SYNOPSIS
(PHYSICAL CHEMISTRY)

Introduction
Physical chemistry is an important branch of chemistry which uses the principles, laws, concepts and
various practices of physics involved in chemical interaction to examine how matter behaves on a
molecular level and atomic level and how does the chemical reactions occur.
Physical chemistry also involves the importance of mathematics in solving numericals in chemistry.
Physical chemistry provides number of tools and mathematical models to elucidate the structure and
dynamics of molecules.
Physical chemistry deals with the calculation of bond parameter in molecules, calculation of energy
changes in chemical reaction, extent reaction, prediction of direction of chemical reaction.
Physical chemistry deals with properties of solids, calculation of packing efficiency in solids.
It also deals with solution and the various properties of solution. Physical chemistry has number of
important topics in class XII like
1.

The solid sate

2.

Solutions

3.

Electrochemistry

4.

Chemical kinetics

5.

Surface chemistry

Physical chemistry helps us in determining the structure of various biomolecules.
The Solid State
Solid state is the result of interplay of strong intermolecular forces of attraction which include dipoledipole, dipole-induced dipole interactions, London or dispersion forces, hydrogen bonding etc.
Solids are hard, rigid, incompressible, high density, characteristic melting points which depend on
intermolecular forces of attraction.
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Solids are of two different types:
1.

Crystalline Solids
A Crystalline solid is a homogeneous solid in which the constituent particles are arranged in a
definite repeating pattern. Two or more substances having the same crystal structure are said to be
Isomorphous. The ability of crystalline solids to change physical properties with change in direction
is called Anisotropy.

2.

Amorphous Solids
These solids do not have well developed perfectly ordered crystalline structure. There solids melts
over a wide range of temperature. These solids are isotropic. Examples include glass, rubber.

Crystalline solids are also classified as
1.

Molecular solids in which the constituent particles are molecules/atoms. These solids may be




Molecular solids with dipole-dipole interactions like solid HCl.
Molecular solids which are non-polar like solid Ar having dispersion forces.
Molecular solids with hydrogen bonding like ice.

2.

Ionic solid in which the constituent units are ions held together by electrostatic forces of
attraction. Ionic solids have high melting points, brittle like NaCl, MgO.

3.

Metallic solids are crystalline solids formed by atoms of the same metallic element. They have
a delocalized electrons. Hence, metallic solids are good conductor of heat and electricity.
Metallic solids are malleable, ductile, Examples: Copper, Brass.

4.

Covalent solids are formed by covalent bonds between neighbouring constituent atoms. There
solids are also called network solids. Examples: Diamond, Silica, Silicon carbide.

The smallest repeating structural unit of a crystalline solid is called a unit cell. The unit cell may be
1.

Primitive: Particles present only at the corners.

2.

Non-primitives: Particles present at other positions also in addition to the corners.

There are 14 Bravais lattices including three types of cubic cells (simple cubic, face-centred cubic and
body centred cubic)
We can calculate number of lattice points, number of atoms per unit cell and the relation between the
cell edge and radius of an atom for simple cubic, fcc and bcc.
No.
of
points

lattice

No. of atoms per Relation between
unit cell
cell edge (a) and
radius of atom (r)

1.

Simple cubic

8

1

a = 2r

2.

Face centred cubic

14

4

2a  4r

3

Body centred cubic

9

2

3a  4r
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In solids, the atom can be packed in different ways. The four main types of three-dimensional
packings are
Concentration number

Packing fraction

1.

Simple cubic

6

0.52

2.

Body centred cubic

8

0.68

3.

Hexagonal close packing

12

0.74

4.

Cubic close packing

12

0.74

The coordination number is the number of nearest neighbours. It is the measure of compactness of
the crystal lattice.
The unoccupied space in the lattice in called a void or hole or interstices.
In case of ionic solids generally bigger ions i.e., the anions occupy the lattice sites and the small ions
called cations fit into the voids. These voids may be tetrahedral or octahedral.
Tetrahedral voids is equal to twice the number of atoms in ccp or hcp whereas octahedral voids
equals to the number of atoms in ccp or hcp.
We can also calculate the density of solids and other parameters like cell edge, molar mass using the
formula
d

zM
N A a3

Where z = no. of atoms per unit cell M = molar mass
NA = Avogadro’s number, a3 = volume of unit cell.
During formation of crystal structure certain defects are formed. These defects are called point
defects, line defect, vacancy defects, interstitial defects, non-stoichiometric defects with metal excess
or metal deficiency, impurity defect.
The solids can also show electronic defects due to missing electron or extra electron.
Silicon is an intrinsic semiconductor. By adding impurities from group 13 or group 15, n and p-type
extrinsic semiconductor can be synthesized.
The solids also shows different types of properties like:
1.

Electrical properties

2.

Magnetic properties. The solids can be called
(i)

Diamagnetic

(ii)

Paramagnetic
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(iii)

Ferromagnetic

(iv)

Antiferromagnetic

(v)

Ferrimagnetic

depending upon how the magnetic dipole have been arranged to give net dipole moment zero or
non-zero.
Solutions
A solution is a homogeneous mixture of two or more substances. The extent to which a substance
dissolves in another substance depends on the nature of the solute, solvent, temperature and
pressure.
There are many type of binary solutions of which solution of solid in liquid is of special interest.
The concentrations of solutions are expressed in terms of
(i)

Percentage by mass or volume or mass/volume

(ii)

Mole fraction, i 

(iii) Molarity, M 

(iv) Molality, m 
(v)

ni
ntotal

n
V
n

w( solved ) in kg

Parts per million

The solution of gas in liquid obey Henry’s law ( pi  kH  i )
Where kH = Henry’s law constant.
The solubility of gas in water increases with increase in pressure and decreases with increase in
temperature. The solution of two miscible and volatile liquids may be ideal or non-ideal solution.
Ideal solution is one which obey Raoult’s law, which state that the vapor pressure of any component
in solution is directly proportional to its mole fraction.

pi  pio i
Ideal solution have H mix  0, Vmax  0
Non-ideal solutions shows deviations from the Raoult’s law. There are two form of deviations form
Raoult’s law.
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Negative deviation

Positive deviation

(i)

A – B >> A – A or B – B

A – B << A – A or B – B

(ii)

pi  pio i

pi  pio i

(iii)

H mix  0

H mix  0

(iv)

Vmix  0

Vmix  0

(v)

Forms maximum boiling azeotropes

Forms minimum boilig azeotropes.

Azerotopes are constant boiling mixture.
Addition of non-volatile solute in solvent results in the decrease in vapour pressure and increases in
boiling point.
The properties of solution which depend on number of solute particles in a solution and independent
of their chemical identities are called Colligative properties. There are four colligative properties.
1.

Relative lowering of vapour pressure (RLVP)

po  p
 xB (mole fraction of solute)
po
2.

Elevation in boiling point (Tb)

Tb  kb m
3.

Depression in freezing point (Tf)

Tf  k f m
4.

Osmotic pressure ()

  MRT
All these colligative properties are used to calculate the molar mass of non-volatile solutes.
Electrolytic solutions are solutions of electrolytes.
These electrolytic solutions shows abnormalities and the solute may undergo association or
dissociation. As a results, we observe abnormal molecular masses.
To account for these abnormalities, we have introduced Van’t Hoff factor (i)
Van’t Hoff factor is defined as the ratio of the observed colligative property to the calculated
colligative property.
i
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i

calculated molecular mass
normal molecular mass

observed moleuclar mass abnormal molecular mass

For non-electrolytes i = 1.
For electrolytic solutes which undergo dissociation
i > 1 (acetic acid in water)
And for electrolytic solutes which associated
i < 1 (acetic acid in benzene)
Solutes which dissociates in solution show molar masses lower than actual or normal molar masses
and those which associated exhibit higher molecular masses than their actual normal molecular
masses.
When the electrolytic solute is not 100% dissociated or associated, then degree of dissociation or
association will be given.
(i)

The van’t Hoff factor (i) and degree dissociation () related by



i 1
1n

Where n in the maximum number of ions the solute can produced assuming 100% dissociation
A x B y 
 xA y   yB x 

(ii)

For association i-factor and degree of association () related by


1i
1
1
n

By incorporating the van’t Hoff factor, we can modify our colligative properties as
1.

po  p
 i xB
po

2.

Tb  ik b m

3.

Tf  ik f m

4.

  i MRT
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Electrochemistry
An electrochemical cell is a device to study chemical reactions electrically. A galvanic cell is an
electrochemical cell in which a spontaneous redox reaction is used to produce an electric current.
Chemical energy is converted to electrical energy in galvanic cell.
The cell reaction consist to two half reactions: Oxidation half reaction that take pale at anode and
reduction half reaction that occurs at cathode. The bridge connecting the two half cell solution is
called salt bridge.
The standard electrode potential (E°) is the measure of the tendency of an element to undergo
reduction. The standard electrode potential E° of any electrode can be measured with reference to
standard hydrogen electrode (SHE, E° = 0V). The electrochemical series is the arrangement of
electrodes in order of their increasing E° values (reduction potentials). It consists of reducing agents
and oxidizing agents in order of increasing strength. The electrochemical series is used to calculate.
(i)

Standard cell potential: Cell potential when reactants and products are in their standard states
o
Eocell  Eocathode  Eanode

(ii)

Gibbs energy change and to predict spontaneity of redox reactions

 r G  nFE
Where F is Faraday constant equal to 96500C/mol
and n is the number of moles of electrons transferred in the cell reaction.
(iii) The relative strength of oxidizing and reducing agent.
When the cell is not a standard cell, then the cell potential can be calculated by using the
Nernst’s equation.
E cell  E ocell 

[products]
0.059
log
at 25°C
n
[reactants]

We can also calculate the equilibrium constant, K
 nE 
K  anti log 
 at 25°C
 0.059 

In electrolytic cell an electrical energy is converted to chemical energy to drive the non-spontaneous
chemical reaction in the forward direction. The product obtained at anode and cathode during
electrolysis depends on
(i)

electrolyte (molten or solution)

(ii)

concentration of solution

(iii) nature of the electrodes (inert or active)
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The relationship between the amount of a substance produced at a given electrode and the amount of
electricity passed is given by Faraday’s laws of electrolysis.
(i)

m = ZIt  1st law of electrolysis
Where m = mass of substance produced
Z = electrochemical equivalent
I = current in ampere
t = time in seconds

(ii)

mass of substance
= constant  2nd law of electrolysis
equivalent wt.of substance
wA
wB

 ......
EWA EWB

Electrochemistry also deals with the electrical properties such as resistance and conductance of
electrolytic solutions. The conductance of a solution of electrolytes is the inverse of resistance. The
conductivity of a solution is the conductance of unit cube of solution. The SI unit of conductivity is
Sm–1 and commonly used unit is Scm–1. The conductivity () is given by
 1   
    
 R  A 

Where   ratio is constant for a given cell called cell constant. It is the ratio of the distance
A
separating two electrodes divided by the area of cross-section of the electrode.

The molar conductivity (  m ) is defined as the conductivity divided by the molar concentration of
dissolved electrolyte.

m 

10 3 
Scm2 mol–1.
M

The conductivity of electrolytic solution decreases on dilution due to decrease in the number of ions
per unit volume for both strong and weak electrolytes. The molar conductivity of electrolytic solution
increases with dilution because the total number of ions increases when the solution is diluted. The
molar conductivity of solution is maximum at infinite dilution when C  0.
According to Kohlrausch’s law of independent migration of ions, the molar conductivity of solution
at infinite dilution is the sun of the molar conductivity of the ions composing it at infinite dilution
A x B y  xA y   yB x 
  x oA  y oB
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Using Kohlrausch’s law, we can calculate
(i)

degree of dissociation of weak electrolyte,  

(ii)

dissociation constant ,  




C 2
C 2
C 2


 
1 
(    )
2
1 
 ( )




The conductivity and molar conductivity of an electrolyte are determined by measuring the
resistance using Wheatstone bridge.
The electrochemical cells used on the commercial scale may be primary cells or secondary cells. Fuel
cells are cell used in space shuttles converts the heat energy of the fuel directly into electrical energy.
Corrosion is an electrochemical process in which metal (Fe) is oxidized in an anode region of the
metal surface and oxygen is reduced in a cathode region. Corrosion can be prevented by covering the
iron with another metal (Zinc). The process is called galvanization.
Another way to prevent corrosion is to put Fe is electrical contact with a second metal that is more
easily oxidized (Like Mg, Zn, Al). The process is called cathodic protection.
Chemical Kinetics
Chemical kinetics deals with the rates of chemical reactions and the mechanism by which they
proceed. A rate of reaction is defined as the decrease in concentration of a reactant or increase in
concentration of a product per unit time. The rate of reaction can be expressed as average rate during
a given time interval or the instantaneous rate at a specific time. The rate at the beginning of the
reaction is called the initial rate of reaction.
The reaction rate depends on three factors mainly:
(i)

the concentration of reactants

(ii)

temperature

(iii) presence of a catalyst
The concentration dependence of rate is called rate law. For a general reaction aA + bB  mM + nN.
The rate law is r  k[A]x [B]y where
k = rate constant
x is the order of reaction w.r.t reactant A and y is the order of reaction w.r.t reactant B and (x+y) is the
overall order of the reaction. The order of reaction is the sum of the exponents to which each
concentration term is raised in the experimentally derived rate law.
The value of x and y may or may not be related to the stoichiometric coefficients of the reactants in
the balanced equation of the reaction.
Prem Dhawan

9

© 2020 YOURBUK, All rights reserved

The order of the reaction can be calculated by using the initial rate method by taking different initial
concentrations of the reactants.
The integrated rate law is a direct relationship between time and concentration of the reactants. It can
be used to calculate concentration at any time t and the time required for an initial concentration of
the reactants to reach any particular value. For a zero order reaction, the integrated rate law in
[R]o  [R]
k
t
A graph between [R] and time gives a straight line with slope equals to –k and y-intercept equals to
[R]o. For zero order reactions, rate of reaction is independent of the concentration of reaction.
For a first order reaction. The integrated rate law is k 
varsus time is a straight line with slope equal to

[R]o
2.303
log
, the graph between log [R]
t
[R]

k
.
2.303

The half-life t1/2 of a reaction is the time required by the reaction to be half complete.
For zero order reaction, t 1/2 

[R]o
0.693
and for first order reaction, t 1/2 
2k
k

According to the collision theory, a bimolecular reaction occurs when two properly oriented
molecules with sufficient kinetic energy collide. The minimum kinetic energy necessary for a
molecular collision to form products is called activation energy (Ea). According to collision theory the
colliding molecules form an intermediate configuration called activated complex or transition state.
The potential energy of the transition state is greater than the potential energy of either reactants or
products. A potential energy barrier exists between the reactants and products. The reactant
molecules must cross the barrier before they form products.
The temperature dependence of rate is given by Arrhenius equation:

k  Ae Ea/RT
Where k = rate constant
A = frequency factor or pre-exponential term
Ea = energy of activation
and the logarithmic equation is
log k = log A 

Ea
2.303R

A graph between log k and

1
Ea
gives a straight line with slope equals to
and y-intercept
T
2.303R

equals to log A.
Prem Dhawan

10

© 2020 YOURBUK, All rights reserved

Ea can also be calculated if we know the two rate constants at two different temperature.
Ea 

k 
2.303R T1 T2
log  2 
(T2  T1 )
 k1 

A catalyst is a substance that increases the rate of the reaction without being itself consumed in the
reaction. If provides an alternative path with lower Ea for the reaction to occur. A catalyst does not
affect rH°, rS° or rG° of reaction.
An elementary reaction is one that occurs in a single step.
The molecularity of an elementary reaction is the number of reactant molecules that participate in
the reaction. A complex reaction proceeds via series of elementary steps. The order of an elementary
reaction is equal to its molecularity. Molecularity is a theoretical concept and may have value of
1  unimolecular reaction
2  bimolecular reaction
3  termolecular reaction
The slowest step in the mechanism is called the rate determining step.
The rate of reaction depends on the concentration of the reactants present in the rate determing step.
The rate of reaction depends on the concentration of the reactants present in the rate determining step. A
chemical species that is formed in one elementary step in the mechanism of complex reaction and consumed in
the subsequent step is called a reaction intermediate.
Surface Chemistry
Adsorption is the phenomenon of attracting and retaining the molecules of a substance on the surface of a solid
or a liquid resulting into a higher concentration on the surface. The substance adsorbed is known as adsorbate
and the substance on which adsorption takes place is called adsorbent.
In physisorption, adsorbate is held to the adsorbent by weak van der Waals forces and in chemisorptions,
adsorbate is held to adsorbent by strong chemical bonds, phsisorption is multilayer, reversible and non-specific
whereas chemisorptions is monolayer, irreversible and specific phenomenon.
Almost all solids adsorbs gases. The extent of adsorption of gas on a solid depends upon
(i)

nature of gas

(ii)

nature of solid

(iii) specific area of the solid
(iv)

pressure of the gas

(v)

temperature of gas and

(vi)

activation of adsorbent
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 x
The relationship between the magnitude of adsorption   and pressure of the gas at constant temperature is
m
known as adsorption isotherm.

x
 kp 1/n
m
 x
The relationship between the magnitude or element or extent of adsorption   and temperature of the gas at
m
constant pressure is known as adsorption isobar.

Colloidal solutions are intermediate between true solution and suspensions. The size of the colloidal partides
ranges from 1 to 1000 nm. A colloidal system consists of two phases. The dispersed phase and the dispersion
medium. Colloidal systems are classified in three different ways depending upon
(i)

Physical states of the dispersed phase and dispersion medium

(ii)

Nature of interaction between the dispersed phase and dispersion medium and

(iii) Nature of particles of dispersed phase
Colloidal solutions in which the dispersion medium is a liquid or a gas are called sols.
Lyophobic sols (dispersed phase is medium loving) are prepared by two types of methods:
1.

2.

Chemical methods:
(i)

Hydrolysis

(ii)

Oxidation

(iii)

Reduction

(iv)

Double displacement reaction

Dispersion methods
(i)

Peptisation

(ii)

Bredig’s arc method

Lyophilic sols are easy to prepare by mixing dispersed phase with dispersion medium with constant stirring.
The methods used for the purification of colloids are
1.

Dialysis (and electrodialysis)

2.

Ultrafillration

The colloidal systems shows
(i)

Optical properties (Tyndall effect) – scattering of light by colloidal particles.

(ii)

Electrical properties – movement of colloidal particles towards their respective electrodes is called
electrophoresis.
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(iii) Coagulation – the process of changing the colloidal particles in a sol into the insoluble precipitate by
addition of some suitable electrolytes.
Lyophilic sols like starch sol are used to prevent the coagulation of sol. These sols are called protective
colloids.
Emulisions are colloidal systems in which both dispersed phase and dispersion medium are liquids. These are
two types of emulsions.
(i)

Oil in water type – oil is dispersed phase and water is dispersion medium.

(ii)

Water in oil type – water is dispersed phase and oil is dispersion medium.

The process of making emulsion is known as emulsification.
To stabilize emulsions, an emulsifying agent or emulsifier is added. Soaps and detergents are the most
frequently used as emulsifiers.
A catalyst is a substance which increases the rate of a chemical reaction without getting itself used up in the
reaction. The phenomenon is known as catalyst.
In homogeneous catalysis, reactants and the catalyst are in the same phase whereas in the heterogeneous
catalysis, the reactants and the catalyst are in different phase.
The two important features of the catalysis are:
(i)

Activity – this depends upon the strength of chemisorptions to a large extent.

(ii)

Selectivity – the ability of catalyst to direct a reaction to yield a particular product.

The catalytic reaction that depends upon the pore structure of the catalyst and the size of the reactant and
product molecules is called shape-selective catalysts – ZSM-5 is a shape selective catalyst used in petroleum
industry.
Modern adsorption theory is used to explain the mechanism of heterogeneous catalysis.
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