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THEORIES OF COVALENT BOND AND SHAPES OF MOLECULES:

MOLECULAR GEOMETRY

DEFINITION: The arrangement of atoms around a central atom is called molecular geometry.

Central Atom: An atom that is bonded with two more than two atom is called central atom.
Bond Angle: The angle between the two bonds or between three bonded atoms is called bond ang]le.
Bond length: The distance between two bonded atoms is called bond length.

OVERLAPPING

Definition: the term overlapping means the sharing of common region in space between two bonded orbitals.

TYPE OF OVERLAPPING

There are two types of overlapping

1.Linear Overlapping
2.Parallel Overlapping.

1. LINEAR OVERLAPPING OR cfOND (SIGMA BW\ID)

The overlapping of atq

ic orbitals in sar{l.?aight line is callgd as linear overlapping. In this
overlapping, two atomic orbital

8gse their own identities and form two
callgd?és;bo ing molec

o molecular orbitals. The molecular

orbital with high electron density afjcenter i fir orbital and it produces sigma bond

(c-bond) where as the molecular orbifals having maXmantde ity at gldes is called as anti-bonding molecular
orbital and produces sigma star and (g

The example of linear overlapping isjfollowin
i. s - s overlapping

ii. s - Px overlapping
iii. Px - Px overlapping &
1.S - S OVERLAPPIN

Theexampleofs—sove is W

-

...........
.............

b
O+ — R
= = £ -5 averlap
The 5 — 5 owverlap

II. S - Px OVERLAPPING

The examples of this overlapping are f, HCI, HBr.

o

The = - p oaverlap

5 -p overlap

III. Px - Px OVERLAPPING
The examples of this overlapping are Cl, F», Br; etc.
¥ L
oAz + Dz vl

P Orbital P Dribltal g - p overlap along the orbital axis
The p - p overlap alang the orbhital axis
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2. PARALLEL OVERLAPPING

The lateral overlapping of p-orbitals is called as parallel overlapping. In this types of overlapping the
bonding - molecular orbital produces pi - bond (= - bond) and Anti-bonding molecular orbital produces pi -
star bond (r - bond). This types of overlapping is taking place above and below, the inter nuclear axis. Pi ()
bond is always formed between two atom, which are already linked with o-bond.

The examples are.

1. Py - Py overlapping
2. Pz-Pzoverlapping
The example of this type of overlapping is N> molecule i.e. px, py and pz

(i.e =N =7=1s?2 2s2 2px1, 2pz!)

Px of one nitrogen overlap with px of an other nitrogen is same straight line and form s-bond, Whereas py
and pz of one nitrogen overlap with py and pz of se nitrogen in parallel fashion to form two pi (n) bonds.

c B%D (c

by linear ove;clappmg of’ two atomic

\JFQ) )

DEFINITION:

The covalent bond is for 1tals of two atoms is called as

sigma bond.

%% k2

- Sidewvways owverlap
T Fue= p —_ sl-l::IEWEl'g.rs Owre e

FORMATION:

In this type of oye ecular orbitals and o - anti

bonding molecular orf§
EXAMPLES:
i. s - s overlapping
ii.s—-poverlapping ———
iii. px - x overlapping

SIGMA BOND BY S - S OVERLAPPING:

The example of this type is H> molecule in which 1S atomic orbitals of one hydrogen overlaps with 1S
atomic orbital of other hydrogen and form ¢ or c-bond.

= s s -5 overlap
The s - s overlap
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PROPERTIES OF ¢ - BOND:
i. It is strong bond.
ii. The strength of sigma bond depends upon the extent of overlapping.
iii. It is formed by linear overlapping.
iv. Overlapping is taking place between two nuclei.
v. Examples are Hy, Hf, HCl, H>O etc

PI BOND (n - BOND)

DEFINITION:

A covalent bond which is formed between two atoms by side to side or parallel overlapping is called as
pi-bond.

FORMATION:

grupper Lobes of th—orbital, overlapfgbove and lower lobes of p-orbitals
axis. Here the resuli"molecular orbital
yr orbital.

In parallel overlapping t
overlap below the inter nucleay e called as m bonding molecular

orbital and © anti bonding molec

1. Py - Py
2.Pz-Pz

D , aQF one oxygen overlape w1th
2pz atomic orbital of secONEEERINe i ashi : ESSIIIEE molecule of oxygen has a

2 px + 2py of T .
Oxygen atom of oxygen ato ot
PROPERTIES OF = - BOND.

It is weak bond.
The strength of n - bond depend upon the extent of overlapping.
It is formed by parallel overlapping.
Overlapping is taken place above and below the plane of nuclei.
The probability of finding the electron is maximum above or below the plane of nuclei.
Examples are O,, N2, CoHa. Co Hy, ete.
THEORIES FOR THE COVALENT BONDING

AR B e

There are various theories for the covalent bonding.

Lewis Theory
Valence bond theory (V.B.T)
Molecular orbital theory (M.O.T)
4. VSEPR theory (valence shell electron pair repulsion theory)
1) LEWIS THEORY : According to Lewis theory
The covalent bond is formed by sharing of electrons.

®N =
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This theory fails to describe the strength of bond, geometry of compound as well as magnetic properties of
molecules. These defects are removed by valence band theory and molecular orbital theory.

2) VALENCE BOND THEORY (VBT)
Introduction: Heitler and London extended the Lewis theory in1927and proposed valence Bond Theory (VBT).

This theory tells us about the bonding in covalent molecule with overlapping of atomic orbitals. It provide the
basic information about

¢ Analyzing the structure and the bonding in molecule

e Strength of covalent bond

e Molecular shape on the basis of atomic orbital interaction.
Postulates: the main postulates of this theory are given belo

1. Bond is formed due to overlapping of partially filled orbitals.

2. Overlapping orbital’s have electron with opposite spin.

3. The strength of bond depends upon the extent of oyerlapping. Greater overlapping means greater strength.
4. After overlapping there is a maxi ewhere batween the two overlapped orbital

5. Valence bond theory suggests thaffthe DOWE e @omic orbitals of the bonded atoms
LIMITATION:

of oxygen.
3) MOLECULAR ORBITAL THEOR
Introduction In the early 1930"s Huc

Postulates

® A covalent bond is formed by ove
® It assumes that electron occupy thé

(b)  ANTI BONDING M@LEGE 3ITAL: Themofed ARGl i oh energy that moves the
vier oftbor I ‘ } d PIeCular orbital. Electrons which
belong to these orbital cannot form DO
® Electrons occupy the molecular orbital’s+ o
c 1s, 6*1s, 62s, 6*2s, 62pX, ©n 2py = n2pz, n* 2py n*2pz, 6*2px

............

® The number of bonds formed between two atoms after the atomic orbital’s overlap, is called the BOND
ORDER.

4) VALENCE SHELL ELECTRON PAIR THEORY

Introduction The theory was presented by Sidgwick and Powell in 1940.

Postulates

® The shapes of molecules can be determined by the repulsion between the active set of electron pairs present
around the central atom of the molecules.

® Electron pairs which can form geometry of molecules are called active set of electron pairs.

1. Sigma bond pair, 2. Lone pair or non bonding electron pair.

® Electron which play no rule in formation of geometry in molecule are called NON ACTIVE SET OF
ELECTRON PAIRS. Pi bond pair,
® The order of repulsion between lone pairs and bond pairs is given below
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® Lone pair - Lone pair repulsion > Lone pair - Bond pair repulsion > Bond pair - Bond pair repulsion.
® In a shape of molecules depends upon total number of active set of electron pairs around central atom in a
molecule.

Mumber of

active set of Geo trv ofF

electron pairs Structure 4 Bond Angle Example
MMolecules

arcund central

ato 1

BeCly, CoHso:

2 Linear 180° COa CSa

BF3; CaHy,
1200 SO COg
BCly

= Tetrahedral )\ 1090 CHy, OClg;
A

Planar
Trigonal

CBra, T2Hs

2
(One lone par Pyramielal
of electron)

4
(T lone pair
of electron)

Angular) ent,
Mo lin

TYPES OF HYBRIDIZAT

.......
.............

There are three types*8

1. Sp?hybridization

2. Sp?hybridization

3. Sp hybridization
1. SP3. HYBRIDIZATION

In this type of hybridization the excited carbon mixes its four atomic orbital (i.e. s, px, py and pz) and
four Sp3 hybrid orbitals.

C=6=1s225. 2pxt, 2pzt =4 Sp3>  Four Hybrid orbital

“w_ 7
S

Each hybrid orbital contain one part of the properties of and three part of the properties of “P”. Therefore
each hybrid orbital is called as sp3 hybrid orbital. Hence this process is called as Sp3 hybridization. These four
Sp? hybrids orbital are arranged in tetrahedral fashion with an angle of 109¢ as shown in figure.
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H
/N

1 09.5\( ! !
\
s el
\
/ \\ H
" Tha
Shape of Sp3 - hybridized carbon atom
This type of hybridization is taking place in alkanes i.e. methane (CH#) ethane (C2H¢) propane (Cs Hs) etc.

2. SP2 HYBRIDIZATION

In this type of hybridization the excited carbon mixes its three atomic orbitals (2s, 2px, 2py) and forms
three sp2 hybrid orbitals where as pz remains same. These three hybrid orbitals are arranged in trigonal fashion
with an angle 120° whereas pz lie at right angles to the plain of Sp2 hybrid orbitals as shown in figure.

P - Orbital
z

“ 4

f o parts of the fpro erties of “p” hence
called as “Sp?” hybrid orbital. Thus tifis process'is called as spzhybridizafion. This type of hybridization is takin,
place is unsaturated compound contdgni justili (C2 Hy), propane (CsHg), Butane (CsHs
Pentene (Cs Hio) etc. The structure of hage 5

3. SP HYBRIDIZATIO

In this type of hy
pz remain as such. T
pz lie at right angles tS«

SHAPE OF SP - HYBRIDI 250 SRRttt

d mixed, where as py and
re atomic orbital py and

Each hybrid contains ong Patt:of : r ' “u,i 5N T operties of p hence called as sp
hybrid orbital and process is callCCHasg ybitidizatio . r

This type of hybridization is takingplaceHiae
just like ethyne (Cz Ha) the structure of ethyne is given below.

pi - bond

pi - bond

Orbital structure of ethyne

SHAPE OF THE FOLLOWING MOLECULE ON THE
BASIS OF HYBRIDIZATION

(i) SHAPE OF BeCl,

In terms of hybridization, Be has sp hybridization in BeCl.
Be =12, 2s2 (ground state)
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Be =1 s2, 282, 2px! (excited state)

2s and 2p orbitals of beryllium are hybridized to give two new equivalent orbitals. These new orbitals
are referred to as sp hybrid orbitals. The sp orbitals are identical (same energy and shape) and are
arranged at an angle of 180c from each other.
S ) - 180°-

B 180° . B
l_—_ - a < -f" @— '_@
BecCl,

These two hybrid orbitals overlap with 3pz orbitals of Cl atom to give two sigma bonds.

Thus according to hybridization BeCl, has linear structure.

(ii) SHAPE OF C,H,4

In ethene molecule each “C” atom possesses three SP2-hybrid orbitals and one Pz orbital.

Two SP2 hybrid orbitals are used in forming sigma bonds with 1S orbitals of hydrogen atoms.

One sigma bond is formed between

prbitals. The Pz orbitals of both Carbon
atoms undergo parallel overlappi ;

All bond angles H - C - H andJfl - C - C are equa\vOO. The C - H bor length and C - C bond length is
1.09A° and 1.34 Ac respectively.

All bond angles H - C - H ol
and 1.34 Ac respectively.

pend C - C bond length is 1.09 A

(iii) SHAPE OF BCl;

In terms of hybridization, boron has sp2 hybridization in BCls.
B =1s2, 252, 2px! (Ground state)

B =1s2 2s!, 2px!, 2p,! (Excited state)

SP2 Orbitals of B

+3(2p2) > 4
of Chlorine c,@.
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One 2s and two 2px and 2py orbitals hybridize to form three sp2 hybrid orbitals. These orbitals are co-planner
and directed towards the corners of an equivalent triangle (trigonal) at an angle of 120° to each other.

These three sp2 hybrid orbitals overlap with 3pz orbitals of chlorine atoms and forms three sigma bonds.
Thus according to hybridization BCl; has trigonal structure.

(iv) SHAPE OF NH;

In terms of hybridization, N in NH3 is sp3 hybridized
The 2s2, 2px1, 2py'and 2pz! orbitals hybridized to give four sp® hybrid orbitals.

9 +3(1s) -
T D ~wo£3,g,{~. '_ &\ H/I\H

p with 1s orbital of thitee H - atoms to

Non-bondirg orbital

Sp? orbitals of Nitrogen

The three sp3 hybrid orbitals ov three sigma bonds.

The electrons in the non - bonding dls i ou ted Wit only ogf nucleus, and hence they are not hold
as tightly as the electrons in the bondiag orb als cortse "ﬁ' e nonff bonding orbital occupies large volume
of space and compresses the bonding ®rbitals due to whlch bo n the NH3 reduces to 107°.

SHAPE OF H,O:

In water molecule oxygen atom conffai SP° hybrid orbigls. Two BP? orbitals are half filled and two are
completely filled with electrons.

Lone pair in an
sp2 hybrid orbital
O Oy gen

O-H s bond between
an oxygen sp? hybrid and
an H Is aorbital

SHAPE OF METHANE:

In methane carbon contain four SP3 hybrid orbitals which are utilized in forming sigma bonds with hydrogen
atoms. SP? orbitals are arranged in four corners in which each angle is of 1090.28".

/ - "\ ¢ orbital

H s-orbital

Orbital structure of methane
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SHAPE OF THE FOLLOWING MOLECULE ON THE BASIS OF ELECTRON PAIR REPULSION
THEORY

i) H,O

There are four active sets of electron pairs around the central oxygen atom. These electrons must orient as far
apart as possible to minimize the repulsion and in doing so they arrange tetrahedrally. However, there are two
lone pairs of electrons which repel each other as well as the bond pair of electrons with the result that bond angle
is reduce from 1090 to 104.5¢.

].
Hj@,‘ ~

104.5°
(ii) CH4

CHy4 is a tetrahedral molecule with bgittsargles.aff(92.28

There are four active sets of electrgffs surrounding the& atom. This electr@n must orient as for apart as possible

to minimize the repulsion and th e of 109.28e.

(iii) BF;
Boron trifluoride, BFs is a tri inl >
Yioun )
v, w 241 N ! )
There are three electron pairs SHtONMBEowEbe o0 RN DU LRl EBBICiron pair repulsion theory these
electrons orient as for apart as possible tO"REIIPICREDE IPSEREMEPTTT Coing so they arrange trigonally.

e
F F

BF, molecule

!iV[ CHy
CoHy is a trigonal molecule with bond angle of 120e.

There are three active set of electrons which surround each carbon atom. These electrons must orient as for apart
as possible to minimize the repulsion and thus they arrange trigonally.

H\
P

H H

H
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!V! BC13

Boron trichloride is a trigonal molecule with an angle of 120e.

There are three active set of electron pairs which surround the boron atom. In terms of electron pair repulsion
theory these electrons orient as for a part as possible to minimize repulsion and in doing so they arrange
trigonally.

Cl\ i / Cl
|

Cl
vi) CCl,

There are four active set of electrongWhich surrounds the C - atom. Theselectrons orient as for apart as possible
5 they arrange tetrahedrally with bond al§gles of 109c.

4

!Vli! CSz

, il o are pi bonds. According to
electron pair repulsion theory p1 CleciDIERItconiclalcC BEVE set of electrons hence not included

must orient as for apart as possible to minimize the repulsion and thus they arrange linearly with bond angle of
180e.

Shape of NH3

In ammonia, central nitrogen atom is surrounded by four active set of electron pairs which arrange themselves
in four corners to minimize forces of repulsion.

Therefore structure of ammonia is pyramidal.

Due to presence of non bonding electron pairs force of repulsions increases and bond angle reduces to 107°.
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F
2 T 2 L
sp” hybridisaton of M =p hybridisation of B
M
N T
H H F F
Pyrarmidal Triangular planar
1. SHAPE OF PH;
No of electrons: Central P atom contains four active pairs of electron in valence orbit in which
one is lone pair.

Electrons Arrangement: These four active pairs will arrange themselves on four sides of nucleus in

tetrahedral pattern so that repulsion is minimized.
Shape of Molecules: Thus shape of molecules will be tetrahedral.

PH,
(Angle 107°)

Geometry of molecule

2. SHAPE OF SCl,
No of electrons: Ce

two are lone pairs. "l ~3° Q.
-

Electrons Arrangement: These p arrarfg\gthems‘elv s on fghr sides of nucleus in tetrahedral
pattern so that g¢ i
Shape of molecules: Thus shape of

Bond Angle: In this fa

scl,
(Angle 104.5°)

> Geometry of molecule

3. Shape of H,S

No of electrons: B alence orbit in which

two are lone“e:

Electrons Arrangement: TagSeh [ ArFanecar W V0 peset nucleus in
e ¥ e ” Wb

Shape of molecules: Thus shape of molecules will be tetrahedral.

Bond Angle: In this case bond angle will be 92.2

4. Shape of SO,
No of electron: Central S atom contains four electron pairs in the valence shell in which one is

inactive m - pair.

Electrons Arrangement: These three active pairs will arrange themselves in three sides of the nucleus
in the same plane so that repulsion is minimized

Shape of Molecules: Thus shape of molecules will be planer trigonal.

Bond Angle: In this case bond angle will be 1200

S0:

Geometry of molecule
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5. Shape of CO352
No of electrons: Central C atom contains four electron pairs in the valence shell in which

one is inactive m - pairs.
Electrons Arrangement: These three active pairs will arrange themselves on three sides of the
nucleus in the same plano so that repulsion is minimized.

Shape of Molecules: Thus shape of molecules will be planer trigonal. =

Bond Angle: In this case bond angle will be 1200 /(\);
o

Geometry of molecule

6. Shape of SO;
No of electron: Central S atom contains four electron pairs in the valence shell in which

oneis inactive - pairs.
Electron Arrangement: These three active pairs will arrange themselves on three sides of the nucleus
in the same plane so that repulgion is minigj

Bond Angle:

DEFINITION:

The amount o

UNIT: The bond energy is exi
Examples

H-H —/

Ccl-Cl —2el AH =+ 244 K.J / mole.

H-F —» H+F AH =+ 565 K.J / mole.

H-C —+Cl AH =+ 431 K.J / mole.
EXPLANATION:

The bond energy depends upon following factors.

1. Atomic size

2. Polarity

3. Number of bonds.
1. ATOMIC SIZE:

Smaller the size of bonded atoms, greater will be the attraction and hence greater will be the bond
energy.
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e.g
H-H — 2H AH =+ 436 K.J / mole
a-ad —» 20 AH =+ 242 K.] / mole

2. POLARITY: The polarity depends upon the difference of electronegativities. It means the higher difference of
electronegativities, then greater will be the polarity and hence higher will be the bond energy.

e.g
H-F »H +F AH = -567 K.J / mole

H-C1 —» H+{ AH =431 K.J / mole
3. NUMBER OF BONDS.

The bond energy increase from single bonded compounds to double bonded and then triple bonded
compounds.

C-C AH =
C=C AH =+614 }
C=C

e 3y &

Y v s
DIPOLE MOMENT
INTRODUCTION: The polar molefules are calle

ipole molecul@s.

e.g

dipole moment.
DEFINITION:
The 1¥

The product of charge (q) an nce Mise e £ 50 ’: i idlec ¥ called as dipole moment.
REPRESENTATION: ... i

The dipole moment is represented by mu (p)
MATHEMATICAL DERIVATION:

u=dxq (d=108cm, q=10"es.u)

p=108cm x 100 e.s.u =108 e.s.u x cm

n=1018ess.uxcm =1 debye

(1 debye =108 e.s.u cm).

UNIT:

The unit for dipole moment is debye and it is represented by “D” and S.I unit is coulomb meter (Cm),
where 1 D =3.335 x 1030 Cm

EXPLANATION: The dipole moment depends upon following factors.
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1. Polarity of the bond.
2. Geometry of the molecule
3. Symmetry of molecules.
1. POLARITY OF THE BOND: Greater the polarity then greater will be the dipole moment.

e.g
HCl=1.03D
HBr=0.79D

2. GEOMETRY OF THE MOLECULES:

On the basis of geometry molecules are divided into linear molecules and angular molecules. The linear
molecules have zero (0) dipole moment whereas angular molecular possess dipole moment.

3. SYMMETRY:

Symmetrical molecules p8

amount e.g
Benzene = OD D
methane = OD benzene =2.5D

QNO#01 Define the following

(a) Bond energy
ANS: Bond energy:

The amount ofg
amount of energy reqWge
required for the breaking O™

as bond energy. OR The
BWR The amount of energy

gt
................

(b) Bond length: the dist#¥g fholecules is known as bond

length. vy
QNO#02: The dipole moment of water BRREOSIES Zero dipole moment. Why?

Ans: The dipole moment of water and CO; both contains polar bonds but H>O has dipole moment 1.85 and
CO: has zero dipole moment because H>O has angular structure and in CO, both (C=0O) bonds are polar but
directed equally on the opposite side at 180° angle with linear shape.

QNO#03: Differentiate between the following

Difference between bonding molecular orbitals and antibonding molecular orbital

SNO Bonding molecular orbital Anti bonding molecular orbital

A bonding M O is generated by the addition of | A anti bonding M O is generated by the subtraction
two atomic orbitals of two atomic orbitals

In bonding M O the electron density between | In anti bonding M O the electron density between
the two nuclei is increased the two nuclei is decreased and might become zero
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It is formed by the overlapping of atomic

It is formed by the overlapping of atomic orbitals

3 orbitals which are in phase which are out of phase

4 The energy of a bonding M O is lower than The energy of a bonding M O is higher than that of
that of the combining orbitals the combining orbitals

5 It is represented by Greek letters o or it It is represented by Greek letters o * or m*
The electrons present in the bonding M O, The electrons present in the anti bonding M O,
shield both the nuclei from mutual repulsion. | result in the increased repulsion between the two

6 As a result it contributes to the process of nuclei. This lowers the stability of the system. Thus
bonding the presence of electrons in an anti bonding M O

does not help in bond formation.
7 It is more stable than the parent atomic orbitals | It is less stable than the parent atomic orbitals
Difference between sigma bond and pi bond

SNO SIGMA B@H PI BOND

1 It is formed by the head o It is formed by %he side wise (parallel) overlapping
overlapping of two halffill€ jtals

2 Sigma bond is considered tOfge strongi.e moze . | Pi¢bend is coggdered to be week i.e less stable and
stable and less reactive becausg of m irﬁ&hj v 3,’ \éﬂ\br reactiv@fbecause of lesser overlapping of
overlapping of orbitals orbitals

3 Sigma bond can form betwee ! bitals dofaot take part in pi bond formation they

reta>‘| i 3

4 One lobe of p orbital take partin sigma bpnd part in pi bond formation they retain
formation stretches while the o
in size

5 It has only one reg cloud density one
around the bongh @ bond axis

6 It is formed indepen At 1ty becauseatonis: = == S Tommet Ween two atoms which are
always combine first Wl sigma bond.

7 Only one sigma bond exists et ORI RO v i bond exists between two ¢ bonded

8 Sigma electrons in a sigma bond are localized Pi electrons in a pi bond may be localized and

delocalized
Difference Between Valence Bond Theory And Molecular Orbital Theory
SNO VBT MOT
According to VBT the bonding electrons According to MOT the bonding electrons occupy
1 | occupy the atomic orbital of the bonded atoms | the molecular orbital and the shared electron is
and the shared electrons is influenced by one influenced by more than one nucleus (Polycentric)
nucleus (Monocentric)
According to VBT atomic orbital which are According to MOT atomic orbitals which form
2 | involved in the bond formation maintain their | molecular orbital do not retain their individual

individual nature and identities

nature
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In VBT some of the valence electrons are In MOT all the valence electrons take part in the
3 | indicated as unshared and un involved in the bonding of molecules
formation of molecule

Q:4. Explain the following with scientific reasons.

(i) Sigma bond is stronger than pi bond.

(i) HF has greater ionic character than HCL.

(iii) Bond energy of molecules possessing multiple bonds is high.
ANS: (i) The strength of a bond is dependent on the extent of overlapping, in case of the sigma bond, the
overlapping of orbitals takes place to a larger extent. Hence the sigma bond is stronger in comparison to the pi
bond because in pi bond the extent of overlapping occurs to a smaller extent.

(if) HF has greater ionic character than HCl. Because the electronegativity difference b/w HF is greater than
HCL

ENof H=21
ENofF=40
ENof CI1=3.0

E.N difference of HF =4.0-2.1=

g polar

(petrol)is  nonpolar
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THREE STATES OF MATTER
GASES

CHAPTER NO.

Changes in States of Matter

7\ ionization (
Gas | Plasma
o

’ deionization

deposition condensation

ion

vapori

1 freezing
id |

j=CD

sublimation

Glenn

States of Matter Research
enter
Solid Liquid Gas
Holds Shape Shape of Container Shape of Container

Free Surface
Fixed Volume Fixed Volume Volume of Container
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THREE STATES OF MATTER
GASES

MATTER
DEFINITION:- Matter is defined as anything which has weight or mass and occupying the space.
STATES OF MATTER
There are three states of matter.

7 Gas.
2 Liquid.
3 Solid.
Arrangement of particles is responsible for different behavior of water.

PROPERTIES OF GAS:-
7 A gas has no shape of its own. It acquires the shape of container.
2 It has no definite volume.
3 A gas diffuses I-e gas mol
container. \
expand. '

nother place and then spread
through out the space in

4 It can be compressed a
& States of Matier Fesemven

Solid Liguid Gas

Holds Shape Shape of Container
Free Surface
Fixed Volume Fixed Volume Volume of Container

Shape of Container

btates of matter
€ same chemical

WATER EXIST INg
namely Solid (Ice oG8
composition, it shows

ey »

. 7
» " -
‘e ot

S tance differ in their
...... wrent show different states.

..................

KINETIC MOECULAR THEORY OF GASES

INTRODUCTION:- The kinetic theory is named because it deals with the motion of particles. The
particles are in continues motion and they have kinetic energy.

POSTULATES

1 PARTICLES:- All gases are composed of tiny particles which are called as molecules.

2 Size:- These patrticles are invisible , small and widely separated from one another (distance

between two molecules is 300 times greater than their sizes).

3 MOTION:- Molecules move in straight line until they collide with one another or with the wall
of container
FORCE:- There are neither forces of attraction nor repulsion between gas molecules.
COLLISION:-The collision of molecules is completely elastic.
PRESSURE:-The gas pressure is due to collision of molecules with each other and with the

N U1 =~
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walls of container.
VOLUME:-The volume of one molecule is negligible as compared to total volume.
KINETIC ENERGY:-The molecules are in motion and they posses kinetic energy and kinetic
energy is directly proportional to temperature I-e K.E a Tabsolute.

o N

GASEQUS STATE

(2) DIFFUSIBILITY:-

DEFINITION:- The intermixing of two or more gases is called diffusion
OR
The spreading out of the gas molecules through out the vessel is called diffusion and this
property is called diffusibility.

REASON:- There are large spaces between the molecules of a gas. Because of these spaces, the
molecules are free to move. Due to this free movement, gas molecules intermix with each other and

DEFINITION:  When pressyffe is applied on tﬁas in a closedgontainer then it occupies
smaller volume.

REASON:- According to kineti
Therefore they occupy very small@

DEFINITION: The forces acting on a upt
It is produced by the collision

FORMULA:

EXPLANATION "
All the gases and SESISEbsY ; S QREEIN \vhich they are

IB*cxerts pressure. This

pressure is called "ANEIES
* The mass of atmosphie

UNIT: 1 atmosphere = 76 cm of ~-.... He 0 PSI = 101330 Pa = 101330 Nm—

................

APPARATUS: The instrument use to measure atmospheric pressure is called barometer.

GAS LAWS
DEFINITION:- The laws explaining the behavior of ideal gases are known as ideal gas
laws.
There are three major laws about the ideal gases.

7 Boyle's law.
2 Charles's law.
3 Avogadro's law.

BOYLE'S LAW
INTRODUCTION:- In 1660, Robert Boyle explained the relationship between the volume of given
mass of a gas and pressure at constant temperature called Boyle’s law.

STATEMENT:- The volume of a given mass of a gas is inversely proportional to pressure
exerted on it at a given temperature.
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EXPERIMENTAL VERIFICATION

1 Robert Boyle took a J- shaped tube closed at smaller end.

2 A scale was fixed at smaller limb.

3 He inserted mercury from the open (longer) end and the gas (air) which was inside the tube was
captured in the smaller end. He noted the volume of air at scale.

4 He inserted more mercury from the open (longer) end and noted the volume of air is reduced.

5 He further inserted mercury from the open (longer) end and noted the further decrease in volume
of air.

CONCLUSION:- Robert Boyle concluded from above experiment that the decrease in volume is
due to the increase in pressure by the mercury.
MATHEMATICALLY:-

Vo 1/P (T is taken constant)
V=K.1/P (K is constant)
PV =K

This shows that at constant temperature, the pro
is always constant.

For two conditions

K=Pi1V1

K =P2V2

ct of volume of a gas and pressure exerted on it

Where;
P. = Extend pressure on gas for 1% co

V1 = Volume of the gas for 15t co

GRAPHICAL REPRESENTATION:
v/s pressure exerted on it. Straig
pressure exerted (1/p)on it.

\ Bowle's Law

volume (L)

i \

“‘Ea;___“

-] —

o S0 kl=le) 150 200 250 g e lel
Pressure [(kPa)

CHARLES LAW
INTRODUCTION:- In 1787, a French Physicist Charles explained the relationship between the
volume of a gas and its temperature at constant pressure called Charles law.

STATEMENT: The volume of a given mass of a gas is directly proportional to the
temperature of that gas.
OR
The volume of a given mass of a gas increase or decrease by 1/273 times of its original
volume at 0 °C for every degree rise or fall of temperature at constant pressure.

MATHEMATICALLY:-

=> V o T (absolute) ;if P = constant
= V = KT
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T
Suppose T changes to T1 and V changes to Vi; then
V1
= e = K ; similarly
Ta
V2
=> = K
T2
V1 V2
=> | -=---- = e
T1 T2

GRAPHICAL REPRESENTATION:- If a graph of volume against temperature at constant pressure
is plotted then it comes to be a straight line which stops in the middle of the graph. If two lines is
extra plotted (shown by dotted lines) then it intercepts the temperature axis at (-273°C) which
corresponds to zero volume. This proves that at (-273°C) volume of a gas should become zero. This
is an imaginary temperature and is known as absglute zero i.e; (-273°C = 0 kelvin).

EXAMPLE:- If the volume of thegfas |
0 °C.
If the volume of a gas is 25 litgfs at 0 °C, its volqrw/ill be (1/273x25%: 25 liters at 0 °C.

Volume. mL
100 —

iters ﬂ) 0C, IS Volum&will be (1/273x25) + 25 liters at

90 —

<~ - 30

20 —

1
'
- . 10 -

1 1 '1 1 1 1 1 1
-S0 0 S0 100 150 200 250 300
Temperature, °C

-

.v
AVOGADRO'S LAV
INTRODUCTION:- ISR deo Avogateg explaified the relglieg
given mass of a gas o iBRDimsaalocy c8"at consieniiige
Avogadro’s law. o T A iyt ey s 3,

-7

¥Tperature and pressure contain

SRIRRDES. /e e the volume of
yssemnd temperature, called

STATEMENT:- Equal volam
the same no. of molecules.
MATHEMATICALLY:-

Van (T and p are constant)
V = Kn (K = constant, n = no. of moles/ molecules)
K=V/n

CONCEPT OF MOLAR VOLUME
The volume of one mole of a gas at S.T.P is called molar volume or molar gas volume i-e; (22.4
dm?).

Sulfur Carbon dioxide
Oxygen (0O2) trioxide (SOs) (CO2) Hydrogen (Hz)
Mass of one 32 30 a4 5
mole (a.m.u)




PROF: ZUBAIR AHMED SHAIKH
22.4 22.4 22.4 22.4

GENERAL GAS EQUATION
DEFINITION: The equation which describes the relationship between four variables
I-e Volume, temperature, pressure, and number of moles is called as general gas equation
OR
The combination of Boyle's law, Charles law & Avogadro's law is called general gas
equation.

Volume (dm?3)

MATHEMATICALLY:-

According to Boyle's law V aP (If T is constant)
According to Charles law V aT (If P is constant)
According to Avogadro's law V an (If T & P is constant)

By combination of these laws we get :

R General gas constant.
For one mole of a gas (n=1) PV=§

Then:

Similarly

By comparing these two equationes
PV, _ P,V,
Tl T2

GRAHAM'S LAW OF DIFFUSION

INTRODUCTION:- This law was introduced by Graham in 1881. This law describes the relationship
between rate of diffusion and densities of gases.

STATEMENT:- The rate of diffusion of a gas is inversely proportional to the square root
of its density
OR
Lighter gases diffuse faster than heavier gases.

MATHEMATICALLY:- Let suppose;
rate of diffusion =r
density = d.
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Then according to Graham's law, the mathematically derivation will be

I’oci
7
r:% --------- (1)

Let rate of diffusion of two gases be r1 and rz, The densities are di and dz. Then the  equation for
first gas will be;

I oc L = r= LS (2)
Jd: d,
r2 oc L = r2 = LS 3)

. R

By comparing equation (2) & (3),
r d

= [=2
d,

1
r

Because the density of gas is ar mass, the above equation

becomes:;

Determination:- d density of gases.

Dilution:- inimizing their toxic effect.
Separation:- :
a. Different isof
b. One gas
. -";) .‘”,. .
INTRODUCTION:- This law WSHEIe 2Y LY aw descrlbes the relationship
between partial pressure of individual (eSS RENBIaEHress tre of all gases in the mixture.
STATEMENT:-  In a mixture of two or more gases the total pressure is equal to the sum of
partial pressure of individual gases.
DERIVATION:-

This law can be written as;
P=P1+ P2+ Ps..........
Where;
P = Total pressure exerted by all the gases.

P1 = Partial pressure exerted by gas 1.
P2 = Partial pressure exerted by gas 2.
Ps = Partial pressure exerted by gas 3.
The general gas equation is; PV = nRT ——m (@)
Therefore;
PiV = mRT ———* (b)
P2V = obRT ——m (c)
PsV = nsRT —— (d)
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By adding equation B,C and D; we get;
= VP1 + P2+ P3) = (nt + n2+ mRT — » (e)
As; n =nm + n2 + n3 (h = total number of moles)

By substituting the value of (n1 + n2 + ns3) in equation E, we get;
V(P1 + P2 + P3s) = nRT - 5 ()

Dividing equation B by A, we get;

PV nRT
PV  nRT

= Bom = |[PL=PX Ny
P n n

EQUATION:-

Partialpressureof gas
Total pressure

er vapour. Thus the pressure
exerted by the gas would be the Wessur ot_wre' gas\ﬂ sithe pregSure of water vapour.

Then p dry gas + p H20(vap)
p dry gas — P moist gas

EXPLANATION OF B @ olecules come closer
to each other and thus ease the crowding of
molecules. The increg C : . fcules with the walls
of container and thUS<% SE5 il s ' EPOf volume, pressure
increases > v -

When temperature is increased, e <angtic 'ener molecules also increases. Hence
molecular velocity increases which causes expansion oOf gas to occupy greater volume.

EXPLANATION OF GRAHAMS LAW:- According to kinetic molecular theory of gases, there are
large empty spaces among gas molecules. The gas molecules are always in random motion. When
two gases are allowed to mix together their molecules easily enter into the empty spaces of other
gas and diffuse. The entrance velocity depends upon the velocity of the molecules, lighter gases
have lower velocity

EXPLANATION OF AVOGADRO'S LAW:-

At same conditions (S.T.P) the kinetic energy of the molecules all gases is same which causes same
volume of the gases having same volume.

EXPALANTION OF DALTON'S LAW:-

According to K.M.T pressure is produced by the collision of gas molecules on the wall of container.
The molecules do not attract or repel each other. When these are molecules of two or more gases
in the same container then the molecules of each gas produce their.
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Q:1. Explain the following.

(i) Pressure and its various unit.

(ii) Absolute zero

PRESSURE AND ITS VARIOUS UNIT:

PRESSURE: A force being exerted over a unit area is called pressure.

force F

So. Pressure = =-
area A

Where P is measured in pascal, force in newton and the area in m?2.

PASCAL: A pascal (Pa) is defined as the force of one newton spread over on area of 1m?2.

a) UNIT OF PRESSURE: SI Unit for pressure is pascal (Pa) in Sl system, unit of force is newton.
(N) and the unit of area is meter square (m?)/. Thus pascal is one Nm=2,

1 atm = 101325 pascal

1 atm = 14.7 psi (pounds square inch)

1 atm = 760 torr = 760 mm of hg

1 joule =1 Nm =10’ ergs = kg m?s2

1 cal =4.18J

1 atm = 1.01325 bar
b) ABSOLUTE ZERO:
INTRODUCTION: In 1848, the S ‘ m son better known as lord kelvin.
DEFINATION: The Hypotheticajffemperature at which the given volyme of a gas reduce to zero.
OR
A temperature at which volunde of a gases becomeés*zero theoretically
EXPLANATION: According to Gytical definition of c;,ljarle.s’s law at stant pressure, the volume of

temperature, respectively.
Let the volume of an ideal gas at

Volume at -1C° = Vo - —— Vo
273

Volume at —2730°C = Vo - Vé

Thus exactly at —273°C the volu

2duce to zero. A graph between
volume and temperatyge given a st '

' —273.15°C

-273.15°C -200°C  -100°C 0°C 100°C 200°C 300°C

Q:4. What is liquid air? Mention its three uses.

Ans: LIQUID AIR: Ordinary air an compression and cooling to extremely low temperature becomes
liquefies and known as liquid air. It is mainly used for the cooling purpose. It absorb the heat very rapidly
and help to convert the gases (filled in container) into solid it is the industrial source of various gases such
as oxygen, argon, nitrogen etc through a process named as air speration or fractional distillation of air.

USES OF LIQUID AIR:

e Liquid air is an important source of oxygen in rockets.
¢ Liquefied natural gas (LNG) is used as a fuel.
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Ammonia and liquid sulphur dioxide are used as refrigerator.

Compressed oxygen is used for welding purpose.

Nitrogen is used in medical science.

Liguefied petroleum gas (LPG) is a mixture of Butane and other hydrocarbons used as a fuel for
portable heaters, gas cook tops and oven.

Q:5. What is plasma? Give its significance in daily life.

Ans: PLASMA: Plasma is the fourth state of matter. It was identified by William crooks in 1879. He
obtained it by heating molecular gas changing into atomic from and then to ionic from at higher
temperature.

Moleculargas ———> Atomicgas ——— lons.

At a higher temperature of 10000K to 100000K (10ev to 100ev) electrons are removed from the atoms to
form ions plasma is composed of a mixture of un — ionized gas, free electrons and positively charged
particles.

PROPERTIES OF PLASMA:- It is a substance in which many of the atoms or molecules are ionized
effectively allowing charges to flow fregly. perature plasma has the following
properties.

a) plasma consists of neutral parti@les, positive ions ar}rree electrons.

b) plasma is strongly influenced¥ay both magnetic ar}d‘ctric force.

SIGNIFICANCE
e Itis used in television and colhputer c
e Plasma is used in rocket proplilsion
¢ Cleaning the environment, de oylng bi
e ltis used laser pyled power switghes and dlamond cg eon signs iggturned on gas is

excited and creaf@®
Q:6. Derive general gas é

Ans: DERIVATION 0 “V\R ) BRgscombination of three
law. Boyle’s Charles law arteR

Now according to Boyle’s law

Vo %(at constant T and n) B s e eianrsanes

According to charles’s law

V « T (at constant P and n)
According to Avogadro’s law

V « n (at constant T and P)
Where n is the number of moles of the gas.

Combining equation 1, 2 and 3 we get.

1
Voc;xTxn

Tn
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VxR In
P
PV — nRT.

Where R is a general gas constant this equation is called general gas equations or ideal gas law equation
or equation of state.

|fn=1thean=RTor¥=R

So L% = R (for first condition of gas) and 212 = f2%2 =

R( For second condition of gas)
Tl T1 TZ

Pivy _ Py

T, T

a) Value of Rwhen pressure is in atmosphere and volume in dm?,

We known that one mole of an
ideal gas at STP(One atmosphere pressure and 27

_ PV
nT

_ 1atmosphere x 22.4 dm3

R
1molex 273 K
_ atm.dm3
R =0.0821 —_—

b) Value of K when pressureisin N

measured in N/m? and volume in m3 Bi and 1d@h® = 0.00224m?3

_ PV R = 101325 x 0.0%4
nT 1x273

R=8.313Nm mol?* K! § '
OR R =18.313 Jmolt K1

Q:3. How an ideal W of real gas from ideal

behavior? Explain this devi

.......
.............

Ans:

IDEAL GAS °© REAL GAS

Ideal gas which obeys the general gas equation or The gasses which do not obey general gas equation
idea gas equation (PV = nRT) at all temperature and or ideal gas equation (PV = nRT) at all temperature

pressure and all laws especially boyle’s law and and pressure and all laws strictly are called real gas
charle’s law is called ideal gas or non ideal gas

There are no attractive or repulsion force among the  There are attractive or repulsion force among the

gas molecules gas molecules.

Actual volume of gas molecules are negligible as Actual volume of gas moleculas are not negligible as
compared to the total volume of the gas compared to the total volume of the gas.

No such gas is exist in reality All the gases are real gases or non — ideal gases.

E.g Oz, H2, N2 CO;etc.
Causes of Deviation real gas from ideal behavior at low temperature and high pressure:-

The ideal condition is that the ideal gas obeys gas laws at all temperature but al low temperature and high
pressure deviation cause by gases Is due to the two faculty assumptions of kinetics molecules theory.
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1. Inter — molecular force of attraction: There are two attractive a repulsion forces between the gas molecules.
2. Volume:- The volume of the gas molecules is negligible as compared to the volume of the container.

EXPLANATION OF DEVIATION:-

1. AT LOWER TEMPERTURE:- At high temperature the kinetics energy of the gaseous molecules is very high.
As a result, the attractive force between them are negligible. But when temperature is decreased, the kinetics
energy of the molecules deceases, The inter molecular forces become significant it means that the molecules
come close to each other.

) o _ At a certain very low temperature the
gases change into the liquid state. There force, attractive forces, between the gas molecules become significant
near liquefying temperature that is why the ideal gases deviate from their original behavior t low temperature.

EXAMPLE: SO:; liquefies at -10°C while H: at -252.7°C. There force attractive force between SO, molecules
cannot be considered negligible at room temperature for this reason, So gas shows non — ideal behavior at
room temperature as compared to H, gas.

2. AT HIGH PRESSURE: At low pressure actual volume of gas molecules is very small as compared to the
volume of the container. However this volume does not remain negligible at high pressure. This can be
understood from the following figure.

SUPPOSE: When pressiis
negligible as compared tQEENESIO gas 22266
volume of the gas is reg his pressure, i
negligible as compardgh .

Bules say 32 cm is
pressure of 100 atom, the
molecules (32 cm) is not
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CHAPTER# 05 CHEMISTRY CLASS - XI
STATES OF MATTER (LIQUID)
SHORT QUESTIONS
Q#01: explain the following in terms of kinetic molecular interpretation of liquids.
(a) Diffusion (b) compressibility
(c) expansion (d) contraction (e) molecular motion
DIFFUSIBILITY

DEFINITION: The mixing two or more of the liquids to make homogeneous mixture is the diffusion of liquids.
For example: Mixing of colored solution with water.

Rate of diffusion of liquid is lesser than gases due to less intermolecular distances.

REASON:- The free movement of liquid molecules causes diffusion but the slow rate of diffusion

is due to closeness of molecules.
COMPRESSIBILLITY

DEFINITION: The ability of mo
called compressibility of liquid
Liquids are very less compressi
REASON:- The molecules of
molecules to come closer on appl

applying high pressure is

e on applying hi essures.
uid are close to another and there
g pressure.| .7. PRl

CONTRACTION

not enough space between

DEFINITION: The decrease in voluine of a liquid oxrd?c—;gasing emperature is called
contraction.
When a liquid is cooled it contract
REASON:- When a liquid is cool the velocity of molecules also
decreases. Therefore the molecular Viglume décreases to gjve contggction.

EXPANSION

DEFINITION: The incr 3888 is called expansion.
When a liquid is hed i ules also increases.

=-.

10 tion. Liquid molecules
SereTT gaps and attractive force, speed of

-

move randomly in all possible direction hOW:
molecules is slower as compare to gas.
Q#02: name three major kinds of intermolecular forces in liquid. Explain intermolecular force in
HCI.

The three intermolecular forces in liquids are

(1) Dipole dipole interaction

(20 London dispersion force

(3 Hydrogen bond

Intermolecular force in HCI: HCl is a polar molecule and there is a partial positive charge on
hydrogen atom and partial negative charge on chlorine atom. These opposite poles attract each
other in liquid state due to dipole dipole interaction.

Q#03: define the following:

(a) Molar heat of fusion (b) molar heat of vapourization (c) molar heat of sublimation

Molar heat of fusion: It is the amount of heat absorbed by one mole of a solid when it melts into
liquid form at its melting point. The pressure, during the change, is kept at one atmosphere.
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molar heat of vaporization: It is the amount of heat absorbed when mole of a liquid is changed into
vapours at its boiling point
molar heat of sublimation: It is the amount of heat absorbed when one mole of a solid sublimes to
give one mole of vapours at a particular temperature and one atmospheric pressure.
Q# 4:describes hydrogen bonding in water. Explain the anomalous behavior of water due to
hydrogen bonding.

HYDROGEN BONDING
INTRODUCTION: It is a secondary bond which is formed between different molecules of same
compound and called as Intermolecular bond or Protonic Bridge or Hydrogen bond.
DEFINITION: The attractive forces between covalently bonded polarized hydrogen of one molecule
and high electronegative atom of other molecule are called as Hydrogen boding or Hydrogen Bond.
REPRESENTATION: This type of bond is represented by dotted lines.
EXAMPLE: In water molecule (H20), Hydrogen acquires partial positive charge and oxygen acquires
partial negative charge due to difference of electronegativity as shown below.
The partial positive hydrogen of one molecule is attracted by partial negative oxygen atom of other
molecule. Due to this the attractive forces are creatggl between two molecules. This type of attractive
force which involves Hydrogen forg
It is represented as shown below

that empty spaces areg
Q#5: water is more Vol
temperature:

Water and glycerin both coriigs

......

at the same temperature because water.cOITtel ' ----ro (strong intermolecular force)
but petrol does not have hydrogen bond and contains weak intermolecular force.

O#5: Explain why?

Would a pressure cooker be of any value on the Mount Everest?

Reason: The boiling point of water at which food is to be cooked can be increased by increasing
pressure with the help of pressure cooker. At pressure 760 torr, the boiling point of water is 100°C.
When the pressure is increased in pressure cooker, the boiling point also increased and food is
cooked rapidly. On mountains, the outside pressure is less than atmospheric pressure and hence
boiling point of water will be below 100°C, so food can not cooked without pressure cooker. Hence
pressure cooker has great value at Mount Everest. .

Why food is cooked more quickly in a pressure cooker than in a covered pot?

Reason: The food is cooked more quickly in a pressure cooker than the covered pot because in a
pressure cooker the molecules will evaporate from the liquid into the enclosed space and these
molecules move above the liquid in cooker and can not escape and pressure increased inside the
pressure cooker. Due to which the food is cooked more quickly than in a covered pot. Evaporation
is cooling process?
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Reason: When liquids are heated, they evaporate and during evaporation the molecules with high
energy escape from the surface of liquid, due to escape of high kinetic energy molecules, the
average kinetic energy of the remaining molecules decreases. As we know that K.E is directly
proportional to temperature, hence temperature of remaining liquids falls and cooling is taking
place.

A falling drop of liquid is spherical?
Reason : Surface molecules of liquid are pulled inward to decrease the surface area due surface

tension, since the surface to volume ratio of sphere is small as compared to any other shape, due to
which a small quantity of liquid always tend to form a spherical shape. Hence falling drop of liquid

is spherical due to surface tension.

A drop of ink spreads on blotting paper?

Reason: Surface of blotting paper is rough due to small pores. These pores have narrow channels which
act as capillary tubes. When a drop of is placed on a blotting paper than due to capillary action ink rises
into narrow channels of blotting paper that is why ink spreads on blotting paper rapidly.

Water boils at Mount Everest as 71°C while at seagg

why does water spilled on a flod ime amount of water in a
glass?
Reason: The process of evaporation
place for larger area of surface .Wate
hence greater number of molecule a
floor evaporate more rapidly then ¢
Mercury has its Meniscus curved
Reason: Meniscus is Greek word w T - ercury oes not wet the surface of vessel.
The nature of Meniscusgepends upolyi i n li g surface of vessel
surface tension and adh&88 ' i Bl o surface of vessel
the interaction is weal Bhus the liquid is
pushed away from th&&g e i
Honey is more viscous thawi
Reason : The internal resistgilig C »

: %o, '—"* Jo 5 A
molecular attraction forces as Vil ESESIER ATl Ole" 4

s affe tted by surfac'e area of lifjuid. More evaporation is take
ille e ﬂeof;ﬁread 0 greater area on the ﬂoor and

"""" fuch higher than water hence

viscosity of honey is higher than water or honey 1s more viscous than water.

Viscosity of liquids decreases with the rise of temperature?

Reason: As temperature increases, the molecules move more rapidly and K.E over come the forces
which hold them together. Due to decrease of forces viscosity of liquid decrease..

Boiling point of liquid remains constant although heat is continuously supplied to the liquid
Reason : On heating kinetic energy of a liquid increases because kinetic energy is directly proportional
to temperature. It means by raising temperature the kinetic energy of molecules increases continuously
until molecules of liquid attain their maximum energy and liquid start boiling. If heating is continued
after boiling point, then the boiling point remains same but extra heat is used in the change of liquid i-e
from liquid to vapour. It means extra heat is used to separate the liquid molecules and convert them at

boiling point into a gas. Due to this boiling point remain same.
DETAILED QUESTION

QNO#01: What is viscosity? Explain factors affecting viscosity.
VISCOSITY
DEFINITION:- The internal resistance between the parallel layers to the flow of a liquid is called viscosity.
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OR
Resistance of liquid to its flow is called as viscosity.
SYMBOL.: Viscosity of liquid is representing by eata (1)).
EXPLANATION:- When a liquid moves in a thin pipe, it moves in the form of layers. The layer
attached to the wall of pipe is almost stationary. But when we go towards the centre of pipe, we see
that the layers are moving with gradually higher velocity. Each layer experiences a friction from each
sued and this friction causes resistance to flow.
This resistance to flow is called viscosity of that moving liquid in the pipe.

; Lowest velocity point

) Highest velocity point

} Lowest velocity point

a pipe.

Flow of liquid in
MOBILE LIQUIDS:- Those liquidgf®
liquids or less viscous liquids.
Example:- Water, Ethyl alcoholgtc.
THICK LIQUIDS:- Those liquigs which have higMiscosity are callg#
mobile liquids or viscous liquids. tel 929, €
EXAMPLE:- Honey, Glycerin et-c.

alled thin liquids or mobile

thick liquids or non

S.IUNITS:- kg / m. Sec
N. Sec / m2
[ g / cm. sec
CGS SYSTEMS:- Dynes ¢ dyne. Sec/ cm?
. i Pgise
UNITS EQUIVALENT &% %
APPARATUS I oo aspugasens

Viscosity can be measured by viscometer.

(Viscometer)
FACTOR EFECTING VISCOSITY:-
(@) TEMPERATURE:- (Viscosity a1 / Temperature).
Viscosity of a liquid decreases with rise in temperature of liquid. When temperature is increased, the
intermolecular distance also increases that causes less resistance between the layers of liquid to flow,
hence viscosity also decreases.

(b) INTERMOLECULAR ATTRACTION:- (Viscosity o Intermolecular attractions) .
Greater will be the intermolecular attractions, higher will be the viscosity due to less intermolecular
distances that causes higher resistance between liquid layers.
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(c) SIZE OF MOLECULES:- (Viscosity a size of molecules)
Liquid of lager molecules have higher viscosity due to resistance to layers of molecules of liquid to
flow.
(d) SHAPE OF MOLECULES:- Liquids of simple and spherical molecules have low viscosity due
to less resistance to layers of molecules of liquid to flow but the liquids of complex, elongated and
branched molecules have high viscosity due to comparatively higher resistance to layer of molecules
of liquid to flow.

QNO#02: What is SURFACE TENSION? Explain it with example. Give its uses and factors
affecting on surface tension.

INTRODUCTION:- All molecules of liquid are attracted by all sides; hence attraction are balanced
from each side but at surface attraction are not balanced due to not having any layer of molecules at
above the surface layer in liquid. This imbalanced attraction at surface of liquid is called surface
tension.

DEFINITION:- The force per unij

iquid is called surface tension

The energy pgF unit area acting at the surface of liq§id is called surface tension.

SYMBOL:- Surface tension of Mguid is represente}(m gamma(y).

EXPLANATION:- All molecules a¥g attack e@é .Cs‘[ e from each side. The attraction
in inner molecules of liquids from e§ch side is balanced-but at theftop or surface layer of molecules

Ergs per centimeter s@@
S.ISYSTEM:-
Newton per meter {4 ] .
Joule per meter squarcW e | / Tty
UNITS EQUIVALENTS:- J&¢ e ;
1 dyne / cm =0.001 (107
2 dyne/cm=1erg/ cm?
APPARATUS: It is measured by stalagm®
(Stalagomometer)

FACTORS EFFECTING SURFACE TENSION:-
(@) TEMPERATURE:- Surface tension a1 / Temperature
When temperature is increased, the intermolecular distances increases and intermolecular attractions
decreases which causes less unbalanced pull (surface tension) at the liquid surface.
(b) INTERMOLECULAR ATTRACTIONS:- Surface tension a Intermolecular attractions
Stronger will be intermolecular attractions, higher will be surface tension due to greater unbalanced
pull at the liquid surface.
APPLICATION OF SURFACE TENSION:- There are two major application of surface tension;
Formation of drops of a liquid and capillary action.
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CAPILLARY ACTION:- The rising of a liquid in the narrow cylindrical tube (capillary tube) is called
capillary action.
Wetting liquids rise up in the capillary tube when it is dipped into these liquid because their cohesive
forces are higher than their adhesive forces so their molecules are attracted towards the walls of
container and pulled up.
Non wetting liquids falls down in the capillary tube when it is dipped into these liquids because
their adhesive forces are higher than their cohesive forces so their molecules are attracted to each
other at the greater rate to go down and do not attracted much towards the walls of container to be
pulled up.
DROP FORMATION:- The surface tension keeps the liquid molecules together to form a drop. A
talling drop is spherical because surface tension pulls up the drop but the gravity pulls it down. Hence
the shape of drop becomes stretched.
QNO#03: What is vapour pressure? Explain factors affecting vapour pressure.

VAPOUR PRESSURE

INTRODUCTION:- When we heat a liquid in a closed container, the liquid evaporates and
condensed as well. After some time equilibrium is ggtablished between these two processes. At that

time the pressure exerted by the vayl® 2l vapOemegpre
DEFINITION:- The pressure exefted by the Vap(?\s when they ar§at equilibrium with liquid
phase

OR™
Qurs when rate of expansion and g

0 G G/ g
OR ~ *

The pressure exerted by the vap

EXAMPLE:- Liquid water

EXPLANATION:- Whg iquid isYgea vapour convert back
to the liquid state but m Sy ' : ] Bl is not established
between liquid and vape Bse i about all the vapours
convert back to liqui g il Bestablished between
evaporation and condensa¥ '
that the pressure exerted by , :

phrs
...............

(a) TEMPERATURE:- (vapour presetreluiens O

Vapour pressures increase with the increase of temperature due to increase in average kinetic energy
of liquid molecules.

(b) INTERMOLECULAR ATTRACTION:- Those liquids have stronger intermolecular forces will
show low vapour pressure and those liquids which have weaker intermolecular forces will show high
vapour pressure.

() NATURE OF LIQUID:- Vapour pressure depends upon the nature of liquid. Low boiling liquids
exert more vapour pressure at a given temperature

QNO#04: Describe the process of evaporation:

EVAPORATION
Definition: The conversion of a liquid into its vapour without external heating is called
EVAPORATION.
Explanation: Evaporation is the process by which a liquid changes into a gas or vapor state. This
occurs when the molecules in a liquid gain enough energy to overcome the attractive forces holding
them together, and escape into the surrounding environment. The energy required for evaporation
comes from the heat of the liquid, and as a result, evaporation is often accompanied by cooling.
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Factors affecting evaporation: The numbers of molecules of a liquid converted in vapour per unit
time is called rate of evaporation. The rate of evaporation depends on several factors, including the
temperature of the liquid, the surface area exposed to the surrounding environment,
Intermolecular force: The heat of vaporization increases as intermolecular attractive forces
increases and vice versa.

Surface area: Rate of evaporation increases with the increase in surface are and vice versa.
QNO#05: What is meant by liquid crystal? How is it differing from liquids and crystalline solids?
LIQUID CRYSTALS:

INTRODUCTION: The discovery of liquid crystals is attributed to Austrian botanist Friedrich
Reinitzer, who observed a strange behavior of a material called cholesteryl benzoate in 1888. He
noticed that the substance melted into a cloudy liquid at a certain temperature and then
transformed into a clear, viscous liquid that remained cloudy even upon cooling.

Definition: Liquid crystals are a unique state of matter that has properties of both liquids and
crystals. In a liquid crystal, the molecules are arranged in an ordered pattern like a crystal, but they
can also flow and move like a liquid.

Molecular structure: The molecules in a liquid crystal are typically elongated and have a long axis
that aligns with the long axis of neighboring moleggles. This alignment gives the liquid crystal its

Difference between a liquid crygtal and a hquld a liquid crystal and a liquid
igh all aligning in a particular

that the molecules in a crystalline soldd ar and held in place by strong
chemical bonds. In a liquid crystal, tlle molecule igi ifed in place and can move around
each other like in a liquid.

Importance of liquid crystal: Liquif§ : ical applications, including in

1 Display Technology: Liquid crysta¥§ are co monly usghl in disgllay technology, including
televisions, computer scighg i i : g di &Ws) offer hlgh
contrast, low power cons deal for use in
modern electromc de ic

3 Materlals Science: L1qu1
materials science research.

membranes, and they have been used Rcan detect the presence of spec1f1c
molecules in biological fluids.
QNO#06: What is hydrogen bonding? How is it established? Give its application in industrial and
biochemical process.

INTRODUCTION: It is a secondary bond which is formed between different molecules of same
compound and called as Intermolecular bond or Protonic Bridge or Hydrogen bond.
DEFINITION: The attractive forces between covalently bonded polarized hydrogen of one molecule
and high electronegative atom of other molecule are called as Hydrogen boding or Hydrogen Bond.
REPRESENTATION: This type of bond is represented by dotted lines.

Application of hydrogen bonding in biochemical process: Hydrogen bonding plays a critical role
in many biochemical processes.

Protein folding: Hydrogen bonding is critical in the folding of proteins into their three-dimensional
shapes. The folding process involves the formation of hydrogen bonds between different parts of
the protein molecule, helping to stabilize the protein structure.

DNA replication: Hydrogen bonding plays a crucial role in the complementary base pairing of
DNA during replication.

Enzyme catalysis: enzymes use hydrogen bonds to stabilize the transition state of a reaction,
lowering the activation energy required for the reaction to proceed.
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Water solubility: Many biomolecules, such as sugars and amino acids, are highly soluble in water
due to their ability to form hydrogen bonds with water molecules.
Industrial Application of hydrogen bonding
Water Treatment: Hydrogen bonding plays an essential role in water treatment processes such as
reverse osmosis and distillation.
Adhesives and Coatings: Hydrogen bonding is used in the formulation of adhesives and coatings.
In these applications, .
Pharmaceuticals: Hydrogen bonding can affect the solubility, stability, and bioavailability of drugs,
making it an important consideration in drug design.
Polymers: Hydrogen bonding is an essential factor in the formation and properties of many
polymers. It can affect the strength, flexibility, and other physical properties of the material.
Food Science: Hydrogen bonding plays a role in the texture and stability of many food products.
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CHAPTER# 06

STATE OF MATTER (SOLIDS)

SHORT QUESTIONS
ONO#01: Define the following terms:

Allotropy:
Definition: Different forms of the same element having different arrangement of their atoms are called

allotropic modification or simply allotropy.

OR
The property by virtue of which an element exists in more than one forms is called as allotropy.
Sublimation:
Definition: There are some solids which do not melt on heating but directly convert into vapour such
solids are known as sublime solids and the process itself known as sublimation.
MELTING POINT
Definition: The process of conversion of solid into liquid is called melting.
The temperature at which solid changes into molten state is called melting point.
Unit cell
Definition: The smallest volume of cj

A unit cell is the basic structural
ONO#02: Define anisotropy:

at type of solids WS property.

e behavior of crystalline solids. It is defj

fficient of thermal expansion,
a crystal lattice.
f electron movement is not allowed

Definition: The temperature at whi ppic forms of the same @lement co exist in equilibrium with

each other is known as transition te
For example: The transformation of ind mbigsulphur is reyersible. Below 95.5°C

rhombic sulphur is stabl g . iN10Ng AP C both form of sulphur

occur in equilibrium. -

This temperat{i ' y#equilibri 2 fransition temperature
i.e. is about 95.5°C. . 0 W - >
QNO#04: Explain why d1a O1G ‘non-conductor-of-eléctiicity PRGNSR te is a conductor.
Reason : In graphite, each calg§ o) ¢ ot € ch carbon forms the
delocalized m bond because the P elgEEs
In diamond, each carbon atom is bonded hon atoms which are located at the

corners of regular to tetra hadrons, which is sp3 no free electrons, are left so diamond is non
conductor of electricity.

ONO#05: Define lattice energy. Explain how it is affected by size and charge of ion?

Definition: The amount of energy required to break one mole of an ionic solid into its ions is called
LATTICE ENERGY.

The amount of energy released when oppositely charged ions combine to give one mole of a Crystal Lattice
is called LATTICE ENERGY.

For example: Lattice energy of NaCl crystal -787 KJ mol-L.

Factors: lattice energy is affected by size of ion and charge of ion.

(a) Size of ions: the smaller the size of ion , the closer the packing of oppositely charged ions and acquire
high energy to break the lattice

For example: the lattice energy of NaF (923 kl/ mol) is greater than KF (821 kj/ mol) because of smaller size
of Na* ion than k* ion

(b) Charge of ion: the greater the charge of ion , smaller the size of ion so higher will be the lattice energy
For example: the lattice energy of BeF: is (3505 kl/ mol) is much higher than LiF (1036 kl/ mol) because Li
carries +1 charge whereas Be carries +2 charge.
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QNO#06: Differentiate between the following:
DIFFERENCE BETWEEN CRYSTALLINE AND AMORPHOUS SOLID

SNO | Crystalline Solid Amorphous Solid
1 All crystal possess characteristics geometric Amorphous solids do not possess characteristics
shapes geometric shapes.
2 They are anisotropic They are isotropic
3 They have sharp melting point They do not have sharp melting point
4 The particles are arranged in almost perfect order| The particles are not arranged in perfect order
5 They break down at fixed cleavage planes They do not break down at fixed cleavage planes
6 They are symmetrical They are not symmetrical
7 Example : NaCl Diamond etc Example: Plastic, glass etc
DIFFERNECE BETWEEN isomorphism and polymorphism SOLIDS:-
SNO  Isomorphism Polymorphism
1 The phenomenon in which two or more It is the phenomenon in which a solids substance
compounds occur in the same crystalline exists in more than one crystalline form.
structure.
2 They have different pisical and chemical _ They have same cemical properties but different
properties physical propertig
3 When their solutions are Myixed, tk eyw,\; _\; ¥henitheir sofitions are mixed, they do not form

mixed crystal. “ ndixedcrysta

4 They show the property offgrowth. pw property of growth

ONO#07: explain the followaiis
i) The compressibility of solids _
Reason: In terms of kinetic molecular theO Ty~ rnets )
slight unfilled space is left, so they can withstand considerable external stress.
ii) Why some solids are sublime in nature?
Reason : Some solids are sublime in nature because they have a high vapor pressure at room temperature
and atmospheric pressure, it means that their molecules are highly volatile and easily escape from the solid
into the gas phase. These solids have weak intermolecular forces

DETAILED QUESTIONS
QNO#01: Define unit cell. Draw a diagram to show its axial distances and axial angles.

UNIT CELL

DEFINITION:- The smallest volume of crystal which shows all the characters of its parent is called unit
cell

OR
A unit cell is the basic structural unit which when repeats in three dimensions to generate the crystal.
A unit cell is described by:
(a) length of its edges, denoted by a, b, c and
(b) angles between the edges, denoted by a, B, v,
TYPES OF UNIT CELLS

There are seven crystal systems as:
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SNO crystal Sides Angles Example
1 Cubic a=b=c o =B=y=90° NaCl, diamond etc
2 Tetragonal a=b#c o =B=y=90° SnO,, BaSO4
3 Orthorhombic a# b#c o =B=y=90° Fe SO4, Zn SO4. 7H,O, KNOs3
4 Trigonal or a=b=c a=f=y=#=900900>120° | NaNOs, KNO;, Ice.
Rhombohedral
5 Hexagonal a=b=#c o = B=90°, Graphite, CdS, ZnO
y =120°
6 Monoclinic a# b#c o=y =909, CaS0Oy, Na,COs .10H,O
B #900
. Cirthorhombic unit cell
Tetragonal unit cell
C w* | "
-
L o
o
b
Cubic Unit cell c Monoclinic unit cell
[
an*
™y o
| C Triclinic unit cell Rhombohedral unit cell
|
e | '8 b I
0 [0
o

QONO#02: what is ionic crystal?

of Na* and Cl-ions in a unit cell of sodiu

can vou determine the number

Definition: The crystals which consist of opp051tely Charged ions joined by ionic bond are called IONIC

CRYSTALS.

FOR EXAMPLE

NaCl, KCl, CaCl,, MgO etc.

CHARACTERISTICS: ionic crystals have following properties.
(1) Ionic crystals show property of growth of crystal.
2) Ionic crystals are hard and brittle.
3) Ionic crystals are bad conductor of electricity.

4

6) Ionic crystals have high values of lattice energy.

()

@)

(4) Ionic crystals have high melting points.
(5) Ionic crystals have high boiling points.
(6)
@)

7) lonic crystals have highest heats of fusions

STRUCTURE OF SODIUM CHLORIDE

Sodium chloride (NaCl) has a crystal lattice structure, which means that the atoms are arranged in a
repeating three-dimensional pattern.The crystal structure of sodium chloride is based on a face-centered
cubic lattice. In this lattice, each ion (sodium or chloride) is located at the center of a cube, and the nearest
neighbors of each ion are located at the corners of adjacent cubes.
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The ions are held together by strong electrostatic attractions between the positive and negative charges.
The overall structure of sodium chloride can be visualized as a three-dimensional network of ions, with
sodium ions surrounded by six chloride ions, and chloride ions surrounded by six sodium ions.

Theerystal structure of NaCl is as follows:

j : ’ * Na
% /‘ O
OF - »
e S
e

surrounded by six chloride ions, and gg °
QNOO3 Give a brief account of mejl ' B catland electricity:

FOR EXAMPLE

CHARACTERISTICS
1. They are good conductor of hea free el agffand their kinetic energy increases
these free electrons then tends to moWe towa ) hich is relatively cooler.
2. They are good conductor of electrid ause of free movement of flelocalized electron in electric field.
3. They are hard, ductile and malleabje
4. They have high melting and boili
5. They have high tensile strength.
6. They have high heat of fusion and
Definition: Metallic bonding con tutes th forces between the delocalized
electrons, called conduction electronspgathered d the positively charged metal ions

Explanation: Force of il 8 h o metallic structure.
In metallic bonding, goms lose their outer-
shell electrons to becags dyedons. : e o ofth #8lectrons surrounding
a lattice of positive ions i BBl o onrgalbral fortes between the mobile
electrons and the positive iofi 75

ONOO04: what is meant by polymorphism? How it is related to allotropy. Give your answer with
examples.

POLYMORPHISM

DEFINITION:- It is the phenomenon in which a solids substance exist in more than one crystalline forms
under a given set of temperature and pressure.
POLYMORPHOUS SUBSTANCE:- It is a substance, which can exist in more than one crystalline forms.
PROPERTIES:

1. They have same formula having same type of composition.

2. They have same properties.

3. They have different crystalline system.s
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EXAMPLE:-Calcium carbonate exist in two different crystalline structures i-e
Calcite : It has trigonal structure.  Aragonite : It has orthorhombic structure.

in terms of element polymorphism is called allotropy which is define as

Definition: Different forms of the same element having different arrangement of their atoms are called
allotropic modification or simply allotropy. OR
The property by virtue of which an element exists in more than one forms is called as allotropy.

Example: The important crystalline forms of sulphur.
(i) Rhombic sulphur. (if) Monoclinic sulphur.

QNOO05: Molecular solids are soft and possess low melting point. How can you justify this statement?
The crystals consist of molecules that are held together by weak attractive forces are called molecular solids.
Molecular solids are soft and possess low melting point because molecule are held together by weak Vander
Waal forces.

QONOO06: Describe types of crystal in detail:

TYPES OF CRYSTAL
Types of crystals are based upon the bonding between the particles; the crystals are divided into four types.
(1) ATOMIC CRYSTALS:- The crystals consist of atoms packed together by metallic bond are called
atomic crystals or metallic crygtals. In metg

3. They possess high melting pOk

4. They are ductile and malleabld

(2) IONIC CRYSTALS:- The crygtals consistie i ions are called ionic crystals. These
oppositely charged ions are hdld togethgmlywet®e ati f attraction.

3) COVLENT CRYSS : ' i i , to@@her by covalent
bonding, are call SR 2 c @l uire high energy to
break. - y -

PROPERTIES:

1. They are

ot
.................

4. They have high value O oA ETNCRRE et
(4) MOLECULAR CRYSTALS:- The ' olecules that are held together by weak
attractive forces are called molecular crystals. In these crystals following attractive forces are present.
(a) HYDROGEN BONDING:- It is the electrostatic force of attraction between partially positive
hydrogen of one molecule and the electronegative atom of other molecule.
(b) VANDERWAAL'S FORCES:- It is the attractive forces develop between the atomic nuclei of one
atom and electrons of other molecule.
PROPERTIES:
1. They are soft.
2. They have low melting point.
3. They are usually non-conductors of heat and electricity.
QONOQ07: What is isomorphism? Write down its characteristics:
ISOMORPHISM
DEFINITION:- The phenomenon in which two or more compounds occur in the same crystalline
structure.
Characteristics:
1. They have different physical and chemical properties.
2. They have same empirical formula.
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3. When their solutions are mixed, they form mixed crystal.
4. They show the property of our growth.
EXAMPLE:- Following are the pairs of isomorphous substances:

1 CaCOsand NaNO; : Both have trigonal structure.
2 ZnSOy4 and NiSO, :  They have orthorhombic structure.
CHAPTER# 07

CHEMICAL EQUILIBRIUM

INTRODUCTION:- Equilibrium is a Latin word and is composed of Aecquos + Libra, where aecquos means

equal and Libra means (state of balance).

TYPES OF REACTIONS:- All the chemical reactions do not proceed to the same extent, some proceed to

completion and some never go to completion, thus t&Mgre of two types.
% REVERSIBLE REACTION
% IRREVERSIBLE REACTIO}

REVERSIBLE REACTIO
DEFINITION:- The reaction whih proceeds in both dif€€tions is called revelsible reaction.
QR 4
é;t_iér\gdcc rs are g@llled reversible reactions and these

)

The reaction in which forwartjand reverseie
reactions never proceeds to completi@n. ’
EXPLANATION:-

% The term reversible is taken fr,
« These are two way reactions
% The products of these reactiof

REPRESENTATION:- It Is represen
EXAMPLE:-
H, + |5
NH;3
N2 + Oz .
N> + 3H> "

---------------

The chemical reactions in which products are not able to react to form original reactants under same set of
conditions
OR
Those reactions which proceed to completion in a definite direction are called irreversible reactions.
EXPLANATION:-
« The term irreversible is composed of two words (ir) means not and (reverse) means back.
» These are one way reactions.
+ The product of these reactions cannot be converted into the reactants back.
+ These reactions go to completion.
REPRESENTATION:- These reactions are represented by a single headed arrow

L)

*,

LOCR X4

>

(—).

EXAMPLE:-
NaCl + AgNOs; —NaiN©O; + AgCl
C + O —»CO0O»

CHEMICAL EQUILIBRIUM OR EQUILIBRIUM STATE

DEFINITION:- The state in reversible reaction at which the rate of forward direction becomes equal to the
rate of backward direction is called chemical equilibrium or equilibrium state.
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REPRESENTATION:- The chemical equilibrium is represented by double half arrows pointing in opposite
direction.
EXAMPLE:-

A+B —/—/—= C+ D
EXPLANATION:- Consider the following general reaction.

A+B - C+D
In beginning, the rate of forward reaction is greater but as (C) and (D) are formed then the reverse reaction
also starts. Due to the increase in rate of forward reaction a stage is reached, where
forward as well as backward reaction proceeds with the same rate, this state is called equilibrium state. This
chemical equilibrium is the example of dynamic equilibrium because in this equilibrium the constant
interchange of substances is taking place at constant rate.

LAW OF MASS ACTION OR LAW OF EQUILIVRIUM
INTRODUCTION:- This law was introduced by Guldberg and wage in 1864. It is applicable to reversible
reactions only and is also known as law of equilibrium.

STATEMENT:- The rate of chemical reaction is directly proportional to the concentration of the reactants.
OR
Rate of chemical reaction is directly proportional to the product of active masses of reactants (active
masses means the concentration of reactants in &yper cubic decimeter and is represented by square

s
EXPLANATION:- }
% Those concentrations whigh take part in a chemical reaction are cd
% The active masses are rgPresented by squar kets[].
+«+ The unit used for active ses is moles per litre or moles per cubj
DERIVATION:- Consider a generaMgquatiod; | #|.7% 1% .*
XA + yB mC 1+ HD% 2= -

ed active masses.

decimeter.

where;
X => number of moles of A.
y => number of moles of B.
m => number of moles of C.
n => number of moles of D.

According to the law of mass action;
Rate of forward reaction a
Rate of forward r@gti = A .. R
Rate of backwardjisttis
Rate of backwg G [CTP T o

At equilibrium state, ti el )
Rate of forward re2eth
Ki [A]* [B]

"
e R
"

[C]" [D]"

[A]" [B]
Kc is the equilibrium rate constant that is defined as the ratio between the concentration of reactants
and products raised by their number of moles.
Kc Is the ratio between the forward and backward rate constant (K1 / K»).
Kc is the overall rate constant of a reversible reaction.
» Kc can be represented for both gaseous and non-gaseous reactions.

THE EQUILIBRIUM CONSTANT OF GASEOUS REACTIONS

When reactants and products are in a gaseous state, their partial pressures are used instead of their
concentrations, because at a given temperature partial pressure of a gas is directly proportional to its

concentration.
mA + nB ——=xC + yD
According the law of mass action;

R/
0.0

X3

¢

X3

S

DS
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_ [P "PT"

[PAT*[PeT’
Where;
Pa => Partial pressure of gas A.
Ps => Partial pressure of gas B.
Pc => Partial pressure of gas C.
Po => Partial pressure of gas D.
Kp => Equilibrium rate constant for gaseous reactions.

Kp:- It is defined as the ratio between the ratio of reactants and the products raised by their number of
There a moles.

~T ~C
@

¢ If volume of reactants is equal to the volume of products then the value of K¢ will be equal to Kp.
Ho + I 2HI

—_— T
e —
Ke > K¢
R/

« If volume of products is greater than the volume of reactants then the value of Kp will be greater than

Kc.
2NHs
+ If volume of reactants is gre
Kp.
250; + Oy
APPL

The value of equilibrium constant in'fge reve shwscubqpfe cts, as
v The direction of reaction.

< If value of Kc iSh

Kc is very small.

2HF
+« If value of K¢ is moderate then the reaction will proceed in both directions.
N2 + 3H2 _— 2NH3 = 10

LE-CHATLIER’S PRINCIPLE
(FACTORS EFFECTING BALANCE OF CHEMICAL EQUILIBRIUM)

INTRODUCTION:- This principle was introduced by Le-chatlier in 1881. This principle studies the effect of
concentration, temperature and pressure on equilibrium.

STATEMENT:- When the stress is applied to a system at equilibrium, then the equilibrium tries to minimize
or undo the effect of that stress, this phenomenon is regarded as Lechatlier’s principle.
EFFECT OF CHANGE OF CONCENTRATION:-

SPECIES CHANGE IN EFFECT ON THE REACTION TO RE ESTABLISH
CONCENTRATION EQUILIBRIUM
REACTANTS Increase React!on W!|| go forward
Decrease Reaction will go backward
PRODUCTS Increase React!on W!|| go backward
Decrease Reaction will go forward
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EFFECT OF CHANGE OF TEMPERATURE:-

NATURE OF CHANGE IN EFFECT ON THE REACTION TO RE
REACTION TEMPERATURE ESTABLISH EQUILIBRIUM
ENDOTHERMIC Increase Reaction will go forward
N2+0O, === 2NO Decrease Reaction will go backward
EXOTHERMIC Increase Reaction will go backward
2NO+0, =—2NO: Decrease Reaction will go forward
EFFECT OF CHANGE OF PRESSURE:-
EFFECT ON THE REACTION TO RE
VOLUME CHANGE ESTABLISH EQUILIBRIUM
Vr > Vp Increase Reaction will go forward
2NO; N2O Decrease Reaction will go backward
VrR <V Increase Reaction will go backward
203 ——= 30, Decrease Reaction will go forward
Vr = Vp Increase No ejfiigct on equilibrium position
2HI Hotl2 Decrease M eiecMegcauilisefy position

N> + 3H>

equilibrium then the reaction will pro@
equilibrium is established. On the othg

the increase of the rate of backward
established.

@8cs given by;

...........

DEFINITION:- It is the product of ionic concentration of a salt in its aqueous solution, when dissolved and
un-dissolved ions are at equilibrium.
OR

The multiplication of ionic concentrations in a saturated solution of soluble salt is a constant product
is called solubility product.
SYMBOL:- Itis indicated by (ksp).
DERIVATION:- Consider an aqueous saturated solution of sparingly soluble salt such as (AgClI). An
equilibrium is established between solid state and its ions in solution as follows;

AdCl(s) z——= Ag" (a9 *+ Cl (a9
By applying law of mass action, we get;
_ _[AgTlCr]
[AgCI]

But at saturation, the concentration of solid (AgCl) is constant.
« _[AgTIICI ]

Since; .
K

K = [AgCI] =
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=> Ke xK = [Ag*][CI]
Since; Ksp = Kcx K
=> Kse = [Ag'][CI]

(Ksp)is called solubility product constant or solubility product.
UNIT:- Ksp is expressed in (mole /dm3).
APPLICATIONS:- Solubility product is applied to know whether the salt will be precipitated out from its
solution or not.
« If the product of ionic concentration is equals to (Ksp), this means that the solution is saturated and
no precipitation will be taken place.
« If the product of ionic concentration is greater than (Ksp), this means that the solution is super
saturated and precipitation will be taken place.
« If the product of ionic concentration is less than (Ksp), this means that the solution is unsaturated
and no precipitation will be taken place.

USES:- It is used to calculate the solubility of a solid. It is used to calculate the concentration of ions and
guantitative analysis of salts.

DEFINITION:- The reduction in degfee of |on|zat|on of 'a week E}Ctrolyt i

contalnlng one common ion is cajl€d common ion effect

presence of a strong electrolyte

The effect by which the solubility Ontains already a common ion is
called common ion effect.

Ca0204 == Ca%

Here; Ksp = [Ca+2][C204 2]
If (CaCl,) containing a common ionjghat is (Cg¥® hich is Mighly soluble in water, it ionizes as;
CacCl, ——— F

Here; Ksp = [Ca*?[CI?]
By the addition of calcium chloride (

Why solubility of salt rgel
On the basis of Le-chatlié
of dissolved ions iNCLR#

8 <alt, the concentration
olved particles which

According to the theory ONGEl Meiyhen a COMmon ion. e €.5
product of that salt increases Qe product We kaowt TRBSEUT B Cipitates out from its solution

IN QUANTITATIVE SALT ANALYSIS:- T & CAHONS-OFS BOLLA group are precipitated as sulphides (Cus,
CdsS, PbS) by passing (H2S) gas through their solution in presence of (HCI).
(H2S) and (HCI) ionizes as;

HS —/— 2H'" + S2

S[GI———— H* + CI?t
(HCI) produces (H+1) ion as common ion, thus addition of (HCI) reduces the ionization of (H2S). due to this
reason, the cations of second group are precipitated as (CuS, PbS, CdS)
PURIFICATION OF COMMON SALT:- The common salt is precipitated by passing out (HCI) gas through
the solution of (NaCl) and (HCI) ionizes as;

NaCl ——= Na' + CI*?

HCl ———= H" + CI?
In this condition common ion is (CI?), it suppresses (decreases) the ionization of (NaCl) and hence pure
sodium chloride is precipitated. In this way common salt is purified by common ion effect.
APPLICATIONS IN INDUSTRY:- In industry the yields may be controlled as well as greatly increased by
the use of common ion effect.
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CHAPTER# 08

Acids, bases and salts

ACIDS:
Definition: Those compounds which provide hydrogen ions (H*) in aqueous solution are called acids.
Physical properties:

1-They have a sour taste.

2-They turn blue litmus to red.
3-Aqueous Solution of acids condu

I tissue and effe@’x\ skin.

HCl+ NaOH —— NaCl
Acid Base Salt :
2- Acid reacts with some metals S orming theiralts and liberate H> gas.

Zn + 2HC1 —_—
Mg + H,SOy —

2HCI + CaCO;
HCI + NaHCO:; §

Definition: Those cong i Wglroxide iQupé )i o o are called bases.

3. they turn red litmus to blUC-u

4. Aqueous solution of bases conduct CToT ==
CHEMICAL PROPERTIES OF BASES:

1. Bases neutralize acids and produce salt and water.

NaOH + HCl —— NaCl + HO

2. Bases dissolve certain metals like Zn, Al etc and non metals like Si to liberate hydrogen gas.
2Al1 +2NaOH + 2H,O —>  2NaAlO, + 3H:
Si +2NaOH + H,O ——> NasSiO; + 2H>»

©

Bases react with fats to form soaps.
4. Bases can dissolve proteins and some other organic compounds
THEORIES OF ACIDS AND BASES

1-ARRHENIUS CONCEPT:

Introduction: A Swedish chemist Svante Arrhenius in 1887, proposed a theory about acids and bases. According
to this concept acids and bases are define as.

Acid: An acid is that substance which produces hydrogen ions (H*) in aqueous solution.

Bases: Bases are those substances which produces hydroxide ions in aqueous substance.

Example: HCl is an acid and NaOH is a base because they produce H* and OH- ion in water respectively.
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Draw backs:

1. This concept could not explain the basicity of ammonia (NHs) acidity of COzand other similar compounds.
2. Itis only applicable in aqueous solutions.

2-LOWRY AND BRONSTED CONCEPT

Introduction: Bronsted and Lowry in 1923 proposed more satisfactory definition of acids and bases.

Acids: A species (a compound or ion) which donate or tends to donates a proton (H*) in any chemical reaction.
Base: A species which accepts or tends to accept a proton in any chemical reaction.

Example: HCl and H>COs are Bronsted acids. Cl- and CO23 are Bronsted Bases.

HCl ———= H+Cl
H,CO; ————= H*+COs?

CONJUGATE ACID lt is the acid formed by gaining a proton from another acid.
NH; + H0O =—— NH," +OH-

NH4* is the conjugate acid of the base NHs.

CONJUGATE BASE
It is the base formed by losing

HCl+H,0 —/]——=
The anion Cl- is the conjug

3. proton to ag

e base of the acid: 1.

ACID base Qv’gated acid Conjugated BASE
HCl + H>O % ="\ *H:0O+ Cl-

AL \f
H,SO, + H,O H;0+* HSO-,
HSO+ + H>O SO4
CH;COOH + HO CH3;COO-

Conclusion: In short, an acid is a pro
3-LEWIS THEORY
Introduction: G. N Lew i SR acid Dag py i 1 i €8Fron loving
(electrophile) and bases JEESE

Acid: An acid is any 5
Base: Base is any speciCS4g

fite a pair of gkt

-n which c3

Explanation: In 1923, an Argesl BRI s PED CleGE ) etis BN for those acids and bases
which do not contain hydrogen THeag . seki Beronor is base and electron pair

acceptor is acid. Those species form co-OT GO

Example: 1- Reaction of NH3 with H*

Example: 2- The reaction of NH3 with BFs.
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H F H F H F

|
H'N: + B:F—®H:N: =B :F—#»H—N a‘B—F

H F H F H F

ammonia-borontrifluoride
complex

SALT

Definition: A salt is an ionic compound, which is produced when an acid neutralized by a base.

PREPARATION: NaOH (Sodium hydroxide or caustic soda) neutralize HCl (Hydrochloric acid) to form NaCl
(Sodium Chloride) and water.

NaOH+HCI —— NacCl + H,O

Action of an acid on a metal.
Zn(s) + HaSO4(aq) = ZnSO4(aq) + Hz(g)
Action of an acid on an oxide, an insg

CuO(s) + H2SO4(aq) 2(1) } :
2> CuSOs(aq) + 2H>0(1)

Cu(OH)z(s) + H2SO4(aq)
CuCOs(s) + H2SO4(aq) > CuSO4(aq) W(l ) + COx(g
ide or Carbonate

Action of an acid on soluble hyd
-> N1SO4(§Q) %'ZHg)(j(l)

2NaOH(aq) + H2SO4(aq)

salts: e.g NaCl, NaNOs, K>SOs.

2- Acidic Salt: The salts which are f¢
e.g NaHSO, (Sodium bi Sulphate)
ion.

3- Basic Salt: The salts
(OH)CI are the exampled}§

INTRODUCTION:- E
ion.
In 1909, Sorensan suggested 5 o}
DEFINITION:- PH is a convga

It is the negative logarithm to the hydrog ™
FORMULA:-

PH

or PH

-log [H*]
log [1 \ H*]

EXPLANATION: - PH is a simple way for expressing the acidity or basicity of solutions. PH for neutral solutions
is (7), for acidic solutions it is less than (7) and for basic solutions is greater than (7). Usually acidity or basicity is
measured on a scale from (0-14), this is called as PH scale.

Batte HCI lemon juice acid black uring pure sea bakin am gnia soa Drain
amdry vmégar rain coffee . P water water sodag ution watgyblea‘;hcleaner
stomgch saliva
aci

orange juice cleaner
EXAMPLE:-
% PH of HCI = 01 (very acidic).
% PH of CH;:COOH (weak acidic).

[
N
Ne
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% PH of milk = 6.6 (very slightly acidic).

% PH of NaOH = 13 (very alkaline or basic).

% PH of NaxCOs = 11.6 (weak basic).

% PH of sea water = 08 (very slightly basic).
USES OF PH:-

% It controls the clinical analysis.
% The control of PH in living system is very essential for their health. For example; PH of blood is constant
and its value is about (7.3), if it drops below (7) or rises above (7.8) a person may die.
BUFFER SOLUTIONS OR BUFFERS
DEFINITION: - A solution which has reserved acidity or basicity is called as buffer solution
OR

Buffers are those solutions which resist in the change of PH.

BUFFER ACTION: - Resistance of the solution to change in hydrogen ion concentration upon the addition of
small amount of acid or base is known as buffer action.

EXPLANATION:- The buffer solutions are usually prepared by mixing a weak acid and its salt or a weak base
and its salt, such type of mixture is called buffer mixtuge.

CH3COOH + CH3COON3

(acetic acid) (sodium acetate)

The dissociation of reactants is ¢

CH;COOH 200G 4 H#
CH;COONa HYEOQNu! ot
% If small amount of acid is add@d, theladditional (H#1) i solution will combine with (CH3COO1)

re al level.

CH5COO1 + H*1

% If base is added then additio - 3 e reaction with weak acid (CH3COOH)
and hence PH remains same.
CH;COOH + OH!

It means, this solution rgsists change irfi§ iti \cid e it is buffer solution.

PROPERTIES OF BUFFERS ks
% Ithas a definite PH vl
It resists change in PH valtiCka
 Tts PH value does not change on (1T HOREEEeeees

IMPORTANCE OF BUFFERS: -

% Itis useful in agriculture for healthy seeding and growth of crops.
% Buffers are used in the manufacturing of leather, photographic materials, dies and electroplating.
% Itis used in the manufacturing of paper ink, pens, drugs etc.
% The control of PH in living system Is essential for their health. For example; the PH of blood is constant
and it is about (7.3), this is because human blood is buffered with bicarbonates and phosphates etc.
HYDROLYSIS

DEFINITION:- The reaction in which the cations and anions of a salt reacts with ions of the solvent (water) to

produce acidic-basic solution is called hydrolysis OR The reactions of cations and anions with water so as to

change the salt (PH) is called hydrolysis.

EXPLANATION:- The aqueous solution of normal salts may be neutral, acidic or alkaline depending the nature

of the salt. For example; aqueous solution of ammonium chloride id acidic, sodium carbonate is alkaline and

sodium chloride is neutral.

REASON:- Hydprolysis occurs only when bonds between (H-O-H) are broken and when change in the PH of the

solution takes place.

EXAMPLE:-

AQUEOUS SOLUTION OF AMMONIUM CHLORIDE IS ACIDIC:-
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NH.Cl + Hb O —XH,OH + HCl
As a strong acid (HCI) is formed which has higher concentration of (H*) ions
So PH of the solution is changed towards acid, therefore the resulting solution of ammonium chloride and water
becomes acidic.
AQUEOUS SOLUTION OF SODIUM CARBONATE IS BASIC:-
NaCO; + 2H,O —3NaOH + H»CO;
As a strong base (NaOH) is formed which has higher concentration of (OH-) ions so PH of the solution is changed
towards base. Therefore the solution of sodium carbonate in water is basic.

AQUEOUS SOLUTION OF SODIUM CHLORIDE IS NEUTRAL.:-

NaCl + HHO ———»ICl + NaOH
When water is added to (NaCl), no hydrolysis takes place because there is no change in PH of the solution due
to the formation of strong acid (HCl)and strong base (NaOH).

SHORT QUESTION

Q1: Show that pH + pOH=14
We know that dissociation constant of water is Kw w,

Kw = [H+] [OH1]

Kw = 1x10-14

1x10-14 = [H+] [OH1]
Applying negative logarithm o
We know thatlogaxb=1loga+

is equal to

oth side - log(lle-J*—log [H+] [OH1]
b

2. The aqueous solution of Na>COs i
with water
NaxCOs+ 2H,O

Q3: Write down the ¢

H>S0,
H>S
NH*y
HCOOH HCOO1!

Q4: What is meant by self Ionization of water? Write the expression of Kw. What is its value at 25Ce.
SELF IONIZATION OF WATER
Water conducts electricity due to very small extent due to self ionization ability. Proton from one water molecule
is transferred to another water molecule.
H,O + H,O : H30+(aq) + OH-

Equilibrium expression

K= [H;0] [OH]

[H20] [H20]

K= [H20]? = [H30*] [OH"] Hence K= [H,0]2 = Kw ——> dissociation constant for water
Now equation become Kw= [H30*] [OH]
At 25C0, value of Kw is 1.0 x 1014, small value of Kw shows that self ionization of water occurs to very small
extent.
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Water is amphoteric So [H*] = [OH-] =1 x 107
Q5: write equation and indicates the conjugate acid base pairs for the following
(i) Acetic acid with Ammonia

CH;COOH + NH; ———= CH;COO- + NH,*

Acid Base Base acid
Conjugate acid base
CH5COOH acid
CH3COO- conjugate base
NH; base
NH, conjugate acid

(if) Hydrofluoric acid & water
HF + 0 /= H:O0*+F1!

HF acid H,O base
F-conjugate base H50* conjugate acid
CHAPTER# 09
INTRODUGTION TO &-IEMICA INETICS
SHORT QUESTIONS

Q#1: Define the following

(a) CHEMICAL KINETICS: The wold kinefics Was derivegt from a Grflek word Kinetic which means
moving. The study of rate of chemicaljreaction.a sm by@vhich the reaction takes place is

kinetics.
(b) RATE OF A REACTION :
DEFINITION: - The a C ifti i led rate of reaction

FORMULA: -

Rate of reaction =

2
'
>
2 o o8 g oo
P e 4 -w'_'awl»v
e - v

Rate of reaction =

..........

(C) VELOCITY OF A REACTION:

DEFINITION: - It is defined as the rate of a reaction at a particular moment i.e.; at a specific time.
EXPLANATION: - Let us consider a very small interval of time (dt) in which the change in concentration is
(dx) and it is taken constant. Therefore, the velocity of reaction will be representing following expression.

Velocity of reaction = %

For the purpose of simplicity, we may not differentiate between rate and velocity of a reaction up to this
level, hence both represented by (dx /dt).

UNIT OF RATE OF REACTION: - The concentration of reactants or products is expressed in
(moles / dm?) and time is expressed in seconds. Therefore, the unit for rate of reaction will be
(moles / dm? /sec) or (moles / dm3.sec).

() RATE CONSTANT

According to the law of mass action rate or velocity of a reaction is directly proportional to active
mass or molar concentration of the reactants.
Let us apply this law to the following general reaction;
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A + B =——C + D
Velocity of the reaction a [A][B]

But velocity of the reaction = dx / dt;
AX
— a [A] x [B
A [A] x [B]
AX
— = K[A] x [B
v [A] x [B]

Here (K) is rate constant;
_ Rate

T [AIx[B]

SPECIFIC RATE CONSTANT: - It Is defined as the rate of reaction when molar concentration of each
reactant is unity (1 mole / dm3).
For the reaction;

A + B —C + D
If; [A] = [B] = 1 moles per dm3
Then;

dx , . y
= E(r) = K[A] x [B]

[A] x [B] 1x1

Q#3 how can you define order of reaction? What are the units of zero order, first order and second order
reaction?

DEFINITION: - The number equalsfto the sumjof all the exgbnents of fhe concentration in terms of the

EXAMPLES: - .
& NyOs5 = TN

dx / dt (r) =

dx / dt = K[CH3CHOJ?; (the reac
& 2NO + Or———P2NO,
dx / dt =K [NOJ2 x [O2]!; (the reaction is of third order as (2 + 1 = 3)).

EXPLANATION: - The order of reaction is assigned to a reaction only on the basis of experiments and not
by considering total number of molecules present in the reaction. It is because in a reaction there may be
more reacting molecules but the concentration of only one or two molecules may change during the reaction.
For photo chemical reactions, rate of reaction is independent of the concentration of the reacting molecules,
therefore such reactions are of zero order. For a reaction, minimum order of reaction is zero order and
maximum may be third order.

UNITS OF K:

® The unit of K for zero order reaction is mol I-! sec! OR mole dm?3 sec-!

The unit of K for first order reaction is sec-!

The unit of K for second order reaction mol-1l sec! OR mole-! dm? sec-!

The unit of K for third order reaction is mol-2 12 sec-! OR mole-2 dm¢ sec-!
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Q#4: Explains the following:

(1) powder marble reacts more rapidly than the chunk of marble CaCO3?

Reason: The reactivity of substance depends upon its surface area, greater the surface area available for
reaction than greater will be the reactivity of the substance. Powder Zinc provide more surface area than
chunk of Zinc hence powdered Zinc is more reactive than chunk of Zinc

(2) Milk sours more rapidly in summer than in winter?

Reason: souring of milk in summer due to bacterial activity at high temperature.

(3) Reactants in solution reacts faster at high concentration

Reason: the concentration of substance represents the number of moles and molecules per unit volume. The
higher the concentration of reactants the more is the chances of molecular collision and hence the more is the
rate of reaction.

Raise the temperature cause an increase in the rate of reaction:

Reason: A rise in temperature increases the kinetic energy of reacting molecules which enhance the
frequency of collision which cause an increase in the rate of reaction

Q#5: Differentiate between the following

(a) Rate of reaction and rate constalv " v\

SNO Rate of reaction Rate constant

Change in concentrati

of reactant or rddv
per unit time 4 Rate constan

the proportionality constant

Depend upon the molar co epend upon the molar

reactants and product ion of reactants and products

3 Depends on the temperat the temperature directly

epends on the time taken for the

el

Homogeneous Catalysts Heterogeneous Catalysts

4 Depends on the time taken

Same phase as reaction medium. Insensitive to fatty acid Usually distinct solid phase
and water content

Often difficult to separate Readily separated

Expensive and difficult to recycle Readily regenerated and recycled

Often very high rates. Base catalysis highly favour Rates not usually as fast as homogeneous
kinetics

Not diffusion controlled May be diffusion controlled

High selectivity Lower selectivity

Short life and requires extensive purification step. Long life and less purification step

(c) Catalyst VS Inhibitor
Catalyst Inhibitor

Definition Catalyst is a chemical compound that can Inhibitor is a chemical compound that can
increase the rate of a reaction without either stop or decrease the reaction rate of a
itself being consumed chemical reaction
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Use Increase the reaction rate Either stop or decrease the reaction rate

Mechanism  Provides an alternative reaction pathway Either deactivates the catalyst or removes the

of action by producing a reaction intermediate reaction intermediates
Example Enzymes, Raney, Nickel, Zeolite, Acetanilide, many drugs such as penicillin etc
Photocatalysts etc

(d) Difference between elementary and nonelementary reaction

Elementary Reaction Nonelementary Reaction
e For elementary reactions, the order of each e For nonelementary reactions, the order of each
reactant in the rate equation is identical with reactant in the rate equation is not identical
the stoichiometric coefficient of that species in with the stoichiometric coefficient of that
stoichiometric equation. species in stoichiometric equation.
e These are single step reaction. e These are multistep reaction.
e Elementary reactions are simple in nature. e nonelementary reactions are complex in nature.

e For elementary reaction the order of reaction
must be integer.

DESCRPTIVE QUESTIONS
e J
Q1: Enlist various factors which influence on the rate of chemical reactions and describe the effect of
concentration and surface area of reactants on the reaction rate.

FACTORS HFFECTING RATE OF A
The rate of chemical reaction dependsfupon 0 ing factors.
% Concentration of the reactants.
% Surface area of reactants.
% Temperature
% Catalyst.
% Light or radiation.
1- CONCENTRATIONS®

qavt
.......
............

...........

size of solid partlcles. Smaller the size of solid particles greater will be the surface area and hence faster will
be the reaction.

EXAMPLE:-
CaCOsgic pieces) + 2HCI SLOW CaCl; + CO; + HO
—
CaCO3(pQWDER) + 2HCI FAST CaCl, + CO, + HO
—

It means we can say that by increasing surface area the rate of reaction increases, similarly amorphous
boron is much more reactive than crystalline boron.
3- TEMPERATURE: - The rate of chemical reaction Is directly proportional to the temperature because at
higher temperature greater fraction of colliding molecules possess activation energy which is necessary for
reaction.

EXAMPLE: - Lime stone (CaCO:s) does not produce (CO») gas at room temperature but it gives it on heating.
Generally, rate of reaction becomes double for rise in (10°C).
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4- CATALYST: - Catalyst Is that reaction which alters the rate of reaction without undergoing a chemical
change or remain unchanged at the end of a reaction OR A substance which changes (mostly increases) the
rate of chemical reaction without undergoing a permanent change in itself is called catalyst.
Basically they are classified as;
% Positive catalyst.
% Negative catalyst.
POSITIVE CATALYST: - Positive catalyst increases the rate of reaction by lowering the energy of activation
(minimum energy required for reaction). As a result the number of effective collisions increases and hence
increases the rate of chemical reaction.
EXAMPLE: - (MnQy) is positive catalyst for the decomposition of (H2O) i.e; it increases the rate of reaction.
2H>0; % 2HO + O»
NEGATIVE CATALYST: - Negative catalyst decreases the rate of reaction by increasing the energy of
activation.
2H0, SEEEEE S 2HO + O
5- LIGHT (RADIATION):- There are certain reactions which proceeds only under the influence of light
(sunlight etc). These chemical reactions are called photo-chemical reactions.
In these reactions, the concentration of reactants does pot influence the rate of reaction but the rate alters
due to light and hence such reactions
EXAMPLE:- Photo chlorination of
only.

tions and is influenced by light

CHy + Cb H;Cl + HCl
Radiation of light consists of p ns only (hv). Whe\rM)tons strike the r
provide necessary activation energWgto the reactarit molecules tq react.

Q2: Explain in terms of collision theory how the réagtiqn rate increases with rise of temperature

C@SIQN TH@!

ant molecules, then they

According to this theory:
1. A chemical reaction takes place
2. Only a small fraction of the colli

3. The two main conditions for a colision be ng molecules to be productive are:
(a) The colliding molecules must pos$gss suffic eI gy se a reaction.
(b) The reacting moleculg 1 adion is that which

ensures direct conta involved ipet! i » bonds.
A+B—>C+D
f = fraction of molecu \E S :
p = probable fraction of CONIS ICTTIATIONS et )
z = collision frequency. ’

Q3: What is mean by energy of activation and activated complex, explain with the help of potential

energy diagram:

ENERGY OF ACTIVATION

INTRODUCTION: - The rate of chemical reaction depends upon energy of activation. The reaction which
possess low energy of activation are fast while the reactions with high energy of activation are slow it means
that by changing the energy of activation the reaction may be made fast or slow.

DEFINITION: - The minimum energy required for a collision to be effective, to produce molecules of the
product is called activation energy.

OR
The minimum amount of energy required in addition to average energy (average + access energy) which is
sufficient to convert reactants into products is called activation energy.

OR
The access energy that the reacting molecule having average energy less than threshold energy must acquire
in order to react and change into products is called activation energy.
EXPLANATION: - Chemical reactions occur when reacting molecules come into actual contact through
collision. However, all collisions do not form products, but only few effective collisions are responsible for a
chemical reaction (formation of products).
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It is found that only those collisions are effective in which colliding molecules possess threshold energy.
Before collision, molecules of reactants possess certain energy which is called average internal energy

but this average internal energy is less than threshold energy. When molecules collide then they acquire

certain access energy. The sum of average internal energy and access energy in effective collision is

responsible for the formation of products and is called threshold energy.

The difference of average threshold energy and average internal energy is called activation energy.
Activation energy = Threshold energy - average internal energy.

TRANSITION STATE THEORY OR ACTIVATE COMPLEX THEORY

This theory assumed that simply

1. a collision between the reactant molecules does not really cause a reaction.

2. The reactant molecule forms a transition state or activated complex which decomposes to give the

products.
A+BC - ABC* - AB+C
Reactants Activate Complex Products
A—A A-m—m——— B A——8B
+ +
B—2B T B —B
(Reactant) (Activated complex (Product)

Potential diagram:

Activation " Activation
& enerogy energy
== ==
= =
X a
= =
[T} 22 1ot i T} e
+= | Reactants = Producis
= /- = . energy
a 3l —_—— bsorbed
- energy o - al
{ released Products { Reactants
" Lt -
Reaction Progress Reaction Progress
Exothermic Endothermic
reaction reaction
Sourze: hilton Beywchok
1 Energy level diagrams of exothermic and endothermic
reactions.[*[=1E]
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/"

Chapter#10 SOLUTION AND COLLOIDS
SHORT QUESTION

QNO#01: What is concentratio
QNO#02: Define molarity and
Concentration: Concentrationis t
in which the solute is dissolved
Mass or volume of a solute prese
concentration.
ExamplE: 5% NaCl solution mea
Unit / Expression: Some of the co
1. Molarity (M). T

2. Molality (m).
3. Mole fractiog
4. Percentage (7o%eg
5. Ppm (parts per mit "l e ey e
Definition: The number of e solved i I Hiter(1d solution.

It is denoted by (M).

Molarity of the solution is temperature dependent because the volume of solution increases or

decrease with temperature.

Example: 1 mole of NaOH (40g) is dissolved in 1 liter of solution the solution is called one molar

solution. Similarly a semi molar solution of NaOH will contain 20g dissolved in 1 liter of solution.
noof molesof solute

Formula: Molarity = — - -
1litreorl1dm® of solution
OR
Molarity = mass of solutein grams x 1000

formulamass of solutex volume of solutionin mi

MOLALITY:
Definition: It is defined as number of moles of solute dissolved per 1000 g (1Kg) of solvent. It is
denoted by (m).
Example: When 1 mole of NaxCO; (formula mass) is 106g dissolved in 1000 g. the solution is said
to be one molal solution.
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no of molesof solute

Formula: Molality = — -
- kilogramsof solution
Molality = mass of solutein grams x 1000 _
formulamass of solutex mass of solventin grams
MOLE FRACTION:
Definition: The ratio of the moles of solute to the total no. of moles of both solvent and solute is the
mole fraction of that solute OR

It is the ratio of the no. of moles of one substance to the total no. of moles of all the substances in
the solution. It is denoted by (X).

Formula:
na ng
XA = —emmmmmmmeen P O —
na + ng na +ng

PARTS PER MILLION (Symbol, ppm)
Definition: The number of parts (by weight or volume) of a solute per million parts (by weight or
volume) of the solution is called parts per milligu
This unit is used for very low co
substances in water.
Parts per million (pp

Mass of solute
Mass of SO|UtIOh@

solution. Yoy
(b)) WEIGHT - WE
Definition: It is the 1
The total weight of thEQEl
FOR EXAMPLE: 10% (W /3
(0 WEIGHT - VOLUME

In this case the total weight or volume Of IS Betor considered.
FOR EXAMPLE: 25% (W/V) glucose solution will be; 25g glucose + 100 mL H>O = Whatever
the weight OR volume of the solution may be.

(d) VOLUME - WEIGHT RELATIONSHIP (V/W)

Definition: It is the number of parts by volume of solute present in 100 parts by weight of solvent.
In this case also the total weight or volume of the solution is not considered.

FOR EXAMPLE  18% (V/W) ethanol solution will be; 18 mL ethanol + 100g H2O = Whatever
the weight OR volume of the solution will be

Q.03: explain on particles bases how the vapour pressure of solution is lowered by adding non
volatile solute?

Answer: A nonvolatile solute is added to the solution, the vapour solution is lowered as compared
to the vapour pressure of pure solvent. The escaping of pure volatile solvent is much faster since
all surface molecules belongs to solvent molecules but in a solution a part of surface is also
occupied by non volatile solute particles. This decreases the number of solvent molecules on the
surface and reduces the escaping tendency of the solvent molecules which results in lowering of
vapour pressure of solution as compare to pure solvent.
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QNO#04: What are miscible, partial miscible and immiscible liquids?
MISCIBLE LIQUIDS:
Definition: When two liquids are mix with each other in all proportion to form homogenous
mixture is called miscible liquids.
Example: Water and methanol are completely miscible in each other due to polar nature and
molecules of these liquids possess hydrogen bonding in their pure liquids state.
Benzene and toluene are also completely miscible in each other due to non polar nature and
molecules of these liquids possess London dispersion forces in their pure liquids state.
IMMISCIBLE LIQUIDS:
Definition: When two liquids do not mix with each other in all proportion and do not form
homogenous mixture is called immiscible liquids.
Example: water and benzene are immiscible liquids because water is polar and benzene is non polar
PARTIALLY MISCIBLE LIQUIDS
Definition: When two liquids are mixed and form two separate phases is called partially miscible
liquids.
Each phase is the saturated solution of the two
solvent
Example: water and phenol for
95% water while lower layer c
QNO: why n- hexane (petro
Reason : Water and n hexane a
non polar

muids in which one serve as solute and other as

in which upp

wo phase solutkn layer represents 5% phenol in
sists of 70% phenol in 30% water.

# polar and n hexane (petrol) is

QNO#05: solubility of oxygen in water increase with pressure but solubility of glucose in

water has negligible effect of pressure why?
Solubility of solids and liquids in'gl‘uids ?en’c isnot a ctedjaltering the pressure that’s why

solubility of glucose in water has riegligible dffect of pregsure. Whefeas increase in pressure increase
the number of gas moleculesinas in water increase with pressure.

tion sofhe solubility of oxy
DETAILED QUESTIONS

INTRODUCTION: S8 i @i vapour pressure by
the effect of solute partiCiC NS DL, , odertiiname d oo s law.
STATEMENT: The vapoyidagess ure of a; Ivent i ual to the product of the
vapor pressure of pure solVetigine "":‘,’-1',' £

EXPLANATION: A nonvolatile so e ORIRRIo T o, the vapour solution is lowered as
compared to the vapour pressure of pure - The escaping of pure volatile solvent is much
faster since all surface molecules belongs to solvent molecules but in a solution a part of surface is
also occupied by non volatile solute particles. This decreases the number of solvent molecules on
the surface and reduces the escaping tendency of the solvent molecules which results in lowering
of vapour pressure of solution as compare to pure solvent.
Derivation: according to the statement

PaXi => P = poxq ---------- 1)
Po = vapour pressure of solvent above solution. P= vapour pressure of pure solvent
X1 = mole fraction of solvent.
Since in binary solution Xi + X2 =1 hence X1 =1- Xz
Putting the value of Xjin equation1,we get

P = p° (1-Xa)
P= pO_pOX2
pO_P = pOXZ
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(The lowering of vapour pressure is directly proportional to the mole fraction of solute)
Ap/ p° = Xz ------ )
Ap/ p° is known as lowering in vapour pressure
The relative lowering of vapour pressure is equal to the mole fraction of solute.
Q.No.: 2 what does an ideal solution means? Give four characteristics to distinguish between
ideal and non ideal solution.

IDEAL SOLUTION
DEFINITION: The solution which obey Raoult’s law is called ideal solution
CHARACTERISTICS: there are four characteristics of ideal solution which distinguish it from
non ideal solution:
(1) If the forces of interactions between the molecules of different components are same as when
they were in the pure state, they are ideal solutions otherwise non-ideal.
(2) If the volume of solution is not equal to the sum of the individual volumes of the components,
the solution is non-ideal.
(3) Ideal solutions have zero enthalpy change as their heat of solution.
(4) it obeys Raoults law at all temperature and cqggentration
Q3: Define osmosis and osmotic pressure give four daily life examples of osmosis.
Osmosis: the process in which sgfute molecules m@ye from lower &ncentration to a higher
concentration of solution thro a semi permeablé membrane is called osmosis.
Osmotic pressure: L 4
It is define as the hydrostatic prgsure exerted by the solution whic
is called osmotic pressure.

tops the process of osmosis

(3) Plant absorb water by root hai

ood after digestiog.change into 3 0 body tissue through the semi
4) Food after digesti hange i body hrough th
permeable wall oMstine. J

Q4: What are colligative properties? Why does the boiling point of liquid get raised when non-
volatile solute is added?

Colligative properties: g
A colligative property is af ,L ) t
number of solute particles (T HISHERE YA L £ IR0 vent particles. Colligative
properties are not dependent on the et ifure SOt ion s components. Thus, colligative
properties can be linked to several quantities that express the concentration of a solution, such as
molarity, normality, and molality. The four colligative properties that can be exhibited by a solution
are given below:

Boiling point elevation

Freezing point depression

Relative lowering of vapour pressure

Osmotic pressure

ant

‘u
oo
‘e

ELEVATION OF BOILING POINT
The elevation of boiling point refers to the increase in the temperature at which a liquid boils, as a
result of the presence of a non-volatile solute, such as a salt or a sugar, dissolved in the liquid.
When a non-volatile solute is dissolved in a solvent, it lowers the vapor pressure of the solvent. This
means that at a given temperature, the solvent molecules are less likely to escape into the vapor
phase, as more of them are being held in the liquid phase by the solute. As a result, a higher
temperature is required to reach the vapor pressure of the solvent and to boil the solution.
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The magnitude of the elevation of boiling point is dependent on the concentration of the solute in
the solvent, as well as the properties of the solvent and solute. The elevation of boiling point is a
colligative property, which means it depends only on the number of particles (molecules or ions) of
the solute present in the solution, and not on their identity or chemical nature.

QNob5: Differentiate between solution, suspension and colloid?

S# SOLUTION SUSPENSION Colloid

1) | Solutions are homogeneous | Suspensions are heterogeneous | It is homogeneous as well
mixture. mixture. heterogeneous

2) | Their particles do not settle | Their particles settle down. Particles do not settle
down. down for a long time

3) | The solutions are The suspensions are not Often opaque, can be
transparent. transparent. transparent

4) | Their particles cannot be Their particles can be separated | Can be separated easily
separated by filtration. by filtration.

5) | Particles cannot be seen in a | Particles cangee seen in a Particles can not be seen
solution. spensi@f. with naked eye

6) | Particle size less than Inm, Particle size greater than Particle size Inm to 100

1000nm nm
W
CHAPTER# 11
THERMOCHEMISTRY
SHORT QUESTIONS

A substance which ung

Example; Reaction bet reg

TYPES OF SYSTEM > ]

1 ISOLATED SYSTEM: Anis

its surrounding or the system r W

EXAMPLE: boiling water, in a thermos rotenlS aTTe BEDISRREOerte (| system.

2 CLOSED SYSTEM: A closed system is one WHich cant ansfer matter but can transfer energy in the form

of heat, and radiation to and from its surroundings. In this system boundary is sealed but not insulated.

Example: A specific quantity of hot water contained in a sealed tube, is an example of closed system: No water

vapor can escape from this systems, it can transfer heat through the walls of the tube to the surroundings.

3 OPEN SYSTEM: is one which can transfer both energy and matter to and from the surroundings. In this
system boundary is open.

Example: Water contained in a beaker placed on laboratory table is an open system.

(b) SURROUNDINGS.

The environment of a system or all the remaining portion of the universe which may act on the system is

known as SURROUNDINGS.

OR

Everything in the universe that is not part of system is called SURROUNDINGS.

(c) STATES OF SYSTEM

DEFINITION: - The environments of a system before and after chemical change are called as States

of System. The description of a system in its surrounding at a particular moment is called state.

TYPES OF STATES: - There are two types of state of a system.
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INITIAL STATE:-

DEFINITION: - The description of a system before it suffers any chemical change, for example;
S+0O2 (Initial State)

FINAL STATE:-

DEFINITION:- The description of system after any chemical change is called final state, for
example;

S+0O2 — > S0: (Final State)
(d) State function
Definition: The physical properties which depend upon state of system (initial and final state) are called
state functions.
Example: Volume, Pressure, Energy, Temperature, Enthalpy, Entropy etc.
(e) Enthalpy
Definition: It is defined as total heat content of the system. Enthalpy is the sum up of the internal energy
and the product of pressure and volume.

H=E+PV

E is the internal energy, P is the pressure and V is the volume of the system.
It is written by “H”. It is an extensive property and unctions of a system.
(f) Internal energy
Definition: The total energy cogffai i 1 1 i ergy.

The sum of Kinetic Energy, P
It is denoted by “E”. Internal
system.
The S.I. unit of internal energy is ]
Q#2 what is meant by internal ener
(AE) and (AH) equal?
Ans: Internal Energy Change AE:
The total energy content of a ther
Energy.
Change in internal (AE)
depends only upon the ij\thig
Enthalpy change AH: '
The total heat content§@#
major by calorimetric NS
Enthalpy change of a reactiol ;‘ <
and finished.

AE = AH. = .
When a reaction is carried out at constalTt eiHEITE BpRemork is done on or by the system. In this
condition internal energy change must equal to heat ¢ ange of the reaction.
According to first law of thermodynamics

qv =AH = AE + PAV

AH = AE + P (O)

Q#3 how can you define standard heat of formation and standard heat of reaction?
HEAT OF REACTION: The amount of heat evolved or absorbed in a chemical reaction, when molar
quantities of reactants and products are used as specified in chemical reaction, is called HEAT OF
REACTION.

It is also define as sum up of AHs of products minus sum up of AHs of reactants

Equation from book page 239

Heat of reaction is denoted by AH or change in enthalpy.

FOR EXAMPLE Ce *+ Oy == COs, AH =-393.5K]

HEAT OF FORMATION

DEFINITION:- Heat of formation of a compound is defined as the enthalpy change when one mole
of that compound is formed after a chemical reaction.

gy is the: extenswe property of gfSystem and State function of a
ACEILR
I
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STANDARD HEAT OF FORMATION:- The standard heat of formation is the heat produced
when all the substances involved in the chemical reactions are at one atmospheric pressure and 25°c.
REPRESENTATION:- The heat of formation or represented by AHr and can be calculated by the
given heat of formations of other reactions.
For Example: Hyg) +2 Oy === Hy0() AHO:=-285.8 KJ/mol

DETAILED QUESTIONS

Qf#1state and explain first law of thermodynamic. Derive pressure volume work of a system.

FIRST LAW OF THERMODYNAMICS

INTRODUCTION: - This concept was initiated by ] R Mayer in 1841 and formulated by Helmholtz
in 1847. Previously this law was called “law of Conservation of Energy”.

STATEMENT: - The energy can neither be created nor destroyed but can converted from one
form to another form.

OR
The total energy of system and surrounding remain same.

pental of all the scientific laws.
ermodynamic laws were represente®
understood tha{‘again or loss of

ergy by the system must be

MATHEMATICAL DERIVATIC }e&; i initial energy E, it absorb some
rork on the surrounding then its

=>
=>
=>
Where;
q = Heat energy evolvig
(q) Is positive when th&8
(q) Is negative wheng

(w ) is positive when syste " ap m) by the surroundings.
(w) is negative when systeiiiM
The absorption or solution of ir )
at constant pressure. A
PRESSURE - VOLUME WORK: - (W=PAV)

Consider a cylinder of a gas having frictionless and weightless Piston. (P).
Suppose the area of cross section of the piston = A

Pressure of the piston = P

Initial volume of the gas = V1

Find volume of the gas = V»

When the pressure on the piston is released, the piston moves upward through a small

distance L

w | LA

G S N N G

.................

e lace at constant volume and

A

B B
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So change in volume =V, - V1 = AV = A x 1
(A x 1) represents increase in volume in the expansion process work done by the system W
= force x distance

=> W=PxAxl

=> (Ax])=AV

=> W =P AV
Accordance to the first law of thermodynamics

Since W =P AV
=> q=AE + P AV

Q# 2: discuss the applications of the first law of thermodynamic at constant pressure and at
constant volume.
APPLICATIONS OF FIRST L&MW OF THERMODYNAMICS

(@) PROCESS AT CONSTANT YOMeiM

According to the first lawgof thermodynam&.
Where;
=> AE=q-W wr
=> W =PAV el 212 %
In closed vessel, the volume remafas co tamgd)/‘;}ﬂ,
Therefore, ,

=> W=Px0
=> W=0
But

At constant pressure it oy ---------
=>  AE = qp- PAV (Becajige i
=> qr=AE +PAV.......%

We know that, e
=> AE = Ep -Eq
And

=>  AV=Vy-Vi

Therefore equation (4) can be written as,
=>  qp=Ex-E1 +P(V2-Vy)

=> qr = E2- E1 + PV2-PV3
Rearranging the above expressions,

=> ge = (E2+ PV2) - (E1 + PVy).cee )
E+PV is called enthalpy and is equal to H.
=>  Enthalpy H=E + PV

For two states it is written as,

=> Hi=E+PVy

=>  Hy=Ex2+PV;

The equation (5) becomes,

=> qp=Hx-Hi=AH
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Or
=>  qp=AH
ie  Heat Change = Enthalpy
Substituting the values in equation (4) Le.

qr = AE + PAV
We get,
=>  [AH=qp=AE + PAV|..ccccoooreeeo.. (6)

Q#3 state and explain Hess’s law of heat summation. Discuss its application.

HESS'S LAW OR LAW OF CONSTANT HEAT SUMMATION
INTRODUCTION: - This law was introduced by German Henry Hess (G.H.Hess) in 1840.
STATEMENT: - The heat is absorbed or evolved during a chemical reaction is same whether that chemical
reaction is taking place in one or several steps

OR

The amount of heat evolved or absorbed in a given reaction is independent of intermediate steps involved.
It depends upon initial and final states.

MATHEMATICAL Accordmg to Hess law, it is clgfMythat enthalpy change in direct step will be equal to

ANDirect step)

C o D*hrect steps)

According to Hess law
=> AH = AH;1 + AH> + AHj3
SPECIFIC EXAMPLE:-
FORMATION OF SODIUM CARB(
Sodium carbonate can be obtained b passing i-0xi xcess of sodium hydroxide. During

ole.

STEP 1:- In the first ste
di-oxide. >
NaOH + CO»
STEP 2:- In the secongh
and water.
NaHCO; + NaOH ; Vet EL O rroorr=AT .
ACCORDING TO THE HESS5Suk? 4
=> AH = AH; + AIT™

atedy the action of carbon-

j@rm sodium carbonate

=> AH = (-49) + (-41)
- AH= -49-41
- AH= -90

APPLICATION OF HESS'S LAW:-
1. It helps in calculating the heat of Reaction.
2. It helps in calculating the heat of formation, where direct measurement is not possible.
3. It helps in calculating the heat of combustion

Q#4 Explain exothermic and endothermic reactions with the help of the energy diagram

EXOTHERMIC REACTIONS
INTRODUCTION:- It is a Greek word and composed of two words.
Exo = given Out (released)
Therme = Heat.

DEFINITION:- The chemical reactions in which heat is given out or released or liberated are
called exothermic reactions

OR
The process in which heat is transferred from system to surroundings is called exothermicreaction.
REPRESENTATION OF CHANGE OF HEAT: -The change of Heat is represented by AH (A = Delta)
SIGN OF AH:- The sign of AH for exothermic reactions is negative (-)
EXAMPLES:- The examples of exothermic reaction are following,.
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i Burning of coal.

C+0O» —_— CO; AH= -349 KJ/ mole
ii Combustion of Sui gas.
CH;+20; =—y  CO;+2H20 AH= -890K]/ mole
iii Formation of carbonate
CO; + 2NaOH =y Na2CO3+H2O AH=-90 KJ/ mole
ENDOTHERMIC REACTION

INTRODUCTION:- It is a Greek word composed of two words
Endo = Absorbed (take in) And Therme = Heat.
DEFINITION:- The chemical reaction in which heat energy is absorbed or taken in is called
endothermic reactions
OR
The process in which heat energy is transferred from surrounding into a system is called as
endothermic reactions.
REPRESENTATION OF CHANGE OF HEAT:- The change of heat is representing by AH.
SIGN OF AH:- The sign of AH for endothermic rgagtion is positive.
EXAMPLES:-
i Boiling of water.
ii Melting of ice.
iii Evaporation.
EXAMPLE WITH REACTIO
C+25 =————>
HO () =—>

Ow —3
H> +

Ny + Q) =
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PRI

ELECTROCHEMISTRY

Q. No. 1: Defmes the following t@rms;

CHAPTER# 12

: ] (d) Oxidation number
(e) Redox reaction (f) Primary cdll Secondary cell (g) lectropl i (h) Oxidation

A) Electrochemistry: g ; iSH g e relationshigp between
electricity and chemic3i '
energy and chemica

.....
---------------

chemical change under the influence Ore appreate Is called electrolysis.

C) Electrochemical cell: The cell which is used to convert chemical energy into electrical
energy or vice versa is celled electrochemical cell.
OR
The cell in which the process of electrolysis is carried out is called electrochemical cell.
Types of cells:
Galvanic or voltaic cells are the types of cells which convert chemical energy into electrical energy.
The simplest of the galvanic and voltaic cell is the Daniel cell.
Very common example: Take strips of Zinc (Zn) and copper metal; stick them into a piece of lemon.
The terminal of the Zinc and Copper will join together and found producing electric current.
D) Primary cell: A chemical device for creating a flow of electrons in a circuit is called
primary cell.
Example: The most common example of primary cell is dry cell.
E) Electroplating: It is the process of electrolysis which is used to coat one metal onto other.
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Explanation: The object to be electroplated is made up of cheaper or baser metal such as iron, steel.
It is then coated with a thin layer of more attractive corrosion resistant and costly metal like silver,
gold, nickel, chromium; tin etc. the process of electroplating has made these objects so cheaper than
the original object.

(F): OXIDATION

Oxidation can be defined in three different ways;

(a) Addition of Oxygen. Reaction in which oxygen with other elements or substances to formoxides
For example: rusting of iron, burning of magnesium, carbon etc

4Feis + 302 —>2Fex0Os (Ferric oxide)
2Mgs) + Oz ——2MgOg) (Magnesium oxide)
Ces + Oz —— COy (Carbon di oxide)

(b) Removal of hydrogen. It is also the loss of hydrogen atoms or removal of hydrogen

from any substance

For example, Reaction of hydrogen sulphide and chlorine to form hydrogen chloride and sulfur
H2S(g) Clyg — ZHCI + S(s)

In the above chemical reactlon hyd fiegs lost hydrgeen, hence it has been oxidised

(c) Removal or loss of electron. oc@urs by the loss or removal

of electrons.

For example:

(@) Removal of Oxygen. It means
For example: CuO is reduced

In the above i s reduced.
(c) Gain or addition of e1e Phe iQienrC ot
of electrons.

For example:

s
.................

(1) Al*® + 3e: e TIREO -
OXIDISING AGENT

DEFINITION. The chemical reaction in which a chemical substance helps in oxidation by accepting
Electron and reducing itself is called OXIDISING AGENT.

Example Zn +Clp —— ZnCh
Cl; act as oxidising Agent, because it oxidizes Zinc.
REDUCING AGENT

DEFINITION. The chemical reaction in which a chemical substance helps in reduction by losing
Electron and Oxidizing itself is called REDUCING AGENT.
Example Zn  + HoS04 —> ZnSO4 + H>
Zinc act as reducing agent.
REDOX REACTION
DEFINITION. Those reactions that involve both Reduction & Oxidation simultaneously are
redox reaction.
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Explanation. There are 4 ways to look at whether a substance has been oxidized or reduced, and
they are:
1. Gain/Loss of Oxygen atoms
2. Gain/ Loss of Hydrogen atoms
3. Gain/Loss of Electrons
4. Increase/Decrease in Oxidation States/Numbers
For example, Mg + CuOr) —— MgOgs) + Cuys)
From the above equation, you can see that copper (II) oxide has lost oxygen, so it has been
REDUCED. Magnesium, on the other hand, has gained oxygen and so has been OXIDISED.
Now, the copper (II) oxide is said to be an OXIDISING AGENT because it has given oxygen to
magnesium and caused the oxidation of magnesium. The magnesium, on the other hand, is said to
be a REDUCING AGENT because it has taken oxygen from copper (II) oxide and caused the
reduction of copper (II) oxide.
In the above chemical reaction, we say it is a REDOX Reaction since both OXIDATION and
REDUCTION occurs simultaneously.

OXIDATION NUMBER

DEFINITION:- It is defined as t which an atom would have in a
compound. '
EXAMPLE:- The oxidation nyfhber of (Cl) in (NaCl) is (-1), in (NaO
(+5). v
Q2: Define the term standard electrode potential and hydrogen electrode.
ELECTRODE POTENTIAL: A \.’ 2 \J

DEFINATION: The difference of gbtential created betwe a mefal and solution of its salt is

called electrode potential of the mgfal.

is (+1) and in (NaClOs) is

OXIDATION POTENTIAL: Pote tlal assQ Oxidation Beaction is called oxidation
potential. Therefore the potentia : itt gving redction is called “oxidation
potential”.

Zn of electron)
Thus during oxidatiori | - iffto Zn*2 catjglls. Thus oxidation
potential of a metal indilie '
REDUCTION POT led reducing

potential. Therefore e
pOtential. . - N o oe

The ox1dat10n and reduction potential of an electrode have the same value but d1ffer in sings as.

As Eox = - E red

Ered = - Eox
STANDARD ELECTRODE POTENTAIL (Hydrogen Electrode): The absolute electrode potential
can be measured experimentally.

It is determined by comparing with hydrogen electrode as the reference electrode which is
standard electrode.

Hydrogen electrode potential under one atmospheric pressure at 25°C and one molal
solution of H* is taken as zero ( 0.000 Volts).

This hydrogen electrode potential is regarded as standard electrode potential of the other
electrode.
Standard electrode potential is shown as E%x and E%ed .
Q3: How can you define an electrochemical series? Give its properties.

ELECTRO CHEMICALSERIES ( E.C.S)

DEFINATION:
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The list of elements arranged in the order of their standard potential on the
hydrogen scale is known as electrochemical series of E.C.S series.
FACTS OF E.C.S:

All the metals placed above the hydrogen in the series act as anode i.e they are
oxidized in comparison cell. While those metals placed below the hydrogen in the series act as
cathode i.e they are reduced.

When the sign of electrode potential is positive then the reaction will

be reverse and the electrode will act as cathode.

The reducing strength decreases and oxidizing strength increase from top to bottom in the
E.C.S on this basis lithium is the strongest reducing agent while F: is the strongest oxidizing agent.

In E.C.S position of metals shows the order of their reactivity metal displaces

metal lying below them in the series from it solution of their salts. All the metals above hydrogen
have negative electrode potentials.
An important point to remember in using reducing potential value is that they relate only to
standard condition i.e 1M solution of ions 25°C and one atmospheric pressure. Change in
temperature concentration pressure will effects tlgalue of reducing potential.
Q4: What is Corrosion what cause it to form what can be done to prevent it formation
- CORROSION

DEFINITION
Corrosion is a harmful

reaction upon exposure to atm

such as Ag, Au, Pt and Pb under

For example:

(i) The rusting of iron in moist@ire.

(i)  Dry cells containing shell
exposed to atmosphere for:

(iii) Copper utensils get the c
corrosion.

Corrosion rate:
Alkali metals

getting the coating g

lead and copper undiel

Prevention of Corrosion®

Following methods are usgli '

(i)  Metallic Coating: [roT™ G :
metal on its surface i.e. coatl T RITIIIEIMOMEIBIRT on its surface. Copper utensils are
coated with tin metal etc.

(ii)  Electroplating: Noble metals Ag, Au and Pt are used to protect the highly reactive metals by
electroplating.

(iii) Alloying: Alloy formation also protects the metals from their corrosion. Iron can be protected
on alloying it with nickel and chromium making a stainless steel.

(iv) Coating with non-metallic material: Metals can also be protected by coating their surfaces
with various kinds of non-metallic material such as paints, varnishes, oils, grease, plastic
emulsion etc.

Q5: In the process of electroplating the item to be plated is made cathode, give reason.

We know that at cathode reduction occurs and at anode oxidation since the metal which has to be

electroplated should not get dissolve or oxidized therefore, it is always made cathode in

electroplating. The metal which is to be electroplated on the metal is taken in the solution as an
electrolyte and the metal ion in it gets reduced at the cathode and form layer on it thus metal to be
electroplated is always made cathode.

DETAIL QUESTION

action for metals\I'hmh the metallic fnaterial gives an undesirable
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Q1: What is mean by electrode potential and standard hydrogen electrode.
ELECTRODE POTENTIAL:
DEFINATION: The difference of potential created between a metal and solution of its salt is
called electrode potential of the metal.
OXIDATION POTENTIAL: Potential associated with oxidation reaction is called oxidation
potential. Therefore the potential associated with the following reaction is called “oxidation
potential”.

Zn > Zn2* + 2e- (loss of electron)
Thus during oxidation its own atom lose electron and convert into Zn*?2 cations. Thus oxidation
potential of a metal indicated electron losing tendency.
REDUCTION POTENTIAL: Potential associated with reduction reaction is called reducing
potential. Therefore the potential associated with the following reaction is called” reducing potential.
Zn%* +2e Zn ( gain of electron)

Thus during reduction cations Zn?* présent in the*solution gains electrons and convert into Zn
atoms. Thus reduction potential of a metal indicated the tendency to gain electron.
The oxidation and reduction potential of an electymde have the same value but differ in sings.
As Eox = - E red

Ered = - Eox
STANDARD ELECTRODE P,
can be measured experiment

It is determined by com
standard electrode.

ENTAIL (Hydrogen Electrode): absolute electrode potential

electrode.
Standard electrode potential is sh

| e

Q2: sketch a copper-zinc Galvanic cell, write the cell reaction and show the direction of electron
flow.

Introduction: Daniell ce SIS Stveliaic,orc aluapierceliin BPRFe Chemical energy into
electrical energy spontanegiis '

solutions. The other half-cell is copper rod dipped in a solution of 1M solutions. A porous
partition or a salt bridge separates the two half-cells from each other. The two electrodes are
connected together externally by a metal wire through a voltmeter are produced here so anode is
the negative electrode. The copper rod acts as cathode where reduction takes place. Electrons are
here so cathode is the positive electrode.

Working: The following reactions take place at the two electrodes.

At the anode:

Oxidation ---------------- loss of electrons.

3 _
Zny — Zw.{;ﬂ + 2e

At cathode,
Reduction ------------- gain of electrons.

Cu?::ﬂ +2e” — Cuyy
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The half reactions can be viewed as a competition between two kinds of metal atoms for electrons.
In this case zinc atoms are more reactive and their tendency to lose electrons is greater than that of
copper. Both the reactions take place simultaneously at both the half-cells

In this cell, electrons travel in the external circuit through the wire from the zinc anode to the
copper cathode. If a bulb is in the circuit, it will light up. If there is a voltmeter, it will show the
voltage. To complete the circuit, both the positive and negative ions move through the aqueous
solutions via the salt bridge.

The total reaction is the sum of two half-cell reactions.

Asimble votac  eectrons cecrons The Daniell Cell
or galvanic cell = (\
voltmeter
(battery) {high-resistance) (c) doch
REDUCTION glons _ons,
electron @ Salt|bridgé @ DXIDATION
i Cy Ngs) electron
o loss
2+ - . i

Culaq T 2¢ ?\iu‘(i) Zn}’ﬁ Mgy T 22

copper salt e salt

soluton Cu( q) Zn(:q) solution

cell reaction: Zn gy 4= cult o) % CU(S) + an(;'q)and E =110V
N

s in the solutzon of ZnSQuand reduceghin size while Cu electrode grows

etal. Faw 31& ‘g@em:fs an elgtric potential of 1.10 volt, when

In this process, Zn electrode disso
in size due to the deposition of coppe
the solutions in the half cells are both
.No. 3: What is the difference between a primary and secondary cell?

S# PRIMARY CELL SECONDARY CELL
It is)versib cell.

01 | It is non reversible cell.

It cannot be recharged and

02 .
again.

03 | It is commonly®

04

phas
.................

05 | Eg; dry cell. : _ 201 1%

Q No.4: Sketch a diagram of dry cell and explain its worklng

Definition: Voltaic cell in which electern as dry cell.

Uses: The most commonly used dry cell is usually referred to as a flash light battery. It is commonly

found in homes like battery operated clocks, torches, games, shavers and many other electrical

appliances.

Construction:

1) There is an outer Zinc vessel which acts as an anode.

2) Inert Carbon (graphite) rod which acts as a cathode.

3) The graphite rod is surrounded by a mixture of manganese di oxide (MnO2) and carbon
powder.

4) The electrolyte is a moist paste of Ammonium chloride and Zinc chloride.

5) The concentrated electrolytic solution is thickened into gel like paste by a agent such as
starch.

6) A copper cap is fitted at the top of carbon rod to make the electrical contact.

7) The upper top position is sealed with wax.

8) The whole cell is covered with a safety cover.
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Working: When zinc and graphite electrodes are connected by a metallic wire, Zn gets oxidized

to form (Zn*?) ion which pass into the wet paste leaving behind electrons on the zinc container

and the electrons move from zinc electrode to the carbon electrode through the external circuit.
Q5: What is electrolysis discuss electrolytic cell

DEFINITION: - The process i
passing electric current througlffits aqueous soluti

3

(molten state)

CONSTRUCTION: -

% Two metallic rods whi&g

% The two electrodes are connecCte he e

< The electrode attached to the pos1t1v CnCR ey is called as anode.

% The another electrode connected to the negative end of the battery is called cathode.

% The complete arrangement containing the electrodes and the electrolytic solution is called as
electrolytic cell.

WORKING: - The anode is the electrode at which oxidation occurs and cathode is the electrode at

which reduction occurs.

EXAMPLE: -

'/
fa a / ;. . .
LM 2, les ’; : 4/\/' o pegiLtion inside the cell.

ELECTROLYSIS OF CUPRIC CHLORIDE: -

When cupric chloride is dissolved in water, it dissociates into ions.

CuClb@aq = Cu*?pg + 2Clag
When current is passed, (Cu*?) ions move towards cathode and (Cl?) ions towards anode.
REACTION AT CATHODE: - At cathode (Cu*?) ions are discharged and neutralized as (Cu) atom.

Cu*?@pq + 2l —— > Cuy) (reduction at cathode)
REACTION AT ANODE: - At anode (Cl) ions are discharged and neutralized as (Cl2) gas by
losing electrons.

2CI1 - 2e — > C(lyg (oxidation at anode).
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OVERALL REACTION: - Thus the process oxidation and reduction are taking place in the reaction
simultaneously. when the two above reactions are combined, overall reactions of electrolytes is
obtained .

Cu*? + 2e1  —»Cuy
2CI1 - 2e >Cl

Cu*?2 + 2Claq) ———» Cu) + Clog

CuCly — 5 Cu+Ch

When ions are changed to neutral particles, current can no longer flow.
Q6: What is oxidation number? Write down different rules for determining oxidation number.
OXIDATION NUMBER

DEFINITION:- It is defined as the apparent charge (+ive or -ive) which an atom would have in a

compound.

EXAMPLE:- The oxidation numbg

(+5).

RULES:- The oxidation numbgf of an element ca
% Oxidation number of a

Ihe found by the f§llowing rules.

Na= 0
Cl=0
Zn= 0
P =0.
% The oxidation number of a fimple
H» =0
O =0
N2> = 0.
Ch =0

4 The oxidation niil ¥ in hydrides it is (-1).

For example;

HCl =+1 %
HO =+1
HsPOs4 = +1
NaH =-1 2 .
< The oxidation number of oxygCTPrCSEIENIRERINPOTT (S is (-2), in peroxides it is (-1) and in
(OF,) it is (+2), for example;
HO =-2
CO2 =-2
HNO; = -2
HxO2 =-1
% The oxidation number of metals present in compounds is equal to their valency. For example;
NaCl = +1
MgO = +2
KBr =+1
% The oxidation number of halogens present in a compound is (-1). For example;
KCl =-1
Nal =-1
AlCL; =-1

Some exceptions are;
HCIO =+1
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HCIO, = +3
HCIOs; = +5
HCIOs = -1

The oxidation number of radicals (poly atomic ions is equal to the charge over them.
SOy =-2
NOs; =-1
POs=-3

Q7: write down different rules for balancing equation by ion electron method.

RULES TO BALANCE EQUATIONS BY ION ELECTRON METHOD

Chemical equations in molecules or ionic form can be balanced by ion electron method, by applying
following rules.

X/
°

33

S

o
*
o
*

0Q.No.

» Add both the half reactiongto get t

Change the molecular equation into ionic equation (only those ions are taken in which
oxidation number is changing).

Divide the ionic equation into two half reactions, oxidation (increase in oxidation from
reactants to product side) and another reduction ( decrease in oxidation from reactant to
product side).

Balance other atoms leavi
In acidic equations first hfflance oxygen atom by adding
atoms by adding hydrogfn ions (H*1). In basic reactions first b
(OH1) and then balandg hydrogen atom byadding (H20).
Balance the charge by a@ging electrons. In, oxidation reactj#hs, electrons are added to the
product side and in reductign rea t1dn§le19drons are addegdf at the reactant side.

Balance the number of elect§ons if both the half reaction by multiplying the full equation
with a required number.

=

) and then balance hydrogen
nce oxygen atoms by adding

8: What is the difference between cell and battery? Cell: A device which converts

chemical energy into electrical energy is called a cell. There are two electrodes in a cell made up of
two dissimilar metals.

Battery: Combinatig fosrrc. : 2 batte ead storage battery
commonly called a CHg UG i e

.............



