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Step 4: Rate constant (k)
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Use any experiment (e.g., Exp 1):

Rate = k[HI]?
111070 = k{0.015)°
1.1x107? o
—_— i IS
* TDooozzs

Answer;

10.

1.

A First

=  Rate Law: Rate = k[HIJ!
k=489 M
« Order: Second order

ADDITIONAL SLOs BASED MCQs

The rate of a reaction as the reaction proceeds.

AL Increases B. Decreases

C. Remains the same 0. May increase or decrease

The unit of the rate constant ks the same as that of the rate of reaction In ———— order reactipy,
A, Firdt B. Second C Third D. Zero

For the reaction:

2a+8—59% . ¢ the rate law for the reaction Is
A rate = k[a] [B] B. rate = k[A][B]

For the reaction: 2A+8B ——C+D
The expression for the rate law Is, rate = k[A]’, the order of reaction in B Is
B. Second C. Third

The activation energy for a reaction can be:

A Increased by increasing temperature

B. Increased by decreasing temperature

C. Decreased by increasing concentration of reactants

D. None of these

Rate law for the reaction

R=X = HzD — R=0H + HX is, rate = k[R-X]. The rate of reaction will be doubled when

A. Concentration of H:0 is doubled B. Concentration of =X Is reduced to half
C. Concentration of both R=X and H;0 is doubled  D. None of these

C. rate = k[C] 0. Hone of these

D. Zero

* The rate of a catalyzed reaction is independent of the concentration of

A Reactants B. Products C. Catalyst D. Zero
if a reaction proceeds In such a way that order of reaction is Independent of the reactanis
concentration, the overall order of reaction would be

A First B. Second C. Third D. Zero
Reactions with high activation energy are usually
A Fast B. Slow C. Exothermic D. Reversible

In a reversible reaction, catalyst lowers the activation energy of the

A Forward reaction s B. Reverse reaction

C. Forward as well as reverse reaction . Forward reaction but increases lor the reverse reaction
If rate of reactlon doubles for every 10°C rise in temperature what is the increase in rate of reaction i
temperature rises from 10°C to 100°C

A. 112 times B. 100 rimes C. 400 times D. 512 times

Order of reaction is the number of reacting molecules whose concentration alters as a result of chemicl
change for which order of reaction the unit of rate constant (k) is the same as that of rate of reaction?
A, 1% order reaction B. 2™ prder reaction C. Zero order reaction D, 3" order reaction
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43. The hydrolysis of (CH,),CBr by OH lon proceed in two steps:
Ror R 4 B i
R+ OM = O
which of the following rate equation is conslstent with this scheme?
A rate = k{RBr)' B.rate = k[ADr) [OH')  Corate=k[RBr] [OM) D rate = k [R8r)
14. Which one of the following correctly represents the units of the rate constant k for a first order reaction?
Agt B. moldm "y C. ol .t gt D. mol ‘dm’'s
15. If the rate of decay of a radicactive lsotope decreases from 200 counts per minutes to 25 counts per
minute after 24 hours. What is half lile?
A. hours B, 4 hours €. 6 hours D. B hours
Answer Key with Explanations
an | Ans. Explanations
B The rate of reaction s directly prapartional to concentration of reactant, As reaction goes the
1. amaount of reactant decrease hence the rate of reaction decreases
A Product
1 D | Rate = E[A]"
Lo, Rate = k= mol dm™ 5!
i 2848 —= C
: & Since two molécules of "A° and one molecule of ‘B° participate, so rate equation will be
¥ Rate = k[A)[B)
Orderof reaction=2+1=3
I Rate equation shows that concentration of reactant ‘B’ does not affect reaction rate. Therefare
s " the order of reaction in *B' is rern,
k = pe-EafRT
s | B Eax 1T
[ (i} Rate = [R - X]. It means when toncentration of R - X doubles, rate of reaction alio doubles
6. D (il} Concentration al H,O does not affect the rate of reaction. 50 o increase rate of reaction, it is
nol necessary to Increase conc. ol H; 0,
According to Law of mass action:
The rate of a chemical reaction is directly proportional to the active mass of the reactant or 1o
% < the product of active masses Il more than one reactants are invalved in a chemical reaction.
As the concentration of a catalyst increases its catalytic activity also increase.
Such a reactlon I 2ero order reactlon:
A+ B— Product
i | Rate = k|AJ*(B)’
Order of reaction = zero
According to Arrhenlus eguation:
k= As-tuet
9, B k = Rate of reaction (when molar concentration of reactants are in unity)
Rale = ag~tanT
Rate = 1/Ea
10, c A catalyst cannot affect the equilibrium constant of a reaction but it helps the equilibrium to be
established earlier. The rates of forward and backward steps are increased equally.
1. o For every 10°C rise rate of reaction become double temp ks increase 10°—100°(9Time) 2° = 512
Time rate of reaction will increase
R = K[conc]®
12, € | mol/dm’
boivscd L AL
[ SEC
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13, D | Rate expression is always according to slow step
R = Klconc)® Ml
14, A | mol/dm'fsec » k.mole/dm’
K=gect
200 -» 100 — 50 —» 25 s
15. D Total 3hall-life=24 hours
1 Hall-lile=8 hours
|
- ADDITIONAL SHORT ANSWER QUESTIONS -
0.1 Differentiate between Instantaneous and average rate of reaction.
Ans, Differences between Instantaneous and A e Rate of Reaction:
——

Instantancous Rate
“The rate of reaction between two specilic liﬂ‘n:h

intervals is called average rage”.

Average Rate
“The rate at any one Instant during the interval is
called the instantaneous rate”.

dx
Instantaneous rale = ot Average rate = E
AL first inslantaneous rate is higher than average | At the end, average rate is higher (hgq
raie, injlantaneous rate.
Q.2 Differentiate between rate and rate constant of a reactlon.
Ans. Differences between rate and rate constant of a reactlon:
Rate of reactlon Rate constant W
i} 1 is the speed at which the reactants are | It is a constant of propartionality in the rate law

converied inle the products. EHpression

Ax Rate
il) Rate= — = —
{in m Hate = k[Reactanls) [Reactants]

it refers to the rate of reaction at specific polm

() depends upon the concentration of
when concentration of every reacting species |3

reactant species at that moment,

unity.
(i) It decreases with the progress of reaction | it Is a constant and does not depend on the
generally. progress of the reaction.

0.3 Radloactive decay Is always first order reaction. Justify.

Ans. A radioactive substance has a single species at a moment, whose nucleus under goes disintegration. As
only one reactant 1s invalved, so it follows 15t order mechanism
e.g., Hail-life of ’j,’u is 710 million years. It means if one kg uranium 15 present at starl, after 710 millicn
years, 0.5 kg of it will disintegrate and after next 710 milllon years 0.25 kg of it will disintegrate and so on
Therefore we can say that half-life of a radioactive decay is always a 15t order reaction,

Q.4 What Is zero order reactlon? Glve one example,
Ans. Zero Order Reactlon: “The reaction which Is entirely independent of the concentration of reactan
molecules is called zero order reaction”
Mathematical Form:
A=t Products
Rate = k[A]*
Rate=k
Example: All phatosynthetic reactions are usually zero order reactions,

sCHOLAR B CHEMISTRY (11%) 253

ﬁ:ﬂu of reaction may be in fraction. Explain.

ﬂ";’;ﬁuml Order Reaction:
The order of @ reaction Is usually pasitive integer or a zero, but it can also be In fraction or can have a
negative value.

Example:
cansider the formation of carbon tetrachioride from chioraform,

CHCE y + Clyy —2CCL, + HEL,
Rate = k[CHCL)] [CL)™
the sum of exponents willbe 1+ 12 = 1.5 5o,
Order of reaction=1.5
mﬁunuim between order of reaction and rate of reaction,
= prder of Reaction:

Ans, O
“The number of reacting molecules whose concentration alters as a result of the chemical change is called
order of reaction.” OR
“The sum of all the exponents to which the cancentrations in the rate equation are ralsed i5 called order of
reaction.”

Rate of Reaction:
{)it is the speed at which the reactants are converted into the products.

Ax

(if) Rate =7

{lii} Jt depends upon the concentration of reactant species at that moment.
{iv} It decreases with the progress of reaction generally.

@7 Define half-life period of a reaction. Give one example.

ans. Hall-Life Period:
“The time which 15 required to convert 50% of the reactants into products is called half-life period (ty).”

Example:
pDecomposition of NaOs
The half-life period for the decompasition of Ny0; 01 45°C is 24 minutes,
N0 N0, + Oy twr = 24 min at 45°C
[1st order reaction]
Importance:

« We can use the rate of decay of an item to determine the age of item,
«  We can predict the amount of radioactive material that will remain after a given amount of time.

Half-Life and Order of Reaction:
“Hall-life of a reaction is inversely proportional to the inltial concentration of reactants raised to the power

one less than the order of reaction.”
1
[taa] e

Hall:Life and 2™ Order of Reaction:
For Second Order Reaction:n=2

1 1 ! 1
lnheZim or [ah=yi;  Since [ah=ig
Note: In case of second order reaction, the halllife period is inversely proportional to the initial

concentration of the reactant.
Half-Life and 3™ Order of Reaction:
For Third Order Reaction: n=3

31

For @ third order reaction, the half-ife period is inversely proportional to the square of initial
concentration of reactants.

1 1 15
Il'-'ll"r or [tinlpe= ?: Since Itua].q=-i;;-
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0.8 What Is rate determining step? Glve a suitable example.

Ans. Rate Determining Step:
=A slowest step in reaction machanism which can determine the overall rate of reaction is called ryy,
determining step.”
Rate Determining Step:
“Rate-determining step is that step of a chemical reactign which controls the rte of reaction.”

If a reaction occurs in several steps, one of the steps is the slowest.

The rate of this step determines the overall rate of reaction.

This slowest step is called the rate determining of rate imiting step.

The total number of molecules taking part in the rate determining step-appear In the rate £quatign .

Step 1: NOyp + COy

the reaction
Let us consider the following reaction

N0y + €0 —— MO = COnyp
The rate eguation of the reacticn is found to be:
Rate = K[NO:)'
*»  The reaction is second order with respect to Ny Experiment shows that COyp is not taking pyy
the rate determining step. The proposed mechansm for this reaction is as follows:

Step 13 NOj, + NOjg ——=s NOy + NOig (It Is a slow hence rate determining step)

Pl

* Nﬂ:‘l._l +* ICIJ;.,J

* The first step is the rate determining step and NO; which does not appear in the balanced equatian, ,

called the reaction intermediate.

The reaction intermediate has @ temporary exisience and it is unstable relative 10 the reactants ;..
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T eg.  2Hi# 2N, — 20,0, + N,

For this reaction, the sum of coefficients of balanced equation is 2 + 2 = 4 but the reaction is 3rd order. it 5
experimentally verified that rate of resction i directly related to cone of Hy snd 1o the sguars of
concentration of NO,. 50 the rate equation of thes reaction is

Rate = [H;]'[NO;J

Fate = k[H:]'[ND,T'
order of reaction is sum of exponents of rate equation. 5o,

Orderof reaction= 1+ 223
ﬂmmmﬂmmmhnmww
s, Energy of Activation:

The minimum amount of energy in addition 1o sverage instic snerpy which is st sufficient 1o convert the
reactants into products is called energy of activatian (L],
gHect of Temperature:
Aceording 1o Arrhenius Equation:

kx “"I.l.l'ﬂ
k s exponentially related 1o activation energy E, and temperaturs T. The squaticn shows that the increase
in temperature, increase the rate constant and the reaction of high activation ensrgy have low i values
It means that if we increase the temperature the activation energy of the reaction decreases.
Activated complex it an unstable combination of 2il the atoms involved in the reaction for which the
enefgy is makimum. It is a shon lved species and decomposes into products mmediately, it has 2
transient existence that is why it is also called a transition state.

12 Describe Half Life Method to determine order of reaction.

the products. o i
— Ans. Hall-Life Method: :
Q9 Differentiste between fast step and the rate determining step. B e “Hall-iife of a reaction is inversely proportional to the initial concentration of reactants raised 15 the power
Ans. Fast Step Rate Determining Step . 1 one 255 than the order of reaction.”
I. A step in a chemical reaction which proceeds | A slowest siep in reaction mechanism which cas | [tza] M__I:
so fastly that we are unable o determine the | determine the overall rate of reaction s calleq a
rate of reaction is called fast step. It has no | rate determining step. Let us perform a reaction twice by taking two different initial concentrations a; and 3; 2nd their haif-ifs
effect on overall rate of reaction. periods are found to be 1; and 1; respectvely,
li. For example: For a reaction In the example grien in left column, step [a) is the 1 u:-L, and 1 :L
ZNOy + 2H g —s 2H; 00 + Ny rale determining step. 8y T Tt
The steps of reaction mechanisms are 2O + Hing —2=—s HyDyig+ Nijg Diwviding the above two equations:
2. 2ZNO + Hy — HyOpyyy + Ny it is experimentally determined. L [3_1\"'1
W fast It invalves 2 males NO and one male Hy. L+ 'J
. ;‘::, {I:Ii':‘;:ﬂ S 2H:0u Taking log on both sides, we have )
li. Reactants of fast step are eliminated from rate | Reactants of slow step are present in rate b{—tﬂ . b{[ﬂjﬂ]
equation. Mareover, in @ multistep reaction, equation i.e., Rate = k[H:][NOyJ*. k 2 .
number of fast steps can be one or more than | Moreover there Is only one rate determining step e Iog(-‘:‘] = (= ﬂhl(a-:J
ane. a multistep reaction, L 2
iv. Fast step is unable to determine order of | Sum of reactant coefficients of slowest step is the L
reaction order of reaction. e.g. in the above reaction: log 1
Order of reaction=2+1= 3, wong 8
Q.10 The sum of the co-efficient of a balanced chemical equation is no necessarily important to give the order %
of reaction. Give reasons in support of your answer, * Where, n =order of reaction
Ans, Order of a chemical reaction is not necessarlly the sum of the coeflicients of the balanced chemis 0.13 Define Catalysis. Write two characteristics of a catalyst.

equation because the order of reaction is determined experimentally and not from the balanced chemal
equation,

Anz. Catalysls:
“The process, which takes place in the presence of a catalyst, & called catalysis ™
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Characteristics of a Catalyst:

Unchanged Chemical Composition:

A catalyst remains unchanged in mass and chemucal composition at the end of reaction. It may ng; Ferny, |

i the same physical atate.

Examples:

(i) MnO; 5 added as a catalyst for the decomposition of KCIOy,
form of a fine powder,

(W) In some cases, the shining surfaces of the solid catalysl become dull

Effectiveness of a Catalyst:

Sometimes, we use a trace of @ metal catalyst to effect very large amount of reactants,

Examples:

(1} 1mgolfine platinum powder can convert 2.5 dm of Hy and 1.25 dm' of O; 1o water.

(ii) Dry HCL and MM, don't combine, but in the presence of trace of maisture, they give dense white fum,
of NHCL «

(i) Thousands of dm® of H;0; can be decomposed in the presence of 1 g of colloidal platinum.

But MOy is regenerated “m"'"d‘ﬂh,

Q.14 Define catalysls. Give its different types with one example in each case. i -
Ans. Catalysis: -
“Thee process, which takes place in the presence of a catalyst, & called catalysis.”
Types of Catalysis:
(a) Homogeneous Catalysis (b} Heterogeneous Catalyus
[a] Homogenesous Catalysis:

“When the catalyst and the reactants are in the same phase and the reacting system i hm%
throughout, then it is called homogeneous catalysis.”
The catalyst is distributed uniformby throughout the system,
Examples:
The formation of 50y from S0; and Oy in the lead chamber process for the manufacture of sulphyye an
needs ND as a catalyst. Both the reactants and the catalyst are gases.
Heterogeneous Catalysis:
“When the catalyst and the reactants are in different phases, then it is called hetercgeneous catalysis*
Examples:
Cuadation of ammania 1o NO in the presence of platinum gaure helps us to manufactiere HNO.
ANHyg + 50ng —_ ANOy + 6H O

(b}

Q.15 Differentiate between homogeneous and heterogeneous catalysls. Give example, =
Ans. Homogeneous Catalysis Heterogeneous Catalysis
(i) 1 is catalysis in which the catalyst and reacting [ (I} 1t Is catalysis in which the catalyst and
substances are In same physical state/phase. reacting substances are in different Eha“_m
(i) Catalyst is unilormly distributed. (i} Mo uniform distribution of catalyst,
(i) Mostly liguid or gasecus catalysts are used in | [ill] Catalyst is solid and reacting substances are
homogeneous catalysis. either liguids or gases. h
(i) eg. {iv) &g,
Hi,. M.
25040 + Oyy === 250wy ANHwy) + 505 === 4N0,; +H,0

Q.16 Describe the elfects of catalyst on reversible reaction,

Ans. Effect of Catalyst on Rate of Reversible Reaction:
In reversible chemical reaction, a catalyst, sultable for forward reaction may be used to carry oul bach
reaction as it increases the rale of both forward and roverse processes by lowering the acthation energyo!
bath forward and reverse steps by giving new path to the reaction. This reduces the time 1o attain the
equilibrium state, it does not atfect the equilibrium state K.
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Total Mark: 30

r ﬁu{. the correct option. 1=6=6)

. The rate of reaction:

M A Increases as the reaction proceeds
g Decreases as the reaclion proceeds
c Remalns the same at the reaction proteeds
D. May decrease or increase as the reactlion procesdy
I'al On 3 Boltzmann distribution curve, the ares under The curve representy,

A Activalion energy of the reaction
g. Total number of molecules in the sample
C Average kingtic energy of the molecules
p. Rate constant of the reaction
{i How does the presence of a catalyst atfect the rate of a chemical reartinn?
A It always decreases the rate of the reaction
g it always increases the rate of the reaction
C itincreases the rate of the forward and decreases the rate of (he reserse fesction
0. luingreases the rate of both the forward and reverse resction:
Afirst-order reaction has a half-life (t1/2) of 20 minutes. What is the value of its rate constant [k)?

[

A 005 min™ B. 0.693 min™ C 00347 min O 13 86 mun "
(] The reaction pathway diagram with a lower peak represents;

A A slower reaction B. A resction wilh no catalys!

C Acatalyzed reaction D. A reversible reacton

The order of a chemical reaction, that is independent of concentration k.
A Second order reaction B. First arder reaction
C Zero order reaction D. Preudo lirt ofdes reactian

01 Write short answers of the following questions.

[ Differentiate clearly between order and motegularity of a reaction

iy How does increasing temperature affect the rate of a reaction?

[} WWhat is the significance of the rate constant in a rate equation?

{w] Can acatalyst be consumed in a chemical reaction? Whiy or why nat?

{¥] The shape of the Boltzmann distribution curve change with temperature How?

Id) What is the order of the reaction? Explain based on the units of the rate constant.

[} Calculate the rate of reaction from the following data: 0.5 mol of reactant consumed m 10 &

[} A radiactive isotope decays by a first-order process with a hall-lde of 12 hours Calculate the rate
constant for the decay in 57,

Q3 Extensive Questions. [2=4a8)

(4] How does the activation energy profile of an uncatalyzed reaction compare with That of the catalyred

reaction?
) Calculate the reaction rate If the concentration of A s 0 5 M, the concentration of Bis 0 2 and the rate
constant kis 4.0 M5, Given the rate law lor a reaction Rate = kja][B]'

oo

i
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CHEMICAL
EQUILIBRIUM

Student Leatning Outcomes- f .

atter studying this chapter, students will be able to:

Describe the microscopic events that occur when a chemical system is in equilibrium, Define with

examples. ([Understanding)

Differentiate between microscopic and macroscople events in a chemical reaction, (Understanding)

« Propose microscopic that account for observed macroscopic changes that take place during a shift in
equilibrium. [Understanding)

» Describe what is meant by a reversible reaction and dynamic equilibrium in terms of the rate of
forward and reverse reactions being equal and the concentration of reactants and products
remalning constant. [Understanding)

& Define dymamic equilibrium between two physical states, (Knowledge)

CONN ECT WITH US ON . Dedn::e lhilleq;”m"um constant expression (K] from an equation lor homogeneous reactian,
(Understanding

# Determing the relationship between different equilibnium constants (Ko for the same reaction at the

same temperature. (Understanding)
a‘ e o o o Write the equilibrium expressian for a given chemical reactien in terms of concentration, K. partial
pressure Ky, number of moles K, and mole fraction K. (Application)
+  State the necessary conditions Tor equilibrium and the ways thal equilibrium can be recognited.

[¥nowledge)
# State Le Chatelier's Principle and be able to apply it to systems In equilibrium with changes in

) concentration, pressure, lemperature, or the addition of catalyst. (Knowledge)
SCHDLA R PU EL'CATIONS * Determine if K will increase or decrease when temperature is changed, given the equation lor the
reaction. (Understanding)

+ Explain industrial applications of Le Chateber's Principle using Haber's process and the “contact
process a5 an example. (Understanding)

* Discuss the industrial applications of chemical equilibria and how it can be used to optimize chemical
reactions to maximize yields and rinimize waste products. (Understanding)

s Use of concept of hydrolysis 1o explain why agueows solutions of some salts are acidic or basic.

[Application)

Irreversible Reactions:
The reactions in which the reactants ..¢ “omplawely consumed and convert=d into products are called

ireversible reactions, Such react=ons itop when the limiting rezctant is used wp.

Reversible Reactions:

Those reactions which continue i both directions, e, forward and reverse, withoul changing the
concentration of reactants and products under the existing conditions. Such reactions never stop and are
called reversible reactions When a reversible chemical reaction takes place in a container which prevents
the entry or escape of any of the substances Invclved in the reaction, the guantities of these components
thange as some are consumed and others are formed. These reactions eventually reach a stage called

ehemical equilibrium.

§
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At Chemical Equilibrium: The concentrations of reactants and products became constant and the Tales of
the forward and reverse reactions become equal
Examples of some reversible reactions are given below:

Ny * 3, =Wl

ZND,M ""_'H‘nﬂll
POl T=PCl ) * Tl
The double arrow tells that the reaction is reversible.

MACROSCOPIC EVENTS AND MICROSCOPIC EVENTS

Macroscopic Events

“Muocroscopic events refer to the phenomena that can be
observed with the noked eye without considering the
Individual particles or melecules Involved In the process.”
Examples:

Change in colour, the evolution or absorption of heat, the
farmatian of precipitate, evolution of a gas, change in volume or
pressure, change in the composition of a substance In &
chemical reaction are examples of macroscopic properties.

Microscopic Events

“Microscopic events refer to the phenomena that connot be observed with the noked eye.”

Examples:

The collisions between molecules, breaking and forming bonds, rearrangement of atloms in molecules, log
or gain of electrons are examples of microscopic events.

———
——

@ Rack Your Mind!

1. Which of the following b 8 matrosogi
property of a reactlon at equilibrium}
A) Malegules continus 1o collide
B Forward #nd reverse rates are squal
C} Concentralians remaln constant
O] Bonds are bresking and Iurmlq

REVERSIBLE REACTIONS, MICROSCOPIC EVENTS AND DYNAMIC
EQUILIBRIUM

Revarsible Reaction is at Equilibrium

I would apparently seem to be static. Howeyer, at microscopic level, the reaction never staps and malecules
are continuoushy under change. The reactant molecules convert into products, while at the same time, the
reverse process happens. To study at micro scale that alfect the macroscopic properties of the system.
Example:

Consider the reaction between steam and carbon monowide under
appropnate conditions, On mixing these gases, macroscopic
changes are observed (eg. changes in contentration),

Suppose that the reaction is started with same number of moles
of both reactants.

When steam and carbon monoxide are mixed, a maximum number of collisions per secand between them
will oceur is microscopic events. Bonds in CO and H,0 are broken and new bonds are formed to produce H,
and CO, Therelore, the forward reaction has its maximum rate at the beginning. This leads to a decrease in
the concentration of the reactants. As H;O and CO are gradually used up, the forward reaction siows down.

H'JQIIJ +|:'D“|_ H.'lfﬂ +m¥|l

@ Rock Your Mind!
2. What Is meant by dynamic equilibrium?

Reverse Reaction

A5 the molecules of H, and €O, accumulate, the reverse reaction also starts, With the increase in the
concentration of H, and CO,, more and more collisions per second between these molecules will ooour &
microscopic events. As bonds in H, and CO, are broken, the bonds in CO and H,0 are formed.
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This means that forward reaction starts with maximum rate and gradually slows down, whereas at the
start, the rate of the reverse reaction Is low, gradually increases, and finally becomes constant.

My +€0y, —H,0,,, +CO,,,

Reaction at Equilibrium

Eventually, a time comes when both reatiions proceed at the same rate. The reaction at this stage is said
to be in chemical equilibrium and the concentration of reactants and products become constant.

KO, +C0,=—H,,, +00,,
Unless the system ks somehow disturbed, no further changes in the concentrations will occur.

Chemical Equilibrium

“The state af o reversible reaction at which composition of the reaction mixture does not chonge ond
forward and reverse rates are equal is colled the stote of chemical equilibrium,”

Graphical Explanation:

The plots of the concentrations of reactants and products
versus time fora general reaction are shown In Figure

Suppose the reactant A is converted into the product B in a
chemical reaction. The graphs in the figure show different
possibilities after the equilibrium is established. At the
equilibrium position, the concentrations of the reactant and
the product may be equal as shown in Figure (a), or the
amounl ¢l reactant may be lower or greater than that of the
product a5 shown in Figure (B and ¢}, However, for all of these
graphs, It is clear that after the equilibrium is established, the
concentrations become constant

G0 e b0+

+ Egpuilibrivm

' Conseniratan

(O e

Tn.'rnl i
Figure: Plot of concentration vs time
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5 v 8 : ; o "
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bl - B 8

Time Tima 3 Time s

Figure: Plot of concentratlon vs time [a) Reactant = Product (b} Reactant = Product (¢) Reactani = Product
* ‘When the concentrations of reactants and products become constant, the reaction may apparently
seem 1o have stopped. Bul it is not true.

At the Microscopic Level:

& There Is intense activity, The individual molecules of the reactants continue Lo react. Individual product
molecules akko react to combine to go back to the reactants. The rate of forward process, is exactly
equal to the rate of the reverse process.

¢ Therefore, it is a dynamlc equilibrium. The system b5 dynamic because the individual malecules are
constantly reacting, but the rates of forward and revarse reactions are the same.

RELATION BETWEEN MACROSCOPIC AND MICROSCOPIC EVENTS

Macroscopic events are the result of multiple simultaneous migrescopic events. Understanding the microscopic
Events helps us o explain and predict the observed macroscopic changes in the equilibrium system.

When a change In equilibrium occurs in @ chemical reaction, the microscopic events that explain the observed
changes in equilibrium are the collisions and formation of new bonds between partlcles or molecules. These
tolfisions change the rates of forward and reverse reactions. which are affected by actvation energy and external
factors. These microscopic events collectively appear a5 macroscopis changes which are observable by naked eye
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'Fd' QUICK CHECK 8.1 o
Differentlate between macroscople and micrascople events.
. Dierence Between Macroscople and Microscopic Events:

Aspect hh;m[; Events Microscoplc Events _ ST e
Definition | Observable events wisible to the naked eye. | Events at the atomic or molecular level,
Scale Large scale Extremely small scale {atomiz nriuhawl
Observation | Can be observed directly, Cannot be seen directly; studied ool using
instruments or models.

Relevance Used in everyday applications and | Important for understanding funua_m_m_‘;l"'
Measurements. chemical behavior

Example Melting of Ice, boiling of water. Movement of water molecules, vibration of |
aloms in ke

The equilibrium is dynamic In nature, explain in terms of microscopic events.

—

Ant. Equiibrium is described as dynamic because even though the macroscopic properijes "ﬁtl
concentrations of reactants and products) appear constant and unchanging, at the Microscopic level, the |

reactions are still occurring.

In terms of microscoplc events: i

{I) Conminuous Forward Reaction:

Individual reactant melecules are constantly colliding, breaking their existing bonds, and tnrm|.-|a|
new bonds to become product molecules.

(i) Continuous Reverse Reaction: |
Simultaneously, individual product molecules are colliding, breaking thelr boands, and re-Torming the'
original reactant molecules. I
The “dynamic” aspect means these forward and reverse processes never stop. The equilibrium “l
maintained because the rale al which reactant molecules convert 1o products becomes exactly,
equal to the rate at which product molecules convert back 10 reactants. So, there's constant agtivity |
at the malecular level, but no net change in overall composition. '

In the reaction H,Dmi-l:ﬂm.__ -'lElI"mlllj' the concentration of the products is higher at !ht!

equilibrium stage.
Plot a graph between concentrations of reactants and products vs time.

* Reactants (H;0 and CO): Start a curve for the concentration of reactants (e.g., labeled “[CO] or
[H:0]") at a high point on the Y-axis at Time = 0. This curve will decrease as Uime progresses,
indicating reactants are being consumed. Eventually, the curve will become horizantal, showing |h|1|
the concentration of reactants has become constant at equilibrium.

* Products (H; and €O,): Start a curve for the concentration of products (e.g., labeled "[COy) or IH;];'”
at the origin (¥=0, ¥=0) or a very low point on the ¥-axis at Time = 0 (assuming no products initialky) 1
This curve will increase as time progresses, Indicating products
are belng formed. Eventually, this curve will also become &
horirontal, showing that the concentration of products has
become constant at equilibriuom,

+ Equilibrium Condition: Cruclally, the horizontal ling representing
the constant concentration of products at equilibrium should be
at a higher level on the Y-axis than the horizontal line .
representing the constant concentration of reactants. This Tulfills 8] 1
the condition that “the concentration of the products is higher at : -
the equilibrium stage.” Both curves become honiontal at the Teme
same point in time (when equilibriom is reached),

[This graph would look like Figure (b} as shown below, where the line for 'B' [products) bevels off higher

than the line for 'A' {IEI_LIEHHEEL‘ 9 |

! Equilibrmm

Cancontralion

— e =
plota :riph between rate of the reaction with respect to time.
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{¥ou would draw @ graph with “Hate of Reaction™ on the Y-axis and "Time" an the X-axis. The description

below explaing how it should look).

« Rate of Forward Reactlon: Start 3 curve for the rate of the forward reaction (H0 + €O —+ Hy + CO4) |
at a high paint on the Y-axls at Time = 0 (since reactant concentrations are initialty high). This rate »
will decrease as time progresses because the concentration of reactants decreases. Eventually, this |
curve will become horizontal when equilibrium is reached

s Rate of Reverse Reaction: Start a curve for the rate of the reverse reaction [Hy + C0y — H;0 + CO) at l
the orgin (¥=0, X=0) at Time = 0 (assuming no products initially, so the reverse rate is zerg). This I'-HE
will increase as uime progresses because the concentration of products increases. Eventually, this
curve will also become harizantal, |

« Equilibrium Condition: The paint wheare the curve for the rate of the forward reaction and the curve *
for the rate of the reverse reaction meet and become a single horizontal line represents lhn
attainment of equilibrium. At this point, the rate of the forward reaction is equal to the rate of the | |
reverse reaclion.

_...-—--—-—-—-—--—-—-—-—H.-_-__-__-____-___._-_--4-—-——1

DYNAMIC EQUILIBRIUM BETWEEN TWO PHYSICAL STATES

- —

ami uilibriu

It is a state in @ reversible process where the rate of change in
one direction is equal to the rate of change in the oppasite ¢ Rack Your Mind!
direction. In other words, although there are continuous | 3 Wh™h ol the: foliowing represents
changes laking place, no net change in the system as a wino'z 13 m‘:m'“,m’““ Betweea  Two
observed. When a reversible phase change takes place for a A} Ice melng inta water
substance, there is also a dynamic equilibrium batween the two B) Sugar dasclvng in water
physical states. ' £) Chrygen reacting with hydrogan
Example: Al 0°C, ice and water coemist in equilibrium, Waler SN St e
changes into ice whereas ice converts back into water at the same rate.

foe === \Waler

Relationship between D ilibrium and Y re

Studying the behaviour of quids and their vapour pressurcs is a significant concept in chemistry. When a
liquid is placed in a closed container, some of the lowd molecules near the surface have enough enargy 1o
gscape Into the gaseous phase. This process is called evaporation. As more molecules escape into the
gaseous phase, the pressure exerted by the gas malecules on the walls of the vessel Ingreases, At the same
time, molecules in vapour phase can also collide with the houid surface and be captured again by the liguid,
a process known as condensation.

Liguid —.I._-.—' Gas

As evaporation and condensation continue, the rate of these processes will eventually become equal, and
a state of dynamic equilibrium is achieved. In this state, the number of liguid molecules transforming into
the gas phase equals the number of gas molecules returning to the liguid phase.

Al dynamic equilibrium, the vapor pressure remains constant at a given temperature, as long as the
systern Is undisturbed

When Temperature Increases

As the temperature increases, the average kinetic energy of the liquid molecules also increases. This leads
1o a higher rate of evaporation, which in turn Increases the vapor pressure. Alse, the rate of condensation
increases al the higher temperature, Finally, the system will reach a new state of dynamic equilibrium,
with a higher equilibrium vapor pressure. In short, dynamic equilibrium in terms of the vapor pressure of a
higuidi describes the state at which the rates of evaporation and condensation are equal,
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T Dependence on Concentration: According 10 the Law of Mass Action. the aie of 3 reacig,
directly proportional to the concentration of the reactants (raised 1o their respective powers), i
2. Consumption of Reactants: As the forward reaction proceeds, reactants are converieg intg |
preducts. This leads to a gradual decrease in the congentration of the reactants. i
3. Reduced Collision Frequency: With lower concentrations of reactants, there are fewer r:m.,“}
molecules per unit volume. This results in fewer effective collisions between reactant moleculey p,,
unit of time, which are necessary for the reaction 1o ogcur. E
Consequently, the rate of the forward reaction, which depends on these
concentrations, diminishes as the reaction moves towards aquilibrium.

t}  Incapped soda water bottles, gaseous CO, Is in equilibrium with the aqueous CO,[HCO; andH"),

collisions and reagyyy, i-

i
i
€0,y +H0p —=HCo w0 *H ) |
Ans. !
= Closed Cap Required: Equilibrium requires a closed system to prevent the escape of gaseous co,, ‘.l
CO; escapes, the system cannot reach 3 state where the rates of dissolution and evolution of m‘ll
are pqual.

= Cap Removed: When the cap is removed, the pressure of CO; above the liquid decreases. ﬁ-n:l:rrdngm
Le Chatelier's principle, the equilibrium shifis to the left to produce mare gaseous CO; 1o counteract (hy '
decrease in pressure. This results in the "fizzing” as dissolved CO; comes out of solution. |
L Towhich direction will the equilibrium shift if the bottle s opened? !
Ans. When a bottle containing a gas in equilibrium with Its dissolved form is opened, the equilibrium will shiy ll
to favor the gaseous phase. This occurs because the partial pressure of the gas in the headspace above |
the liguid decreases, eausing mare of the dissolved gas to escape into 1he gaseous phase to re—establuh
equilibrium. This principle is known as Le Chatelier's principle, which states that a system at equilibrium |
will shift to counteract any applied change, !
il.  Condition for this equilibrium requires the closed cap of the bottle. Why? |
Aclosed cap is required for this equilibrium because one of the compenents, CO4(g), is a gas. i
1. To Maintain Pressure of Gaseous CO;: The equilibrium involves gaseous CO, above the liquid. A,
closed cap maintains the pressure of this gaseaus COy. If the cap is open, the gaseous CO, would |
escape into the atmosphere. i
1. To Prevent Escape of Reactant/Product: According to Le Chatelier's principle, if gaseous €Oy [a
reactant in the dissolution process, or a "product” of the reverse decompasition of carbonic agid)!
escapes, the equilibrivm will be disturbed. The system needs to be closed to allow the !ﬂeml
reaction (HCO; + H* — HsO + COy) to build up enough €O, pressure to balance the l’mrﬂl
dissolution rate, i
3. To Achieve Equilibrium: For equilibrium to be established, the rate of CO; dissolving into the mml

{and reacting to form HCOS and H*) must become equal to the rate at which HCOS and H® reactto '
form HyO and COyy which then escapes from solution. If €Oy, can escape, the reverse remlunl
cannat build up to match the forward rate, ano equilibrium cannol be reached: the reaction wmlﬁr
proceed largely to the left as CO; leaves i
When the cap of the bottle Is remaved, to which direction the equilibrium shifts? |
Ans. When the cap of the bottle is removed: |
1. The pressure of gaseous CO; above the liquid suddenly decreases because the COslg) can m|
escape into the atmosphere (where its partial pressure is much lower)
2. According to Le Chatelier's principle, the system will try to counteract this decrease in l’-ﬂ.lﬂ!!
pressure. |
3. Todo this, the equilibrium will shift to the left [reverse direction). I

HCO g + iy —CO2,; + HID, |
4. This means that dissolved carbonic acid (formed from CO, and water, then ionized to HCO; and H') |

will decompose to produce more gaseous CO;, which then bubbles gut of the solution. This ks why!
soda water fi fues wh-zn lhe e cap is apen ned |

= 3 - = = S ——— —— i — o ——
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EQUILIBRIUM CONSTANT AND POSITION OF EQUILIBRIUM

position of Equilibrium:

the position of equilibrium refers to the relative amounts of products and reactants present in an
tql.i'lllb‘"'-'m miklure.

i Exsreise L O 1{aty
~ pefine and explain the law of mass actlon and derive the expression for the equilibrium constant.
< Law of Mass Action:
introduction:

e

In 1864, the Norwegian chemists C. Guldberg (1836-1902) and 7.
Waage {1333-1903} fﬂ'lfuiq'f measured the composilions of many
reaction systems at equilibrium.

statement:

They discovered that for any reversible reaction, the ratio of the
product of the equilibrium cancentratians of the praducts [ralsed to
their cogfficients in the balanced chemical equation) to the product
ol the equillbrium concentrations of the reactants (raised to their coefficients in the balanced chemical
equation) is always a constant under a given set of conditions,

General Reaction:

@ Rock Your Mind!

4, Write the K, espression for the
reaction

“'Il'l 3 ]"'nl ;dllﬂ'h_

af+bl==cC+dD
where A and B are reaclants, C and D are products, and a, b, ¢, and d are the stoichiometnc coefficients in
the balanced chemical equation
¢ . lerior
" larter
Actlve Mass:
The rate of the chemical reaction is directly proportional to Lhe active masses of the reactants, raised to
the coelficients present in the balanced equation.
+ The lerm active mass is used for the molar concentration.
« Itis expressed in moles dm™
= This concentration is expressed by square brackets [ ).
Let us consider a general reaction
A+B—=C+D
According to the Law of mass action,
Rate of Forward Reaction:
Rate of forward reaction o [A][8] = k|A][8)
"k " is the proportionality constant, and is known as forward rate constant,
Rate of Reverse Reaction:
Rate of reverse reaction = [C][D] = k[C][D)
"k ' is the proportionality constant and is known as reverse rate constant,
At the Equilibrium Stage: The forward and the reverse rates are equal, Hence,
k,[Al[B] = k,(C{D]
Equillbrium Constant Expression:
& _lclio)
Kk [alle]
The left side of this equation is the ratio of two rale constants, so it gives anather constant called the
equilibrium constant (K.

-

-
T
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s0 x, = lcliol e
: * o [aliel
This equation is known as equilibrium constant expression,
Consider the following reversible reaction,
AA+bB—=cC+dD
where 2, b, ¢ and d are the coefficents of balanced eguation,
Icr [or*
Th ':I E m———ta
= AT (87
=] ilibri Constant ressions of Some Importa ction
) My +3Hy, ==2WHy,
K, = [N,
N, I,
(i) 2M,0,,, ===4NO, ,+0,,
- [nO, I'{ﬂ;]
Invo, )

Sample Problem 8.1
Ethanol reacts with ethanolc acid to form ethyl ethanoate and water.
CH ED(]H. MO Hm F==CH,CO0CH,,+H, ﬂm

(P Ao S
500 cm' of the reactian mixture at equilibrium tun!iln:ﬁ 0.235 mol of ethanmr. acid and 0.0350 mol of efhany

tagether with 0.182 mol of ethyl ethanoate and 0.182 mol of water. Use this data to calculate a value of i f
this reaction,

Solution:
Vaolume of salution =500cm® -
= 0.5 dm?
Step 1: Write out the balanced chemical equatian with the concentrations beneath each substance.

CHCOOH, +  GHOM,  — CHCOOCH, HQy
0.235 mol 0.0350 mol 0.182 mol 0.182 mal
0.5Hm’ 0.5dm’ 0.5dm’ 0.5dm’
0.470 mol dm™ 0.070 mol dm™ 0364 maldm™ 0.364 mol dm™

Step 2: Write the equilibrium constant for this reaction in terms of concentrations.
[CH,C00C,H,J[H,0] (0364 mal dm™’)(0.0364 mol dm™)
|CH,COOMIIC,H.OH]  (0.470 mal dm™}{0.070 mol dm’)
K= 4,03
No. of males of reactants = no. of moles of products, so the units of moldm ™ cancel out ie., K, has no units
Sample Problem B.2
Propanone reacts with hydrogen cyanide as follows:

CH,COCH,, + HCN, —= L:Hc{uﬂ}{cu}cum

"--Iﬂ'- =T PR
Propanone Hydrogen cyanide Product
A mixture of 0.0500 moldm™ propanone and 0.0500 maldm™ hydrogen cyanide is left to reach equilibrium at oom

temperature. At equilibrium the concentration of the product is 0.0233 moldm ™, Caleulate K, forthis reaction.
Solution:

Step 1t Write out the balanced chemical equation with all the data underneath:

W " CHEMISTRY H.I."I 269
CHCOCH,,, HEN,,, == CHC(OH)(CN)CH,,,
initial conc. 0.0500 moldm™ 0.0500 motdm™® 0 moldm™
Equilibrium. cone. 7 7 0.0233 moldm™

1: Caleulate the equilibrium concentrations af the reactants. The chemical equation shows that for every
ocle of product formed, 1 mole of CH,COCH, and 1 mole of HCN are consumed. So the equilibrium
reentrations are as follows:

CH,COCH,; 0.0500 - 0.0233=0.0267 moldm"*
HCN; 0.0500 -0.0233 = 0.0267 moldm™
pep3: Write the equilibrium constant for this reaction in terms of concentrations:
_len,clomenieH,] {0.0233 mol dm™")
© ICH,COCH, J[HCN]  {0.05 mol dm™}(0.05 mal dm™)
qep d: Substitute the equilibrium concentrations into the expression
K, =327 mol dm™

- — — i —
- e

I [M| Quick cHECK 8.4

I

i“ Write Kz for the following reactions: |
1L Sl +2Fele, ===5nl", + 2Fels, i
| [Product] _ [Sn™*][Fe*}! ;
|Ant K= TRpactants] = [sn™[Fe"*F !
[, My, +50y,) T==4N0() +6H,0,) E
| 2BEOLINOL I
i INH,I‘IE':]’ i
IE Pﬂ,m —_— lll'] +I:EH.} i
| peylics) .
i &= e ] !
ih)  Calculate the value of K. for the following reaction using the information below: i
: Hafe) + 00y ==H:0, + €0y, '
| inittal conc. of My, = 10.00meldm™, I
i Hu) 1
| Initial conc. of €O, =10.00moldm ™, |
; Equifibrium cone. of €O, =9.47moldm™. i
i Ang, ]
! Hyj) + 00, =—H,0, + €0, !.
| Whent =0 10 10 X X |
oM 1= Equil. (10-x) (10 -x) 247 947 1
|  Equil. conc, of CO = x = 9,47 mol dm’ |
] 1= Equil, i
| Equil. conc. of CO = x = 9.47 mol dm? I
' Equil, conc. of H0= x=9.47 mol dm '
| Equil, conc, of H; = 10 —x= 10 - 9.47 = 0.53 mol dm? |
[ Equil. conc. of CO; = 10 - % = 10 - 9.47 = 0.53 mol dm’ i
= k.- [HO][CO] _(3.47)(9.47) ss.89 [
! [#.]lco:] (0:53)(053)  0.2806 |
I K= 319.60 '
K = 320 |

-
T — ——
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D Units of Equilibrium Constants -
Case I: ne=nyp

* When the number of meles of reactants and products In balanced chemical equations are equg), ey
units are canceled out, and equillbrium constant does not have any unit.

» Example: The ester formation reaction happens in solution state, and number of males of TRty
and products are equal. The K will have no units. !

CH,COOM,,,, +C;H,0H,,,) === CH,COOCH, ) +H,0

K = CH,CO0C,H, ||H,0 =r1'|"|'|:|Illn'u"=|:r|1.1:|:1|ﬂ:'r1'! i
CH,CO0H,,,; || C;H,OM,, moldm ™ xmoldm™

Casell: n-= n.

* ‘When the number of moles are unequal, then value of equilibrium constant depend upon the Lnits o
reactants and products used. In the synthesis of NHy by Haber's process, the units of TeaCtants gy
products are not canceifed.

Mgy + 3ty ==2MHy,

_ _INH T [molsdm™) 1
[Ny My, ) [moldm™ fmoldm™]'  [mel dm™ |

= mol dm*

RELATIONSHIPS BETWEEN VARIOUS EQUILIBRIUM CONSTANTS

There are four different types of quantities which may be used to —
calculate the equilibrium constants of reversible reaction. Let the general @ Rock Your Mind!
reaction be, 5. What happens to the vahue of K i
aA+bB=—=cC+dD an=0?
(1) K When the concentrations of reactants and products are in male :}I:::: :;:’::
dm™, then equilibrium constant |s written as: -

Lo ) "
CY
Square brackets [ | are used for mole dm™ .
(2) M,z When the concentrations are expressed in terms of partial pressures (p) for gaseous reactants and
products, then

£ 4
K =B (2
Ps'Py
(3) K. When the concentrations are expressed in terms of number of moles, then
ng-n5
= 3
L o B
{4) K.:When the concentrations are expressed in terms of mole fractions, [X) then
b
B ot 4
TR {4}
The refationshigs between these equilibrium constants are as follows:
K, =K. [RT)* (5
K, =K, (P (6)

K=KM" ___ (7
Where:
R = General gas constant

sGHOLAR ¥ CHEMISTRY (11%) 271

T = Absolule temperature of the system

p = Pressure of the system

p = Total number of moles of reactants and products

an = Difference of number of moles of products and reactants in the balanced chemical equation

jt depends upon the value of * An ' that which of the equilibrium constants Is bigger or smaller than the
ather. Anyhow, If the number of moles of reactants and products in a balaneed chemical equation are
equal, and all the constants have equal values.

That s, An=0

then K, =K, =K, =K

Hence, whichever concentration units are used, the equllibrium constants are same.
mple Proble

L and My, combine to form NH,,. The vaiue of K, at 500°C Is 6.0x10™. Calculate the numerical
salue of ¥, {or this reacilon,

solution:
Mgy +3Hyq ==2WHy
K, =6.0x107
T=500"C+273=773 K
R=0.0821dm’ atm K™ mol?
k=7
The farmisda for conversion of K to K, is,
K, =K, (RT)*"
An=MNumber of moles of product — Number of moles of reactants
fn=2-4==2

substituting these values in the expression
K, =6.0x107 (0.0821dm" atm k-1 mol™ x773 u}d

K, =6.0x107(63.5dm" atm mul'i}-’
y o BOx 10" _ 006
Po(eas) 403225

K,=14x10°
50, the value of K is less than K_.
Sample Problem 8.4
Inthe reaction

250,y + Oyy) =250y

the equilibrium partial pressures at constant temperature are 50, =1.0x 10° Pa, 0,=7.0 »x10* Pa,
50, =8.0x10% Pa. Calculate the value of K» for this reaction,

Selution
Step 1: Write the equilibrium expression for the reaction in terms of partial pressures.
pt
o=t
P s, ® FB‘



Fep s

Step 2: Substitute the equilibrium concentrations into the expression,

—
o
=3

e S g s

— e m— i —
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(B.0x10%F
{1.0x10*F » 7.0x10°

QUICK CHECK 8.5
Compare the magnitudes of K. and K, for the following reversible reactions.

=8.1x10" pa

—

!

I} Ammonia synthesis ) Dissoclation of PCls
Compare magnitudes of K. and K,
Use the formula:
K = KRT)™
Whare:

an = moles of gaseous products — moles of gaseous reactants
A= 0.0821dm’  atm.mol™ .k
i} Ammonia Synthesis
Ny + 3H=u, 1IN Hhu
An=2-{143)==2, K=K (RT)?
ii) Dissociation of PCL;

Py =—PCLy, +CE g,

Le, (AT)™ <1 Seo K, <K,

An=2=1=+1 AsK, =K (AT e, AT =1 So K =K,
Nitrogen reacts with hydrogen to form ammenia.
Naga) 31y =—2NHy,)

The pressure exerted by this mixture of hydrogen, nitrogen and ammonia at constant temperature i
2.0x10" Pa. Under these conditions, the partial pressure of nitrogen Is 1.5x10 Pa and the pansy
pressure of hydrogen is 0.4x 107 Pa. Calculate the value of K, for this reaction.

Calculate K, for ammonia fermation

Ny + 3y 7= 2WH,,
Given Data:
s Total pressure =P, = 2.0 = 107 Pa
= Partial pressure of Ny = Pue= 1.5 x 107 Pa
= Partial pressure of H; = Pie=04 = 107 Pa
Let the partial pressure of NHa be x
Use the balanced equation:
Nygyy + 3Hy  =—2NH,,
™

* R R, )
But the total pressure is the sum of partial pressure:

Prosas =Pa, +P, §2.0%10" =1.5%10" +0.4x10" +X;
Now plug into the Kp formula:

K= {Lox10)

[L5x107)(0.4210")

First, simplify:
Numerator: [1.0x10°%) =1.0:=10%
Denominator:

[15x10"){0.4x107) =(1.5%107}{6.4x10%) =9.6x 10"

1.0=10%
}:' =

X=0.1x10" =1.0x10" Pa

—_— = 104107

e — e — — S S O S e — i —  — — i — i — i — i — i — i — i — i —
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na PO ol equilibnum refars to the relathve amounts of prodicts and reactants present in an equiibnum mistune

i 3 eystem in equilibtium is disturbed

gguilibrium has shifted 1o the left

if the concentration of produsls is increased relatve to the reactants. we say that the posivon of

o I the concentration of products is decreased relatve To the reactants, we say that the posstion of

equihbrium has shifted 1o the right
LE-CHATELIER'S PRINCIPLE

u-ﬂﬂteh:r's principle can be stated as follows:

*f 2 system in equilibrium is disturbed, it behaves in such a way as to nullify
the effect of that disturbance”.

|a-Chatelet’s principle describes what happens to a system when something
momentarily takes itaway from equilibrium

= Applications of Le-Chatelier’s Principle
Some of the most comman applications of this principle with refarence to
certain physical and chemical equilibria are discusted below:
|} Effect of change in concentration
fl} Effect of change in pressure
i} Effect of change in temperature.
iv) Effect of catalyst on equilibnum.

Henry-Louis Le Chateler

£
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THE EFFECT OF CHANGE OF CONCENTRATIONS

if the system is at the equilibrium position and a certain amount of
gne of the reactants or products is added or remaved, the equilibnum

Z) Rack Your Mind!

pasition is disturbed r  —
Thers are four possibilitias for the change in concentrations of | & Mnthe maction:

Bl = MO 7= BiDCE = 2HEOL
reactants and products. what will happen if more BiL Is added
[l Hydrolysis of BiCLy at equilitrium? i

Consider the following reversible reaction in which BiCl; reacts
with water to give a white insaluble compound, BIOCL
BIC , + H,07=—=Bi0C( +2HC(
The expression for this reaction can be writlen a3
|Bioce|iHeiy

* s o]

When water is added in BiCLy solutron, it becomes cloudy dus to the farmasion of white precipitate of
BIOCL At equilibrium, a centain amount of BiOCL and HCL has been procuced ana certain number of moles
of BiCL; are left behind.

¥ Adding of the Reaction:
It a few moles of BiCL; are added al equilibrium, the reaction is pushes 1o the "ar. 2rd girection
The addition af BiCl; or H,0 disturbs the equilibrium position. To re-2stattien 1= 22, Uarium, mare BIOCL
and HCL are produced. In other words, the reaction is pushed to the fo-varu direction. K, remains
constant, but equilibrium position has changed.

A} The reaction will stog
3 Tha ezudizmum will shify 1o the lef
T} The equ oriusm will shify 1o the nght

B} Ky wl sngrease




The addition of BIOCL or HCL, or both disturbs the equilibrium position. To re-establish the eqyqy, -
more BiCly is produced and the reaction moves in the reverse direction. The K, remains the COnstan b
position of equilibrium changes.

If a certain amount of BICL, is remaved at equilibrium stage, the reaction will move in the reverse dirggy
to compensate that change. A new equilibrium position is established, K, belng constant. =
f a certain amount of BiOCL or HCL or both is removed at equilibrium stage, the reaction will Move |

n
forward direction to compensate thal change. A new equilibrium position ls established; howeye, he
remains constant. N

THE EFFECT OF CHANGE IN PRESSURE OR VOLUME
The effect of change of velume or pressure is not applicable when ——
{a) The system does not invelve gaseous components, @ Rock Your Ming)
{b) The number of moles of reactants and products are equal in | 7. Mow does Incressing
gaseous phase (homogeneous equilibnum), affect the equilibrium of m" .
" = synthetls?
This effect can only be discussed if the gaseous moles of reactants and products are unequal l.e.,,

Mepsmnn ® Pprosirn
In order 1o explain this effect, Iet us consider the synthesis of ammonia by Haber's process.

Mg *+ 3ty == 2WH,,)

a) Increase in Pressure or Decrease in Volume
For the forward reaction, the number of moles and hence volume decreases. Al equilibrium $lage
volume occupied by the mixture is less than the volume at the initial stage under the given mndﬂmh
if pressure i increased at equilibrium, more ammania is produced. It means, that reaction Is shifted 10 the
forward direction.
b) Decrease In Pressure or Increase in Volume
If the pressure is decreased or volume is increased, the reaction will move 1o that side, where the reacyig
g NG S e SO T TN R, e i
i E-E“} QUICK CHECK 8.6

, The change of volume or pressure for the following reactions only changes the equilibriem position but nat
| the equilibrium constant. How the direction of reaction changes for each of the following reactions,

i (a) My 40, ==2H,0,, (Increasing P)
i (b) 200, + 0y, ==2€0,.,, (Increasing V)
y Iel H.IJ,H =..1HD,{H [Increasing F)
!{u: 250,,) + 0y, 72250, (Increasing V)
|.|l.m.

i (a)  2H,, +0y, ==IH,0,

' + [Increasing pressure (P): The equilibrium will shift to the fght (loward the side with fewer males of
| g2s) to reduce the pressure.

' «  Leftside: 3 moles of gas (2H; + 10:)

| = Right side: 2 moles of gas {2H;0)

i *  Thus, the reaction favors the formation of HyOyy when pressure is increased,

L

|

i

I

(b} 2C0,, +0y, =200y,

#  [Increasing volume |decreasing pressure] shifts the eguilibrium toward the side with more moles o
R locounteract the change: .

I

e T e e e e s el
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=== " [lere, the left side has 3 moles of gas (2C0+ 10y), while the rieht side fos 3 motes e~ — ~ — |
| ' {204
| « Thus, the equilibrium shifts left (toward reactants) when volume increases i
!itl N Qi1 "_INDH-II !

in this reaction, there is 1 mole of gaseous reactant (N;04) and 2 moles of gaseous product (HO;). |
jncreasing thie pressure will shift the equilibrium to the side with fewer moles of pas 10 reduce the pressure i
Thesefore, increasing pressure will shift the equilbriom to the left, favoring the formation of N0, -

) 25050+ Oiiai 2504y :
e This gas phase reaction proceeds with the decrease in number of moles and hence decreases in o
yolume af equilibrium stage. I

« Asthe reaction approaches the equilibrium stage, the volume of the equilibrium mikture is less than !

the volume of reactants taken initially. !

[
|
[
|
|
|
I

o —

s When we decrease the volume further at equiibrium stage, the reaction 13 distutbed 1t will move 1o |
the farward direction to minimize the effect of disturbance. It establishes a new equilibrium position §
while K, remains constant. |

« Thereverse happens when the volume is increased or pressure is decreased at equilibrium stage '

« Ivis noted that the pressure is increased in a reaclion having unequal number of moles of reaciants !
and products then the reaction will move in that d.m|Eﬂ_wr¢E lhiﬂﬂr_fﬂlm[ti areless

— ————— - — i — i — i — - — i —

THE EFFECT OF CHANGE IN TEMPERATURE

TeChateher’s Principle can be used to predict the direction of a
raacsion with @ change in temperature, Temperature Is the only
scyof that also affects the value of equilibrium constant (K.).

¥

@) Rack Your Mind!

B inthe equilibrium
B0y # Oy = B0y AH" = =190 4
What happens il the ternperaturs b
increated?

A) Concentration of 30 increaies
B Cencentrataon of 50, decreaies
C} Equilibiriarm shilts 1o the left

D) Value of Kc incieaans

for an Exothermic Reaction:

Far an exothermic reaction, an increase in temperature (adding
heat] favours the reverse reaction. A decrease in lemperature
{remaoving heat) favours the forward reaction.

The equation for the conversion af 50, to 50, 1 gven below;
10, + 0y, ==250,,, &' =-198W
According 1o the Le-Chatelier’s principle, an increase in temperature will shift the reaction from nght to l=fL
230us) * Orte) =20
As a result of this change, the concentration of 50, will decrease and concentrations of 50, and O, will
crease. Therefore, the value of the equilibrium constant will decrease. The equilibrium will shilt towards
feft. The decrease in temperature will favour the forward reaction and the formation of the product. The

production of 50, is favoured at a lower temperature. On the other hand, an increase in temperature will
shift the reaction from laft to right

250y + 0y =250y,
Duz to this change, the concentration of 50, will increase and concentrations of 50, and O, will
decrease, Therefore, the value of the equilibrium constant will increase.
The equilibrium will shift towards nght, The increase in temperature will favour the reverse reaction and
the formatian of the reactants. The production of 50, is not favoured at a higher tlemperature. K, for this
reaction is 2.8~ 10° at 1000 K ; whereas, at 298 K the value of K, is 1x10%
For an Endothermic Reaction:

For an endothermic reaction, an increase in temperature (adding heat) favours the forward reaction, A
decrease i lemperature (remaving heat) favours the reverse reaction
The equation for the conversion of N,0, to NO, Is given below:

N0y, ==12N0,,, AH =457.2 1
According to the Le-Chatelisr's Principle, an increase in temperature will shilt the reaction from lelt to right,
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H!ﬂq“,. "1"0”"
As a result of this change, the concentration of N0, will decrease and concentration of NO, wily Ingre,
Therefore, the value of the equilibrium constant (k) will Increase. The equilibiclum will shift Towarg, , "
Thee increase in temperatune will favour the farward reaction and the lermation of the product, ™
On the other hand, a decrease In temperature will shift the reaction from right to left. The decrg,
temperature will favaur the reverse reaction and the farmation of the reactant. .

N0, ) == INO,
K, for this reaction s 7.7 107" a1 273K, whisreas 0.4 a1 373K,

EFFECT OF CATALYST ON EQUILIBRIUM

A catalyst Is that substance which Increases the rate of a chemical reaction without itsell being CONsumg
the reaction.,

The catalyst does not change the equilibiium position and the
equilibrium constant of a chemical reaction,

A catalyst speeds up the rate at which equilibrium is attained, It
means that the yield of the chemical reaction remains the same,

A catalyst provides new path of lower activation energy for a reaction,
It we plot a graph between reaction coordinate on x -axis and potential energy of the chemical reagiy .,

-, then the maxima of the curve become lower In the presence of a catalyst as shown in Figure gy
L

@ Rock Your Mind|

9, How doet s catabyst sligg the 1y,
of & reaction and s equillirye)

______ p———

5
3

£, funeataly el tensbon]

——— e

{catalyzed eactien]

e A Sl A e
Reaztama

a — Reaclion coornals X
Figure: Effect of a calalyst on Reversible Reactions

INDUSTRIAL APPLICATIONS OF CHEMICAL EQUILIBRIUM

=

nthesis of Ammo bar's cesa

It is one of the basic needs of industry to have maximum yield of the

product. We can apply the concept of equilibrium in order 1o have
the maximum yleld from the industrial synthesis of ammonia,

Ammonia synthesis from nitrogen and hydrogen is a reversible
process.

@h:&'ﬁwm

u.unénnmwudmu
increased In the Maber proced
uilng Lo Chatelier's Principle?

Ny # 3y ==2NH,,,  BH=-4611K mol”

The maximum yield of ammaonia can be achleved by the lollowing ways:

'cgnl-l“ & CHEMISTRY (11™) 277

§. Decroase the concentration of ammonia by removing it from the reaction vessel lrom time ta time
Equilibttum will shift 1o the forward direction iIn accordance with Le-Chatelier's prineiple

3. Since, four moles of reactants combing 1o give two moles of products, reaction happens with the decreasing
aodurree, High prossre will shift the: equilibnum pasition to the right Lo gve more and more amimeoia

3. This Is an exothermic reaction, By decreasing temperature, It will shift to the forward direction
accarding to Le-Chatelier's principle.

when wa look at the Table given below and the Figure, then it becomes clear that the effect of pressure

and temperature on the yleld of ammonia Is very prominent. The most complete conversion is 98 3% at

473 K[200°C) and 1000 atmospheric pressure,

yabile: pilect of Tamperature on K, for Ammonla 1
- incn o silvin
‘[“] “’. L)
200 | 715 10" ;: N 1l
f . &
300 | 2.69x10" E :
400 | 394210 " s
500 | 1,72x10' :: s
m T T L2 T T
g FoO 79 30 150 40 40 S0 S0 A0 640 PO
700 | 296x10" €)
BOO | 396x1077 Fig: Percent ylold of ammanla v, Temperature (“C) a1 Mve

different operatlng pressures, At very high pressure and
low temperature (top left), the yield Is bigh, but the rate
of formatlon ke low, Industrisl conditions [clrcle) are
between 200 and 300 atm at about 400°C.

A 200°C, the yleld Is being favoured but the rate of reaction becomes very slow and the process becomes

gneconomical. 5o, the temperature is ralsed to o moderate level e, 400°C and o catalyst is used to
increase the rate. If we want 1o achieve the same rale without o catalyst then we reguire much higher
temperature, which lowers the yleld,

Optimum Conditions to get Best Yield of Ammaonia

The mast sultable conditions to get maximum yield of ammonia are;

a) Pressure = 200-300 stmospheres

b) Temperature = Around 673 K[400°C)

¢) Catalyst: Pleces of iron crystals present in a fused misture of MgD, A7 ,0, and 50, , as catalyst

Preparation of Sulphur Trioxide
To manufacture H,50, , sulphur trioxkde gas is produced from S0, and 0, ina reversible process.
250, +0y, =250, aH=-97.9 ki mol™

According to Le-Chatelier's principle, a high pressure and low temperature are the essential conditions to
have better yield of 50,. Al low temperature, the equilibrium constant for the formation of SO, s large,
but equilibrium 15 achieved very slowly. As the temperature Is raised, the rate Increases but the yield of
50, drops off.
The following Table helps us to understand the parameters, when pressune (s maintained at 1 atmosphere,

Table: Effect of temperature on equilibrium pesltlon ol 50, fermatlon
1. Temperature (*C) | 200 | 300 | 400 | 500 | 600 | 700
2.0 5500 | 690 | 160155 |25 |13
3. Mole % of 50, 98 |91 |75 |61 |46 |3
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Lusirl at Uhe bnborrivnt oy glhwon In e tabibe below:

iy Conndditions

Iy idder 10 Dave @ Best yield of S0, within a veasonable time, a misture of 50, ol Oy, (wir) g g
timeapheenis preasine iy pasved over g solid conabyst, such as VO Bl die Lo the sxolhermic reactioy, 1h
boapeiatine of e o ncroares o b0°C The equilibeiam misture s redyeled ot low b ratyp, o

VAL STE b increane the vinld of SO

- S

|| Quick chEck 0.7

I

s,

|

L]

|

N, ()« M, () o 2nm, (g) N0, () o2 2N0, (k) 290, (&) + O, () 2 250, (g) i

AN 02 ki ol AN® 457 K mal AN =197 ki mol |
i

) Lk K, ol :

) T P, P, )P, |

/K K dmm® oy Kgamt g K fam |

i A 1010 100 1ot GiN 32-10" !

0 1610t {T01] 1.7%107! L 2.0=10" !

) (ER] Lisgnt a00 51=10 BOO K ] !

i R TR 1410 a0 6.3 |

10 19 10° w00 14+ 10" 1000 20 i

[]

|

)

prresanne b ket at one atmosphere
— -

M dises Whe proportion of products In the above system change as the lemperatuio Incroases?

by ek synthesls, incieasing the temperatune shifts the equilibrium towatds the reactants, decreany
Bhe propoation of procucts, This b becauso e coacUon by mxotbermic, meandng it releases heat, Accarding 1o
L Chteben s principle, when the temperature of an esothermbe reagtion is increased, the eoquilibeium il !
Ty fawnrt the emdothemmic divection, whikch in his cowe, i the everse readtion that consumes heat and |
produies resctants, Thoeelore, o bigher temperatuie feudts n o lower yleld of ammanla
b elecomposition reac tion of Ny, te KO, §e

H;[}m == INOyy

Fhks vemction vendothermic i the Torwarnd divection (e, 1t absorbs heat], AW =0
Accariing to L Chatelier's Principle, incieasing the temperature will favor thie endathermic direction |
(e doiveand ivaction), Theralooe 1
An tempetalure Incoeases, e eoqullibeiam shilts 1o the ight, More NO; [product) is Tormed and less N0, !
vead tamd temalng |
Lomtact process bs dsed for the nunulaeburing of HS504 on Industrial scale inowhich the convershon o 50;

o S0 is achiowed In w reversible reaction, |
]

250y + Dy S50, AH = =194 k) mol ! |

Al low tomperature, the equilibrium constant for furmation af 50 1s large but equilibriem l;;
ieached vary slionwly, i
® A the temperatiooe 1 ralsed the rate increases but the yield of S0, drops off according to Le |
Chatebion s paing iple X

= High pressure tonds 1o increase yield of S0, However, instead ol using high pressure, lh!!
corcentration of O (air) is Increased Lo increase the yield of 50, |

L Hect of Temperature on the Yield of 50, J
The talsle el b understand the effect of different conditions on the yield of 50, During the prw!.'li!

1

e R el b L L I P ———

oA & QU >
..;-:"':-__ e e (°C) . vy — g~

200 5500 08

300 650 91

400 160 75

500 55 61

GO0 5 a6

T 13 )]

caleulate the values of K, for the reactions at 600 K?

5, To calculate the value of K, at 600 K, the equilibrium concentrations of the reactants and products must

e known. Since these concentrations are nol provided, the ecact value of Kz cannot be determined.

« Inan endathermic reactions, rise in temperature (600 K) at equilibrium favours the reaction ta shift
1o the ferwards direction,

N0, (g) = 2NO, (g) &M =457 kimol™

« For an sxolbermic reaction, an increase in temperature shilts the equilibnium to the left, lavoring the
reactants, As a result, the proportion of products decreases e.g.

N, (&) + 3, (&) == 2NH, (g) AH" =92 1t mol ™
250, (g)+0, (g) =2250, (g) &M =-197 ki mol™*
Vo) Ny + 3, =2 20H,,, BH =-021) mol !

il Above reaction ls Endothermic, as obvious from AH value, Exothermic reactions are not lavoured at high

| emp. Therelore, product decrease with Increase In temp. This Is justified from data,
') KatEOOK=?

R S S a e S S

! Ko = 31%107 a1 600K

I AN = fe—ng=2-4=-2

i I = BOOK

I R = 0.0821atmdm mol
; Ko = K (RT)"

| 31mi0? = K (RT)?

! XA & L

|

(a1)’  (0.0821x600)'
(3.1 10°") % (0.0821 x 600} = 7.5 mol *dm*

[ Ke
!m Ny === ZNO;AH® = 457 ki mol™
|} Endathermic reactions are favoured at high (Temperature). Product increases with increase in Temp.
1il] K atGOOK =7
K = 34x10atm
M=ny =2-1=1
GO0 K
0.0821 atm dm® mol ™ k'?
Ke [RT)
Ke (AT)!
K, = 14=10" = 1.4%10"
(k1) (00B21xG00)  49.26
= (L0284 = 10"
= 2.84 = 10" mol/dm’
0 250,,,+0,, =250, 8N =-197kimol™

1l Endothermic reactions are not favoured at high temperature. Amount of product decreases with

FE OE FTn-3

— e — . —— . —— — —
e . I S L & e —

——— i — i — i — - — - — —— —
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e T o cass s -hh"'?h:
i Kz = 32=10'atm |
i An = fp-me =l s3m=-1 :
I | = GOOK !
' R = 0.0821atmdm’ mol k" |
| Kr = K |RT}™ '
| K o= K (RT) |

x i
' KB = =1 |
I (RT)’ '
i K = Kex(RT)! f
' K = 32«10 %=00821=600 |
| Ke = 157.632x1077 '
[ — — o — X 2 _16x10° moldm* !

R ¥ [
- | =
Rack Your Brain!

fanation

1. c At equilibrium, the concentration of reactants and products remaing constant. This constangy
i5 @ key macroscopic property of equilibrnum systems.
2. sQ The state of equilibrium where forward and reverse reacllons occur 3t the ;am_;;:‘
keeping the concentrations of all substances constant is called dynamic equilibrium.
HyOuy =— H:0yp
3. A This represents the dvnamic equilibrium between ice (sohd) and water (liquid) at the metting
point.
K expression for the reaction is given below; o
a, 5.0 _
(L8 T8 o
5. B When An = 0, the number of moles of gaseous products equals the number of males of |
gaseous reactants, so K, = I{RT)" = Ke,
6. ¢ Adding more BiCly increases the concentration of reactants, causing the equilibrium to shif
to the right to consume some of the added BiCl; and form more products.
In the reaction: Nyg + 3Hag = 2NH
7. 5.0 | increasing pressure shifts the equilibnum to the forward direction (towards ammonia)
because it reduces the number of gaseaus moles from 4 moles to 2 malas,
The reaction is exothermic, so increasing temperature favours the reverse reaction, shifting
8. c the equillbrium to the left,
250:4 03 == 250;
A catalyst increases the rate of a chemical reactlon by providing an alternative pathway with
9, 5.8 | lower activation energy. It does not affect the position of equillbrium or the value of the
equilibrium constant, but helps the system reach equilibrium faster.
The yield of ammonia can be increased by
10, sa 1. Removing ammonia regularly 1o shift equilibrium famsard,
2. Applying high pressure becauss lewer gas molecules are formed,
3. Lowering temperature since Lh= reaction is exathermic, favering ammaoma formation
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L D Enxercise L

MULTIPLE CHOICE QUESTIONS (MCQs)

281
four cholces are given for each question. Select the correct chalce.

for which system, does the equllibrium constant, K; has units of (concentration)™?

a) Ny +3H, ==2NH, b} H,+L, =—=2HI € 280, ==N,0, d] IHF—H, +§,
which statement about the following equilibrium is correct?
s L
Eﬂq'l +ﬂq“,-_-_..'l‘5ﬂ'{ﬂ AH=-197.9mol”

a) The value of K; falls with a rise in temperature.

b} The value of K, falls with increasing pressure,

¢) Adding V;0, catalyst increase the equilibrium yield of sulphur trioxide.
d) The value of K. is equal to K.

(2804, =250y, + 0y,

The conventional equilibrium constant expression (i) for the system as described by the above equation ks
a) 150,F /150,) b) 150, 1'l0,]/1s0,) ¢) Iso, /150,110, d) [50,]10,]
A saturated solution represents a dynamic equilibrium. Macroscopically, the concentration of dissolved
splute Is constant. Microscoplically, this occurs because:
a] No mare solute particles are dissalving,
b} The rate of dissolution of solute is zero,
¢ Solute particles are dissolving and precipitating at the same rate.
d) All solute particles have dissolved.
Which of the following statements comectly describes the effect of temperature on the equilibrium constant?
a) K is directly proportional to temperature.
b} K is inversely proportional 1o temperature,
¢} ¥ depends on the enthalpy change of the reaction.
d) Temperature has no effect on the value of K.
Consider the gas-phase equilibrium system represented by the equation:
Given that the forward reaction is endothermic, which of the following changes will decrease the
equilibrium amount of H,0 7
a) Adding maore oxygen
b} Adding a solld phase catalyst
¢} Decreasing the velume of the container (the total pressure increases)
d} Increasing the temperature at constant pressure
K. = 0.040 at 450°C for the given reaction, evaluate K, for the reaction:
POy =Py + Clyy)
al 040 b} 0.64 cj2a d} 052
In which of the lollowing gaseous equilibria, pressure has no effect on the equilibrium position?
a) ENDH" =N,0 b) PCL, ——PC( s +U:m

L]
€} €Oy, + Koy, =200y, +Hyy d) 250y, + Oy, =150

Wal
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H k
X. Consider the equilibrium 2H, . +0,  ===2H,0, . If the concentration of H,0, I Increagyy ™
concentrations of H.m and ﬂ,m U H
a) increase b) Decreazs ¢ Remain the same
M. Foraspedfic reaction, the value of the equilibrium constant, K.:
) Always remaing the same at different reaction conditions
b) Increases if the concentration of ane of the products is increased.

¢} Changes with changes in the temperature,
d) increases if the concentration of one of the reactants iy increased.

o] Change I""NHI-,

anations

Answer Key with Ex

SHORY ANSWER QUESTIONS

i antempt the Tollowing short-answer questions:
*"‘.‘E'Fm-'f enuitibirium is the flate ina reversiie roaction when the rate of the foowand teaction equals the
pate of the reverse feaction, and the concentrations of reactants and products remaln constan

SCHOLAR & OIMISTIY (117) 01
lll""-.-_
—Wha Is meant by the state of chemical sullibrium?

mu reversible reactlon. Glee an enpinple,

Ans. A peed slite reaction i a chemical reaction thal proceeds in botl forwaed antl rreeerse ditections under (e
qame conditions

Sr.No. E Option Amiwer Explanation Example:
The units of Ke depend an the change In males gf Bas Mg + Wy s JH g,
{An) in the reaction: = The cha;w of "'31'“ F'l"' disturbs the equilibriumn position for some of the gas phase reactions but not the
L € MO, — N0 M equilibrium constant,
NG, N0, K= :Tlélujf = Units = 'M_, =M= Ir.urrunlrali:;n] 1 m,-.p changes affeet the peessures, thus shilting the equilitrium pasitian (Le-Chatelises principle), but
For optian ¢, An = 1-2 = =1, leading 16 Ke units of g 1 __,_.'_M_rqm“h“um constant % av Ky remains unchanged as long a3 temperature Is constant
The reaction Is exothermic (AH = —197.9 kijmol), 4. Mention the characteristies of chemical equilibirum.
Le-Chatelier's Principle; Increasing temperature shiy, s, Characteristies of Chemical Equilibrium:
st et e i bl i
" 3 The value of K, falls with a risz in | Why other options are wrong; :;I:rj mn;'m: I nalure. RIS i
temperature. b) Ksisindependent of pressure [ondy compastion changes) (v} Can be established Iream either side,
c) Catalyst speeds up equillbrium but does not affey {v) Dnly alfocted by tem perature, nat by pressure ar concentration (lar K.
yield. :_nmniblc reaction attabns the positlon of equilibrium which Is dynarmic In nature and not static, Explain it,
g} K # ¥ because dn=2-32 -1 =h | Ans, At equilibrium, the farward and reverse reactions continue 1o oceur, bul at the same rate. This means
. B [m.rlﬂ:”[-'ﬂ;ll L) \ Is products over reactants, raised o their particles are still reacting, but no net change occurs. Henee, It is dynamie, nat statlc.
Roichionetric coeflicents T Why do the rates of forward reactions slow down when a reversible reaction approaches the
Solute particles are dissolving | Macroscopic constancy results from equal dissalution equilibrium stage?
w. c and precipitating at the same | and precipitation rates at equilibrium, Ant. As the concentration of reactants decreases and products increase, the lorwand reaction slows due 1o
rate. fewer callisions of reactant particles, while the reverse reaction rate Increases
V. & ¥ depends on the enthalpy K. changes with temperature anly if g Whylce at 0°C ean be mielted by applylng pressure without supply of hoat from outside?
change of the reaction. AH ¥ Opsmasrnsittismisi Ans. Applying pressure favors the liquid phase (as It s denser than iee), shilting equilibtum towards melting
Vi d Increasing the temperature at | Endothermic forward reaction favours products [more even withoul external heat (Le-Chatelier's principla)
constant pressure H; + 03} when heated, b Write two conditions f equillbrium constant.
- ; 4 K =KRT*, ans1
Ko =0.040 « (00821 » 723)1 = 2.4(T = 450°C = 723K) (I} Temperature must remain constant
. = €0, +Mi01 ==COyyp +Hyy :: =0 (2 gas mnlu = 2 pas moles), o pressue (i1} The reaction must be in a dosed syslem and reach equilibrium
anges do nat shift equilibrium I, The reversible reaction:
we g s ;:d:it:ﬁzr?:::c:lplr:‘?rjcr;hg:;I:r?}u:;z”;:ﬂ g B0, +0,,) =250,
changes with changes in the K: ks constant for a ;hl'tl'l lemperalure hl.rtl';irie: with THO son Yo GO s AN e Lm0 1.0 ;Iu:n R
i € e, i (apa s oo &M began, the concentrations of the reactants were 0.060 mol fdm' of 50; and 0.050 mal/dm' of Oy
: After equilibrium s reached, the concentration of 5O, is 0.040 mol /dm". What s the equillbrium

concentration of 0,7

250, 4Oy =250y,
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Given Data: s
= lnitial [SO, )= 0.060 mal/ dm®
s Initial [0, ] =0.050 mol/ dm”

= Atequilibrium: [$0,]=0.040 mol / dm®
From Stolchlometry:

150, +0, =150,
=  110.040 mol of 50, formed, then 0.020 mel of 0; used Equilibrium [0, =0.050-0.020=0.030 mao| / gry!-

Q.3 (a) Define and explain the law of mass actlon and derive the expression for the equillbrium :nmi;n_;""'
Ans. See Page No. [267) ——

DESCRIPTIVE QUESTIONS

{b) Write the expression for K. for the following reactions: =
1) 5™y + TFE™ gy === 5"y + 2Fejuy H) A gy + FE™pag) === Fe™juq) + AR
i) Naig) # Ong = ZNOyy, ) AMHyg + 5035 === 4N0yy + BH10y
V) PClyyy —— PClyg + Clay
e —
() S+ 2Fepy == Snjuy + 2Fepm ;
[Product]  [Sn™][Fe™F

K= IH!IL“H-H“] = [sn-u][red]l
(i)  Agey+ Feny === e, + Ag®
2 [Fe"']lAg"]
© [ag'llFe™]
() Mag+ Oug
= [NOF
© o)
(iv]  ANHyg +50ug
s [H,01*[nO)"
© [NH 'O
{v) PCly,y =—— Fﬂqﬂ +* mm
_IPEL,iEL,)
[Pce, )

Q.4 'Write down the K. for the followlng reactions. Suppose that the reaction mixture in all the case is V" dm™,
i} CH;COOH + CHyCH;OH =—= CH;CO0C;H; + H;0 *

) 2HI —= Hy+1; IiT) Mg+ 3H; == ZNH,
Ans. .
(il CHyCOOH + CiHyOH === CH,CO0CH; + H;0
molzsatt=0 "a” mol "b" mol “0* mol "0" mol
moles at 1 = equilibrium{a = x) + (b = x) ===== (x} + ()

conc. inmol/v (dm* ) s0 [3:}[":]—[1}[&]

L L ¥ L

2NOy

4NO + 6H:0g

SCHOLAR @ CHEMISTRY (11} L
g—— ( " 1‘ u ]
. lcn,cooc W, li,0) - v Ly s i .
ke [CH,CO0H][C,H,0H] = [;;n ]E u—_:J S v " (a=u)b-x}
Ll L]

M-J
o & = E b
HI =——= Hy+ly

" {=0
1 = equilibrium

amole ==—= Q.40
la -2 ===y

(=) =—(5)-(3
Bik j

_ IProducts] _ . [H,10,) -yl ke
[Reactant] [H1)' [a“h ): Il—l'l:l*
v
IIHI Nz+ 3H; ZNH,
molesatt=0 a+h =_—
moles at 1 = equilibrium {2 —x)+|b-3x) === 2«
concentration in moles/V' dm? [2_‘.][”'_3‘_} —
v W v
" [Product [Nk, T
Ke = TReactant] = K= WE"_J
(%)
v '
so V) ofr—
[a-x][h-a: p {a=x)b=3x)
v v
05 In the equilibrium
PClyy === PClyy + Clayg AH =90 k) mol™

What Is the effect on the following changes? Explain your answer.
1) If temperature ks increased il} volume of the container |s decreased
Tii) catalyst Is added iv) ehlorine is added

Ans. Equilibrium

PCLyy == PClyy + Clug  AH =90 kI mol™
a. Position of equilibrium b. Equilibrium constant

if:

I. Temperature Is Increased: Temperature change will affect bath equilibrium position and equilibrium constant.
This is endothermic reaction, the increase of temperature shifts equilibrium positon in forward
direction to re-establish equilibrium. Hence, the value of K; increase.

li. Volume Is Decreased: The volume change affects equilibrium position only, When volume is
decreased, reaction moves In backward direction to establish equilibrium again.

Since equilibrium constant has a constant value at a particular temperature, it Is not affected by
change in volume,

iil. Catalyst Is Added: Catalyst has no effect on the equilibrium pesition and equilibrium constant. When
catalyst is added at equilibrium, it enhances both the rales equally. Hence, equilibrium is not affected.

v, Chlorine ls Added: The addition of a substance at equillbrium affects the equilibrium position only.
Equilibrium constant remains the same.

When €l is added at equilibrium, the conc. of preducts increases and equilibrium position is shifted in
backward direction.
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Q.6 Synthesis of ammania by Haber's process ks an exgthermic reaction.

My 3Hgy — INHyy, AH=-92.46K
What should be the possible effect of change of temperature at equilibrium stage?

Ans. Since reaction s endothermic in backward direction, rise of temperature will shift equiibrium tg tafy T

temperature shifts the equilibnium to nght and yield of HA3 will increase

——

Q.7 K for the following reaction is 0.016 at 520°C

zl'lk“ — Ht‘lflm
The equilibrium mixture contains HI = 0.08 M; Hy = 0.01 M and |; = 0.01 M. To this mixture, mare
added. So that its new concentration Is 0.096 M. What will be the concentrations of I, H and Iy ype.
equilibrium is re-established?

Ang. Given Data: Iritial concentrationef H1l = QO0EM e
Imitial concentrationof H: = QOLM

Initial concentrationof); = 001M
New concentrationofHi = Q0O0S5M

Riequired: [HI]. (H:]and ;] = 7

Solution: IHis=—==H: +1I;

Initial concentration
D.osE M DOIM+001 M

At equilibrium, the new concentrations
{0095 - 2x) == (001 = x} + [0.01 =+ x}
concentration of product.  [H; It

% = Concentration of reactants - [Hi}?
_ [0.01+x][001+4)
0018 = 0086 - 2aF
(0.01 = 2
0016 = 10096—2s7
Taking square root on both sides
) [0.01 =]
VO.01& = A fi0096—axp
0136 = 001+x
0.095-12x
0.126{0.056-2x) = OD01+x
0.012056-03251x = DO0L+x
0.012096-001 = x+0.25x
0.002095 = 1.252x
0.002056
* = Ty08

x = 168x10'M or O.0016EM
Concentrations at equilibrium can be calculated as follows

0] [HI}] = [0.096-2x)
= 0.0% - 2= (0,00168 = 0.096 - 0.00336
= 009162 M
(i) [H:] = 0.01+x=001+000168
= 001168 M
{ii) [} = 0.01+x=001+0.00168
= Q01168 M
[HI] = 0.09256 M
[H:] = DO1168 M
[I:] = D.01168

SCHOLAR ¥ CHEMISTRY (11%)
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==The equilibrium constant for the reaction between acetic acid and ethyl alcohol Is 4. A mixture of 3
males of acetic acid and 1 mole of ethyl alcohal is allowed to come 1o equilibrium. Calculate the amount
of ethyl acetate present at equilibrium,

of

287

ﬁ:n Dala: Lk = 4
Moles of aceticacid = 3
Moles of ethyl alcohal = 1
Required:
ptales of sthyl acetate = 7 . Amaunt of ethyl acetate = 7
potes of acid =7 n Amaunt of acid in gram = 7
Males of alcahol = 7 i Armgunt of aleghal in gram = ?
solution:  CHiCOOH + CH:OH === CH,LO0CHy+ H,0
att=0 Imol + 1mol = Oomol + Omal

att=equilibrium{3 —x) mol + (1 - xjmol ===== [} mol + x} mol
K = IWLPC‘II 2 IEH|EDﬂCJH-g“H;ﬂt
[Reactants] ~ [CHCOOH]CH.OH]
lx) _ ___«
(3=u){l=u) x'=8x+13
1P M 1]
w Q' - 16w+ 12
duf —x' = 162+ 12 o
I -16x+12 = O
It 152 guadratic equation. To evaluate the value of x, the formula used is:
=hb t:fb’ - dac
23
Let us cansider that {3 = 3, b = -186, ¢ = 12] for above reaction
-IIEII:'J{IE}'vI ®* 3212
) 223
_1624256-1a4  16:/10 _16:1058
i 3 &
_ 16+10.58

g =

w

Thus,

=443 moles or

16-1058
1]
From the above two values of x
x#4 a5 infial concentration of CHC00H is less ie., 3 molas. So value of x= 0.903 moles.
(i} Concentration of (CHyCOOH) at equilibrium
=3 =x=3=05903=2097 moles
() Concentration of (C:HuOH) at equilibrium
£l=x=1-0903=005T moles
(ti} Concentration of ethyl acetate = x = 0.503 moles
() Mass = Moles x Mol. mass
{3} Amount of CHCOOH = 2.097 x 60 = 13582 g
(b) Amountof C;HsOH=0.1xd6=46¢
lc) Amount of ethyl acetate=0.9=88=7946¢
Moles of ethyl acetate = 0.9 moles
Mass of ethyl acetate =79.46g
Mass of acid left behind =126 g
Mass of aleohal left =46

=0.903 moles
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ADDITIONAL SLOs BASED MCQs

Reactions that pracesd o both forward and reverse directions without changing the concentration of
reactants and products under exizting conditions are called;

B Ireegirable reaetioons B Megeisible reactions C Complete resctions . Sponaneous resction;
The abssrvatlon of o eolor change In a reaction ls an seample of a:
A, Miciosenpic syent B Barasenpis eent C. Cuariturn syent . Nuciear event

I the reaction MOy + €Oy #* Hay # C0 sy, the forward reaction rate s masimumn:

A A eguilibirium B, M the beginning

. When product conesntration is high {3, When the reverse resction rate is maximurm
Which of the Tollowing Is an erample of dynamic squilibrium between two physical states?

Fu. Burndng ol weatd B. rusting af iran
. Evaparation of water 0 anopen container 0. lee and water coeristing 31 0°C in & clused containef

goHGs® B AT (33%)
a—

-
-

1.

12 Le Chatalier's principle s used to predicy the effect of a disturbanceon: ~ » 7

Lt ST e e bat gpees b bl aen 21 niges e rate of menevtan B

A Srepte thgn e rae o Lre et E Lans than Te rte of condetsatioe

£ Soutd 11, T tate of condataticn L. 2ary

fmsem of vrm Snfiepunng n WOT 3 recectary condins for sctaniicriog crammical eguiigrgm?
§ Trw e tes Ptagl e ripes e E The gystes reust b cicad

£ R ARt Pt b e O Tesmergtire pradd be corstgns

Toa nnenmetr gt of gurn ity gl prrw et e ret imluded = the e wrpressan BatIuTE
B Treey 90 et reget

§ i RS Ee Rt G e B Rl e
Tk LTt gt [Tk raIet] B Corudered coratane
P
-

-.,..., are rt gt -__.l' PR B i

#ireen of they (olivaing s an erarmgis of recsrogeracur soulinrim?
B Mg = 3 = My
g TALA, e Dbty == CID0CH,, » Ml

o
€ s = CaG, » Chng

] l:"J-r '{‘;: :2;{-‘.54
Tre terrm " pCliee rass” in the Lwr of Mots Revice refers ta-
B Teti Freass o The reacteet E. Mictsr conee=tration

C Musrber of recies b. Densty

For thee reastion Ny, = 3H,, = 2NH,, the correct Kz expression is:

P (e (]l fhzliets]
= Tl TheP =h

For which resction will K, kave ursts of mot™ dm™?

A Hag = lng = EHlg B Mg+ Iripg = PNy

:P’Ja...g:‘?fi-...-ﬂ”, D 2505 = 35050 = Oy

For the Haber process Ny * 3H, = INH ., the value of &n i

A -1 B -2 C 1

D =2

£ Trs rate of reaction ooy B. The equiibrium posdian
C The gerevgtan erefpy O, The rracksnam of reaction

14, For the reaction Nyg » 3Heg = 2MH 5, increasing the pressure will shift the equilibrium:
A Tothe off, levoring reactants B. To the right, favoring products
C. o elfect D. To increass An

15. For an exothermic reaction (AH = —we), increasing the temperature will:
b ShifE equalisrium to the right and increagse . B Shift equilisrium [0 tha =ft and decréase i
€ Shift equilibrium to the right and decrease ¥, 0. Shift equiisrium to the keft and increass G

1. A catalyst increases the rate of a chemical reaction by:
A Irsreasing the actesation energy E. Dagreating the actr/atan energy
C. Skifting the equilitirium ta the right 0. Increasing the yieid of products

17, To maximize the yield of ammonia in the Haber process (Neg + 3Hug = INHyg: 8H = —ve), canditions
thould be:
A High temperaturs, low presiurs B. Low temperature, high pressure
C. Migh termperature, high pressure D. Low temperature, low pressure

18 In the Contact process Tor SO, production (250, + Oug = 250, AH = —ve), 3 decrease in temperature
farvars:
A. Farmatian of S0, and O, 8. Formation of 50,
C. Mo change in equilibrium 0. &n increase in i value

1.8 1.8 3.8 4.0 5.C 6. C 71.C 8.C 9.8 10.B 118
L128 | 13.8 14.C 15.8 | 16.8 | 17.c | 18.B
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- ADDITIONAL SHORT ANSWER QUESTIONS -
—

Q.1 Differentiate between Reversible and Irreversible reaction.

Irreversible Ren:uunﬁ I

Ans. Revensible Reaction

1. “The chemical reaction inwhich products ol a | 1. A chemical reaction in which prﬁﬁm
reaction can reagt 1o form the  original reaction do not react 1o form the g o
reactants under the same set of condithons iy reaclants wnder same conditions |y tallyg
called a reversible reaction.” irreversible reaction.”

2. “The chemical reaction which lakes place in | 2. “A chemical reaction which takes place ju
both directions 1e  forward and reverse direction only under same conditions |5 Calleg
under same conditions is called reversible irreversible reaction.”
reaction.” A+B — C+D

AsD C+0 Reactants Products
Reactants Products 3. It can be represented by an arrow [—) M

3. 1t s represented by writing a double headed reactants to products,
arrow  [=====] belween reactants and |4, |t may or may not be carried oul in a closeg ot
products. an open system,

4. Itcan be carned out in a closed system, 5, Chemical equilibrium is established in it

5. Chemical equilibnum is not established init. | Examples:

Examples: 2Hzi + Oag—» 2H10y,
My + Iy, === 0NN, INag+ THO0 —» 2Na0H g + My
T80y + Oy === 250 i
—]
Q.2 Define Law of Mass Action and Equilibrium Constant (K. '
T —

Ans. Law of Mass Action:

“The rate at which the reaction proceeds s directly proportional 1o the product of active masses of the resctante
Equilibrium Constant (K):
The ratio ef product of concentration of products and product of concentration of reactants is cafes

equilibrium Constant (K.
- [Products]
[Reactants)
Chemical Equilibrium:
“The stale achleved by reversible chemical reaction in which the forward and reverse processes as

§CHOLAR & CHEMISTRY (11™) 791

ﬁ"'ﬁ:ﬁi" be the effect of increase of pressure and ternperature on the following reaction?
Mzigi + IHpyy === INHuy AH =-92.46 k)
WHKI‘ reaction i endothermic in backward direction, rise of temperature will shilt sguilibrium to left
Low temperature shills the equilibnum to right and yield of NH; will increase
{b] Increase of pressure decreases the volume and equilibrium position is shifted in forward direction. As a
result yield ol ammaonia increases and vice versa

T brielly explain the effect of pressure on the equilibrium position for the dissociation of PCL.

ﬁ;utlnn of PCL:
jn the same way, effect ol change of pressure on the equilbrium position can be esplained for the
gissociation of PCLy. This is homogeneous gaseous phase reaction
F‘f..l!n;... = = Puﬂrl + CL,

i for this reaction s,
P
Py
genclusion: In the dissocialion of PCL the factor of volume is present in the deneminator. The reason is
that number of moles of products are greater than those of reactants. So, increase in pressure will decrease
the ' 1o keep the value of K. constant and the reaction will be pushed 1o the backward direction. The
equilibrium position is disturbed but not the K, valus,

mdﬂl a catalyst affect on equilibrium constant?
mn of Catalyst on Equilibrium Constant:
in most of the reversible reactions, the equilibrium is not always reached within a suitable shart time. So
an appropriate catalyst is used,
s A catalyst does not affect the equilibrium position of the reactions. It increases the rates of both
forward and backward reactions and this reduces the time Lo attain the equilibrium state.
= Acatalyst lowers the energy of activation of both forward and reverse steps by giving nenw path 1o the reaction

08 Write down equilibrium constant expression for the reactions:
PCLyy PClyy + Clay

E PELyy == PClyy + Clay

Equllibrium Constant Expression:

[PCLs][CEs
*|PCL)

@9 Write down K. units for the reaction PClsy = PCly,+ Clag
Ang, PCly === PCly, + Cly,,

Equilibrium constant for this reaction:
_ [PCe,)ice,]  fmol dm *]imol dm™]

occurning at the same rate 45 called state of chemical equilibrium or equilibrium state,” K e g =maoldm™*
Imol dm™']
Q.3 Justify that Chemical Equilibrium Is dynamie in nature, T
. - — .10 State Le Chatelier's Principle.

Ans. A chamical equilibrium state in 3 reversible reaction is o state whaere the rate of forward reaction become; 5. Le-Chatelier’s Principle;

el to- e of (averte feltiion. R v tiat i,‘ ihissthar-Doth madion af' taking place simultaneousy “If & stress |s appled 1o a system at equilibrium, the system acts in such a way 50 a5 1o nullify, as far as

and not stop thus equilibrium Is dynamic not static. If it would be static reaction would stop. passible, the atfect of that stress is called Le-Chatelier’s Principle”.
Q.4 What is effect of change in pressure on a system In equilibrium for gases? Q.11 What are the optimum conditions of temperature and pressure to get maximum yield of ammonia?
Ans. (i} IFreaction mixture it in gaseous state then at equilibrium if volume is changed it will effect the squilbdun, Ni+3H, INH; AH=-392.46 kJ

Ans. My + 3H; 2NH, = 92,46 kI AH==92.46 K

(i) 1f number of meles of reactants are not egual to number of maoles of product then those gaseou
reactions are effected by volume change at equilibrium
For Example: ]
PCLyy === PCLyy + Claig
Myjgj + IHyp === INHuy

Optimum Conditions:

The aptimum conditions for synthesis of Ammonia gas by Haber's processes are:

*  Temperature: 400°C (673 K)

*  Pressure: 200-300 atm

= Catalyst: pieces of iron erystals embedded in a fused mixture af MO, AL:O; and Si0;



