissociation shal be—

PCl,== PCI;+Cl,

(A) 20, (B) J% ©) J2u, (D) V2,
For thereversible system,
X(@)=Y(9) +Z(9)

acertain quantity of X washeated at pressure P at acertain temperature. Theequilibrium partid pressure

P
of X wasfoundto be 7 What isthevalueof K, at giventemperature

6P 9P
(A~ ® © (D) 6P

Thevapour density of N, O, at acertain temperatureis 30. What isthe % dissociation of N,O, at this
temperature?
(A)53.3% (B) 106.6% (C) 26.7% (D) None

For thereaction: A .3H,0(s) ——= A. H,0 (s) + 2H,0(g) ; K, = 9 atm?

A24.63litreflask contains 1 moleof A. H,0O(s) at 300 K. How many moles of H,0O(g) should be added
totheflask at the given temperatureto drivethe backward reaction for completion.

(A) 3moles (B) 5moles (C) 8moles (D) 2moles



Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Ammoniaat apressureof 5atm and H,Sgasat apressure of 10 atm areintroduced into an evacuated
vessH.

NH,HS (s) = NH, (9) + H,S(9) K,=62.5 atm?
Thetota pressureof gasesafter longtimeis:
(A) 15am (B) morethan15am (C) lessthan15am (D) unpredicted

Theprogressof reaction : A(g) = xB(g) + yC(g) with timeispresented infigure. What isthe val ue of
Ko at 300 K.

3.0

2.5+ [A]
2.0

conc. (M) 15 (B8]

1.0

0.5F

t (in sec)
(A1 (B)2 ©)3 (D)4

Congider following reactionsin equilibrium with equilibrium concentration 0.01 M of every species
(1) PCl; () = PCI(g) + Cl(9) (11) 2HI(g) = Hy(@) + 1, (9)

(111) N(g) + 3H,(g) = 2NH,(9)

Extent of thereactionstaking placeis.

(A)I>11>11 B) <<l © <<l D) l<i<l

A definite amount of solid NH,HSisplaced in aflask dready containingammoniagasat acertain
temperatureand 0.50 atm pressure. NH ,HS decomposesto give NH, and H,Sand at equilibrium total
pressureinflask is0.84 atm. Theequilibrium constant for thereactionis:

(A)0.30 (B)0.18 (©)0.17 (D)0.11

At certaintemperature (T) for the gas phasereaction

2H,0(g) + 2Cl,, (g) = 4HCI(g) + O,(9) K,=12x 108 atm
If Cl,,, HCl & O, aremixed in such amanner that the partia pressureof eachis2 atm andthemixtureis
brough into contact with excess of liquid water. What would be approximate partial pressureof Cl.,
when equilibriumisattained at temperature(T)?
[Given : Vapour pressureof water is380 mm Hgat temperature(T)]
(A) 3.6 x10° am (B) 10#am (C) 3.6 x103 am (D) 0.01am

A vessdl of 250 litrewasfilled with 0.01 mole of Sb,S; and 0.01 moleof H, to attaintheequilibrium at
440°C as Sh,S;(s) + 3H, (9) = 2Sb (s) + 3H,S(9).

After equilibrium the H,Sformed was analysed by dissolvingitinwater and treating with excessof Pb**
to give 1.195 g of PbS (Molecular weight = 239) precipitate.

What isvalueof K of thereaction at 440°C?

(A)1 (B) 2 (C) 4 (D) Noneof these



Q.14 Forthefollowing Equilibria:
Hzo (l) - Hzo(g) KP = F)HZO

where P,0—> Vapour pressure of H,0(g)

By which of thefollowingways B4.0 canbechanged

(A) By adding more H,O(l) (B) By adding more H,O(g)
(C) By changing temperature (D) All of theabove

Q.15 Forthereaction: A(s) —— B(g) + C(g) .What will bethevalue of natural logarithm of ratio of total

P

pressure at 400K to that at 300K { =)

} if AH =16.628 kJ. (Given : R=8.314JK-mole)
300

(A)5/3 (B) 5/6 (©) 35 (D) 6/5

Q.16  Ataequilibrium pressureof 3.3 am N,O, undergoes 10% decompositionto NO,,. At sametemperature
what will beequilibrium pressure required for 20% dissociation.
(A)3.3am (B) 6.6am (C)4am (D) 0.8atm

[PARAGRAPH TYPE]

Paragraph for question nos. 17 to 19
Following reactionisat equilibriuminbasic mediumat 300 K.
(9 = I"(a) + 105 (aq)

Equilibrium concentrationat 300K are, [ 1] =0.1M, [I03] =0.1M
Given: AG$ (I7, ag) =—50 kJ mol

AG$ (103, ag) =—-123.5kJ moal

AG$ (H,O,1)=-233kJ mol

AG$ (OH™, ag) =—150kJ mol

_ 25 dea B
R—?Jmol K=log,, =23

Q.17 AG° of thereactioninKJImol~ is
(A)—150.7 (B)—-1725 (C) 1725 (D) 150.7

Q.18 Vaueof equilibriumcongtantis
(A) 10 (B) 10%° (C) 10% (D) 10%

Q.19 pHvdueat equilibriumis
(A)8 (B)6 ©)9 (D)5



Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Paragraph for question no. 20 to 22

Accordingto Le Chatelier principlewhenan equilibrium issubjected to any externd change, theequilibrial
reaction shiftsto compensate the effect of the change. Thisprinciplehd psin shifting thereaction towards
appropriate directionsso asto increase % yield of any reaction.
Which of thefollowing changes can not causeanincreasein extent of dissociation of CH,COOH inits
aqueous sol ution asper thereaction,

CHSCOOH(aq) +H,0+= CH,COO ., +H"
(A)Addition of water into thesol ution a‘Z)B) Adél tion of NaOH into the solution
(C) Addition of HCl into the solution (D) Removal of CH,COO  fromthesolution.

A,B,C& Dareinequilibriumina2litrecontainer at 400K & their molesarerespectively 4,5, 8 & 6.

If thereactioninvolvedis3A , + 2B = C 5D, then cal culate equilibrium concentration of C

whenvolumeisincreasedto 10litre.
(A)4M (B) 0.8 M (C)5M (D) Noneof these

If it isgiven that conversion of graphiteto diamond in an endothermic reaction & the conversion
Ciaraphite = Cdiamong) &tAINS equilibriaat 1.5 x10° Paat 300 K then comment at what pressure

equﬁO briacan beattained at 500 K.

(A) P>15x 10° Pa (B) P<1.5x 10°Pa

(C)P=15x10°Pa (D) At any pressure

Par agraph for question nos. 23t0 25
Inaclosedrigidvessdl, N, and H, gasesaretakenin 9: 13 moleratio, by whichthefollowing equilibria
areestablished:

N, (g) + 3H, (@) —— 2NH, (9); Kp =7
N, (9) +2H, (@) —— N,H, (9); Kp, =?

At equilibrium, thetotal pressureis14 atm, the partial pressure of anmoniais2 atm and the partial
pressure of hydrogenis4 am

Thevaueof Kp is:

A) 3o 8¢m2 ®) 5o atm (C) 80 atm? (D) 45 atm

1
Thevaueof E is:
2

80 2 40 2 5 2
A) 59 atm (B) 5-am (C) -am (D) g am

Theequilibrium partia pressureof N, is:
(A)5am (B) 7am (C)3am (D) 2am



[ASSERTION AND REASON]

Q.26

Satement-1: Anincreasein pressure (caused by decreasein volume) at equilibriumresultsinincrease
inmolar concentration of each gaseous substanceinvolved.

Satement-2: Anincreasein pressure (caused by decreasein volume) at equilibriumresultsinincrease
in number of molesof each gaseous substanceinvolved.

(A) Statement-1 istrue, statement-2 istrue and statement-2 is correct explanation for statement-1.

(B) Statement-1 istrue, statement-2istrueand statement-2isNOT thecorrect explanation for statement-1.

(C) Statement-1 istrue, statement-2isfalse.

(D) Statement-1isfase, statement-2 istrue.

[MULTIPLE CORRECT CHOICE TYPE]

Q.27

Q.28

Q.29

Q.30

For thereaction

2CIF,(g) = Cl,(g) + 3F,(9) IogKT \

1
logK o v/s T (wheretemperatureisin K) curveisobtained asfollowing

Which of thefollowing changewill increasethe concentration of Cl,, inanequilibriummixtureof Cl,, F,
& CIF;:

(A)Addition of inert gasat constant pressure

(B) Increaseintemperatureat constant volume

(C)Addition of catalyst at equilibrium

(D) Removd of F,(g) at equilibrium

For agaseousreaction A 3Bt Cy . AH ispositiveand thereaction attainsequilibriumat 1 bar
total pressureand 400K . Ig)entlfy t%elncorrect statementsregarding the abovereaction.

(A) Onincrease of temperature, equilibriumwill beshifted inforward direction.

(B) Wheninert gasisintroduced into arigid container containing above equilibriaequilibrium shifts
towards|eft.

(C) AG,, =0for the abovereaction.

(D) If volume of vessel containing the above equilibriaisincreased without changein temperaturethen
partia pressureof B decreases ascompared to origind equilibrium partia pressure of B.

Consider theequilibrium HgO(s) + 41~ (ag) + H,O (I) = Hgl ,* (ag) + 20H~ (aq), which changes will
decreasethe equilibrium concentration of Hgl ;>

(A)Additionof 0.1 M HI (ag) (B) Addition of HgO(s)

(C)Addition of H,O(l) (D) Addition of KOH (aq)

1
For the reaction N,O-(g) — 2NO,(g) + > O,(9)

N,O(g) decomposed at aconstant volumeand temperature. Initial pressure of N,O, is600 mm of Hg
andtota pressureat equilibriumis960 mm of Hg. Assuming ideal behavior of gases, Select the correct
option(s).

(A) Involved reactionisintramol ecul ar redox reaction

(B) Themolefraction of NO, intheequilibrium mixtureis0.5

(C) Theequilibrium constant K, for the above reactionis 540 mm of Hg

(D) For theabovereaction K . =K, (RT)?



Q.31

Q.32

Q.33

Select correct statement(s)

(A) K depends upon equilibrium pressure

(B) Dissociation of NH,HS(s) issuppressed at high pressure [NH HS(s) == NH,(g) + H,S(g)]
(C) Low pressureisfavourablefor melting of ice

(D) During dissociation of PCl(g)— PCl, (g) + Cl(9), M ag decreaseswith progress of reaction

Which of thefollowing iSarecorrect statement(s)?

(A) Thevapour pressure of asolid iszero at absol ute zero.

(B) Themaximum vapour pressure of asolid isitsvapour pressure at thetriple point.

(C) Theminimum vapour pressureof aliquidisitsvapour pressureat thetriple point.

(D) The maximum vapour pressureof aliquidisitsvapour pressureat critica temperature.

Theequilibrium between, gaseousisomersA, B and C can berepresented as

Reaction Equilibrium congtant
A@Q=B(@ : =72

B(@<=C(g : K,=04
C(@=A(g : K;=0.6

If onemoleof A istakeninaclosed vessel of volume 1litre, then
(A) [A] +[B] +[C] =1 M at any timeof thereactions
(B) Concentration of Cis4.1 M at theattainment equilibriuminal thereactions

1
(C) Thevalueof K, is 004

(D) Isomer [A] isleast stable as per thermodynamics.



[MATCHING THE COLUMN]

Q.34 Fortheendothermicreaction,
Ag = 2By
Certain changes were caused & the behaviour of equilibriawas analysed by plotting changesin
concentrationv/stime. Match List-1 with List-11.

Listl List1l
\ .
(A) /“;_ P Increasein temperature
B ;
Effect-| g
\ .
A \1_,,
(B) /—1/‘ (Q)  Additionof inert gasat constant pressure.
B :
Effect-11 g
\ .
(C) /‘j\— (R}  Decreaseintemperature
B 1 ;
Effect-111 g
\ .
A \'\—
(D) /_f— (S  Additionof Bga equilibrium
B 5

v

Effect-1V



Q.35 Columnl Columnll
(A) 2NH; (9) = N,(g) +3H,(9) P Introduction of hydrogengas at constant
volumeshift equilibrium back.

(B) PCl(g9) = PCl;(g) +Cl,(9) (Q)  aincreasesonincreasingtemperature.

(C)2HI(g) =H, (9 +1,(9 (R)  Onaddinginert gasat constant volume,
equilibrium state does not change

(D) NH,HS(g) = NH,(g) + H,S(g) S Onincreasing the pressure, concentration of al
reactantsincreases
(M o isindependent of equilibrium pressure.

[NUMERICAL INTEGER TYPE QUESTIONS]

Q.36 5moleseachof ‘A’, ‘B’ and ‘D’ areadded to a1 litre container. Cal cul ate the number of molesof ‘B’
at equilibriumif following reaction occurs.
A(@+B(@=C( K.=2x10"M=>
A(9)+D(@)=E(s) K. =10°M=
[Fill your answer by multiplying it with 150]

Q.37 PCl, dissociatesaccording tothereaction PCl, = PCl;(g) + Cl(g) . At 523 K, K,=1.78am. Find
the density of the equilibrium mixture at a total pressureof latm.

Q.38 When1moleof A(g) isintroducedinaclosedrigid 1 litrevessel maintained at constant temperaturethe
following equilibriaareestablished.

Al@ = Blg + Clo) Ke,
Cl@9@9 = D@ + B@ : Ke,
e . . : KCZ. [C]eq 1
Thepressureat equilibriumistwicetheinitia pressure. Calculatethevalue of if —— ==
o (Bl S
ANSWER KEY
Q1 (© Q2 (D) Q3 (D) Q4 (D) Q5 (O
Q6 (A Q7 B Q8 (A Q9 B Q.10 (B)
Q11 (D) Q.12 (C) Q.13 (A) Q.14 (C) Q.15 (B)
Q.16 (D) Q.17 (B) Q.18 (C) Q.19 (A Q.20 (O
Q.21 (D) Q.22 (B) Q.23 (B) Q.24 (B) Q.25 (A)
Q.26 (C) Q.27 (BD) Q.28 (BC) Q.29 (CD) Q.30 (AB)

Q.31 (BD) Q.32 (ABCD) Q.33 (ACD)

Q.34 (A)R(B)Q(C)S(D)P

Q35 (A)RQ,RS; B)QRS; (CORPQRST;(D)Q,R,S
Q.36 (0250) Q.37 (2.7) Q.38 (4)



WORK SHEET - 01 TOPIC - CHEMICAL EQUILIBRIUM

HINTS & SOLUTIONS

I'le,_.

|
D |

8
EL 9 | _ 8
P, 43 3
9 4
Q2 (D)
Cli(g) = F’Cl}.'(‘g.;)-HCI2
t=0 0.1 mol 0 0
L=1, (0.1-x)mol x-mol x-mol
X X
= : .
g
= ———=— = ]0= -
g (0.1-X) 5(0.1-x)
-.';

= 50(0.1 =x)=%x>=>x*=5=50x
=x+50x-5=0 .. x=0.0998~0.1

. Npcy, 1sneglgible

| (0.1+0.1)x0.08x600
final i 5

2 P atm-=1.92 atm



Q3 (D)

2AB,(g) = 2ADB(g)+ B,(g)
ax
a—ax ax 5
/ N2/ \
ax p ax/?2 b
ax ax
q + : a + ;
K,= > 2 SN2
/ \ -
a—a
=p
dX
a +
\ 2 )
X = (2K,/P)"
Q4 (D)

PCl, == PCI, +Cl,

1+ a,
PCl — PCh + Cg
| =g a, a,
agP/2
I§P= — 5
| e

] - t’.}ltfp1 |- r:t_?,:
0:% - ?.n:xf
g =it
Q5 (€)

X(g) = Y(g) - Z(2)

o) = oF
7 7 7
6P \[ 6P
7 7 36P
p P 9



Q.6  (A)

Q.7 (B)
A3H,O(s) —= A HO() + 2H,0(g) K, =9 atm?
X mole K, = Pﬁ:”
PV =nR]

3atx 24.63lt= I'l“:” x 0.0821 x 300

N0 =3 mole
5 mole of H,O (g) should be added.

Q.8 (A)
Q= Pyyy, x Py s =50atm*as Q <K, the reaction should go in forward direction, but NH,HS(s) is

not present in container .". there will be no change in pressure |

Q.9 (B)

B { ) X t =% 8
(2-3) 1 (1-0)
y ot

Ke= T 5 =3
Q.10 (B)
Q.11 (D)
Q.12 (C)
Q.13 (A)
Q.14 (C
Kp =Py.0

K, 1s temperature dependent only.



Q.15 (B)

K., =
Ke, AH[1 1
ng, RI|T T,
1 - ]
. Pio _16.628x10°[ 1 1~
Po 8.314 [ 300 400_
X _
20n =40 — 2510 190 _ L .
- 1 300x400] 12 6 T
Q.16 (D)
NLO, g <~ ZNO,,,
Initial moles | 0
Ateq"moles 1 -« 20

B (20.)° P ) 40" P

(1-a’) (-a°)

K,

4%(0.1)*x3.3  4x(02)* xP

1-(0.1)° 1-(0.2)
3.3 4P b 03 \
099 0.96 = =0.8 atm ns.
Q.17 (B)

Balanced Chemical Equation is
31, (s) + 6 OH (aq) = 5I'(aq) + 10 ; (aq) + 3H,0(/)
AG°=5x(=50)+(—-1235)+3x(—=-233)-0-6x(—-150)=-172 .5 klJ/ mol ]

Q.18 (C)
AG®=-23RT logk=—172.5 x 10° J/mol
25 1
=>-23x - x300logk=—172.5 x 10}

— log k =30
k=10"]



Q.19 (A)

(17105 ] ,
Sol. k= OH 10
[0.17°[0.1] 1
sy A0
— (OH |° 10
[OH ]=10°M pOH =6 ;. pH=8
Q.20 (C)

CHRC OOH i)
t=0 amoles

If‘-l ; Bt 4 X X

+ H,0 = CH,CO0 __ +H

(aq) (aq)

S Q= : % l

a—x V
On adding water, V increases so decreases. So reaction will move in forward direction. NaOH will
react with H'. So [H | decreases so reaction will move in forward direction. Addition of HC1 will
increase concentration of H' in solution. Reaction will shift in backward direction. Removal of CH,COO

will shift reaction in forward direction.

Q21 (D)
3A, 2B, + Cop 5D,
bas 4 moles Smoles 8 moles 6 moles
2M 25M 4 M 3M
t 04 M 0.5M 0.8 M 0.6 M
I'm 0.4 —3x 0.5 - 2x 0.8 +x 0.6 + 5x
[€ ey = 0.8 % which can not be greater than or equal to 4 M.
Q.22 (B)
C[i_,mpl?m # G — .End.othen‘mc reaction
at 500 K reaction will shift in forward direction.
P<1.5x10"Pa
[As C . ona 1S MoOTE dense]
Q.23 (B)

Q.24 (B)



Q.25
(1)
t=0

Q)

(1)

Q.26

(A)

Ny(g) + 3H,(2) > 2NH(
a b

a— X—Y b-3x-2y 2x

N, (g)+ 2H, (g) —— N,H, (g)
a b

a— y—X b-2y-2x vy

Now, Pyp, =2atm

2x=2=>x=1
AIS{} pH: — 4atm

b-3-2y=7 .. (1)
Total pressure = 14 atm
a-X-yt4+2+y=14
a—X=8

a=9atm

(as molarratioofa& b=9:13)
b= 13 atm

(i)=>2y=b-7=6
y =3 atm

Py, =a—x—-y=9-1-3=5atm
Py, =4 atm
PNII; =2 atm

PN:_“,; = 3 atm

K 2x2 1 ]
i = Axdnd B 00
33
2~ Sxd4x4 80 O

oL 80
K K];: = 3 atm
Py, =5 atm
(C)



Q.27 (B)(D)
K =Ae AHR ]
eq
Taking log on both the sides

CAH 1
log K = 1ogA 5 303Rr T

Y=+(C-mx | E\T slope = _“’:.\”*'TH
0g e
thus AH = +ve 2K,

So the reaction 1s endothermic on increasing

temperature equilibrium shift in forward 1l
direction concentration of Cl, increases.

Onremoving F, (g) equilibrium shift [B]

inforward direction concentration of Cl, increases [D] ]

Q.28 (B)(C)

A3l + 0 AH = +ve at 400K

) t' h P .. ateq™=1 bar

=5 on increasing T, reaction moves in forward direction.
= on introducing nert gas at const. T, total pressure increases but partial pressure remains the same so no

effect at eq™
= at 400K K, # 1 (since P = 1 bar)

AG® k= RTInK; # 0
= If' V 1s increased, partial pressure of each species would be less than initial value. ]
Q29 (C)(D)
Q.30 (A)(B)
Q31 (B)(D)
Q.32 (A)(B)(C)(D)

For water

A
\"TI;
IR
T—s ‘e

O 1striple point and B 1s critical point.

(A)  Atabsolute zero vapour pressure of solid will be zero.

(B.C) Beyond triple point it will get convert into other phases and liquid phase has minimum pressure
at this point.

(D)  Beyond cntical point phase of liquid will get changed.



Q.33 (A)(C)(D)
(a) [A] - [B]+[C]=1mole/L  since for every reaction An,=0

C]
(b) ] 04— [€]=04.[B]
[A]
=06 [AI=06[C)
[A]+[B]+[C]=1
N = e
0.6[C] + 19 41 [C1 =]
[C] {rU.() -{-01—4-+ ]ﬁ:: =
o A K (Bl _| 1 |
C1=Y64 7|21 = (a1 |o2a| =8

Q.34 (A)R(B)Q(C)S(D)P

Q35 (A)P,QR,S; (B)Q,R, S (C)P,Q,R, 5, T;(D)Q,R,S

Q.36 0250
C(s)=A+B
>X Yy X
A+D = E(s)
X S
y 5Xx X
xy=5x 10"
y (5—=x)=10"

5x107'(5-x)
X
25—-05x=x

= 1010

e
|
W | n

Q.37 2.7g/lit

Q.38 4
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