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Appeal,

Balochistan Textbook Board is a dedicated organization
committed to undertake publication of quality textbooks in
line with the curriculum. These books are the fruits of efforts
by renowned educationists and experts. Despite our constant
endeavours, chances of inadvertent mistakes cannot be ruled
out, and there is always room for improvement. Therefore,

we look forward to valuable suggestions to enhance the
quality of the textbooks.

Yahya Khan Mengal

Chairman

Balochistan Textbook Board
Quetta.
~ Ph/Fax No. 081-2470501
Email: btbb_quetta@yahoo.com
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In continuation of the developing new text books that have the challenge to accept
new challenges of new and modern era, the Chemistry 10 is here which has been designed
to meet the needs of this changing world. This again is in according to new curriculum for *
courses which has been set by the Ministry of Education in 2006;

The new curriculum offers a radical shift from the traditional curriculum is based
upon the multi text book system, creating the students being able to think independently,
asking questions and looking for the answers at their own. The understanding of subject
must be more developed in them rather than the traditional remembering procedures,

This chemistry '10' book is also the part of new curricula system, and has been
written in very simple language, so the learner feel easy in understanding the basic
concepts of chemistry, and cope with the challenging demands of the todays world.

Some of the main aims of this book are:

(1) Writing the chemistry in an easy and approachable mannar so the students from the
remote and backward areas feel easy to understand the important ideas, concepts of

; the subject.

(11) An overview of the basic principles involved in the subject.

(iii) Knowledge of the practical approach in the subject, for this purpose many
activities and interesting informations have been introduced in the book.

(iv)  Most of the topics also explain the role of chemistry tools in our society so the
reader be able to understand the importance of the subject and its role for improving

the life standard of us. ,.
(v) There are also solved examples to guide the students how to cope with the

problems on the topic. -
(vi)  Eachchapteris accompanied with an exercise at the end to check the learing ability

of the students.

As it is obvious that atext book can do nothing alone and the most important part of
studies is the role of Teachers and Instructors , so the teachers are requested to apply the
aims of this book in the light of the SLOs (Students Jearning objectives) which are stated at
the beginning of each chapter, that describes the time to be allotted to each chapter, tests
and assignments of the chapter and the main areas that they should focus on. At the end we
are thankful to all those0 who helped us in writing this book, and made it possible for us to

| trytobringa change in the traditional education system.
| We also appreciate for further suggestions from readers and educators to improve
. the quality of this text in future,
' 7 Thanking you all in anticipation. .
| Authors

Prof: Ghulam Mustafa
Prof: Abdullah Jan Zeerak
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 Before reading this chapter, the student Teachin periods | =08

s usliknow fhe : 1 Assessment periods =030
e Representation of chemical reactions ; =__0\5“o/

and chemical equation. Weightage ovos
e Balancing of chemical equations. N

e Basic mathematics.

Students will be able to: \2\ S258S :
e Define chemical equilibrium in terms of a :e@%?ble reaction. (Understanding)
e Write both the forward and the revers v"igctions and describe the macroscopic
characteristics of each. (Applying) \SO T |
e Define law of mass action. (Undc\’fs@nding) Seanase o e i

o Derive an expression for the@%?librium constant and its uffl.it_s.'(Applying) e

e State the necessary congli"tf@ns for equilibrium and the ways that equilibrium can be

recognized. (U nderst\af;ding) L \
o Writethe e'quilib@% constant expression of areaction.

AN

ibrium’” which is Latin origin literally means “balance
of forces”, This is the state when there seems no change in any system. €.g. 2
pencil which is kept on finger, when atrest is said to be in equilibrium state.
The equilibrium is generally of two types, the static equilibrium and the
dynamic equilibrium. The static equilibrium is the type of equilibrium in
which the different phases of equilibrium remain in the state of rest, e.g. in
case of the fislcrum and fauna or the playground seesaw. | |
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Fig.9.1: Commén examples Static Equilibrium

The second type of equilibrium is the dynamic equilibrium which is the
state of eqﬁilibrium in which the different phases readily interconvert in each
other, for example during the vapour
pressure the rate of evaporation and the rate
of condensation remains equal so the net
change in the system is zero and we say that
the system is in equilibrium.

The chemical reactions are mostly
reversible and the product of a chemical

reaction can be transformed into the “04U¢

reactants through which they are formed. e =

The general representation for such S
reversible chemical reactions is as: Fig. 9.2: Vapour Pressure of

a volatile solvent, an example -
AR == (4T of dynamic equilibrium

Here 'A" and 'B' are initial reactants and 'C' and 'D' are the products. The-
double headed half arrow sign shows that

ch is taki in both
directions, ange is taking place

.sqch equilibrium where the rate at which the product C & pare
plrodu.ced is e;qual to _the rate of reactants A & B are reiaroduced is called
chemical equilibrium, e.g ammonja which is formed by the reaction betwee”

hydrogen. and nitrogen, it can e again converted into its constituti’é
elements i.e. the hydrogen and the nitrogen |
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3H2(1_') h NZ(g) e 2NH3(g)
2NH3(g) = 3H2(g) +N2(g)

Collectively both these reactions are written as:
3H2-(g) =+ Np_(g) 2NH3(g)

This special arrow sign“ = ” indicates that the reaction can
proceed in both directions. The NH, produced is an important constituent of

urea fertilizer.

Gnteresting Information

This is interesting to know that
different stages in the natural R
water cycle and the other :
natural processes like nitrogen
cycle, Carbon dioxide cycle,

Ozone cycle etc exist in |

aoronnawale!

dynamic equilibrium. fiov

\.

Many of the chemical |
can be converted back into the initial reactants, and this is done by selecting

suitable reaction conditions. There are many chemical reactions which can
proceed in both the directions at almost the same conditions.
Another important example of such chemical reactions includes formation

of NO, gas, which is reddish brown in colour from N,0, gas (which is pale

yellow).

N,O4py 2C.  2NO,,,

Pale Yellow Reddish Brown
(Liquid) ((GGas)

Such reversible chemical reaction is actually do exist in dynamic
manner and all the species involved in chemical reaction readily interconvert
in a fashion that the net change remains zero, so the equilibrium establishes in
all these cases. Such systems are called chemical equilibrium.

. NG LAy St Mot A9 o " ot | "o ny L i Sy L '.‘,. a7 -
Fchin At BEls B W At e et P Ty 9 o g R gl
N, S e R R L 5 L9 '.“3{‘ Ware s DTl ot el e
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~converted into the initial used

"BA Reversible reactions and Dynamic Equlllbnum
described, the chemical reactions involve 2.1 unique type o
n of reacting species that include both the
initial reactants and the products remain unchanged 10 a dyna:ml.c Manne
duct of the reaction reunite to yig|,

This means that the reactants and the pro .
This can be easily understood by

the corresponding species of the reaction. : .
considering the following examples of reversible dynamic chemig

As already
equilibrium where the concentratio

reactions. '
e colourless hydrogen gas with purpl;

The reaction between th
coloured Todine to form colourless hydrogen jodide is a good example of such

}' rwa I RLGC“() 1
C (3 - 2 } I I

Bl + gy = .
() 2(g) Reverse Reaction

In this particular reaction ‘
the initial reactants the Hand I, .4 o
react with each other to formHL. ~ | " :
Subsequently, the product of this |
reaction decomposes and again

L

reactants i.e. the hydrogen-and
the Todine. Hence this is the
reversible reaction. A dynamic
equilibrium establishes after a
certain time. This can be seen in
the graphical representation of
the reactionin figure 9.3,
Thisistobe noted thatat 1 s o
the point of equilibrium al] =
three species of the reaction

found in specific concentration
The reaction at this poj . i
pont does not st ' ot
- - ops but the all species of the I
intercon . all species 0
e < r that their quantities remain urI:changed and bec? 5

) o - -
q Frigrnl e e = 3 .
< Ph7e b s Rt Sty

Congentration ———=> Y-a?ff'éf'_" i)

Fig. 9.3: Reaction between H, and |
showing equilibrium achievemen!
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the rate of forward reaction is equal to the rate of reverse reaction that is why
this is called dynamic equilibrium. ;
Important example of such reactions 1s the formation of SO, from the

oxidation of SO, gas,
ZSOZ(g‘, = & Oz(g) 2S03(g)
This should be clearly understood that the all chemical reactions are

reversible but the extent of their reversibility varies greatly for each type, and
all reversible reactions show dynamic equilibrium.

" Activity 9.1

Write down the balanced chemical equation for the féﬁowing chemical |
compounds when they attain the state of dynamic equlhbrlum |
N,and O, N,andH, H,andl, No@“d 0, CO,andH,

\.

U®A [aw of mass action and Der'{)féﬁon of the expression
for the equilibrium constafit '

Uptill now you have learnt that there exists a dynamic equilibrium

5,

W .'}tT X

between reactants and products during reversible chemical reactions, in 1864
two scientists Guldberg and Waage studied the relation of dynamic
equilibrium between the quantities or concentration and put forwarded their
research work as law of mass action, according to the law of mass action.

“The rate.of a chemical reaction is directly proportional to the product
of active masses (or concentration) of reactants at constant temperature”.
e.g forageneral reaction.

A+ B Ch)
Here, two reaction are included, one is the forward phase in which A
and B changes into C and D.
AtBi=———2>(=E])
The second reaction is the reverse phase of the process which is
actually the conversion of the product of the initial reaction the C and D into

e R T R
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the reactants of the initial reaction, 1.€. intoAand B.
CiDi—— A8

According to the law of mass action;

Rate of forward reaction = (Rp) o [A] [B]

(Where sign “o.”” shows a direct relation among different species of th,

reaction, and [ ] shown the molar concentration. )

ion=(R,) &[C] [D]

And the rate of reverse reacfi

or it can be written as:
R, =K{[A][B]
And
R, =K. [C][D]

~ Where Kand K, are the proportionality constants.
i\ At the dynamic equilibrium the rate of both the forward and the
reverse reactions are equal. -
R,=R,
| oritcanalso be written as,

K/[A][BI=K, [C][D]

~ And by rearranging this:
Ky _ [CD]
K, [AlNB]

Because K. and K both are constant so they are combined to get o

single constant, ie.
K¢

i
Where K is the equilibrium constant and C is the molar concentratio®
Therefore: |
R e [C][D] _
———[ AI[B] | e (1)

Where 'K 'is called equilibrium constant
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For more general form, i.e.
aA +bB

cC +dD

c d
L ACTID o M0 (ii)
[AJ'[B]
Where 'a, b, ¢' and 'd' are written at the top of the brackets, are the

reaction coefficients.

The equation (ii) is a general form for describing chemical equilibrium.
But remember, in gaseous systems partial pressure of gases is taken which
describes of their concentration in solutions. For this reasonwe substitute 'K’

rather than 'K ' in such gaseous systems, hence for:
aAg+ bBy cC +dDg

The

(Gotfninnt
o

_ (pO)°(pD)°
(pA)*(pB)°

| e e
(Gefflaizent

Where 'p' is the partial pressure of any gas and 'K represents
equilibrium constant for gaseous systems where concentration is measured

using partial pressure of gases.

- Ethbnum constant and its units

The equilibrium constant actually tells us the concentratlon of different
species of the reaction at both the reactant and the product sides of the
reaction, it is denoted by the symbol “K.” and by some simple calculations we

can get easily the information about the constitution of any chemical reaction

at the time of equilibrium.
K _ Product of the concentration of products raised to the power of coefficient
c

Pr oduct of the concentration of reactants raised to the power of coefficient

This not only helps us in calculating the concentration of species of a
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chemical reaction but with some suitable applications we can enhance the

quantity of the desired species of a reversible chemical reaction.
The equilibrium constant (K,) depends upon the temperature, and jf

lue also changes, but its value does not depengg

freactants or products.
s a ratio and likewise all the

temperature is changed its va
upon the initial concentration o

Because the equilibrium constant (K,) 1
(as all the units n both the reactant(s)and the

other ratios, it also have no unifts,
h other in the expression). e.g. in

product(s) are same and are cancelled by eac
the reaction between Hyand L.

Ho + Lo = 2HI
[HI]’
[H,1[1,]

Umts %)‘No units

Thus K has no units in thiscase.

In case when the number of moles of reactants and products are nof
equal then K hasunits. e.g. for the reaction between N, and H, to form NH3

Ny + Sy =—— 430 C 2NHj ()
In this case, the units will be:
2 [NH,4 ]2 :
[N,][H, T’
And |
Thmel  (moldm3)2 A. o el M sk
wa (mglfl»m_@ﬂ_ )(Egl dm™3 ) (’mol dm_-3)2€f= _(mole dm )
Th ——Sn s Tl e
us in this case it has some units t0o, it means that the units of K+

varies from case to case.
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m Importance of Equilibrium constant

The equilibrium constant has many applications in chemistry. The
value of K. is used to calculate many important phenomenon of the reversible

reactions used 1n industries, e.g. it is used to calculate the amount of reactants
or products of a reversible chemical reactions of industrially important
compounds like sulphuric acid (H,SO,), nitric acid (HNO,), urea or

CO(NH,),. For example in the preparation of NH; gas which is used in
synthesis of urea fertilizer, the reactionis:

Nog +3H, —== 2NHg
to increase amount of NH; gas the knowledge of 'K’ is used, according to
which the concentrations of N, or H, or both hasto be increased or

concentration of NH; has to be decreased which result in the formation of

more NH, and hence more urea can be formed.
In this process 'K.' or more properly 'K 'is:
(NH,)"
(N,) (H,)’

So, to increase the yield of NH;' gas we can do the following steps:

K, =

Haswonstant Decrease the_
VA : amount of NH; by

v?{ ue . = remoyal
(NH;)

(o e la
P Ny (L)

Increaﬁ Inerease the

Concentration / pressure Congentration / pressure
of N, of H,

K is also used to predict the direction of a chemical reaction, and aftera

specific time period the extent of a chemical reaction. When the value of
equilibrium constant is known which is done experimentally, it is used in
many ways. For example, if the value of 'K.' is very high for a reaction, it

g 5 W T R e e B R 3 3 =5 e - S ey S R g ST = mpr o % -

B o e AR g, AP AT 7 T S A S 15 e e e R M T it T el e S x 3 N
e S S T O s A S e ST T e oy = FOV R L AT L L 2 BT e A S A L S T Sl T TR el Fr B el
SR AT YIS I TR 2w - AT ) B e SRR ) > ERag e Tl A ey WIS By £ P E RS NI o @ N RS A ] A 3
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means that the desired product can be easily made from this reaction, gg the
concentration of the products is very high at the time of equilibrium, which
makes the 'K ' very high.

Similarly, if the 'K_' is very low for a given reaction, it means that the
concentration of the initial reactants is high at the time of equilibrium of 3
reaction, so it means that the reaction is not feasible.

| The knowledge of equilibrium constant expression is used to calculate
and enhance the yield of products in the field of many of industrially
important compounds like H,SO,, HNO,, Urea etc are prepared through the
chemical reactions which are reversible, in all such cases the application of
some simple rules of Science increases the yield of these chemicalv reactions
up to a great extent, and hence expenditure of the preparation decreases as a
result of which the prices of the products can be controlled to a desired level.

The value of 'K 'is also helpful in calculating the effect of changing the

conditions upon a chemical reaction, and hence the yield of a chemical
reaction can be controlled. |

e — —

| Activity 9.2

g;:;\k

Write down the balanced chemical equation and equilibrium constant
expression for the reactions between,

NaCl,,, and AgNO;,, NaOH,,, and H,SO

\(NH,),CO;and  CaCl

4(aq)
2(aq) ; : i
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A system is said to be in the state of equilibrium when there seems no
change in that system. '

The Equilibrium is basically of two types, the static equilibrium and the
dynamic equilibrium. o)\
When the different states or phases of an equlllbrlum established system
do not move and remain constant at a place, such equilibrium is called
static equilibrium e.g. Fulcrum and Fauna equilibrium and the equally
balanced playground seesaw etc.

A dynamic equilibrium is that type of equilibrium when different
constituents of the system change in the manner that there occurs no
change in the overall process. g

Most chemical reactions are reversible but tendency of reversibility
varies for each system and equilibrium establishes in all these.

The type of equilibrium in thé chemical processes is of dynamic nature.

In the state of dynamic e/qililibrium of a chemical reaction, there exists a
simple relation between the coneentration of reactants and the products,
this relation can be .spresented by an equation. '

The Rate of a chemical reaction is directly proportional to the product of
active masses (or concentration) of reactants, this statement is called Law

of mass action and was proposed by Guldberg and Waage in 1864.

For a general reaction
' A+B——> C+D

The relatibn between the quantities of reactants and products can b_oe
written as, g [C][D]
°  [A][B]

" The K_here is a constant and is called equilibrium constant.

The Value of K_ can be used to predict the concentration of any reactant or
product of a system which is at dynamic equilibrium.
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Q1:

Q2:

Fill in the blanks.

1)

vi)
vil)

 viii)

iX)

X)

types of equilibrium.

Bhereare.. .. itimsios
Vapour pressure is an important example of ... -
equilibrium.

The equilibrium constant ShOWS .............. of products anq

reactants in a dynamic chemical process.

All chemical reactions Show .............. type of equilibrium -
The Law of mass action was put forwarded by-............. in
Allnatural cycles show .............. type of equilibrium.

NH, gas is used for manufacture of . ............. fertilizer.

In gaseous systems the .............. is taken in consideration
instead of concentrations.

The value of K, is ...z%x...... of initial concentrations of
reactants.

Inthe gaseous systems .............. isreplaced by K.

Tick the correct answer from the given list.

1)

ii)

iii)

1v)

The types of equilibrium found in nature could be of

@Y B3 (g4 d 3
Thetype of equilibrium found in fulcrum and faunais

(c) Dependsonconditions (d)  Showsno equilibrium
Most chemical reaction show

(a) Reversibility

S . ags .
(c) Heatenergy (b)  Static equilibrium

. Pressure -
The value ofK_ is dependent upon(:lh)e

(a)  Only oninitia] Concentration of reactants

. (b)  Only oninitja] Concentration of products

@18

Scanned with CamScanner



(c) Final concentration of reactants
(d) Does not depends upon initial concentration of reactants
and products
v)  Thevalue ofK_canbeused

(a)  Toincrease the products of a chemical reaction.
(b)  Topredict the reaction pathway
(c)  Toreduce the heat supply of system
(d)  Tocalculate the pressure of system
vi) TheK_ isobtained by the data of

(a)  initial concentration of reactants
(b) Initial concentration of products
(c)  Concentration of both the reactants and the products at
equilibrium state.
(d)  Final concentration of products.
vil) The Value of K_depends upon:

(a) Temperature of system
(b)  Pressure of system
(c) Initial concentration of reactants
(d) Concentration of reactants and products at equilibrium
viil) Pressure of system effects the equilibrium of
(a) Liquids (b) Solids
(c) <~ Gases (d) Allofthese
ix)  The Carbon dioxide cycleinvolves |
(a) Static equilibrium
(b) Dynamic equilibrium
_(¢) Doesnotrelated with equilibrium
(d) Related with atmospheric pressure
x)  Ifforthe general reaction
A+B C+D
increase in concentration of D will result in the:
(a) Decreasein concentration of A

B
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()3:

Q4:

h,’.

~ v

Q6

Q7:
Q8.

(b)  Decreasein concentration of B
(¢) Decreasein concentration of C

(d) Increaseinthe concentration of Aand B.

Answer the following questions briefly.
) Whattypes of equilibrium are there in nature?
ii)  Write down the equilibrium constant expression for the reactiop

NH,,, +HCl,) =— NH,Cl,
iii)  Whatare the units of K ?”

iv)  Explain the term Dynamic equilibrium?”
V) Define the term 'rate of a chemical reaction'.

What do you understand by the equilibrium?Describe the types of

equilibrium with examples.
Explain the reversible reaction with examples.
Describe the law of mass action and derive an expression for the

equilibrium constant.
What do the K. means? Explainits importance and applications.

In the reaction between:
280, 1 Oy 2505,

How you can increase the production of So,?
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