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PHYSICAL

HEMISTRY

ATOMIC STRUCTURE

According to Dalton's Atomic theory "Every matter 1s composed of very small particles called
‘atoms’ (Greek, a = cannot be; tom = cut) which cannot be further subdivided”. But modern
researches revealed that an atom 1s divisible and has a rather complex structure containing a
large number of sub-atomic particles such as electrons, protons, neutrons, mesons, leptons,
antiprotons, neutrinos, antineutrinos, positrons, quarks etc.

Atomic structure or the structure of an atom means, how the sub-atomic particles (electrons,
protons, neutrons) are arranged inside an atom. Soon after the discovery of sub-atomic
particles, different scientists put their efforts to establish the structure of an atom. Atomic

structures proposed by different scientists are described as below. Discovery of Electron:

[Cathode Ray or Crookes’s Discharge tube Experiment]

In the mid 1800s, two scientists Julius Plucker and To vacuum
William Crookes discovered cathode rays, which was Gas at low pressure H,

the first indication of the complex structure of an atom. = Cathede \i | = Anode
- e e A v

When high potential difference ( 10,000 V — 30,3000 B e i

V) was applied across two electrodes in a hard glass IIIM

tube, sealed at both the ends containing a gas at low
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pressure (10-2mm), then a stream of bluish light was seen travelling from cathode towards

anode.

The rays were found to cause fluorescence on the glass tube where they fall. Sir J. J.

Thomson made an extensive study on the properties of cathode rays.

Some important properties of these rays as follows :

1. The rays are found to travel from cathode towards anode, hence are also called cathode

rays.

ii. The rays travel in straight line, as 1s evident from the fact that they cast shadow of an

opaque body placed in the path of rays.

iii. The rays heat up the metals on which they are made to fall upon. This shows the energetic

nature of the rays. iv. They produce x-rays when made to fall on certain metals under suitable

conditions. v. The rays cause mechanical motion when made to fall on small wheels. This
clearly indicates that the rays must consist of some particles. vi. They affect photographic
plates.

vii. They 1onise the gas through which they pass.

viii. They are deflected by electric and magnetic fields. When electric field 1s applied, they are
found to be attracted towards the positively charged electrode which clearly indicates that
the rays consist of small negatively charged particles.

ix. The specific charge or e/m of the particles of cathode rays is found to be the same
irrespective of the nature of the gas inside the discharge tube. This clearly indicates that
electrons are present in all matters. Hence electron 1s a fundamental particle of all matter.

Charge of electron = - 1.6 x 10"" Coulomb.

Mass of an electron = 9.1 x 103! kg which is 1/1837 of the mass of a hydrogen atom.
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Discovery of Proton
|[Anode Ray or Positive Ray

Experiment| As an atom 1s
electrically natural, it must contain
the same number of positive

charges as those of
electrons (which are negatively
charged). Goldstein conducted the
same discharge tube experiment as
in the discovery of electron, but
instead of using a solid cathode he
used a perforated cathode. When

high potential difference was

Air at very
Red low pressure

Glow Discharge

Perforated
cathode

High voltage —,

generator To vaccum

pump

applied across the electrodes, bluish streams of luminosity were seen at the back of the cathode.

Unlike cathode rays, these rays were found to travel from anode towards the cathode. The

cathode rays are also called canal rays as they pass through the holes of the perforated cathode.

The properties of the rays were studied extensively by the scientist J.J.

Thomson. Some of the important properties of these rays as follows:

Like cathode rays, they travel in a straight line.

1. They affect photographic plate.

11. They cause phosphorescence when made to fall on certain metallic salts. 111

They can penetrate through a thin metallic foil.

tv.  They are deflected by electric and magnetic field However, the direction of

deflection 1s opposite to that of cathode rays, 1.e. they are attracted towards the

negatively charged electric field. This indicates that the ray contains +vely charged

particles.

V. Unlike cathode rays, the e/m ratio the particles of these rays are not same for all

gases. vi.  The lightest positively charged particle found for hydrogen 1s called

proton (H") when.

This lightest particle having a unit positive charge with mass roughly equal to the mass of an

atom of hydrogen was named as "proton". Or, a proton may be defined as that fundamental

particle which carries a unit positive charge and has a mass nearly equal to that of hydrogen

atom.
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Charge on proton =+1.602 X 10""? Coulomb.

Mass of proton = 1.672 X 10*" Kg.
RUTHERFORD'S ATOMIC MODEL:

Rutherford's Gold-foil Experiment or Rutherford’s a-scattering Experiment:
(Discovery of Nucleus)

In 1911, Rutherford gave the first information about the almost-correct-picture of an atom.
He bombarded a number of a-particles (He?* ions) emitting from a radioactive material like
Uranium on a very thin gold foil. A circular zinc sulphide (ZnS) screen was provided at the

back side of the gold foil in order to register the impressions made by the a-particles.

SMALL
DEFLECTION
BEAM OF a—PARTICLES
) B > } UNDEFLECTED
O > a—- PARTICLES
O >
O %
= I
& I -
e — > > UNDEFLECTED
O - I > = a— PARTICLES
BACK I STRONG SMALL
SCATTERING DEFLECTION DEFLECTION
Observations and Conclusions:
From the a- scattering experiment, Rutherford observed that: |
1. Most of the a-particles went undeflected, 1.e. they passed
straight through the gold foil without any deviation. This
clearly indicates that most of the parts of an atom are empty. e °
2. Afew o-particles were found to be detlected strongly from their
| paths This indicates th f ive (h SPIRALLING
normal paths. This indicates the presence of a massive (heavy) =L ECTRON

positively charged body inside the atom. This massive
positively charged body 1s called nucleus.

3. Avery few (0.01%) a-particles were found to be retraced their original paths (deflected
through almost 180°). This indicates that the size of nucleus 1s very small.

The size of atomic nuclei is of the order of 10°"® cm.

Based on the conclusions drawn from the o-scattering experiment, Rutherford proposed an

atomic model., as follows:-
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1. An atom consists of two parts; they are (1) Nucleus and (11) extra nuclear part
Every atom consists of a very small but heavy positively charged body, called nucleus.

The whole mass of an atom 1s concentrated at the nucleus.

el

Electrons revolve around the nucleus with tremendous speed, like planets revolve
around the Sun. Therefore, the electrons are also called as planetary electrons.

5. The electrostatic force of attraction (acting inward) between the nucleus and electrons
is balanced by the centrifugal force (acting outward) arising due to the motion of

electrons. That 1s why electrons do not fall into the nucleus.

DRAWBACKS OR FAILURES OF RUTHERFORD'S
ATOMIC MODEL:

1. Stability of Atom: The theory fails to explain the stability of atoms. According to the
law of electrodynamics (by Clark Maxwell), whenever a charged particle revolves
around another charged particle, the revolving charged particle emits (loses) energy
continuously.

2. As the energy of the revolving electron decreases, it should be attracted towards the
nucleus, and should follow a spiral path and ultimately fall into the nucleus. However
this never happens

3. The model 1s silent about the definite energy and velocity possessed by the revolving
electrons.

4. The theory fails to explain atomic spectra.

BOHR’S ATOMIC MODEL

An almost correct picture of atomic model was provided by a Dutch physicist Niels Bohr in
1913. The Bohr's Atomic model is based on ‘Planck's Quantum Theory’ and ‘quantisation

of energy’.

(% scanned with OKEN Scanner



Postulates of Bohr’s atomic model:
1. Every atom consists of a heavy positively charged body at the

centre called ‘nucleus’ and electrons revolve around the

nucleus in certain permitted definite circular paths called

‘shells’,

Protons

‘orbits’.

2. The stationary states or shells are designated as K, L, M, N, 5 H:ﬂ
O......etc. for 1st, 2nd, 3rd, 4th shells respectively. é E‘;‘b

3. Each shell 1s associated with a certain definite quantity of <H /// -
energy. Hence the shells are also called as “Energy levels’. :

4. The energy content of various shells are compared by the

formula: 2ma2me4z2

En=- nzha

where m = mass of an electron e = charge of an electron z = atomic
number n = number of shell or principal quantum number
(1,2, 3...) h=Planck’s constant
=6.625 x 107 erg sec

En=-_13122 KJ/mol, n
for Hydrogen atom E =-1312 KJ/ mol

5. The energy content increases on moving from lower to higher shells and become zero for the
shell which 1s present at infinite distance from the nucleus. Thus, the increasing order of
energy content of the shells 1s: K<L <M <N................ and so on.

6. The energy levels are not equally spaced.

7. Through a large number of concentric circles are possible around the nucleus, only those
circular paths are allowed for the electrons to revolve for which the angular momentum h
value (mvr) 1s a whole number multiple of , —__ that 1s
2n
mvr =nh/2n, wheren=1,2,3,.......... Here, m =

mass of the electron, v = tangential velocity of
the revolving electron, r = radius of the orbit. h

= Planck's constant,
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8. When the electrons in an atom are in their normal energy state

n=3
(ground state), they keep on revolving in their respective orbits n=2 /
without losing energy. - ”_f-;-l ) AE=hv
9. An electron jumps from a lower orbit to a higher orbit, only when N ;"f
some external energy is absorbed by the electron. Similarly an o

electron jumps from a higher orbit to lower orbit, only when some energy 1s emitted by the

electron.

Failures of Bohr’s Atomic Model

1. According to Bohr’s atomic model, the path followed by electrons is two-dimensional
circular. But modern researches (Heisenberg’s Uncertainty Principle) revealed that electrons
revolve in three-dimensional paths called orbitals.

2. It fails to explain the spectra of multi-electron species.

3. It fails to explain the relative intensities of spectral lines.

4 It fails to explain the splitting up of spectral lines when exposed to electric field (Stark Effect)
and magnetic field (Zeeman Effect).

5. It fails to explain the cause of chemical combinations.

BOHR-BURY SCHEME

Bohr-Burry scheme deals with the arrangement of electrons in various shells. Various postulates
of the scheme are:

1. A shell can contain a maximum 2n® electrons, where n = number of the shell

Shell Maximumjnumber of electrons (2n?) f.f‘*\.\ —
K-ShEll n=1, 2x17=2 | i ;/H‘\ 1st shell = 2 electrons
L-Shell n=2, 2 x 22 =8 : § e
J ""?'--an shell = 8 electrons
M-Shell n=3,2x3*=18 5 \‘“::/ ’\
. &
N-Shell I]=4 7 x 42 32 and so on. \.\Oﬁ/ 3rd shell = 18 electrons

2. The outer most shell of an element cannot hold more than “8° electrons.

3. The penultimate shell (the shell just before the outer most shell) cannot hold more than
18 electrons.

4. A higher orbit may start filling before the lower orbit 1s completely filled.

Arrangements of electrons in different orbits of some elements according to Bohr-Bury scheme
are given below.

ELEMENT NUMBER OF ELECTRONS IN

8
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Aufbau’s Principle
The word “aufbau” means “building up”. The building up of orbitals means filling up of

orbitals with electrons.

Autbau’s principle may be stated as “electrons are filled in different sub-shells in order of
their increasing energies”.

The sub-shell with lowest energy i1s filled with electron first and those with higher energies are

filled with electrons later. The energy content of the various sub-shells can be compared by (n+

[) rule.

The (n+1) Rule:

L. The sub-shell having lower (nt+ I) value possesses lower energy and 1s filled first.

11. [f the (n + [) value for two given sub-shells are equal, then the one with lower value
of ‘n” possesses lower energy and 1s filled first.

Following the (n+1) rule, let us compare the energy possessed by various sub-shells.

SUB- Is 2s 2p 3s 3p 3d 4s 4p 4d 4f 3s dp
SHELL—
(nt1) 1+0 | 2+0 | 2+1 IH) | 3+1 3+2 | 4+0 | 4+1 4+2 |1 4+3 | 5+0 | 5+1
=1 =) —3 =17 =4 =1 =1 —5" =H = —i =h
9
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Thus, the increasing order of energy content of sub-shells 1s 1s <2s <2p <3s <3p <45 <3d <
dp< ..

1. Arrange the sub-shell as given below.

11. Draw parallel arrows as shown 1n the figure.

The sub-shell through which the arrow crossed first has lower energy.

S p
/

S p

S

S P

ELECTRONIC CONFIGURATIONS

Electronic configuration is the arrangement of electrons of an atom in different sub-shells in

the increasing order of their energy. The electronic configurations of some elements are given

below:

Elements Electronic configurations
1H 1s!

2He 1s?

3O 1s% 2s22p* 10Ne 1s? 2522pS

11Na 1s? 2s2p° 3s!

ISAT 1s% 2s22p® 3s°3p°

20Ca 1s? 2s*2p° 3s*3p°4s?
24Cr 1s? 2s22p® 3s?3p©4s'3d °
29Cu 152 25%2p® 3s23p®4s'3d 1
30Zn 152 2s?2p® 3s?3p®4s%3d

Exceptional Electronic Configuration: Some elements like “Cr” and “Cu’ show exceptional
electronic configurations. The exceptional electronic configuration is due to the fact that halt-
filled and completely filled orbitals are more stable due to the orbital symmetry and exchange
energy.
The electronic configurations of ‘Cr’ & “Cu’ should be 24Cr
= [Ar]4s?3d * & 29Cu = [Ar]4s°3d ° respectively.

10
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But the actual electronic configurations are
24Cr = [Ar]4s'3d > & 20Cu = [Ar]4s'3d '

CHEMICAL BONDING

Definition of Chemical Bond

Chemical bond is the force of attraction between the constituent atoms.

Types of Chemical Bond
* Electrovalent / Ionic Bond
* Covalent bond

* Co-ordinate bond

Reason for chemical Bonding

« Atoms of all elements have a tendency to acquire stable electronic configuration of the
nearest ert gas (Lewis octet rule)

 The atoms can acquire the stable electronic configuration of the nearest inert gas either by
losing electron(s) or by gaining electron(s)

+ This tendency of atoms to complete and hence stabilize their outer most orbit of electrons.

This 1s mainly responsible for chemical combination between the atoms.

Electrovalent or ionic Bond
Definition: An electrovalent or ionic bond formed by complete transfer of electron or

electrons from one atom to the other.

Process of Formation of electrovalent bond
* The constituent atoms must be dissimilar in character, one with a tendency to loss electrons

and the other having a tendency to gain electrons.
* The atom which loses electrons acquires positive charge and contracts. It 1s known as cation
 The atom which gains electrons acquires negative charge and increases in size. It 1s known

as anion.
* The cation and anion thus produced are held together by electrostatic lines of force and

hence the linkage 1s called electrovalent bond.

11
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* The compounds so produced are called electrovalent compounds.

* These are also called polar compounds since their molecules acquire polarity due to the

formation of 10ns by electron transfer.

In the formation of the electrovalent bond, the electrons gained or lost are always from the

outermost shell and the 10ons occupied acquire the nearest inert gas configuration.

Example-1 + -
Formation of NaCl :-
11Na- 1s?, 2s?, 2p°®, 3s' —_—

Outermost

electrons

Na+*
Sodium atom  Chlorine atom Sodium ion  Chloride ion
Sodium chloride (NaCl)

nCls%, 2%, 2p° 35%. 3p° wem—

Outermost

electrons @ . w

HaCl - lonic Bonding

Example-2 o0
. o ®
Formation of CaCl o Cl o 24 = ~
2 92 A6 22 Anb A2 & F T Te8y 98"
20Ca 1s%, 2% 2p°. 35", 3p°. ds R R > .CI- :Cll
Outermost (Ca e 0 al |e e o s $
electrons Cl ® ® o S o ¢
& L
o0
17C1 152 2%, Ip°. N
3¢%.3p°
Outermost Cl
electrons Ca
Cl
12
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Factors influencing formation of electrovalent bond

The formation of an 10nic or electrovalent bond i1s dependent upon the ease of formation of
anions and cations from the neutral atoms which in turn depends upon the following major
factors

1) Electronic structure

lons are easily formed when the electronic structure of the 1on 1s more stable.

2) Ionic charge

The tendency of the 1on formation 1s more when the charge on the 1on smaller.

J) Size

lon formation tendency is greater, when the atom forming the 1on 1s smaller for anion
formation and larger for cation formation.

4) Electron affinity

The higher the electron affinity of an atom, the greater 1s the ease of formation of the anion.

5) Ionization potential

The lower the 10nization potential of an atom, the greater is the ease of formation of the
cation.

6) Lattice energy

The higher the lattice energy of the resultant 1onic compound, the greater 1s the ease of its

formation.

The energy released when the oppositely charged ions combine to form one mole of the ionic

compound is called lattice energy.

Covalent Bond
Definition: A covalent bond 1s formed by mutual sharing of one or more electron pairs and

the atoms thus achieve their stability.

Process of formation of covalent Bond

«  The electrons for pair formation are contributed equally by the two constituent atoms and

become their common property.

«  The covalent bond can connect similar atoms when both of them are short of a few
electrons to achieve the stable electronic configuration of nearest inert gas.

« Depending upon whether the electron pairs are shared equally between the constituent

atoms or not, a covalent bond may be non-polar or polar

13
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Covalent compounds are of two types

a. Homoatomic molecules
b. Heteroatomic molecules
Homoatomic molecules:-

1) Formation of molecule having a single bond

Bt Hls QD) =H-H

2) Formation of molecule having a double bond

Ex- 0250 1s? 2s% 2p* outermost electrons

3) Formation of molecule having a triple bond

Ex- N27N 1s? 2s? _2123
outermost
electrons

Heteroatomic molecule:-

1) Formation of Methane (CH4) molecule

Ex : ¢C 15 25? 2p®

outermost i
electrons
1H 1s! c 100.5°
“‘ H/ \
P

Four hydrogens are attached to the central carbon atom which create pressure on the carbon

atom.

Hence, the atoms arrange themselves in such a manner that the molecule will become stable.
Structure: Tetrahedral
Bond angle = 109° 28/

14
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Formation of Ammonia (NH3) Molecule

Ex: 7N 1s? 252 2p°
outermost M, - Lone pair
electrons

¥
1H 1s' ' " b
<
Structure: Pyramidal “B i
Bond angle = 107°

Formation of water (H,0) molecule

HEO 1H 15'

10 152 2_52294 ¢ .-Lone par F.,\__.Lm pair TN

outermost Y {*

electrons ) \ 1’;

I | '\) @ Y.
Structure: Angular c H : Water
K
Bond angle = 104° 5/ R
(a) (c)
Formation of (CO2) Carbon dioxide molecule
CO; 6C Is? 2s% 2p” outermost electrons
30 Is* 2s? 2p* outermost
electrons ———— carbon oer

Structure: Linear
O = C — O - . L1

Bond angle = 180°

Formation of Ethylene (C2Hy)
molecule

carbon dioxide

C2Ha4 6C 152 252 2p2 -
outermost =
electrons > &

&
Ethene (Ethylene)

1H Is! C.oH.

15

(% scanned with OKEN Scanner



Formation of Acetylene (C:H>)

molecule
CaH> 6C  1s22s22p2 HIC. < LR &w

outermost

electrons Ethyne (Acetylend
CaHy

Co-ordinate Bond
Definition: A co-ordinate bond 1s formed, when an atom with complete octet (after natural
sharing) donates 1ts pair of electrons to the other atom. The donated pair 1s counted towards

the stability of both the atoms.

Process of formation of co-ordinate bond

» This type of bond 1s formed by dissimilar atoms A and B

« Atom A has one or more lone pairs of electrons. Atom B 1s short of a pair of electrons than
the nearest mert gas configuration.

« Atom A donates its lone pair of electrons to atom B. As a result, both the atoms get inert gas
configuration.

« Atom A 1s called donor while atom B 1s called acceptor. The bond formed is called dative or

directional bond.

Formation of Ammonium ion

2 2 3 lone pair of coordinate bond
7N Is*2s” 2p electrons - Q Y
outermost H H 7 H ™ + |
electrons X X : > N H
[ - - L 4 o
Hx *N¥ + H —pHx NH —p|Hx ‘N: = H |
" X "
I H H . H 3 3 J
1H Is ammona hydrogen ammonum
molecule ey beie

Formation of Hydronium ion (H30-)

16
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1H

0

1s!

+
HXOx H+ H —»
152 ﬁl ;lf
outermost
electrons

17
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ACID, BASE AND SALT

THEORIES OF ACIDS AND BASES
1. ARRHENIUS THEORY:

According to Arrhenius theory, “Acids are the substances which produce H + ions

(protons) in aqueous solution while bases are the substances which produce OH - ions

in aqueous solution.”

water—> " (aq) + CI (aq) Example
of Acid: HCI H

Other examples of acids are: HNOs3, H>SO4 ,CH3COOH etc.

Examples of Base: NaOH (s) TREE > Na* (aq) + CI (aq)
Other examples of bases are: KOH, Ca(OH)2, AI(OH);z etc Salient

Features:

i. According to Arrhenius theory an acid reacts with a base to form salt and water and the

reaction 1s called neutralisation reaction.
HCI + NaOH — NaCl+ H2O

(Acid)  (Base) (Salt) (Water)

Neutralisation reaction may be represented as:

H'(ag) + OH-(aq) — H0(l)

(from acid) (from base) 11. Higher the degree of dissociation, higher is

the acidic or basic nature of the substance.

Limitations:

i. H" ion does not exist freely in aqueous solution. It combines with H>O, as soon as it forms
to give hydronium ion (H30"). H" + H.0O — H30"

1. The theory fails to explain the acidic and basic nature of the substances 1n solvents other
than water.

iii. The theory fails to explain the acidic nature of the substances like SO2, CO», S10,, P20:s,
BF3, AICls, etc. which cannot provide H' ions.
iv. The theory fails to explain the basic nature of the substances like NH; PHj;, NaO, K,0,

CaO etc. which can't provide OH " 10ns.
v. The theory fails to explain neutralisation reactions between some acidic and basic

substances which do not produce water. HCl + NH3 — NH4Cl

18
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2. LOWRY- BRONSTED THEORY

According to Lowry - Bronsted theory “Acids are the substances (molecules/ions) which donate

a proton (H" ion) to any other substance, while bases are the substances

(molecules/ions) which accept a proton (H" ion) from any other substance”.

In other words, acids are proton donors whereas bases are proton acceptors.

Examples of acids are:

1. HCI, HNO3, H2SOs4, H3PO4, CH3COOH, H2COs etc.

ii. lons having capacity to donate H* ion: (HS -, HCOs ", HPO 4* -, HSOs etc. ) Examples
of Bases:

i. Neutral molecules such as: H.O, NH3, RNH», PH3, AsH3, etc.

ii. [ons having capacity to accept H" ion, like OH™ , CN -, HCOj3  etc.

All Arrhenius acids are Bronsted acids but all Bronsted bases are not Arrhenius bases.

Salient Features:-

I. According to this theory an acid reacts with a base to form another pair of acid and base.
il. The pair of acid and base which differ by a proton (H" ion) is called a conjugate acid-base
pair.
Acid — H * — Conjugate base Base + H" — Conjugate acid iii. The substances such as
H>0, HS -, HCO3', HPO4* -, HSO4 etc which act as both acid (proton donor) as well
as base (proton acceptor) are called amphoteric substances.
iv. Stronger 1s an acid weaker 1s its conjugate base and vice versa
HCI + H.O — H;O" + Cl - [Strong acid]

| Weak base]
Limitations of the theory:
1. It fails to explain the acidic nature of the substances, such as S102, CO», SO», BF3, etc.
which cannot donate H ™ ion.
ii. It fails to explain the basic nature of the substances, such as Na>O, K»,0, CaO etc. which

cannot accept H ™ ion

ii. It fails to explain the reaction between some acids and bases which do not give another
pair of acid and base. Example: HCI + NaOH — NaCl + H,O.

Note: Some conjugate acid-base pairs are given below:

19
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ACID CONJUGATE BASE CONJUGATE
BASE ACID
HCI Cl Br- HBr
H2S04 HSOa- CN- HCN
NHas+ NH3 NHa- NH3
H-0O OH H>O H30+

3. LEWIS THEORY

According to Lewis theory “Acids are the substances (molecules/ions) which can accept a

pair of electrons from any other substance, while bases are the substances

(molecules/ions) which can donate a pair of electrons to any other substance.” In
other words, acids are electron acceptors while bases are electron donors.
Examples of acids:-

i. All cations are Lewis acids: For example; Na*, K*, Ca?* , Cu?**, AI’" Fe’* etc.

il. Neutral molecules containing electron deficient atoms are Lewis acids. For example:

BFs, AICIs, FeCls, ZnCl; etc. iii. Neutral molecules containing vacant d-orbitals in the
central atom for the accommodation of incoming electrons act as Lewis acids. For

example: SiF4, SiCly, etc.

iv. The molecules having multiple bonding (= or = ) between the atoms of different elements
are acidic in nature. For example: CO2 (O=C=0), SO, etc.

Examples of Bases:-

i. All anions are Lewis bases: F -, Cl -, COs* etc ii. Neutral molecules containing,

at least one lone pair of electrons are Lewis bases Salient Features:

I. According to this theory, an acid reacts with a base to form an acid- base complex
which involves a co-ordinate or dative bond. For example, the reaction between
H>O (Lewis base) and H" (Lewis acid) results in the formation of a dative bond. ii.
All Bronsted- Lowry bases are Lewis bases while the reverse is not always true.

Limitations:

1. According to this theory, the reaction between an acid and base results in the formation of
a dative bond. Formation of a coordinate bond 1s a slow process. While the reactions

between the acids such as HCI, HNO3;, H>SOs and the bases such as NaOH, KOH etc. are

instantaneous or fast.

20
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1. Catalytic activity of Lewis acids cannot be explained because catalytic activity of many
acids is due to their tendency to furnish H™ ion. Lewis acids are lacking this activity.

iii. The theory fails to explain the relative strengths of different acids and bases.

TYPES OF ACID, BASE AND SALT
TYPES OFACID

1. Strong Acids: These are the acids which undergo almost complete i1onization in aqueous
solution. Example: HCI, HNO3, HoSO4 etc
2. Weak Acids: These are the acids which undergo partial 1onization in aqueous solution.

Example:
1. Inorganic Acids like: HCN, H,COs, HF, etc.

1. All Organic Acids like: HCOOH, CH;COOH, C;HsCOOH etc.

* Basicity of acid — Total no. of replaceable hydrogen atoms is known as basicity of an acid.
3. Monobasic Acids: The acid containing only one replaceable hydrogen atom is called a
monobasic acid. Example: HCI, HNO3z, HCN, CH3COOH, H3BOs etc.

4. Dibasic Acids: The acid containing two replaceable hydrogen atoms is called a dibasic
acid. Example: H2SO4, H2CO3, H3POs etc.

5. Tribasic Acid: The acid containing three replaceable hydrogen atoms 1s called a tribasic

acid. Example: H3POyq etc.

TYPE OF BASES

1. Strong Bases: These are the bases which undergo almost complete ionization in aqueous
solution. Example: NaOH, KOH, Mg(OH), Ca(OH);, etc.

2. Weak Bases: These are the bases which undergo partial 1onization in aqueous solution.

Example: NH4OH, etc.

* Acidity of a base — Total no. of replaceable hydroxyl groups present is known as acidity of a

base.

3. Monoacidic base: The base containing only one replaceable OH group 1s called a
monoacidic base. Example: NaOH, KOH, L1OH, NH4OH, etc.

4. Diacidic base: The base containing two replaceable OH groups is called a diacidic base.

Example: Mg(OH),, Ca(OH )2, Ba(OH), etc.

S. Triacidic base: The base containing three replaceable OH groups 1s called a triacidic base.

Example: AI(OH)s, B(OH)3, etc.
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SALT

Salts are regarded as compounds made up of positive and negative 1ons. The positive part comes
from a base while negative part from an acid. Salts are 1onic compounds.

TYPES OF SALT

Salts may be classified into the following types:-

1. Normal salts: The salt obtained by the complete replacement of all the replaceable
hydrogen atoms of an acid by metal atoms 1s called a normal salt. These salts are obtained by
the reaction between strong acids and strong bases. These salts are not hydrolysed 1 aqueous
solution.

Example:

2. Acidic salts: The salt obtained by the partial replacement of replaceable hydrogen atoms

Acids Normal salts of an acid by metal
HCI NaCl, KCl, CaCl,, MgCla, etc i sl lat
HNO3 NEINOL KNOJ._. Cﬂ(NO})}_ . Mg(NO_’,)Z . etc. ﬂCldlC Sﬂlt. ThESE
H2S04 NaxSOy4, K2SO4, CaSO4, MgS0y4, etc. type of salts still
H3PO4 NazPO4, K3PO4, Caz(PO4)2, Mg3(PO4)a, etc.
contain one or more replaceable hydrogen atoms. -
Example:

(o) Acid
Acids Acidic salts
H2S04 NaHSOs, KHSOq etc.
H3POq4 NaH>PO4, KH>PO4, NaxHPO4, KoHPO4 etc.

3. Basic salt: These are the salts obtained by the incomplete neutralization of poly acidic
bases. Such salts contain one or more “OH’ groups. Example: Ca(OH)CI, Mg(OH)CI,
Zn(OH)CI, AI(OH).Cl etc.

4. Double salts: These are the molecular addition compounds obtained from two simple
salts, the 1ons of which retain their identity. Such salts give the test of all the constituent 10ns

when dissolved in water.

> water T+ 2APPT 43S0 4*-

Example: K2SO4 Alx(SO4)3.24H,0 2K
(Potash Alum)
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Other examples: Mohr’s Salt [FeSO4.(NH4)>,SO4.6H>0], Carnalite (KCI MgCl, 6H,0), etc.
S. Complex Salts: These are the molecular addition compounds obtained by the
combination of simple salts which retain their identity in aqueous solution. Such salts do not

give tests of all the constituent 1ons 1n aqueous solution.
Example: Ks[Fe(CN)g] wates 4K* + [Fe(CN)s]*— Other
examples: K3[Fe(CN)s], [Cu(NH3)4]SO4, etc.
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ELECTROCHEMISTRY

Definition: The branch of chemistry which deals with the study of relationship between

electrical energy, chemical energy and inter conversion of one form into another is called

electrochemistry

Electrolysis

Definition: The process of chemical decomposition of an electrolyte in solution or in the

fused state by passage of electric current is known as electrolysis

Electrolyte

Definition: The substances which conduct electricity in their fused or in aqueous solution are

called electrolysis

Ex- NaCl, CaCl: etc

Electrolytic cell

Definition: Electrolytic cell is a device in which electrical energy is converted in to chemical

energy.
Process of Electrolysis By (TSRS
3 - i} —
*  The process of electrolysis 1s carried out in a vessel E1|4 +I
: Cathode— 4+—Anode
known as electrolytic tank
« It 1s made up of some insulating material such as glass. Acidified
copper
stone etc. e Cu™ sulphate
: solution
«  Fused electrolyte or an aqueous solution of the electrolyte Cu
1s taken 1n an electrolytic tank and two metallic plates are .
_ _ Impurities
dipped in the electrolyte. These plates are known as (anode mud)

electrodes.
« The electrodes are connected to an external source of emf (battery) The electrode which
1s connected with the positive end of the battery 1s called anode and the electrode which is

connected to the negative end is called cathode.

24

(% scanned with OKEN Scanner



*  When an electric current 1s passed through the solution, cations move towards the
cathode, whereas anions move towards the anode.
«  This movement of 10ns towards oppositely charged electrodes 1s called electrolytic

conduction.

Example of electrolysis
By using copper sulphate solution (using Pt electrode)

« When copper sulphate 1s dissolved in water it 10nises as:
> CuSOs Cuz+ +S042-

> H0 2H" +O? (slightly ionised)

* When electric current 1s passed through copper sulphate solution using platinum (Pt)
electrodes, Cu®** and H* ions move towards the cathode. However, only Cu?* ions are
discharged more readily than H" ions because of their low discharge potentials.

» These Cu’" ions gain electrons and change into neutral atoms and get deposited at cathode.

At cathode: Cu** + 2ee ——>Cu (deposited)

b) SO4* and OH" ions move towards anode. However, only OH ions are discharged more

readily than SO, ions because of their low discharge potential. These OH" ions lose electrons

and change into neutral hydroxyl groups

At anode: 20H™ + 2¢- —>20H (neutral)

* The neutral hydroxyl groups being unstable react with other neutral OH groups to form

water and oxygen

20H >H-0 + [0]
0] + [O] 40
Conclusion:

Hence during electrolysis of copper sulphate solution using platinum (unattackable)

electrodes, copper and oxygen are liberated.

Faraday’s 1st law of electrolysis

Definition: The mass of substance liberated at the electrode as a result of electrolysis is
directly proportional to the quantity of electricity passed through the electrolyte.

If W 1s the mass of substance liberated at the electrode and Q 1s the quantity of electricity (in
coulombs) passed through the electrolyte.

Then, W x Q
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