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Chapter-9 Chemical Equilibrium

INTRODUCTION o

Q.1

Ans:

i -
N2

Ans:

Ans:

SHORT QUESTIONS

What are chemical reactions? (Knowledge i3ase) AN [ (@ \NOo~—
sMLMJAL_R_c_Af_HON Y
Definition: _ Al |
“The riu‘“,'-‘S‘ in waich chemludl h"Jnue occurs ifriature and composition of substances
is calleichientj! sl r‘eartnn % \ s
Examp_nsf my \
s Rustinglc iron_

e 2Hy(g) + Oag) = 2H20q

Differentiate between reactants and products. (Understanding Base)(MTN 2016 G-I, FSD
2016 G-11)

DIFFERENTIATION
The differences between reactants and products are as follows:
Reactants Products
Definition
e In a chemical reaction the substances | e The new substances formed during a
that combine are called reactants. chemical reaction are called products.
Example
e Inareaction e Inareaction
2Ha(g) + O2() ——>2H20q) 2H3(g) + O2(g) ——> 2H20q)
H, and O, are reactants. H,O is product.
What is complete reaction? How it is represented? (Understanding Base) (LHR 2018)
A reaction in which all the reactants are converted into products is called complete
reaction.
Representation: It is represented by single arrow " __s*

Example: 2H,, + O,y = 2H,0,,

Write down an example of equilibrium in nature. (Knowledge Base + Understanding
Base)

EQUILIBRIUM IN NATURE
Following examples describe the phenomenon of equilibrium in nature:
(i) Between O, and COy: -1
We owe our existence to equilibrium phenomenon taking place in at:ii dprw'"ore Wi imilidle
oxygen and exhale carbon dioxide, while-plants consumie tarbenl qickige ¢nd reiddse
oxygen. This natural process is resoGasible f0n tig existence of lite on the Faii.

— e - e e e e _-_,__

Figure: Showing Equilibrium Between O, and COZ in atmosphere

dimmmmimlanaa
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Chapter-9 Chemical Equilibrium

INTRODUCTION

MULTIPLE CHIOICE QUESTIONSjy

In chemical reactions the substances that.combine are catied: (KB} ~(F3D 202751}

(A) Products (ByRebeticn inferinediatis '
(C) Reactants e (D, Botn A ang ¢

Name i rq re Actapts i thig! Oc,damkn 2‘-|2(q) +C. ,(g)w2H O(I) (K.B)

(A) War er A IRRARY (B) Hydrogen and oxygen
(S)xyen’ 4 L (D) None of these

5 ATne rzactions in which all the reactants have been converted into products are

xnown as: (K.B)

(A) Incomplete reactions (B) Complete reactions
(C) Continuous reactions (D) Reversible reactions
A complete reaction is one in which: (U.B) (LHR 2016)

(A) All the reactants convert into products

(B) All the reactants do not convert into products
(C) Half of the reactants convert into products

(D) Only 10% reactants convert into products
Plants consume carbon dioxide and release: (K.B)

(A) Oxygen (B) Water

(C) Carbon monoxide (D) Hydrogen

Human beings exhale: (K.B)

(A) Oxygen (B) Carbon monoxide

(C) Carbon dioxide (D) All of these

Name the products in the equation, 2H,,+O,, —HWZH 0, :(K.B)
(A) Water (B) Hydrogen and oxygen
(C) Oxygen (D) None of these

9.1 REVERSIBLE REACTION AND DYNAMIC EQUILIBRIUM

Q.1

Ans:

LONG QUESTIONS

Explain in detail the reversible reaction with the help of suitable examples.
(Knowledge Base + Understanding Base) (EL)
: (S(30) 20143

OR
Describe dynamic equilibrium witfi the halp dt'izxamples. (MTH-2617, RWP 2017)
REVEPGIELE REEACTIONS

Definition:

“The fea:fions—ii wh ich' the _orad\icis.can~recombine to form reactants are called
reversitiie loa ionsy”

Exampie 5

(Bfgglc_m_ngtwec.. H, and 15):

i_3t ns-iscuss a reaction between hydrogen and iodine. Because one of the reactant,
iodine is purple, while the product hydrogen iodide is colorless, proceedings of the
reaction are easily observable.

CHEMISTRY-10 3



Chapter-9 Chemical Equilibrium

Forward Reaction:
On heating, hydrogen and iodine vapours in a closed flask, hydrogen iodide is formed. As
a result, purple color of iodine fades as it reacts to form colorless hydrnr"un |U"I|de o

o4 I, A oH SN

Coforless — Purple' _.--_Ci\ioi'léss AL R

-_. i 'l 1 %,

Reverse Reaction: T = R -
When only-hydrogen _iodide, is noat 1 ,n a f.ash nursie colou. appears because of
formatlor nf \oginie vamu S Sncn\{

| . ZH 2 '-rl—l + |2
BRI \\__Cuiorless Colorless Purple

. __|P s cise n\/nirugen iodide acts as reactant and produces hydrogen and iodine vapours.
\ Vhisréaction is reverse of the above. Therefore, it is called reverse reaction.

At Equilibrium State:
When both of these reactions are written together as a reversible reaction, they are

represented as:
2HIE ) H,+1,

Hydrogen gas Combination Ce Ce
(Purple colours fades) Hydrogen iodide

— as
Decomposition 2

(Purpie colours reappears) ()Q . OO

Figure: Showing Establishment of Reversible Reaction

Example 2:
(Reaction between Calcium Oxide and Carbon Dioxide):

(i) In Open Container:
When CaCOs is heated in an open flask, it decomposes to form calcium oxide and carbon
dioxide. CO, escapes out and reaction goes to completion.

CaCO; ——— CaO + CO; (decomposition) -

In these two reactions, decomposition is reverse to comblnatlon or Vice \/pr:a
(i1) In Closed Container: w5 /
When calcium carbonate is heated in a_ c 05° y |o.Sk o) that COZ ra.‘nn* ¢scape out,
following reaction takes ptac‘ - \

At Equilikiium:
In the heginning, Torw ard |°a"f|m 3 *:f aiid reverse reaction is slow. But eventually,
the reversaireaction speeds liniara noth reactions go on at the same rate. At this stage
decunpositinn'and, comibination take place at the same rate but in opposite directions, as

g resulEameiiis of CaCOgs, CaO and CO; do not change. It is written as:

CaCO, ) CaO+CO,

CHEMISTRY-10 4



Chapter-9 Chemical Equilibrium

Q.2

Ans:

RN

x . \! dc.z,omposm:)n.- iti
£| (’a a3 —)Ca0(5)+COZ(g) CaCO,, [ TN CaO , +CO,,

Reversicia Rpac)ion ;' P

%, _,"—,-1——'—.—-\.35 A LAy e

\ ) tablisvequllibliuk o
| _..-'. [ € 1, q i : / L
~ 1\ / ARRRERE o foms

./-_Cauf; is hralsd \ L’ and cannot escape

Irreversible Reaction
e

goes to completion /oo s,

'. andgouf._.?{[t #

CaCo, iews ated

Ca0 forms
_—

o

3s)
Figure: Showing Establishment of Reversible Reaction

What is chemical equilibrium? Explain its types with examples. (Knowledge Base)
CHEMICAL EQUILIBRIUM

Definition:

“When the rate of the forward reaction takes place at the rate of reverse reaction, the

composition of the reaction mixture remains constant, is called chemical equilibrium

state .

Types:

There are two types of chemical equilibrium:

(i) Static Equilibrium: (Test Yourself 9.1 Q(ii))

“When reaction ceases to proceed, it is called static equilibrium. This happens mostly in
physical phenomenon .

Example:
e A building remains standing rather than falling down because all the forces acting
on it are balanced. This is an example of static equilibrium.

(if) Dynamic Equilibrium:

“When reaction does not stop only the rates of forward and reverse reazinn baconieeulal) |
to each other but take place in opposite directivns. Thisiscailed dynamic equitibrivineizie.”

Note: Dynamic means reagiion is st:!: cortinuUing ar dvnamic equilibrium state.
Example . . :
o Bl C ﬂ@g CaO+CO

/At ( ' umbnum
Rate of forward reaction = Rate of reverse reaction

CHEMISTRY-10 5



Chapter-9 Chemical Equilibrium

Q.3  Explain graphical representation of dynamic equilibrium.

(Understandlng+ApnI|cat|on Bassl T

RAPHICAL REPRESENTATI N ,"*- A0 N .._
In a reversible reaction, dynamic equilibriurri| is ‘establisiied Besare: t.“e Lomplef"rm 0L Igaction.
At initial stage the rate of fiiward rea«tiori IS Very fast, ara, reve'se re: ction is taking place at
a negllglblﬂ +ate. But gradudly forwc rdi1zagtion Hiows ‘Aowirand revéise reaction speeds up.
Eventualliy, bati reacthrn art 1|n ihe\s\cmv |ete, 1c1s called a dynamic equilibrium state.

NN e H,+1,— 2HI

Forward rate of reaction decreases

At Equilibrium state

Rate of forward
reaction and reverse
reaction become equal

Reactionrate — 0

Reverse rate of reaction increases

0 10 20 30 40 50 o0 TO BO 90 100

Time (minutes) — 5

Figure: Graph Showing the Rate of Forward and Reverse Reactions and
Establishment of Equilibrium State

Example: [
In case of reaction between hydrogen ani indine vagois, some o the mule*u.s: r2act

with each other to give hydrogen igaide. | |

I-‘ HEn T >?HI
Atdthe ‘Qﬂr".c time, somz-af| thn hydlogcn mrldo mnlccules decompose back to hydrogen
and iodinz

cH’ s+ Ly

sl :I_rLi'i:e__reF,. ﬁﬁn‘g.
| J | %1% i the beginning, as the concentration of the reactants is higher than that of the products,
' the rate of the forward reaction is fast than the reverse reaction.

CHEMISTRY-10 6



Chapter-9 Chemical Equilibrium

Q.3

Ais:

Q.4

Ans:

At L ater Stage:
As the reaction proceeds, the concentration of reactants will gradually decrease while that

of products will increase, consequently the rate of the forward reactionswill gs! Hn: i\

decreasing and the reverse reaction will go o4 increasing.asu U.fln a;el.y EL'IP *vvf) retes il
become equal to each other. Thus; the équilisiium’ wili set| Gip ‘ar/d'coneainiation of
various species (H,, I, Hij) kecomasrafistant.\ It i<, represerited 2s:

. e . 1 .l_.-..' i ! ..I : m_ .I:) L, . — h

AR YAl ﬁ?(g)iiz(g,'@ﬂ_a.ﬂ@'“‘m(g)
Write |déwn) \macroscppic_characteristics of forward and reverse reactions.

_ (“nuwledge\+ Uincelstanding Base)
N _ — DIFFERENTIATION (LHR 2016-2017, SGD 2017, FSD 2017)

‘The differences between forward and reverse reaction are as follows:

Forward Reaction Reverse Reaction

Definition
e |t is reaction in which reactants react | ® It is reaction in which products react
to form products. to produce reactants.
Direction
e |t takes place from left to right e It takes place from right to left.

Rate of Reaction in the beginning
e At initial stage the rate of forward | e In the beginning the rate of reverse

reaction is very fast. reaction is negligible.
Rate of Reaction at later stage
e It slows down gradually. ‘ e It speeds up gradually.

Write down macroscopic characteristics of dynamic equilibrium.

(Knowledge+Understanding Base)
(Ex-Q.2) (LHR 2014-16-17, SGD 2014, MTN 2016 G-I, 17, SWL 2017, FSD 2017, DGK 2016 G-II,
BWP 2016, G-1)

MACR Pl HARACTERISTI
Characteristics:

A few important characteristic features of dynamic equilibrium are given below:

(i) Closed System:

An equilibrium is achievable only in a closed system (in which substances can neuh.
leave nor enter) - \

(i) Ri=Ry: N .

At equilibrium state a reaction daes nei-stop., Foriverd cnd r=ve*5( reactions keep on
taklng place at the same raig L~u* I¢ )p,m3| e 1|r=‘t| Qe

At equ! ||lrwum siatz, the amauids™ (concentrations) of reactants and products do not
chare. Even pryswcal Urupertles like colour, density, etc. remain the same.

i\ thaiinivg of Chemical Equilibrium:
An equilibrium state is attainable from either way, i.e. starting from reactants or from products.

CHEMISTRY-10 7



Chapter-9 Chemical Equilibrium

(v) Re-establishment of Equilibrium after Disturbance:

concentration, pressure and temperature.

ﬁmmmm

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

EmuM

Differg ntnta bet\ e n reve rs.*ole hd\i revem ibiefeactions. (Understandlng Base)
\ : (LHR 2015-18-19)
! ! DIFFERENTIATION
o vll“e rpnces between reversible and irreversible reactions are as follows:

' Reversible Reaction Irreversible Reaction

Definition
e Reactions in  which  products | e In most of the reactions the products do
recombine to form reactants are not recombine to form reactants, are
called reversible reactions and such called irreversible reactions and such
reactions proceed in both directions. reactions proceed in one direction only.

Completion
e They never go to completion. ‘ e They go to completion.
Representation
e These are represented by a double | e These are represented by a single arrow
arrow (£ i ) between reactants and (=) between reactants and products.
products.
Write down macroscopic characteristics of forward reactions. (Knowledge Base)
(LHR 2019, MTN 2016 G-I, BWP 2017, DGK 2017)
CHARACTERISTICS OF FORWARD REACTIONS
Following are the characteristics of forward reactions:

e ltisreaction in which reactants react to form products.
o |t takes place from left to right.
e Atinitial stage the rate of forward reaction is very fast.
e It slows down gradually. ) 1
Write down macroscopic characteristicsiot|reverse-rzactioris: (Khgwieage Bave;
SRW 2017 DGKZ017,,SWL 2017, L. kR 2012, 2014, 2015, GRW 2014)
CHARACTZRISTACS F ?EVL RS REA CTIONS '

Following are tiie'characteristice, of I’OVt rse reactions:
e ltizreactignin ~hich-sioducts react to produce reactants.
It talkes-piace from right to left.

In the beginning the rate of reverse reaction is negligible.

It speeds up gradually.

CHEMISTRY-10 8
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Chapter-9 Chemical Equilibrium

Q.4  Why reaction does not stop during equilibrium condition? (Understanding Base)

Ans: REACTION AT EQUIL IBRIUM o V(A
The reaction does not stop during equilibritiry conditing L'jésau:se_pi‘.'Of'uL'._git-? fecamiine to
form reactants again ie- the 'foiwarcs- and ieverse ;jea;_ct‘__ohs Keep—on occurring
continuously. ARTES 1B |

o

\_Reactants Products

SIBLE REACTION AND DYNAMIC EQUILIBRIUM

AV MULTIPLE CHIOICE QUESTIONS

1. The reaction in which the products do not recombine to form reactants is known as: (K.B)
(A) Reversible reaction (B) Decomposition reaction
(C) Addition reaction (D) Irreversible reaction

2. The reactions in which the products recombine to form reactants are called: (K.B)

(SGD 2016 G-I, FSD 2017 G-11)

(A) Forward reactions (B) Reversible reactions
(C) Irreversible reactions (D) Backward reactions

3. Reversible reactions take place in: (U.B)
(A) One direction (B) Both directions
(C) Left to right (D) Right to left

4. The characteristics of reversible reactions are the following except: (U.B)

(A) They never complete

(B) Products never recombine to form reactants

(C) They have a double arrow between reactants and products
(D) They proceed in both ways

S. Irreversible reactions are represented by a between reactants and products.
(K.B)
(A) Single arrow (B) K¢
(C) Double arrow (D) Single line

6. An irreversible reaction consists of: (U.B)
(A) Forward reaction (B) Reverse reaction
(C) Both forward and reverse reactions (D) None of these

7. Which reaction is irreversible? (U.B) (MTN 2016 G-I1)
(A) N,+3H,——2NH, (B) H,+l,——2HI
(C) 2H,+0,——2H,0 (D) N,+O0,——2NO

8. Reversible reaction is represented by: (K.B) ' AR 2DITEG-1)
(A) — " < (B) 55
C) «— . DYe=>

9. The corzul; of hygiroger: iedioz(Hlis: (KB) (GRW 2014, FSD 2017 G-11)
(A) Blu 14 40 )\ (B) Grey
(G Flurnte (D) Colourless

.24 | W he-coiour of iodine (1) is: (K.B) (LHR 2014, FSD G-I 2016, SWL 2016 G-I, 17, BWP 201 G-1)

~ (A) Purple (B) Green

(C) Yellow (D) None of these

CHEMISTRY-10 9
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Chapter-9 Chemical Equilibrium

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Dynamic means reaction: (K.B)

(A) Stops (B) Is still continuing

(C) In opposite direction (D) Both A and B —_ N \
When reaction ceases to proceed it is called: (K.B) Y TSGD G;M.2g16)
(A) Dynamic equilibrium (B) Staiic equ”n‘)r.um o A" L

(C) Chemical equilibrium .~ (D) Norie bf these -

Reaction in.which reactants r*a,t to for*n orpduets ig u.le'd (K.5)

(A) Fefward reaction” - \\ VA “(R) Reverse reaction

(C) Ren Zrsible ! -egction | (D) Backward reaction
Atiritigl stage ‘the nats e LEForward reaction is: (K.B)

3 _/\‘.low R (B) Very low
((*)\'ery tast (D) All of these
Reverse reactions gradually. (U.B)

(A) Speed up (B) Negligible

(C) Slow down (D) Do not speed up
Forward reaction takes place from: (K.B)

(A) Left to right (B) Right to left

(C) Both Aand B (D) All of these
When CaO reacts with CO, they produce: (U.B)

(A) CaCOs (B) CaCO;,

(C) CaC, (D) CaO

In the beginning reverse reaction: (K.B) (FSD 2017 G-I)
(A) Is fast (B) Stops

(C) Is slow (D) Is very fast

When rate of forward reaction takes place at the rate of reverse reaction and the
composition of the reaction mixture remains constant is called: (K.B)

(A) Static equilibrium (B) Neutral equilibrium

(C) Chemical equilibrium state (D) None of these

There are characteristics of dynamic equilibrium. (K.B)

(A) One (B) Two

(C) Three (D) Five

When a system is at equilibrium state then? (U.B) (GRW 2015)

(A) The concentration of reactants and products becomes equal
(B) The opposing reactions (forward and reverse) stop

(C) The rate of reverse reaction becomes very low

(D) The rates of forward and reverse reactions become equal

_xt.:mzma\mws.._

Ans:

Why reversible reacf-""\s e /Jr comp et 2?) (U ridersiainaing Base) (LHR 2013, SWL 2017)

The reversinle eccuo.ws nevier cu.nplete because products recombine to form reactants
a"a r|. Tne forvyeraiana reverse reactions keep on occurring continuously. e.g.

A+ B I@@ C+D
Reactants Products

CHEMISTRY-10 10



Chapter-9 Chemical Equilibrium

ii. What is a static equilibrium? Explain with an example. (Knowledge Base)
(LHR 2015, GRW 2015)
Ans:  Answer given on Page # 5 - \
iii. Why the amounts of reactants and products do not chnnc*e n| rﬁ\/cr .bl'e rdaction?
(Understanding Base) S 1O~
' ' (GRW 2013)
Ans: AMOUN 'S ’)F F A' ; AN 1'S i ND L’R JDUC

state G Gyrom'c equhbm'm ‘S[aullShEd in reversible reaction. In dynamic
equilibriurn) staie th? rate 0t jorward and reverse reaction becomes equal and take
piade in bp| Jnsite airection but amounts of reactants and products remain the same.

N[N0 9.2 Law OF MASS ACTION

Q.1  State the Law of Mass Action and derive an expression for equilibrium constant for
a general reaction. (Understanding Base + Application Base) (Ex-Q.3)

(DGK 2016 G-I, 17, RWP 2017, LHR 2015,2016,2017,2019, GRW 2015, 17, BWP 2017, SWL 2016 G-
1,17, SGD 2016 G-I11, FSD 2016 G-I, 17)

Ans: LAW OF MASS ACTION
Introduction:
Law of Mass Action was given by C.M. Guldberg and P.Waage in 1869. They studied a
lot of reversible reactions and put forward this law.
Definition:
“The rate at which a substance reacts is directly proportional to its active mass and the
rate of a reaction is directly proportional to the product of the active masses of the
reacting substances ”.
Active Mass:
Generally, an active mass is considered as the molar concentration in units of mol dm™,
expressed as square brackets [ ].

DERIVATION OF EXPRESSION FOR EQUILIBRIUM CONSTANT

Consider a reversible reaction

K
A+B[] @1@ C+D

Suppose [A], [B], [C] and [D] are the molar concentrations (mol dm’ ) of A B, C and O
respectively.

According to the Law of Mass Action:

Forward Reaction:

The rate of the forward reaction i ff [/ 1 [B]
Bt = Kt I_.’\_! [B] ceeen (1)
Similashy:
Reversu E e_agfim_
ne late ofithe roverse ueactlon oc [C] [D]
| Ry = k- [C][D]...... (ii)

where K and k; are the proportionality constant called specific rate constants of the
forward and the reverse reactions respectively.

CHEMISTRY-10 11



Chapter-9 Chemical Equilibrium

At Equilibrium State:
The rate of forward reaction = The rate of reverse reaction

Rs = R ... (iii) 'y % A
ki [Al[B] = k(CI][D] ., By puttlnq w2l bs of| eo, (l; dnc (||J ML gL
— ) { 1 _.. .. \ '-I- \
- LL.(C i ;ﬁq\. -
I l(r)

) \ﬁ\lh2 e, s
A '-'|\ 15/ ii! uv' equmbrlum constant. It is represented as:

< _[cl[]

" [Al[B]
Significance:
Law of Mass Action describes the relationship between active masses of the reactants and
the rate of a reaction.
DERIVATION OF THE EXPRESSION FOR E IB NSTANT FOR GENERAL REACTI
Consider a general reaction.

aA+bBH Hif] cC+dD

This reaction consists of two reactions i.e. forward and backward.
According to Law of Mass Action:
“The rate of a chemical reaction is directly proportional to the product of the molar
concentrations of its reactants raised to power equal to their number of moles in the
balanced chemical equation of the reaction”.
Derivation:
Forward Reaction:
In forward reaction A and B are the reactants whereas 'a' and 'b" are their number of
moles. The rate of forward reaction is:

Re o [A]* [B]

Re = ke [A]'[B]°
Where ks is the rate constant for the forward reaction while square brackets represent
concentration in mol dm™.
Reverse Reaction:
The rate of the reverse reaction R, is directly proportional to the nrog uct of [C3: -'D| )
where 'c' and 'd" are the number of moles as aiven in the balﬁn(,uu ctemica eq lation.
Thus, '

Re |\ ZICHTEY |
=N k-1’
Where le. i tre rate con‘ta.n fu tht, ravarsc-ieaction

__-_,____

ern :)f 1 oy rc reaction = Rate of reverse reaction
& jeh as. Rt = R,
By putting the values of Rfand R,

ki [A[B]° = k. [CI'[D]"

CHEMISTRY-10 12



Chapter-9 Chemical Equilibrium

Q.1

Ans:

Q.2

g

AN oL e

By taking the constants on one side and the variables on other side of the equation, the
above equation becomes:

K, [A]a[ 1 A ArANY [ (0 o
Where, A W LA Y

RIRRRA J[D]d

Where K. is called equilibrium constant.

Example 1:
When nitrogen reacts with oxygen to form nitrogen monoxide, the reversible reaction is
as follows:

Nog) + Oy 1 2NO,
The rate of forward reaction Rf = ks [N2] [O2]
The rate of reverse reaction R, = k; [NOJ?
The equilibrium constant expression for this reaction is:
2
« _[No]
[N ][0,]

Example 2:
For the reaction of nitrogen with hydrogen to form ammonia, the balanced chemical
equation is:
Ny +3Hy 0100 2NH, )
For the reaction

The rate of forward reaction = k¢ [N2] [Hz]

The rate of reverse reaction Rr =k, [NH3]

The expression for the equilibrium constant for this reaction is:
[NH3]2

K,=——2
[N,][H,] —
9.2 LAW OF MASS ACTIONN :

SHORDQUESTIONS

What is significance of Law of-viase Action? (Kiho NIqué Base) | | (BWP 2016 G-11)
SIGNIF!CANCE OF LAWLOF W1ASS ACTION

Law oi-Miass \£icticn deserib 3s e .° atioiichip between active masses of the reactants and
the rate'of\a reactiori L

°f|| le sne ,Lfl(. -ale zoinstant. (Knowledge Base)
I PECIFIC RATE NSTANT
Detinition:
“The rate constants at which concentrations of reactants and products are unity, are
called specific rate constant”.

CHEMISTRY-10 13



Chapter-9 Chemical Equilibrium

Q.3  Find Kc for the reaction of nitrogen and hydrogen to form Ammonia?
Ans:  See Example 2 on Page # 13.

, _(l/\

(9)\

9.2 LAW OF MASS ACTION __ ¥/ =a )

For the rem‘tlon 2A +F. \[J 3t, th° E,XLIDSDI("" fu. the equ.nbrlum constant is:

uB) L\ T \

l2AYED, |
RS
3]

© [2A][B]

(BWP 2017)
y LAIIB] [Al[B]
[CT
[CT
[A][B]

(B

(D)

Which statement is not correct about active mass? (U.B)
(A) Rate of reaction is directly proportional to active masses
(B) Active mass is taken in molar concentration

(C) Active mass means total mass of substances

(D) Active mass expressed in square brackets

Name the scientist who presented Law of Mass Action: (K.B)

(A) Guldberg and Waage
(C) Newton

5 | (GRW 2013)
B) Boyle
(D) Lavoisier

Point out the coefficients in the following hypothetical reaction: (U.B)
2A+3 D ——4C+8D

(A) 2,345 (B) 2,3,4,3

(C)A b, c,d (D) 2,3,4,8

An active mass Is considered as the molar concentratlon in units of: (K.B)

(A) mol dm3 (B) mol

(C) mol? dm (D) mol ™ dm

The units of molar concentration: (K.B) (LHR 2013, 17, GRW 2016)

(A) mol dm (B) mol dm™

(C) mol dm? (D) mol dm™3

Kc is always equal to: (K.B) (LHR 2015, DGK 2017)
R k

A) -t B) -

(A) R, (B) K.
k R

C) - DI

€ A B N

Specific ratg constant for forwara régctior) is represented by: (KB) (GRW 2017)

(A) K B k,

©) k44 (D) K,

[J_inl\e_r concentration (mol dm™) is expressed as: (K.B) (GRW 2017)

(/\) 1 JI’ (B) ( )

©) [ ] (D) ¢
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Chapter-9 Chemical Equilibrium

Ans:
Definition:

Ans:

Ans:

Ans:

9.2 TEST YOURSELF
Define the Law of Mass Action. (Knowledge Base)

(LHR 2014-17-18, GRW 2014, MTN 2016 GII, 17, SWL 2016 G-II, 17 RwE "JJ7 I-SD ?\JLC :- Vi

SGD 2016 G-I, DGK 2016 G-I1) . |
LAW OF MAS ACTION, (- ", N | .’ O
“The rate at which a substarice re";,t"» i§ diredt) y ,Wnp(‘\ltl(.nuil 0 ils actlve mass and the
rate of a reaction is directly joroport nnal tol .he product of thé-active masses of the
reactlrg sibstancess \

RAle 0T reastion, oc-._" achive masses of reacting substances

A+B@@ C+D

; | S « _[cD]

°[A][B
How the active mass is represented? (I[<n<1\[/vlcldge Base) (SGD 2017)
REPRESENTATION OF ACTIVE MA
An active mass is considered as the molar concentration in units of mol dm™. It is
represented in square brackets, as [ ].
What do you mean by equilibrium constant? (LHR 2015, BWP 2017, MTN 2017, SWL 2017)
EQUILIBRIUM CONSTANT
Definition:
“Ratio of the product of concentration of products raised to the power of coefficients to
the product of concentration of reactants raised to the power of coefficients as expressed
in the balanced chemical equation is called equilibrium constant.”
_ Product of concentration of products raised to the power of coefficients

KC = Product of concentration of reactants raised to the power of coefficients

Importance of Kc:
. Eqmtllbrlum constant helps to predict the direction of a reaction and extent of a
reaction

Point out the coefficients of each in the following hypothetical reactions:
(Understanding Base)
a.2A+ 3B il 4C+ 2D b. 4X fldf 2Y +3Z c.2M + 4N gIHf 50

EFFICIENTS OF HYPOTHETICAL REACTION

(@) 2A+3Blff 4C+2D

Reacting
substances A B c D

Coefficients 2 3 4 2 ¢
(b) 4XHlHh 2Y+3Z i |

Reacting | | = 7 L Sl )

| _substances | | A | A=

Cseilitients | 4 » 2 3

(©) AN 4N s '
v ‘_F‘F'?tﬁg

substances M N O

Coefficients 2 4 5
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Chapter-9 Chemical Equilibrium

V.

Ans:

Q.1

Ans:

Write the equilibrium constant expressions for the following reactions:

(Understandlng Baqn\ Xa (

a. ZNOZ(Q) @@ N204(g)
C. 2802(9) + Og(g) l @@ 2503(9) '! B! | '. s
) QL_JIL 3R|ld|\/ (‘_Q’\S_A_\Q_LQP_E““'
(a) 9N02(o ”JLHLHI I\Jz 4() » \\ _-

b. PCls(g) + Clz(g) I @@'I PCJ 1(g ,"‘? ]

(SWL 2016 G-I, DGK 2017)

. FFor thig reaction:
| Aate of fofward reaction = Ry = ky [NO,]®
\ Rate of reverse reaction = R, = k; [N2O4]
Equilibrium constant expression
_ N204
Ke="INOy]
(b) PCl,,+Cl,, HIHd PClg, (RWP 2017)

For this reaction
Rate of forward reaction =  R; = k¢ [PCl3] [Cl;]

Rate of reverse reaction = R, =Kk, [PCls]
Equilibrium constant expression
K. = [PCIs]
¢~ [PCI3][CI]

(C) 280, +0,¢, LI 2S04,

For this reaction
Rate of forward reaction =  R; = k; [SO,])[O;]

Rate of reverse reaction = R, =k, [SO3]?
Equilibrium constant expression
« __ISOF
°~ [SO.)[O:]

9.3 EQUILIBRIUM CONSTANT AND ITS UNLE

What is equilibrium constant? Exp1a|n its urite. (Km wiedge +encerstaraing Base )
(BWP 2016 G-11)

i

Definivizn, \

“Equililyrigin ¢dnstant'is ratio of the product of concentration of products raised to the
pOEr o1l c effisiznits to the product of concentration of reactants raised to the power of
chesficients as expressed in the balanced chemical equation ”.

CHEMISTRY-10 16
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Chapter-9 Chemical Equilibrium

Formula:
_ Product of concentration of products raised to the power of coefficients
~ Product of concentration of reactants raised to the powpmf ( O(‘Ff -:en'i-s

c

Representation of Equilibrium E‘mressun — T\ \ AL ¢ o
It is conventional to writ§ the nrog socts cide | rumeiatm a1d reacfarts denomlnator By

knowing. ine balanced han.!.-vai ¢quation for “revérsible reaction we can write the
5, o

equilibrs an) el pre)s fort.
Deteim! nctJom f! K \ca.ue

% e e caliuiate the numerical values by putting actual equilibrium concentrations of the
reactants and products into equilibrium expression.

Dependence of Kc Value:
The value of Kc depends only on temperature, it does not depend on the initial
concentrations of the reactants and the products.

NITS OF K,
There are two possibilities for units of K.

(i) No Unit of K¢: (BWP 2017)
Number of moles of reactants = Number of moles of products.

In a balance chemical equation.

This is because concentration units cancel out in the expression for K. for the reaction.

Example:

Hy+ I, @@ 2HI

(motern)’
Units =
(if) Some Unit of K¢:

Number of moles of reactants = Number of moles of products.
In a balance chemical equation.

Example:

=no unit

| %,
|

N, -+ 8 B -2INH;

Vi d |3 2
K, F- -.—}(‘Tl-dr—) - =mol *dm°
| (nokdni™)(moldm™)
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Chemical Equilibrium

NUMERICAL EXAMPLES

When hydrogen reacts with iodine at 25°C to form
hydrogen iodide by a reversible reaction as
follows: (U.B +A.B)

Ha + Lo HIF 2H)
The equilibriurTegncy ntrajr,i':ﬂs are:

I:H ]=0.05m(f:5m L'2 | OOtm)rjm \\ -

[Hﬂ G-agfoldn™ |\ ! B
Calclias 1”10 adiiilsnum constant for this reaction.
M >“|LtI0" i

Given Data:
Given equilibrium concentrations are:

[H2] = 0.05 moIdm-3
[IZ] = 0.06 moIdm-3

[HI] = 0.49 moldm ™

To Find:
Equilibrium constant Kc="?

Calculations:
Write the equilibrium constant expression as:

Kczi.
[Ha [

Now put the equilibrium concentration values in Kc.
expression

2
_ [0.49] _ 0.2401 _
[0.05][0.06] 0.0030

Result:

Thus equilibrium constant for the reaction= 80

For the formation of ammonia by Haber’s process
hydrogen and nitrogen react reversibly at 500 °C as
follows: (U.B +A.B)

Nag + 3Haq O 2NHag

The equilibrium Concentratlons of thzse gases are;
nitrogen 0.602 mol dm; hydrogen 0.420, msi ain™

and ammonia 0 11 T oI dm?, Whetisivalule of .21

Solution:

Given data:

The equilibrium Gorizéntiadiors qre:

[I\:,- = C2 mcldr 3. '
s | 1 p

) | =0.420moldm™

[NHg ] =0113 moldm™

To Find:

Equilibrium constant Kc =7

Calculations: - f I T
The. qumbrv ™ JoTitant vxﬂre‘ Sich 1or*r is rgantisRs

LNZJ[HZJ
No put the equilibrium concentration values into the
equilibrium expression.

[0.113]2

2, 6

Kc=————=—~-=0.286mol “dm
[0.602][0.420]

Result:

Thus equilibrium constant for the reaction = 0.286 mol*dm°

For a reaction between PCl; and Clz to from PCIs, the
equilibrium constant is 0.13 mol* dm® at a particular
temperature. When the equmbrlum concentrations of PCl;
and Cl, are 10.0 and 9.0 mol dm™ respectively, what is the
equilibrium concentration of PCls? (U.B +A.B)

Given data:
The equilibrium concentrations are:

PCl, | =10moldm™ [ cl,, | = 9.0moldm™
3 2

Kc = 0.13mol Ldm>
To Find:

[PC'5]=

Now write the balanced chemical equation and
equilibrium constant expression:

PCl, +cCl, Hi pcl
39) g 59)

=

(PCL_,_H—P ] |
N YW inutthe Knhvyn vaiiled ifsabova hquatianaivd
searraige. | |

Kc=

- oA
o -
Vpaget 5
[10.0][9.0]
[F>C|5]=o.13><1o.0><9.o=11.7mo|dm'3
Result:

Thus molar concentration of PCls =11.7 moldm™
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Chapter-9 Chemical Equilibrium

9.3 EQUILIBRIUM CONSTANT AND ITS UNITS
SHORT QUESTIONS

Q.1  What are the units of Kc? (Understandirg Base) — - "% % | ("« —
Ans: UNITS OF =I5 . - e

There are two possibilities|for n-f° i Ke. \ - .

I.  No Unitof K. \ : : (BWP 2017)

ilumber o malés Sf T re “t Nty s Nl' nber of moles of products.
In a balante chenical Aqualion,
This.is Lecquse| concentiatios units cancel out in the expression for K. for the reaction. e.g.

Wy - H2+|2@@ 2HI

(motar)”
Units =
ii. Some Unit of K¢:

Number of moles of reactants = Number of moles of products.
In a balance chemical equation.
N, +3H,H 8 2NH,

=nounit

an2
K, = (motdm ) ~=mol *dm°

(moldm’s)(moldm’3)
9.3 EQUILIBRIUM CONSTANT AND ITS UNITS

MULTIPLE CHIOICE QUESTIONS

For a reaction between PCl; and Cl; to form PCls the units of Kc are: (U.B)
(GRW 2017, DGK 2017, MTN 2017)

(A) mol dm (B) mol™* dm
(C) mol™ dm?® (D) mol dm®
2. When H; and O, combine they form: (K.B)
(A) HO (ByHand O
(C) HO, (D) None of these
3. When H; and N, combine they form: (K.B)
(A) H.0 (B) NH;
(C) I (D) H, and I
4. The ratio of product of concentration of products raised to-poviel si soefficiénts,

the product of concentration of reactarit, raised-tG e power ¢f Ceeficiznis=in a
balanced chemical equation at eqiuilibrium is Kncwi as; (1J.13)

(A) Kc (B Qz

(C) Kr DY Ki
5. Equilidriumicerstant-is renresented ny: (KaB)

(A) Qc ] (B) Kc

(CYKr (D) Kf

[ Wialt arp tnits of Kc for the reaction? H, ., + 1, i 2HI (K.B)

{GRW 2015, SWL 2017, RWP 2017)
(A) No unlts (B) mol dm
(C) mol? dm® (D) mol™* dm?
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Chapter-9 Chemical Equilibrium

7.

10.

Q.1

Ans:

The units of equilibrium constant Kc for the reaction in the balanced chemical

equation N, +3H, Hf 2NH, are: (K.B + U.B) —. T :
(A) mol‘2 dm6 (B) mol™ dm‘3 . f ) )
(C) mol™ (D) mol dm N . .' o
For the reaction H,+1,HH TH] thP ey press ont for th= Qqu riyfii constant:
(U.B) } YA ' '
et YaR (SGD 2017)
PART: ¥ . ,_- o \\ - 1 B .
(A) Kc-.:—_L'i]__-.__ \ (™ R (B) Kc=—[H2][|§]
(M) - [HI]
’ 2] oy kel

C) Kc=

ARGy [2H1]

The value of equilibrium constant Kc depends only on: (K.B)(BWP 2016 G-I1, DGK 2016 G-11)
(A) Temperature (B) Pressure

(C) Concentration (D) Density

When number of moles of both sides are equal in a reaction then the unit of Kc:
(K.B) (DGK 2016 G-II)

(A) No unlts (B) mol dm™

C) mol® dm® D) mol™* dm®

9.4 IMPORTANCE OF EQUILIBRIUM CONSTANT

LONG QUESTIONS

What is the importance of equilibrium constant? (Application Base) (Ex-Q.4)
(GRW 2014, LHR 2015, SGD 2014, 17, BWP 2017)
IMPORTANCE OF EQUIL IBRIUM NSTANT
The numerical value of equilibrium constant of a chemical reaction helps in:
e Predicting Direction of a Reaction
e Predicting Extent of a Reaction
(i) Predicting Direction of a Reaction: (MTN 2016 G-I)
Direction of a reaction can be predicted by performing following steps:
Determination of K. (Equilibrium Constant):

Direction of a reaction at a particular moment can be predicted by inserting the conce:itzipn
of the reactants and products at that particular moment in the eguiiibriun 2xsiession.

Example: _ _
e The reaction of hyCrogen-ithiicdine - |
H,+% Qj@ 2H! ' J 1< =57. 0at700 K

\ve wlthdro.w the ﬁar..ples from the reaction mixture and determine the concentrations of
2.1, anc-1l. Suppose concentrations of the components of the mixture are:

[H2]:=0.10 mol dm™  [1,]; =0.20 mol dm™ and [HI]; =0.40 mol dm™
The subscript ‘t> with the concentration symbols means that the concentrations are
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measured at some time t, not necessarily at equilibrium. When we put these

concentrations into the equilibrium constant expression, we obtain a value called thF ey

reaction quotient Q.. The reaction quotient for this reaction is calculatpd as:

_ [HI]Z (C_40)2 I ..__.-- . '_I [ ..-__.:..: 1 -\._- e g

_—T;-._-Z___._'__;t:gt-‘. . { o
QC_ E-Hz]["z:]{'. [Q lOJ 0. 70) . . .

As the _nmiTe rlcal va'w Of D/ (6.0} is: less), tha.r' ‘Re (57.0), the reaction is not at
equilibrivn. it req.ulre> mrﬁ cmée.(n*ra‘fluﬂ st products. Therefore, reaction will move in
the forvyar directiol. The féar ion quotient Q. is useful because it predicts the direction

_ GELN rerction by  dorsparing the value of Q. with K.
' Do parison of Q. with K

Thus, we can make the following generalization about the direction of reaction.

o If Q. < K¢; the reaction goes from left to right, i.e., in forward direction to attain
equilibrium.

. o
@ Forward direction K

C

o If Q.> Kg; the reaction goes from right to left, i.e., in reverse direction to attain
equilibrium.

QL ) Reverse direction@

e |If Qc = Kc; forward and reverse reactions take place at equal rates i.e.,
equilibrium has been attained.

T . ™ N
t;?s*;f:_ﬁquilibrium state ( K,

(ii) Predicting Extent of a Reaction: (MTN 2017)

“Numerical value of the equilibrium constant predicts the exte':f uf a ream G

indicates to which extent reactants are conyerted to prod'Jcm SN ]
or {1 ()L -
“It measures how far a reaclion-argceeds bafers e_st':ibfi'i:hl"’\g' equifibrium state .
POSSIb"'t ed: YA LR
In gene. cE hefe arethree p(S»It,'II'tIE:L wf preuictlng extent of reaction as explained below.

| ”11 Iarqv _\_/a e Gr Kc |nd|cates that at equilibrium position the reaction mixture consists
o1 etmust all products while reactants are negligible. The reaction has almost gone to
completion.
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Q.1

Ans:

Q.2

Ans:

Example:
Oxidation of carbon monoxide goes to completion at 1000 K. _
2Co(g) +Oz(mﬁ.@@ ZCOZ(G) N P. C.i: 22 x 102' .

PN |

Small Numerical Value of K.

The small value of kc incicates Tiat the eq,m iprilirh ra> ‘Stuu“SHPd with a very small
conversiaf Gf re2stants o [.10@;‘& \At-equilisridm position almost all reactants are
present=Eut arhount of p ch,f:* is.\negligible. Such type of reaction never goes to
comple |o1 '

F H Xé rnnlt

2NHS(Q) [if N2(g) + 3H2(g) Kc=3.0x107°

Numerical Value of Kc is Neither Small Nor Large:

The moderate value of Kc indicates that at equilibrium position the reaction mixture
consists of comparable amounts of reactants and products.

Example:

N204(g) E @@ ZNOZ(g) Kc=0.211

9.4 IMPORTANCE OF EQUILIBRIUM CONSTANT

SHORT QUESTIONS
Define reaction quotient. (Understanding Base)
REACTION QUOTIENT

Definition:
“The ratio of product of concentration of products raised to the power of coefficients to
the product of concentration of reactants raised to the power of co-efficients in a
balanced chemical equation at any moment of the reversible reaction is known as
reaction quotient”.
Importance:
The reaction quotient Q. is useful because it predicts the direction of the reaction by
comparing the value of Q. with K.
Describe use of atmospheric gases in the manufacture of chemicals. (Knowledge
Base)

(Science, Technology and Society Pg. # 14)(LHR 2013, BWP 2017, RVE2ZZ4017)

USES OF ATMOSPHERIC GASES [

The two major components of atmukphere ars fat rcgen arid'oxygen na;es Bsiiof these
gases constitute 99% of th# a*mosniziie.

e Niticgen: \ ) -
Nitro@en” i, used k¢ epart @nisaonia, which is further used to manufacture
Qitiegennus teriilizers.
e Oxyders:
' “Oxygen is used to prepare sulphur dioxide which is further used to manufacture
king of chemicals sulphuric acid.
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Q.3

Ans:

Q.4

Ans:

Q5

Ans:

Q.6

Ans:

Which chemical is called king of chemicals? (Knowledge Base)
(Science, Technology and Society Pg. # 14)
KING OF CHEMICALS )
Sulphuric acid (H,SO,) is called king of chemlcals beco-Im 14 |> Jsm in! alanQ* ait
chemical industries dlrectly orindirectly. '\ | - AN
Write the names of two n apr gLes cf ¢ tmo pht,”* (Kn' w-edge I:’ase)
L T (Suenu Icuhl’]OlOgy and Society Pg. # 14)(GRW 2013)
=1\ 0y l\_/ﬂigﬂg\ffﬁ S OF ATMOSPHERE
The twa, miajor, ¢ases o1, atmospnere are:
. Nitiggen' 7%

AU o “Dxygen 21%

Both constitute 99% of the atmosphere.
Write the importance of equilibrium constant. (Application Base) (LHR 2014)
IMPORTANCE OF EQUILIBRIUM NSTANT
The importance of equilibrium constant is as follows:
e It is used to predict the direction of reaction i.e. forward or reverse
e Itis used to predict the extent of reaction which means how much of the reactants
are converted into products.
Write the names of two chemicals in which nitrogen is used. (Knowledge Base)
HEMICALS INVOLVING NITROGEN
Following are the chemicals in which nitrogen is used:

e Urea (H,NCONH,)
e Nitric acid (HNO,)

9.4 IMPORTANCE OF EQUILIBRIUM CONSTANT

MULTIPLE CHOICE QUESTIONS

In direction of a reaction, if reaction proceeds forward then: (K.B)

(A) Qc <Kc (B) Qc > Kc

(C) Qc=Kc (D) None of them

In direction of a reaction, if reaction proceeds reverse then: (K.B)

(A) Qc <Kc (B) Qc > Kc

(C) Qc =Kc (D) All of these

In direction of a reaction, if reaction is at equilibrium then:{x.B) |
(A) Qc < Kc (B)LOcsKic |
(C) Qc =Kc ! < _ (D BEotha &N _ _

In extent ofreaction, the vegciion wilich aimast goes :o'uorﬁpleliun has: (U.B)
(A) Vervilargaike value (B) Very small Kc value

© Modleiate ke vaiue, | | T (D) None of these

i extent of rection; the reaction never goes to completion has: (U.B)
{3 VVexy farge Kc value (B) Very small Kc value

(C) Moderate Kc value (D) Qc =Kc
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6.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Thereare _ possibilities of predicting extent of a reaction. (K.B) (MTN 2017)
(A1 (B)2

(€)3 (D)4 .

Thereare __ major components of atmosphere o 5) A R
(A) 1 B2 N (&0
(C)3 \ ~ () 4 _' VALV Y

The two major componerits pf atrosy) hL re ae; (B ' / (MTN 2017)

(A) Nifrogen! andhyarnqen qaaes\ VA / R Oxygen and hydrogen gases
(C) Nitrouen ér d sarbon, d| DKIGe aces (D) Nitrogen and oxygen gases

Nitrogen ard biyqen ¢o! astute of the atmosphere. (K.B) (GRW 2013)
TW(AY 9% A (B) 98%

(Cje29 (D) 97%

Nitrogen is used to prepare: (K.B)

(A) Carbon dioxide (B) Ammonia

(C) Hydrogen (C) Sulphuric acid

Oxygen is used to prepare: (K.B)

(A) Ammonia (B) Nitrogen gas

(C) Oxygen (D) Sulphur dioxide

The percentage of nitrogen in atmosphere is: (K.B)

(A)21% (B) 78%

(C) 99% (D) 0.93%

Ammonia is used to manufacture: (U.B)

(A) Sulphuric acid (B) Hydrogen gas

(C) Nitrogenous fertilizers (D) Chlorine gas

Sulphur dioxide is used to manufacture: (U.B)

(A) Sulphuric dioxide (B) Ammonia

(C) Sulphuric acid (D) Nitrogenous fertilizers

Which is the king of chemicals? (K.B) (MTN 2017)

(A) Sulphur dioxide (B) Ammonia

(C) Nitrogen (D) Sulphuric acid

The value of Kc for the reaction N,O, ) 2NO,, is: (U.B)

(A) 2.2x10% (B) 0.211

(C) 3.5x10" (D) None of these

The oxidation of carbon monoxides goes to completion at: (K.B)

(A) 2000K (B) 1000K .

(C) 100K _(D)200K .- [

The reaction quotient is useful-hecause it "‘FE'JI s n= ai ectlJr Gf reaction by
comparing the values of(X°3) o |\
(A) Qc _( B\ Qc vy.itn s

C© ke ~o Y sV M) None of these

As the ritmetiit value of - QC, (3 Q). 154ess than KC (57.0) the reaction is: (U.B)

(A) In forvyerd, dirécdon ' - (B) At equilibrium

(G3[Ih revversa.girection (D) All of these

Wen Qc < Kc, then reaction goes in: (U.B) (SWL 2016 G-11, LHR 2016, SWL 2017)
(A) Forward (B) Reverse

(C) Equilibrium (D) None of these
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Ans:

Ans:

Ans:

Ans:

Ans:

9.3 TEST YOURSELF
What do you mean by the extent of reaction? (Knowledge Base)

EXTENT OF REACTION _ A P
The extent of a reaction means the X ‘ent to Wi reac d'\t‘ a e ‘onver el mfd groducts In
fact, it measures how far a recct' T 'DH( eede bliort e,;tcb'ls m‘f‘ Q) Jilibrium state.
Why t} ]E |nv=r5|b.c réactiong’ d nat uo to- mmpwuon” (Understanding Base)
LQ\’IL’LEF[-Q‘J QI RE ER IBLE REACTI

a8 raversi"b'ie rva_ctu,na do not go to completion because products recombine to form

|4, -

' '_.'e'é."':_tal 5'and reaction occurs in both directions i.e. forward and reverse. At this state, the

composition of reaction mixture remains constant.

A+B[ @@ C+D
Reactants Products

If a reaction has large value of K. will it go to completion and why? (Understanding
Base) (SWL 2016)

LARGE K. VALUE
If a reaction has large value of K it indicates that reaction has almost gone to completion
because at the equilibrium position the reaction mixture consists of almost all products
and reactants are negligible.

Example:

2C0O,, + Oy, H i) 2CO Kc=2.2 %107

2(9)

Which type of reactions do not go to completion? (Knowledge Base)  (RWP 2016 G-1)
REACTIONS WHICH DO NOT COMPLETE

Reversible reactions do not go to completion. These reactions have very small value of K..

Examples:
2NH, [ Hd N, +3H, K. =3.0x10"

Why the reaction mixture does not have 50% reactants and 5% “producia’ At
equilibrium position? (Understanding Base) . N [

20% REACTANTS AN 597 PROLUGCTS
The reaction mixture doe! riot-iialre’ 509% 'ecctanta_aﬂ.. Y6 procucts at equilibrium
position dcauss-cquilihrivin aoes. riot depeﬁd upon' concentration rather it is a state at
which iate¢ iof 19r\yerd and\ revarsz reactions must be equal. So it is not necessary that

readtion mixXtui2\ccntains 50% reactants and 50% products.
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|

Q. < K., reaction proceeds forward
Q. > K, reaction proceeds reverse

Q. = K,, reaction is at equilibrium

Chapter-9
"rﬁ"’-ers’ib:a—".—- —- et to complation
' iezctivn l HiNeh'
WarAWR YR )
Gnegraical—.j ;I "t
reéc*i‘?n;__ ' | e
e ' . ~ -
. Wy 2 ) ] - RevefSibIew Takes place in [ Equilib”‘um
NI - reaction J both directions L established )
J
~
Rates of both
Law of Mass Action j___ EQUILIBRIUM reactions are
Rate « active mass | CONSTANT equal but in
/ opposite
direction
J
Numerical Value
of K, predicls
Direction oﬂ .
a reaction r Extent of a reaction

PRI AR SRS DAV = |

[~very large i, valuz; reariion goes to completion

Viary $mall i5-value; reaction never goes to completion
ivioderale K, value; reaction is at equilibrium
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Chapter-9 Chemical Equilibrium

1. The characteristics of reversible reactions-are the follayiing, "X(,"p'[ ’K“_)

EXERCISE SOLUTION
MULTIPLE CHOICE QUESTIONS

1'%,

(a) Products never recombine to fcrrrr rea(‘f» nt3

(b) They never complete '

(c) They *)’01 eed in-hotn way< TR T

(d) Thesheve g double arrquy t_eLX“sn ieactants and products

2. In the time l{il"ﬂ,_"_the. reaction CaCOs(s) —— CaO(s)+COx(g) goes to completion
i hicause(S.B) (GRW 2013, 16, LHR 2015, SGD 2014, BWP 2017, MTN 2016 G-I, DGK 2016 G-I)
WL (@) Of high temperature (b) CaO is more stable than CaCO3
(c) CO, escapes continuously (d) CaoO is not dissociated
3. For the reaction, 2Aq + B HHid] 3C( the expression for the equilibrium constant is:
(K.B)
(LHR 2013, 14, BWP 2017, RWP 2016 G-11, FSD 2017 G-11)
2
@ [2A1E] ) [AT[B]
Ed [cf
3C cl’
(©) % (d) #
[2A][B] [A]'[B]

4. When a system is at equilibrium state: (K.B)

(a) The concentration of reactants and products becomes equal
(b) The opposing reactions (forward and reverse) stop

(c) The rate of the reverse reaction becomes very low

(d) The rates of the forward and reverse reactions become equal

5. Which one of the following statement is not correct about active mass? (K.B)

(a) Rate of reaction is directly proportional to active mass
(b) Active mass is taken in molar concentration

(c) Active mass is represented by square brackets

(d) Active mass means total mass of substances

6. When the magnitude of K. is very large it indicates: (U.B)

(RWP2017, ZED ”')l) G-ETINTNT81e-5-1)
(a) Reaction mixture consists of alinast all-:rodiic's
(b) Reaction mixture has aimast-ati‘redc tarits )
(c) Reacticn has newt-gone#¢ cempletion '
(d) Reazunn ragxtire has necligiu'e zroducts

7. Whzn tne magnitiice of4<; Is very small it indicates: (U.B)

(&) = iheiuin will never establish

() All reactants will be converted to products
(c) Reaction will go to completion

(d) The amount of products is negligible
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8. Reactions which have comparable amounts of reactants and products at equilibrium
state have: (U.B) (RWP 2016 G-11, 17)_ "1
(@) Very small K, value (b) Very large K. value_. e =ia
(c) Moderate K, value _Ad) None of these _' S \ e

9. At dynamic equilibrium: (K.B) ™ mia ! | UsGe2016 G-l )

(a) The reaction stops to pioceed . = /" — ' b
(b) The amounts of reactanis ¢nd products'ar: equal
(c) The.stieeas OF the fonward c.ld\vs\ver se-redctions are equal
(d) Thelreecticr! ccn nc Innuer e Teversed
10. - bowdr it e\ers.blp reaction dynamic equilibrium: (K.B) (BWP 2016 G-I1)
[ 4gjNederestablishes
(D) Establishes before the completion of reaction
(c) Establishes after the completion of reaction
(d) Establishes readily
11.  Arreverse reaction is one that: (K.B)
(LHR 2013,2016, GRW 2016, DGK 2017, RWP 2016 G-1, MTN 2016 G-11, DGK 2016 G-I, II)
(a) Which proceeds from left to right
(b) In which reactants react to form products
(c) Which slows down gradually
(d) Which speeds up gradually
12. Nitrogen and hydrogen were reacted together to make ammonia: (K.B + U.B)
(GRW 2017, RWP 2017)

No+3H, dHf 2NH3 K = 2.86 mol*dm®
What will be present in the equilibrium mixture?
(@) NH,only (b) N,,H, &NH,
() N, &H, (d) Hy only

13.  For a reaction between PCl; and Cl, to form PCls the units of K. are: (U.B)
(GRW 2014, SGD 2016 G-I, 17, SWL 2016 G-1, RWP 2016 G-I, I1)
(a) mol dm™® (b) mol™ dm3
(c) mol™ dm® (d) mol dm®
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EXERCISE SHORT QUESTIONS

1. What are irreversible reactions? Give a few characteristics of them? _ AT
(Knowledge+Understanding Base) (LHR 2013, RWF 2152017, Sr= D z tm' \

Ans: IRREVERSIBL REACTIONS~~ N | (7 -
Definition: A

“The reactions, in which th¢ prca' s dr* 20! retontne tc form reactants are called
irreversibleieactions F 0 ) -

Examples) |\ 7~ ) |\ .ax \\
. "‘Du) Dag) ——\=-5-2H;0¢)

- '_'_- ZNa- 2|‘I ﬁ—)ZNaOH+H
N

[ p | NOhed acteristics:
Following are the characteristics of irreversible reactions:
e These reactions proceed in one direction only.
They are represented by single arrow (—) between reactants and products.
e Reactants are completely converted into products at end of reaction.
e These reactions are generally fast.

2. Define chemical equilibrium state. (Knowledge Base)
(LHR 2013, BWP 2017, DGK 2016 G-II)
Ans: HEMICAL EQUILIBRIUM STATE
Definition:

“When the rate of the forward reaction takes place at the rate of reverse reaction, the
composition of the reaction mixture remains constant. It is called a chemical equilibrium state .
Types:

e Static equilibrium

e Dynamic equilibrium

3. Give the characteristics of reversible reaction. (Knowledge+Understanding Base)
(MTN 2017, RWP 2016 G-11, BWP 2016 G-I1)

Ans: REVERSIBLE REACTIONS

Definition:

“The reactions in which products can recombine to form reactants are called reversible

reactions”.

Example:

. Nz(g) + 3H2(g) [He 2NH3(g) K. =2.86 mol?dm®

Characteristics: ,
e They are represented by double arrow (5 i) ) between reactdl:S.& 1d DrofitCre,
e They proceed in both ways. =
e Areversible reaction never/gues to cornpietion.

4. How dynamic equilibriuim is estasiished? (L‘r ders*anUmq 3ase)
: (SD 4015 G-, 177302017, GRW 2013, MTN 2016 G-11)
Ans: o '"_;FAE..I_S_-I.‘\/IF'\I. CEDYNANIC EQUILIBRIUM

In a relersibie reaction, dynamiicequilibrium is established before the completion of
reaction) At initial stane tiie rate of forward reaction is very fast and reverse reaction is
taking piack'at a negligible rate. But gradually slows down and reaction speeds up.
!—/e.utually, both reactions attain the same rate, it is called a dynamic equilibrium
state.
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Ans:

. j .|. -"-.'_,|5II'E‘SZ

Ans:

Ans:

_ "\rhy eq ||I Lrl lm Jtate is attainable from either way? (Understanding Base)

Example:
e N,+3H, A} 2NH; = 2.86 mol2dm®

Why at equilibrium state reaction does not stop? (Understandingr ﬁ-ceqr
L (BUE '01-6‘ ’ 17 l\‘.!\rzml,'
REACTIGRAT Eul UL LU | \ [ \ o~

At equilibrium state, a reaction does;zat stop-besaude forward énci re'/e' 'se reactlons keep on
taking place-at the same r:ate butin OFPOsy te diteciian. "P2gUCTs recormisine to from reactants.

Example.| | .~

Hz-l‘le S SHI K. = 57.0 at 700 K

(FSD 2016 G-1)

ATTAINING OF EQUILIBRIUM STATE
An equilibrium state is attainable from either way because it may start from reactants to

give products or products can recombine to give reactants again.
Reactants £ [Hif] Products

A+B Hlf C+D

Equilibrium state is established in a reversible reaction which proceeds in two direction.
What is relationship between active mass and rate of reaction? (Knowledge Base)
(SGD 2016 G-I, I1)
RELATIONSHIP
According to Guldberg and Waage’s Law of Mass Action, the rate of a reaction is directly
proportional to the product of the active masses of reacting substances.

Rate of Reaction oc active masses of reacting substances.

Derive equilibrium constant expression for the synthesis of ammonia from nitrogen

and hydrogen. (Application Base) (GRW 2014)
EQUILIBRIUM CONSTANT EXPRESSION

For the synthesis of ammonia from nitrogen and hydrogen the balanced chemical

equation is:

N +3H, @E@ 2NHy,

The rate of forward reaction: Re = ke[N2][H2]®
The rate of reverse reaction: R = kJNH3]?
At equilibrium state: f
Rf R
e NZATHLE 2 K[ Ha)?
Ko L[k, I

. rk = 3
= . ] K. [.\12J|_H2]

The equiligrjuin expressianfai this reaction is
[NH,J*
[N, I[H, T’

L .
| - c

CHEMISTRY-10 31



Chapter-9

Chemical Equilibrium

9.

Ans:

10.

Ans:

11.

Ans:

Write the equilibrium constant expression for the following

(Application+Understanding Base)

() Hyg+lag [ 2HI

(ii)  COgt+3Haygll CHyg +H:0q

EQUILIBRIUM wNST gté2+=

(i) Hygtlyl 2Hig O\ e

The rate of-forward reaction ' 5 K [imn [121

The ra'e 0 reve F3€ reaction’ R: 2k THI |

The equnb mm C)rstcnue, prersion: -
RN ' [Products]

;

'Iln"
~z

NIN A °= [Reactants]

[HI)*
[H.][I,]
(i) CO@*+3Hzgll  CHag) + H2O).
The rate of forward reaction Rs = ki [CO] [H2]*
The rate of reverse reaction R, =k; [CH4] [H20]
The equilibrium constant expression:
_[CH,I[H,0]
“ [CO] [H,T

c=

reactions:

(GRW 2014, SWL 2017, RWP 2017, FSD 2017)_ "

i |.\~-'
|

How direction of a reaction can be predicted? (Knowledge+Understanding Base)

(SWL 2017, RWP 2017, S

PREDICTION OF DIRECTION OF REACTI

Direction of a reaction at particular moment can be predicted by

GD 2016 G-I, 17, LHR 2013)
N
comparing the value of Q.

(reaction quotient) with K. (equilibrium constant) of a chemical reaction.

_ [Molar concentration of product]
[Molar concentration of reactatnt]

o If Q.<Kg; the reaction goes from left to right, i.e., in forward direction to attain

equilibrium.

o If Q.> K; the reaction goes from right to left, i.e., in reverse direction to attain

equilibrium.

e |If Qc = Kc; forward and reverse reactions take place at ﬂq‘:'-wl rates By

equilibrium has been attained.
How can you know that a reaction has a¢ hnﬁved é ||’-“1U'.|")I’

"'\.

Um's t( 107

(<ncw+ed e+ Understandmg Base)

ACHIEV:N ILIERIUR

g

If Q¢ = Vp, it|inaicates shat forwaid ml roverse reactlons are takmg place at equal rates

i.e. equilibriurathas nedn attained. -
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12.

Ans:

14.

Ans:

Q.1

Ans:

Q.2

Ans:

Q3

Ans:

Q.4

ARG

What are the characteristics of a reaction that establishes equilibrium state at once?
(Understanding Base)

HARACTERISTI EAREACTION . <

A reaction that establishes equilibrium (state at onge- IS Lalled' le'fembl ieastion,
Following are the characterlctlcs of tr IS tyna of reacUOn -

e These reactions never 99 (0] ,o Tp| =tmn

. Tn@se ressiiGis-are very, f £ |5

o FOr hes= r=a“tnr 'S IhP Vaiae of Kc is small.
8 ¢ |07t‘d Flw ki = Rr

' "_H'.."e.awon quotient Qc of a reaction is more than Kc, what will be the direction of

the reaction? (Knowledge Base) (SGD 2013, BWP 2017, MTN 2017)
DIRECTION OF REACTION

If reaction quotient, Q. of a reaction is more than K., the reaction proceeds from right to
left i.e. in reverse direction to attain equilibrium.

. -
i ) Reverse direction@

An industry was established based upon a reversible reaction. It failed to
achieve products on commercial level. Can you point out the basic reasons of
its failure being a chemist? (Application Base)
BASIC REASONS FOR FAILURE OF INDUSTRY
An industry established based upon a reversible reaction failed to achieve products on
commercial level due to the following reasons.
e Reaction is reversible so products recombine to form reactants and dynamic
equilibrium is established.
e Equilibrium state is achieved at the initial stage of reaction and concentration of
products is negligible.

EXERCISE LONG QUESTIONS
Describe a reversible reaction with the help of an example and graph.
See LQ.1 (Topic 9.1)
Write down the macroscopic characteristics of dynamic.equiiiar um,
See LQ.4 (Topic 9.1) ' | ’

State the Law of Mass Aatlun s aarivie '.he uxpr\ssu n f0" Zquiiliorium constant for
a general reaction \ -

See LQ:% (rop., ¢.2) _
What is\thelimpoitance ot equilibrium constant?
o'l .Qu1<Gvopic 9.4)
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EXERCISE NUMERICALS

Q.1For the decomposition of di-nitrogen oxide
(N,O) into nitrogen and oxygen reversible
reaction takes place as follows ~

2N,00 i 2N, +0. D)

The concentration of NZO Nz and, 02 are
1.1 mol dri ™ 3.0 mel & and 1295
dm?, respeml wly at € :111111‘5)1 fuip) I*u.fl
K. for this r 1a-.t on, |

JULtLﬂ|

b oS ==

Toe rever5|ble reaction takes place as follows:
2NZOB I 2N, +0,

The equilibrium concentration of:
[N,O] =1.1mol dm?
[N,] =3.90 mol dm™
[0;] =1.95mol dm™
The reversible reaction takes place as follows:
2N20§ I 2N, +0,
To Find:
Equilibrium constant = K. =?
Calculations:
The equilibrium constant expression for this reaction is

K = [NzJ [02]
[Nzo}

Putting the values

2
[3.90] [1.95]
Ke = o 2
[11]
3 3
15.21mol/ dm™ |{ 1.95mol/ dm
- 2
[1.1moldm3}
K¢ = 24.51 mol dm™
Result:
Thus equilibrium constant for the reaction= 24 51 myi
dm?

mol I

)

Q.2 Hydrogen to

hydrogen and _iodiaa.

iodide decomp,oca
%

toncentration of il i$.0. )78 ol i 4,

L and 1, ik sarpe'.H1 mol (m2-Caiculate the
- el vilibriural, constant [value for this
. reversibnleredction:

Soludieii:

Given data.

The equilibrium concentration of:
[HI] = 0.078 mol dm™®
[H,] = 0.011 mol dm™®
[1,] = 0.011 mol dm
The reversible takes place as follows:

2HIH 1 H, +1,

To Find:

Equilibrium constant = K, = ?

Calculations:
The equilibrium constant expression for this reaction is

K. = [y ][]
[’

_ [o.011][0.011]

Putting the values

[0.078]2
_ 0.000121

0.006084
K:= 0.01989
Result:

'Ff‘.vr]-.... AR
he. eqmll)uum :
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Q.3 For the fixation of nitrogen following
reaction takes place:

N, + O, HHi 2NO

When the reaction takes place at 1500
K, the K. for this is 1.1 _x 107, f

equilibrium concentratlons 01 num’ren'

and oxyger ard 1. 7 X 1n m(l din? and |
6.4 x 163mb1idm®, respec Ue]r?& W
much NO I8 mrnwtd \

'IJ .011

\ iven Gata:

'|:qU|I|br|um concentrations of:
[N;] =1.7%10%mol dm®
[0,] =6.4%10%mol dm?
K. =1.1x10°
The reversible takes place as follows:
N2 +02 df 2NO
To Find:
Molar concentration of [NO] =?
Calculations:
The equilibrium constant expression for this
reaction is

[NoJ'

[N][0:]

Kc=
Putting the values
1.1x10° =

[NOT
[1.7><10‘3 moldm’s][6.7><10'3 moldm’3]
[NOJ* = (1.1 x 10°%) x (1.7 x10”moldm™)
(6.4 x 10 moldm™®)

[NOJ? = 11.96x10** (moldm®)?
[NOJ? = 1.96x10*° moldm™
Taking square root on both sides

JINOP? = L1968x1070
[NO] = 1.00 X):0™ mekarii®
Result:

‘ Th; At ceasintraiion of NO = 1.09 X 10 mol
g’

Q.4 When nitrogen reacts with hydrogen
to form ammonia, the equilibrium_.. -
mixture contains 031 ol dm
050 mol —~dm™ ')f n-tmgen
"hvf‘rcgeﬁ re:pecfweI/ I, ti.e,.f'(‘.o 050

Llapel =

< ol dny® whai 15 the equilibrium
| conee rrrot.f:". of amonia?

Sou fion®

Given data:

The equilibrium concentrations of:
[N,] = 0.31mol dm™®
[H,] = 0.50 mol dm’
Kc = 0.5 moldm®
The equilibrium constant expression for this
reaction is

N,+3H, [ i) 2NH,

To Find:

Equilibrium concentration of ammonia= [NH;] = ?
Calculations:

The equilibrium constant expression for this

reaction is
[NH3]2

"]

Putting the values

[NH3}2

[0.31 moldm'3] [0.50 moldm’s]

Ke =

[NHJ2 = (0.50mol?dm®) x (0.31moldm)
x (0.50 moldm )*

[NH, ]2 = J0.019375

Takmg square root on:soth sides
r'\" 3] = 0. 1294 m Ol dr"' .
[I Lidsg = 0 14 mo.driv

3

Result;
Li'hus equilibrium concentration of NH; = 0.14

mol dm®
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Q.1

Ans:

Q.2

Ans:

Q3.
Mg

Q.4

Ans:

Q.5

Ans:

ADDITIONAL CONCEPTUAL QUESTIONS

Why is equilibrium achievable only in closed system? ; \
Equilibrium is only achievable in close svstem because.-yian lc equ'..nrl mijs _f‘ AV

attained in reversible reactlons and, revehlLIP gt

o

system.
How can e determine-thi viaiuz (_f w:?
We cah_caiculgiethe namer.ca wa‘k\es Ny ni

Ctl’ﬂ (an orit y tcku piees i closed

mng actual equilibrium concentrations of the

reactants onl eroal ACts into Bindlibiium expression.

\wihy rezcticn’ uctienit Qc is useful?
'JJ'L"Q:_ (isefa1 because it predicts the directio
with Kc.

Differentiate between Qc and Kc.

n of a reaction by comparing the value of Qc

Qc

Kc

Definition:

Ratio of product of concentration of
products raised to the power of co-
efficient to the product of concentration of
reactants raised to the power of co-
efficient in a balanced chemical equation,
at any time interval ‘t> of reversible
reaction

Definition:

Ratio of product of concentration of
products raised to the power of co-
efficient to the product of concentration of
reactants raised to the power of co-
efficient in a balanced chemical equation.
At the time of equilibrium.

Value: Value:
Its value can be obtained before |Its value can be obtained only at
equilibrium state. equilibrium state.
Formula: Formula:
Qc= [Product], _ [Product]
[Reactant], " [Reactant]

Differentiate between Reverse and Reversible Reaction.

Reverse Reaction

Definition: \
It is reaction in which products reL(t 10
produce)rzactants.

e e | s s e n

Iy is e-reantien 1N whien reactants react to
i nroduce products and products react to
give reactants.

Dijipctiong

| It takesioiaceé in one direction,

| 1ight to left.

i.e from

Direction:
It takes place in both directions.
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Q.6

Ans:

Q.8

Ans:

Why at large numerical value of Kc concentration of products are high and
reactants are low?

As we know 1A (C\L
_ [Praduet] S N
- [ o W
[R«,d(,tan] \
Which mearis Kc is ﬁ'"°Cr|y t)rf)parmnal to mm‘,..uatlon of products and inversely
proporanal 6 c.catmtaon ')f ‘im\e{( i3, =+ numerical value of Kc is large it means

concentiaticn 9f p’O"iU‘t Art nigh as Kc is directly proportional to product and reaction

._h almcstgwn {© completlon

'v\/hy at small numerical value of Kc concentration of reactants are high and

products are negligible?

As we know

_ [Product]
[Reactant]

Which means Kc is directly proportional to concentration of products and inversely
proportional to centration of reactants. If numerical value of Kc small it means
concentration of reactants are high as Kc is inversely proportional to the reactants and
reaction will never go to completion.

Explain why does the concentration of reactants decrease in forward reaction and
increase in reverse reaction?

In forward reaction reactants react and concentration of reactants decreases
gradually as they form products, as concentration decreases rate of forward reaction also
decreases. On the other hand rate of reverse reaction increases and concentration of
reactants also increases with time as products react to form reactants in reverse reaction.
Therefore we can say that rate and concentration are directly proportional to each other.

Rate of reaction «c Concentrationof reactants
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TERMS TO KNOW

Chemical The process in which "hemlw‘al chenge | m‘CL S, iri rrature ono rewposmon
Reactions of substances s callegchemical\rea tipn, | ! |
Complete — | A reactici -r_vvFlc_faWﬂEn?z_td}n_s ave CEJrTverted into products is called
Reaction - | tomple e reactlm :
Irrevessigie | || 'Jr* mofit of't thiy .eactlons the products do not recombine to form reactants,
RELL (r ' _are—called irreversible reactions and such reactions proceed in one
ST direction only.
| . . . . .
Reversible Reactions in which products recombine to form reactants are called
Reactions reversible reactions and such reactions proceed in both directions.
Chemical When the rate of the forward reaction takes place at the rate of reverse
Equilibrium reaction, the composition of the reaction mixture remains constant, is
q called chemical equilibrium state.
Static When reaction ceases to proceed, it is called static equilibrium. This
Equilibrium happens mostly in physical phenomenon.
Dynamic When reaction does not stop only the rates of forward and reverse reaction
Equilibrium become equal to each other but take place in opposite directions. This is
State called dynamic equilibrium state.
Law of Mass The rate at which a substance reacts is directly proportional to its active
Action mass and the rate of a reaction is directly proportional to the product of
the active masses of the reacting substances.
Active Mass An active mass is considered as the molar concentration.
Ratio of the product of concentration of products raised to the power of
Equilibrium coefficients to the product of concentration of reactants raised to the
Constant power of coefficients as expressed in the balanced chemical equation is
called equilibrium constant.
Numerical value of the equilibrium constant predicts the extent of a
reaction. It indicates to which extent reactants are converter‘ L] produrfs !
Extent of a OR
Reaction .
It measures how far a reactiuiy, proceedsqiseiore t.Sto.h“ ,h.n Q) liiriin
state.. (3 AW VW S
The ratio ot puod":‘t o1 comtnt eticn 'of\products repsid to the power of
Reaction coefficients to\the’ product, of conceniration of redCtants raised to the
Quotient sower otcorufficierts, in a-haldinced chemical equation at any moment of
-\ lt_ 1e rever sl reaciio: is known as reaction quotient.
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CUT HERE

Chapter-9 Chemical Equilibrium
SELF TEST
Time: 35 Minutes . Marks:,25- 1 |
Q.1  Four possible answers (A), (B), (C) and (D) to each questlon are g1y ep mark f t"e
correct answer. | Sl am iy | S \6XJ. 6)
1. When the magnitude of ¥ | S vp'" Jarge it inlicd tes
(A) Ecunmrl im v;.. .1eve“ *stab. hy (B Keaction mixture has almost all products
(C) Rea, f:trn hes 1 o. gnrva t) cC rnp.etlon (D) Reaction mixture has negligible products
2. % _;I\ b reran uear*m. isone that
| {A)Proceeds from left to right (B) In which reactant react to form product
(C) Slows down gradually (D) Speeds up gradually
3. The colour of hydrogen iodide is:
(A) Colourless (B) Black
(C) Red (D) Pink
4. Which gas is used to manufacture king of chemicals (sulphuric acid)?
(A) N, (B) Oz
(©) Cl, (D) CO,
5. The units of molar concentration:
(A) mol.dm2 (B) mol.dm™
(C) mol.dm (D) mol.dm3
6. If Q. < K¢, the reaction goes in:
(A) Forward (B) Reverse
(C) At equilibrium state (D) None of the above
Q.2  Give short answers to the following questions. (5x2=10)
Q) Why reversible reactions never complete?
(i)  Define irreversible reaction. ¢
(iif)  Write use of atmospheric gases in manufactire of chemicals:
(iv)  Define k. and give its formula. \
(V) How can you predict the dfrestion Giesctisn? BN
Q.3 Answer thefollowina.questions;inidetaib, ) T (5+4=9)
@ State lawr'cf rogss actiar ar ¢ ey “\Ia n de nﬂf o of expression for equilibrium constant for
general reqqtic ooy (5)
(b) When nntrCcon laants mtn hydrogen to form ammonia, the equilibrium mixture contains

;22 aile:50" mol. dm™3 of nitrogen and hydrogen respectively. If the K is 0.50 mol?
@in”, what is the equilibrium concentration of ammonia? 4

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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