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Some Important Increasing order
1. Acidic Property

6. Ionic Character

2. Bond Angle
7. Atomic/ Ionic Size

3. Basic Character

8. Oxidizing Power

9. Ionization Energy
4. Thermal Stability
10. Melting Point

5. Solubility

11. Density

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦
1
∝
𝑐𝑜𝑣𝑒𝑙𝑒𝑛𝑡 𝑐ℎ𝑎𝑟.
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12. Boiling Point

21. Molar Conductivity in Water
22. Reactivity with Hydrogen

13. Electrical Conductivity
14. Reactivity with water

23. Reactivity Towards Air
24. Hydration of Ions/Hydration Energy

15. Extent of Hydrolysis
25. Electron Affinity
16. Bond Strength

26. Electronegativity
27. Bond Length

17. Reducing Power
28. Dipole moments

18. Covalent Character

19. Strength of Hydrogen bonding (X….H-X)
20. Ionic Radii in water

29. Abundance of Elements
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*Incr. = Increase, *Decr.= Decrease

Incr.
Incr.
Electropositivity
Incr.
Incr.
Incr.
Incr.

Atomic radius
Ionisation Potential
Electro negativity
Electron Affinity
Covalent character of Halides
Incr.
Metallic character
Decr.
Oxidising nature
Decr.
Reducing nature
Decr.
Screening effect
Decr.
Effective Nuclear charge[Zeff]
Incr.
Valency w.r.t Oxygen
Decr.
Basic character of hydrides
Incr.
Basic character of oxides
Incr.
Basic character of Oxy-acids
Constant
Strength of oxy-acids
Constant
Thermal Stability of sulphate
(metals incr.)
Thermal Stability of Carbonates
(Non metal)Drce. (metals)Incr.
Thermal stability of nitrates
Incr.
Thermal stability of hydro- oxide
Decr.
Density

PERIODS

Decreases

Decreases
Increases
Increases
Increases
Increases
Decreases
Increases
Decreases
Increases
Increases
Increases
Decreases
Decreases
Decreases
Increases
Decreases
Decreases
Decreases
Decreases
First increases
than decreases

GENERAL TREND OF DIFFERENT PROPERTIES IN THE PERIOD AND GROUPS
Chemistry Handbook

CHAPTER – 1

Chemistry Handbook

CHAPTER – 2

PERIODIC TABLE
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DEVELOPMENT OF
PERIODIC TABLE


Prouts
Hypothesis

MENDELEEV’S PERIODIC TABLE






Dobenier’s triad



Newlands law of
octave



Lother meyer
curve



Base chemical properties of
elements. Like: reaction with O2,
H2, & X2
Mendeleev’s Periodic Law:
Physical and chemical properties
of elements are periodic function
of their atomic weight
8 Groups & 7 period:
Left some vacant position for some
elements,
eka-boron-Sc, eka-managanse-Tc
eka-Aluminium-Ga
eka-silicon-Ge

MOSELEY X-RAY
EXPERIMENT
𝒛∝𝒗
Modern Periodic Law
Physical & chemical
properties of the
elements are periodic
function of their atomic
numbers.
Introduced zero group
for Nobel gases.

DIVISION OF ELEMENTS ON SPECIFIC GROUNDS
(a) Bohr classification
i.
Normal/representative elements
s&p block(except inert gas)
ns1-2 np1-5; use electrons only valence
shell during chemical combination.
ii.
Transition elements
d-block: use electons of n shell as
well as (n-1) shell during chemical
combination.
Zn, Cd & Hg are not transitional
elements.
iii.
Inner transition elements
f-block : use electrons of n shell (n-1)
shell and (n-2) shell
(d)

iv.

Inert gases:
18 group He, Ne, Ar, Kr, XeRn
Do not use any electron during
chemical combination
(b) On the basis of conductivity
Metal
Conductor
Metalloid
Semi-conductor
Non-metals
Non-conductor
(c) On the basis of physical state
Solid(rest)
Liquid(6): Br, Ga, Hg, Uub, Cs, Fr
Gas(11): He, Ne, Ar, Kr, Xe, ln, F,
Cl, O, N, H

v.

POSITION OF ELEMENTS IN PERIODIC TABLE
o
o
o

Period : Highest number of shell, which contain electron.
Block : Highest energy sub-shell which contain electron.
Ns < (n-Z) f < (n-1)d < np
Group Number:
depends on block (a) s-block: Number of ns electron’s
(b) p-block : Number of np electron’s + 112
( c) d-block : Number of ns + (n-1)d electron’s
(d) f-block : III or IIIB Group.

Eg: Atomic number
53.
[Kr] 5s2 4d105p5
period – 5
Block – P
Group- 12 + 5 = 17
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PERIODICITY

SCREENING EFFECT / SHIELDING EFFECT

1.
2.
3.
4.
5.

Repulsive force applied by inner electron
on a particular electron / last electron /
tested electron.
Calculation of screening (σ) by Slater’s Rule.

Effective nuclear charge(Zeff)
Atomic Radius
Ionisation potential
Electron affinity
Electro negativity






Effective nuclear
charge(Zeff)
Zeff = Z - σ
Group Zeff constant

Repetition of properties after
regular interval is known as
periodicity and these properties
are known as periodic properties.

σ by test electron = 0.00
σ by rest of valence electron =0.35
σ by (n-1)s,p 0.85
σ by (n-2) or inner electron = 1.0

Period Zeff

L-R

Varation of σ
along the periodic &
down the group increases. Order(σ): s>p>d>f
PERIODIC TRENDS

ATOMIC RADIUS
o
o
o
o

Distance between centre of nucleus to outermost electrons.
Accurate value of atomic radius cannot be measured.
We measure inter-nuclear distance and assume half of it as atomic
radii.
On the basis of type of bond atomic radii is of following type:

Group

L-R

Period
o
Zeff

AR

T

Single bonded species

B
AR

At ͌ Ga:Transition contraction
4d ͌ 5d : Lanthanide Contraction
d-block

Y Zr Nb Mo Tc Ru Rh Ph
˄ ǁǁ ǁǁ ǁǁ ǁǁ ǁǁ ǁǁ ǁǁ
La Hf Ta W Re Os Ir Pt
Lanthanide contraction
La   Lu
4f-series

Order of atomic radii of same atom

rcovalent < rmetallic < rvanderwaal
1 : 1:2 : 2
Factors of effecting at radii
1
∝
𝑍𝑒𝑓𝑓
1
∝
𝑏𝑜𝑛𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

p-block

Ag Cd } ln Sn
ǁǁ ǁǁ } ǁǁ ǁǁ
Au Hg } Ti Pb
size

Eu  Largest among 4f series

(b) Different series (generally)
2e- < 10 e- < 18 e- < 36 e- < 54 eEg. N3- < Cs+
10e- 54eF- < Cl- < H*exceptional: Li+ >= Mg2+

Ionic Radius
(a) Same series species
A+

A

Cation
Neutral
Order of size: A+ < A < AIsoelectronic Species:
Same numner of electrons

AAnion

α-ve ∝

1
+𝑣𝑒

Na+, Mg2+, Al3+, F-, O2-, N3Al3+ < Mg2+ < Na+< F-< O2-< N3-
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IONISATION ENERGY

SUCCESSIVE IONISATION ENERGY
Energy required to remove successive electron
from an atom known as successive ionization
energy.

Here: I e-, II e- & III e-  Successive e&
IE1, IE2, &IE3  successive I.E
Order of successive I.E. :

Minimum amount of energy required to
remove most loosely held electron from an
isolated gaseous atom.

Total energy required for the formation of
Mn+ ion = IE1 + IE2 + IE3 +……..+IEn
always an endothermic process

FACTORS AND
PERIODICITY(I.P.)

Factor 5 & 6 applicable upto 4th period only
Be > B
Sb < Te
N>O

Stability Of Oxidation State : Consider successive IP
(a)

If Δ IP  < 11eV higher o.s stable
If Δ IP  > 16eV lower o.s. stable
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PERIODICITY

APPLICATION OF IP
𝑀𝑒𝑡𝑎𝑙𝑙𝑖𝑐 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟 ∝

1
𝐼𝑃

𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 ∝

1
𝐼𝑃

𝐸𝑙𝑒𝑐𝑡𝑟𝑜 + 𝑣𝑒 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟 ∝

1
𝐼𝑃

𝑅𝑒𝑑𝑢𝑐𝑖𝑛𝑔 𝑛𝑎𝑡𝑢𝑟𝑒 ∝

1
𝐼𝑃

Period
L-R
Group
T

B
IP

IP

No. of valance e- = consider successive IP
highest jump in successive IP indicate
noble gas configuration if it is ‘a’ then no. of valence e-

Valence e- = a - 1

ELECTRON AFFINITY /
ELECTRON GAIN ENTHALPY

Amount of energy released or absorb when an electron added to
neutral gaseous atom.

Generally Exothermic
If we measure energy in terms of energy change it is known as
electron gain enthalpy.
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SUCCESSIVE ELECTRON AFFINITY

FACTORS

-

When an atom gain more than one e ; these
electrons are K/as successive electrons and their
energy is K/as successive electron affinity.

E.A ∝ Zeff

1

Periodicity

E.A ∝ 𝑠𝑖𝑧𝑒

Electron configuration:
Stable valence shell configuration of
electron gaining would be a endothermic
higher the stability of configuration
higher endothermic process of electron
gaining.
EA2 or higher always endothermic due to
repulsion between anion & incoming electron

PERIODIC TRENDS

Application of ElectroNegativity

Period

Group
L-R

EN

Exception:

EN

Zn < Cd < Hg
Ga < ln < Tl

Acidic character ∝ EN
basic character ∝

1
𝐸𝑁

EA
ΔHeq
-ve

ΔEN  Bond polarity
Bond length-

T
B

EA / ΔHeq -ve

Bond & Bond properties
Non – polar bond ΔEN = 0
Polar bond ΔEN ≠ 0

Bond strength-

Ionic characterBond length-Sehumaker stevension formula= dA-B = rA + rB – 0.09 x ΔEN
%age ionic character : Hennay-Smith formula = 16 x ΔEN + 3.5(ΔEN)2

Electro negativity Acidic character of oxide
Basic character of oxide

s-block hydride – Metallic hydride, basic character ∝
size
P-block hydride –Nonn metallic hydride, acidic
character ∝ size
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CHEMICAL BONDING
Force of attraction which holds two or more than two species together is known as bond.
H2O= = =H2O Na+= = =Cl-

H-H
Reason

Classification of Bonds

To attain the state of maximum stability

On the basis of type species getting bonded

Species have tendency of bonding

bonds can be classify into following categories.

BOND
Interatomic bond between
two atom strong bond
200 – 400 KJ / mol

Intermolecular force
between molecules weak
bond 2 – 40 KJ/ mol

Covalent Bond
Formation of covalent bond explained by three theories.

Lewis Octet Theory

Valence Bond Theory

LEWIS OCTET THEORY
As per Lewis octet Theory Bonding for
Stability Stability by achieving Nobel gas
configuration

Molecular Orbital Theory

VALENCE BOND THEORY
Atoms undergoes sharing of electron.
Sharing of electron leads to the formation of covalent
bond.

VALENCE BOND THEORY
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EXCEPTION OF OCTET RULE
(A) Electron deficient Central
atom:
No. of electron < 8
BeH2 , BF3 , BCl3 , BBr3 , BI3
AlCl3 , AlBr3 , AlI3

(B) Electron rich Central
atom:
No. of electron > 8
PCl5 , IF7 , SF6 , XeF2

(C) Odd electron species
Central atom:
Has odd electron NO, NO2
, ClO2 , ClO3





CO-ORDINATE BOND (DATIVE BOND)
In this type of bond, shared pair of electron donates by one species but shared by both
For this type of sharing
One species – must have lone pair – act as donar known as Lewis base – acquire +ve charge.
Another species – must have vacant orbital act as acceptor known as Lewis acid – acquire –ve
charge



Donor atom follow octet rule

MODERN APPROACH OF COVALENT BOND
Consider wave mechanical model of atom means electron has dual nature; wave nature as
well as particle nature considered by these theories, there are two theories in this approach.
1. Valence Bond Theory
Valence Bond theory was proposed by Heitler & Lo
ndon as per VBT bonding takes place for attaining
stability.
1
𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∝
𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

Bond formation is an exothermic process.
During this process some extent of electron cloud
merge into each other; this part is known as
overlapped region & this process is known as
overlapping.

2. Molecular Orbital Theory
Only those orbitals of valence shell can
exhibit overlapping which has
Unpaired electron : For example
H-Cl bond form by overlapping
Of 1s – 3p orbitals.
H  1s1
Cl  1s22s22p63s23p5
Opposite spin
Strength of covalent Bond
Strength of covalent bond ∝ extent of
overlapping.
1. Nature of Orbitals
(a) No. of shell : lower the number of
shell higher overlapping
Bond Strength ∝

1
𝑁𝑜.𝑜𝑓 𝑠ℎ𝑒𝑙𝑙

/ size of

orbitals
1-1 > 1-2 > 2-2 > 2-3
Exception: Cl2 > Br2 > F2 > I2 due to
O-O < S-S
lp-lp
N-N < P-P
repulsion
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(b)

Type of Sub-shell
Valence shell contain subshell s & p
s-non-direction Directional orbital has
p-directional
higher extent of overlapping

Possible combination & strength of overlapping
s-s < s-p < p-p
** This factor is applicable when number of shell is
same otherwise shell factor prominent
2s – 2s < 2s – 2p < 2p- 2p sub-shell factor
1s – 1s > 1s-2s > 1s-3s shell factor

2. PATTERN OF OVERLAPPING
(a) Axial overlapping :
(b) Co-lateral overlapping
Along the internuclear axis; form sigma (σ)
Side wise overlapping has less extent of
bond, strong bond.
overlapping form 𝜋 - bond
Weak bond
Intermolecul
ar axis p

p 𝜋 pibond

p 𝜋- d 𝜋

pi bond











In case of multiple bond between two atom one bond is sigma and rest are pi- bonds.
VBT was not able to define geometry of molecule therefore a new concept came into
existence known as hybridization.
HYBRIDISATION
Intermixing of atomic orbitals and formation of new orbital, these orbitals are known as
hybrid orbital and this concept is known as hybridization.
It is hypothetical concept.
Only those orbitals can participate in hybridization which has slight difference in energy.
No. of hybrid orbitals : No. of atomic orbitals participate in intermixing
Hybrid orbitals oriented at maximum possible distance three dimensionally.
On the basis of type of orbitals participating in hybridization, we can divide hybridization
into following categories.

S.NO Type of orbital
1.
2.
3.
4.

One s + one p
One s + two p
One s + three p
One s + three p + one d

5. One s + three p + two d
6.
One s + three p + three d

No. of hybrid
orbital
2; sp
3; sp2
4; sp3
5; sp3d
6; sp3d2
7; sp3d3

3D orientation

Example

Linear
Triangular
Tetrahedral
Triangular
bipyramidal
Octahedral
Pentagonal
bipyramidal

BeH2, BeCl2
BCl3, BF3
CH4 , CCl4
PCl5
SF6
IF7
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VALENCE SHELL ELECTRON PAIR REPULSION THEORY





Given by Nyholm & Gillespie to define shape of molecule
Shape of molecule define on the basis of electron pairs orientation present on central atom
Electron pairs present on central atom repel each other therefore these electron pair occupy
such position on central atom; where they experience minimum repulsion at maximum
possible distance three dimensionaly.
Order of repulsion : lp-lp > lp-bp > bp-bp mb-mb > mb-sb > sb-sb



TYPE OF HYBRIDISATION & POSSIBLE STRUCTURE
TYPE OF
HYBRIDISATION
1. Sp-hybridisation
2

2. (a) sp hybridisation
(b) sp2hybridisation
3. (a) sp3hybridisation
(b) sp3hybridisation
(c) sp3hybridisation
4. (a)sp3dhybridisation
(b) sp3dhybridisation
(c) sp3dhybridisation
(d) sp3dhybridisation
5. (a)sp3d2hybridisation
(b) sp3d2hybridisation
(c) sp3d2hybridisation
6. (a) sp3d3hybridisation
(b) sp3d3hybridisation
(c) sp3d3hybridisation

No. of
B.P.

No. of
L.P

Shape

2

-

Linear

3
2

1

Trigonal planar
V-shape, Angular

4
3
2

0
1
2

Tetrahedral
Pyramidal
Angular

5
4

1

3
2

2
3

Trigonal bipyramidal
See-Saw,
folded square distorted
tetrahedral almost T-shape
Linear

6
5
4

1
2

Square
bipyramidal/octahedral
Square pyramidal/distorted
octahedral
Square planar

7
6

1

5

2

Pentagonal bipyramidal
Pentagonal pyramidal/
distorted octahedral capped
octahedral
Pentagonal planar

Example
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DIPOLE MOMENT
Measurement of polarity in a molecule
𝜇 = 𝑞 × 𝑑 debye = esu-cm
1D = 10-18esu.cm
(A) Identificatioin of polar or No-polar molecule
Molecule : Symmetrical distribution of electron
cloud – Non-polar.
Molecule : Unsymmetrical distribution of electron
cloud-polar.
Diatomic Molecule
(a) Homoatomic 𝛥𝐸𝑁 = 0 → 𝜇 = 0 → 𝑁𝑜𝑛 −
𝑝𝑜𝑙𝑎𝑟
H2, F2, Cl2, N2 etc.
(b) Heteroatomic 𝛥𝐸𝑁 ≠ 0 → 𝜇net = 0 →
𝑝𝑜𝑙𝑎𝑟
HF > HCl > HBr > HI
Polyatomic molecule :
𝜇 R --> Vector sum of bond moment
𝜇 R  √𝜇12 + 𝜇 22 + 2 𝜇 1 𝜇 2cos∅
Important Order

APPLICATIONS
Predict shape and polarity of molecule
symmetrical geometry  𝜇 = 0  Non-polar.
Unsymmetrical geometry  𝜇 ≠ 0  Polar
Distinguish between cis & trans form

𝜇≠0
𝜇=0
Dipole moment in Aromatic Compounds

𝜇∝

1
𝐵𝑜𝑛𝑑 𝑎𝑛𝑔𝑙𝑒

HYDROGEN BONDING
Electrostatic force of attraction between hydrogen and highly electronegative atoms.
It is dipole-dipole type of attraction
Hydrogen should be covalently bonded with highly electronegative elements like : F, O, N.
Strength of H-bond ∝ Electronegativity of electronegative elements

Type of Hydrogen Bond

Intermolecular

Intermolecular

Between molecule

Within molecule






It is not an intermolecular force
H2O is liquid while H2S is gas.
HF is liquid while HCl is gas.
Viscosity
&
Surface Tension

Strength
Intermolecular H-bond > Intramolecular Hbond
Intramolecular H-bonding takes place in
ortho derivatives only.
APPLICATION of H-Bonding
Physical State(densile nature) ∝ H-bond

Melting Point(mp) ∝ H-bond
Boiling Point(bp) ∝ H-bond
Viscosity ∝ H-bond
Surface Tension ∝ H-bond
Volatility ∝ 1/H-bond
Vapour Pressure ∝ 1/H-bond
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SPECIFIC – Solubility in H2O : Any organic compound which get dissolve in H2O, it is due to
H-bonding.
EXAMPLE-Association of Molecule: KHF2 is possible but not KHCl2 it is due to K+[F- -----H-F]
Ion dipole type h-bond
MOLECULAR ORBITAL THEORY
Given by Hund & Mulliken given
Given To explain:
As per MOT bond form by combination of atomic orbitals &
interference of electron wave interference of electron wave
 O2 : Paramagnetic nature
+
- leads to formation of molecular orbitals.
 Existence pf species like H2 , H2
Constructive interference
Atomic orbitals – electron waves - interference
Destructive interference
Constructive Interference
Destructive Interference
same phase wave – bonding molecular
opposite phase wave- anti-bonding molecular
orbital(BMO)
orbital (ABMO)
 Therefore by the combination of two atomic orbital there is formation of two
molecular orbitals; BMO & ABMO.
 Energy level BMO < ABMO
 All atomic orbitals of atom participate in combination and form molecular orbitals
with atomic orbitals of another atom.
 Energy level of molecular orbital σ1s σ*1s σ2s σ*2s 𝜋2px = 𝜋2py σ2px 𝜋*2px =
𝜋*2py σ*2s
Total electron < 14 Internuclear axis = Z

SIGNIFICANT OF MOT
 Bonding electron (Nb)  No. of
electrons present in BMO.
 Anti-bonding electron (Na) 
No. of electrons present in
ABMO.
 Bond order : No. of Bonds
present between two atoms.
Stability of molecule ∝ B.O.
Bond strength ∝ B.O.
B.O. = Nb-Na
𝟏
Bond length ∝
2

Paramagnetic nature:
If any molecule orbital contain
unpaired electron, either bonding
molecular orbital or anti-bonding
molecular orbital it would be
paramagnetic otherwise diamagnetic.
Isoelectronic species:
same bond order – same magnetic
properties.

𝑩.𝑶.
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Fractional bond order it will be always
paramagnetic.
Sr.No No. of
Nb Na B.O. paramagnetic/
electrons
diamagnetic
in
molecules
1
1
1 0 ½
paramagnetic
2
2
2 0 1
diamagnetic
3
3
2 1 0.5
paramagnetic
4
4
2 2 0
does not exist
5
5
3 2 ½
paramagnetic
6
6
4 2 1
diamagnetic
7
7
4 3 ½
paramagnetic
8
8
4 4 0
does not exist
9
9
5 4 ½
paramagnetic
10
10
6 4 1
paramagnetic
11
11
7 4 1.5
paramagnetic
12
12
8 4 2
both bond are
C2 molecule
13
13
9 4 2.5
paramagnetic
14
14
10 4 3
diamagnetic
15
15
10 5 2.5
paramagnetic
16
16
10 6 2
paramagnetic
17
17
10 7 1.5
paramagnetic
18
18
10 8 1
diamagnetic
19
19
10 9 0.5
paramagnetic
20
20
10 10 0
does not exist

In case of same bond order , stability depends
upon
No. of anti-bonding electrons
𝟏
Stability ∝

BONDING PARAMETER
1. Bond length : Internuclear distance Factor
affecting Bond length
(i)
Atomic size : bond length ∝ size[No.
of shell]
1
(ii)
ΔEN, Bond length ∝ 𝛥𝐸𝑁
dA-B = rA + rB -0.09 x ΔEN Å
𝟏

(iii)

Bond order : Bond length ∝

(iv)

Hybridisation : Bond length ∝

𝑩.𝑶.

1
%𝑎𝑔𝑒 𝑜𝑓 𝑠−𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟

BOND ANGLE :

(i)

Hybridisation
Bond angle ∝ %age of s-character

(ii)

No. of lp/bp
[when hybridization is same]
Bond angle ∝ 1/lp Eg. :

(iii)

Type of Central atom : Applicable
when : *hybridization same *No. of
lp/bp same Bond angle ∝ EN of
central atom
Eg. NH3 > PH3 > AsH3 > SbH3
Type of bonded atom : Applicable
when *hybridization – same
*No. of lp/bp – same
*Central atom – same
Bond angle ∝ size of bonded species
Eg. OF2 < OCl2 < OBr2 < OI2
NOTE:
Regular geometry/ same
hybridization/ bond angle same
BF3=BCl3=BBr3=BI3

𝑵𝒐.𝒐𝒇 𝒂𝒏𝒕𝒊−𝒃𝒐𝒏𝒅𝒊𝒏𝒈 𝒆−

(iv)
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ΔHformation = S.E. + I.E + ½ BDE + ΔHeq + U

S.E. : should be lower ΔHeq: should be higher

Bond formation is always as exothermic process

I.E. : should be lower

ΔHformation = -ve

U : should be higher

B.D.E : should be lower

PROPERTIES OF IONIC SALT
General Properties:
Hard, solid, brittle(strong electro static attraction between ions)
Non-directional nature ( ionic compound do not exhibit stereo isomerism) higher melting
point/boiling point.
Isomorphism : MgSO4.7H2O; ZnSO4.7H2O; FeSO4.7H2O
Specific Properties
Conduction

Solubility

Covalent Character

Molten state
Ionic conduction ∝

Aqueous medium
1
𝐼𝑜𝑛𝑖𝑐 𝑟𝑎𝑑𝑖𝑢𝑠

Ionic conduction ∝

1
𝐼𝑜𝑛𝑖𝑐 𝑟𝑎𝑑𝑖𝑢𝑠

Eg. : LiCl, NaCl, KCl, RbCl, CsCl
Hyd. Radius: Cs+ <<<Li+(aq)
+
+
Ionic Radius : Li <<< Cs
Conductance : LiCl < NaCl < KCl < RbCl < CsCl
Conductance : CsCl < RbCl < KCl < NaCl < LiCl
COVALENT CHARACTER / FAJAN’S RULE
Ionic potential of cation(ϕ) ∝

𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑐𝑎𝑡𝑖𝑜𝑛

Polarisibility of anion ∝ size of anion ∝ charge of anion

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑐𝑎𝑡𝑖𝑜𝑛

Condition for polarization

Smaller cation
Larger anion
Higher charge
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CHAPTER – 3
FACTORS AFFECTING POLARISATION
(1) Poliarisation ∝ charge of cation or anion

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑎𝑛𝑖𝑜𝑛

(2) Polarisation ∝ 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑐𝑎𝑡𝑖𝑜𝑛

SOLUBILITY
For s-block
same group cation
Lattice Energy / Hydration Energy

For all solubility ∝

1
𝑐𝑜𝑣.𝑐ℎ𝑎𝑟

Solubility in org. solvent ∝ cov. Char ∝
1
𝑖𝑜𝑛𝑖𝑐 𝑐ℎ𝑎𝑟

[CCl4 , benzene, ether, alcohol, acetone]

IMPORTANT NOTES
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CHAPTER – 4
S – BLOCK ELEMENTS
Physical property of alkali metal & alkaline earth
metal:
 Order of metallic or Ionic radii:
Cs > Rb > K > Ba > Sr > Ca > Na > Mg > Li > Be
 Orde of density:
Ist A
Cs > Rb > Na > K > Li
nd
II A
Ba > Sr > Be > Mg > Ca
 Order of MP & BP:
Ist A
Li > Na > K > Rb > Cs
IInd A
Be > Ca > Sr > Ba > Mg
 Order of Hydration in cation :
IA Li+ > Na+ > K+ > Rb+ > Cs+
IIA Be+2 > Mg+2 > Ca+2 > Sr+2 > Ba+2
 Order of conductivity of cations in polar solvent
IA Cs+ > Rb+ > K+ > Na+ > Li+
IIA Ba+2 > Sr+2 > Ca+2 > Mg+2 > Be+2
 Order of conductivity in non-polar solvent
IA Li+ > Na+ > K+ >Rb+ >Cs+
IIA Be+2 > Mg+2 > Ca+2 >Sr+2 >Ba+2
 Colour of s-block metal in flame test

Chemical property of alkali metal & alkaline earth
metal
 Reaction with air (N2 & O2)
All forms their normal oxide & nitrides.
Exception: Nitride of Na, K, Rb , Cs is not
possible.
 Reaction with O2 & excess of air



Reaction with H2O : All form their hydroxide &
H2 gas
Order of basic strength:

Exception : Be does not react with H2O , Mg

reacts with hot water.
Order of reactivity with H2O in IA & IIA group.
Cs > Rb > K > Na >Li
Ba > Sr > Ca > Mg > Be
 CO3-2 & SO4-2 salt of Na , K, Rb & Cs only
are not decomposed on heating due to large
size and weak polarizing power.
 In Nitrate salts

Types of Hydride
Ionic/salt like/saline
Covalent/molecular
Interstitial hydride do not form strong bond
+
*form ionic bond *gives H in H2O
form covalent bond gives H in H2O
do not gives H+ and H-Eg.s, pblock metal
p-block non-metal
in H2O, d and f block metal
BeH2 and LiH are more covalent
The Higher oxide, peroxide and superoxides are strong oxidizing agents. They react with water and dilute acids
forming H2O2 & O2.
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Sodium is obtained on large scale by Down's
process.
The alkali metals dissolve in liquid ammonia
without evolution of hydrogen. The colour of
dilute solutions is blue. On heating colour
changes to bronze. The colour is due to
ammoniated electron.
M + (x + y)NH3
→ [M(nh3 )x ]+
+ [e(NH3 )6 ]−
These solutions are paramagnetic good
conductors of electricity and have strong
reducing properties. When dry ammonia is
passed over hot metal, amides are formed.
This is solution stand for long time.
Alkali metals have a very little tendency to
form complexes. Lithium being small in size
form certain complexes but this tendency
decreases as the size increases.
Lithium shows abnormal properties due to its
small size (atom and ion).
(i)
LiOH, Li2 CO3 , LiNO3
behave
differently
than
other
alkali
corresponding salts towards heating.
2LiOH → Li2 O + H2 O; Li2 CO →
Li2 O + CO2 ; 4LiNO3 → 2Li2 O +
4NO2 + O2

Lithium directly
nitrogen.

combines

Li2 SO4 does not form double salt.

(v)

LiF, Li3 PO4 . , Li2 C2 O4 , Li2 CO3
sparingly soluble in water.











LiHCO3 is known only in solution but
not in solid state.

(iv)

Solvay process cannot be employed for the
manufacture of K 2 CO3 because KHCO3 is
fairly soluble in water.

with

6Li + N2 → 2Li3 N
(iii)

2NaHCO2 ⟶ Na2 CO3 + H2 O + CO2



Hydroxides and carbonates of other
alkali metals are stable. The nitrates of
other metals decompose giving only
oxygen.
(ii)

process called ammonia soda process or
Solvay process.
NH3 + H2 O + CO+2 ⟶ NH4 HCO3
NaCI + NH4 HCO3 ⟶ NaHCO3 + NH4 CI

are



Table salt becomes wet in rainy season
(hygroscopic) due to presence of impurities of
MgCI2 and CaCI2 .



Sodium
carbonate
(washing
sada),
Na2 CO3 . 10H2 O, , is generally prepared by a







Sodium hydroxide (caustic soda) is
manufactured on a very large scale by the
following processes: Electrolytic process :
The electrolysis of sodium chloride is carried
out in an electrolytic cell. The following
electrolytic cells are used:
(a) Nelson cell:
(b) Castner-Kellner cell:
Except Be, alkaline earth metals are easily
tarnished in air as a layer of oxide is formed
on their surface. The effect increases and
barium in powdered form bursts into flame on
exposure to air.
Alkaline earth metals burn in nitrogen and
form nitrides of the type, M3 N2 . Be3 N2 is
volatile while rest are non-volatile being ionic
crystalline solids.
Like alkali metals, alkaline earth metals also
dissolve in liquid ammonia to form coloured
solutions. Dilute solutions are bright blue due
to solvated ions.
Quick lime (Cao) is obtained when limestone
is heated at about 1000°C. On adding water,
quick lime gives a hissing sound and forms
calcium hydroxide, known as slaked lime. The
paste of lime in water is called milk of lime
while the filtered and clear solution is known
as lime water. Chemically both are Ca(OH)2 .
Quick lime is used for making caustic soda,
bleaching powder, calcium carbide, mortar,
cement, glass, dye stuffs and purification of
sugar.
Mortar : It is a building material. It consists
slaked lime and silica in the ratio of 1:3. The
mixture made a paste with water. It is called
mortar.
Gypsum (CaSO4 . 2H2 O) found in nature,
when heated, it first changes from monoclinic
form to orthorhombic form without loss of
water. At 120°C, it loses three-fourth of its
water of crystallisation and forms hemihydrate
1
(CaSO4 . H2 O) known as plaster of Paris.
2
Plaster of Paris has the property of setting to a
hard mass CaSO4 . 2H2 O, slight expansion
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occurs during setting addition of alum to
plaster of Paris makes the setting very hard.
The mixture is known as Keene cement.
Plaster of Paris is used for setting broken or
disslocated bones, castes for statues, toys and
in dentistry.
When plaster of Paris is heated at 200°C, it
forms anhydrous calcium sulphate which is
known as dead plaster. It has no setting
property.
 (a)
Hydroxyapatite, (Ca5 (PO4 )3 OH is the
main component of tooth enamel. Cavities are
formed when acids decompose this enamel.
This can be prevented by converting the
hydroxyapatite to more resistant enamel
fluorapatite.Ca5(PO4 ) . F.
(c) (CaC2 is obtained by heating a

mixture of CaO and carbon. It reacts with
nitrogen forming nitrolium, used as a fertilizer.
CaC2 +N2 ⟶ ⏟
CaCN2 + C




Cement is an important building material. The
average composition of portland cement is:
CaO61.5%, SiO2 22.5%, AI2 O3 7.5%. Cement
consists of :
"Tricalcium silicate" 3CaO.SiO2
"Dicalcium silicate " 2Ca. SiO2
"Tricalcium aluminate" 3CaO.AI2 O3
Tetracalcium
alumino
ferrite
4CAO.AI2 O3 .AI2 O3 .Fe2 O3 When cement is
mixed with water, it sets to a hard mass, this is
called setting. Setting is an exothermic
process. During setting hydration occurs.
BaSO4 is used in medicine as a contrast
medium for stomach and intestinal X-rays.

IMPORTANT NOTES
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CHAPTER – 5
P – BLOCK ELEMENTS

BACK BONDING
Back bonding: Coordinate type 𝜋 bond. If
coordinate type 𝜋 bond get form between
central atom & bonded atom of a molecule it is
known as back bonding.

Eg. 2
Exhibit resonance in Back bond

Condition for formation of back bonding



Eg. 1

One species must have lone pair.
another species must have vacant
orbital
size of atom should be small.

Back bonding in Boron Trihalide

Extent of back bonding
BF3 > BCI3 > BBr3 > BI3
2p − 2p 2p − 3p 2p − 4p 2p − 5p
Lewis acid strength
BF3 < BCI3 < BBr3 < BI3
Few more examples of back bonding
1. Shape of trimethyl amine pyramidal while
shape of trisillyi amine is triangular planar.

X=F, CI, Br, I
X⟶ Contain Ip--------donar
B⟶ Contain vacant orbital – acceptor
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for this electron pair removal which is not
compensated by bond formation energy.

2. Lewise base strength
N̈(CH3 )3 >

N̈(SiH3 )3
Ip inovle in
back bonding

3. Bond angle of (CH3 )2 O is very less than
(SiH3 )2 O

Generally in oxide & fluorides inert pair effect
becomes non-effective [due to higher bond
energy] due to inert pair effect
TICI exist but not TICI3
PbI2 exist but not PbI4
BiCI3 exist but not BiCI5
Order of stability of oxidation state

INERT PAIR EFFECT
Some heavy metallic elements of p- block
exhibit higher stability in lower oxidation state
in comparisons of their group oxidation state it
is due to inert pair effect.
TI

+1

> TI

+3

B +3 >AI +3 >Ga+3 >In+3 >TI +3
B + <AL+ <Ga+3 <In+ TI +
C 2+ <Si2+ <Gu2+ <Sn2+ <Pb2+

HYDROLYSIS
Hydro – Water lysis break down

PB +2 > Pb+4

Break down of a molecule through water and
formation of new product is known as
hydrolysis.

Bi+3 > Bi+5
electron pair of s-subshell of valence shell is
reluctant to participate during chemical
combination, it is known as inert pair & this
effect is known as inert pair effect.

It is nucleophilic substitution reaction.

It is due to higher amount of energy required

Extent of hydrolysis ∝ covalent character.
BeCI2 + 2HOH → Be(OH)2 + 2HCI

BF3 + 3HOH → B(OH)3 + 3HF

BCI3 + 3HOH → B(OH)3 + 3HCI

3BF3 + 3HF → 3H + [BF4 ]−

AICI3 + 3HOH → AI(OH)3 + 3HCI

4BF3 + 3H2 O → 3H[BF4 ]

SiCI4 + 4HOH → Si(OH)4 + 4HCI

(partially hydrolysis)

SF6 + H2 O → No hydrolysis due
Crowding

Similarly
SiF4 + 4HOH → Si(OH) + 4HF

ordinay

CCI4 + HOH →
No hydrolysis
conditions
Carbon → No vacant orbital.

2SiF4 + 4HF → H2 + [SiF6 ]2−
Hydrolysis followed by Lewis acid – base
reaction.
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Mg 3 N2 + 6HOH → 3Mg(OH)2 + 2NH3

15th Group Halides

AIN + 3HOH → AI(OH)3 + NH3

Ordinary

NF3 + HOH →
No hydrolysis
conditions
NCI3 + HOH → NH3 + 3HOCI

Hydrolysis of Interhalogen Compounds

AsCI3 + HOH → As(OH)3 + 3HCI

AX + HOH → HX + HOA
(partial hydrolysis)

PCI5 + HOH → POCI3 → H3 PO4
Partial

LiH + HOH → LiOH + H2
CaH2 + 2HOH → Ca(OH)2 + H2

PCI3 + HOH → H3 PO3 + 3HCI

SbCI3 + HOH → SbOCI + 2HCI

Ca3P2 + 6HOH → 3Cs(OH)2 + 2PH3

AX 3 + HOH → 3HX + HAO2
AX 5 + HOH → 5HX HAO3

completely

Hydrolysis of higher covalent character
containing salt

AX 7 + HOH → 7HX + HAO4
Some specific hydrolysis
HOH

Be2 + 4HOH → 2Be(OH)2 + CH2

XeF2 →

Xe + 2aHF + O2

HOH

Mg 2 C3 + 4HOH → 2Mg(OH)2 + C2 H2

6XeF6 →

CaC2 + 2HOH → Ca(OH)2 + 3C2 H2

XeF6 →

HOH

AI4 C3 + 12HOH → 4AI(OH)3 + 3CH4

HX Hydrohalic acid
HOA,
𝐻𝐴𝑂2 , 𝐻𝐴𝑂3 𝐻𝐴𝑂4
oxyacid acid of
haiogen

4Xe + 2Xe + 2XeO3 + 24HF + 3O2
XeOF4 HOH
XeO2 F2 HOH
→ 2HF +
→ 2HF
partial
partial
XeO3
+
complete

2HF +

 Mainly oxy - acids are hydroxide of Non-metal oxides.
 No. of H + ion furnish by an oxyacid id known as their basicity.
Eg. CO2 +HOH→H2 CO3 or OC(OH)2
Here: CO2 → Non metal oxide – Anhydride of carbonic acid OC(OH)2 →Oxyacid
Oxyacid obtained by dissolving non – metal oxide in water
 NO2 → Mixed anhydride
 It gives → HNO2 & NHO3
Oxide
Acid








N2 O3 →
HNO2 - Nitrous acid
N2 O5 →
NHO3 - Nitric acid
P4 O10 →
H3 PO4 - Phosphoric acid
SO2
→
H2 SO3 - Sulphurous acid
SO3
→
H2 SO4 - Sulphuric acid
CI2 O7 →
HCIO4 - Perchloric acid
Oxyacids of different elements

OXY -ACIDS
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Element Oxide Oxyacid
1 Boron
B2 O3
B(OH)3

2 Carbon

3

Nitrogen

4

Phosphorus

Order of acidic strength
𝐻3 𝑃𝑂2 > 𝐻3 𝑃3 > 𝐻3 𝑃𝑂_4
Reducing nature
𝐻3 𝑃𝑂2 > 𝐻3 𝑃𝑂3 > 𝐻3 𝑃𝑂4

CO2

Basicity
Not
protonic
acid
monobasic
Lewis acid

H2 N2 O2
Hyponitrous acid
H2 N2 O2
Hyponitrous acid
HNO2
Nitrous acid
HNO3
Nitric acid
HNO4
Pernitric acid
H3 PO2
Hypophosphorus acid
H3 PO3
Phosphorus acid
H3 PO4
Ortho phosphoric acid
HPO3
Meta phosphoric acid
H4 P2 O5
Pyrophosphorus acid
H4 P2 O7
Pyrophosphoric acid
H4 P2 O6
Hypophosphoric acid
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OXYACIDS OF SULPHUR
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Sulphurous acid - H2 SO3
Sulphuric acid - H2 SO4
Thiosulphuric acid - H2 S2 O3
Peroxymonosulphuric (Caro’s acid) H2 SO5 (Peroxide bond)
Peroxydisulphuric acid (Marshal’s
acid) - H2 S2 O8 (Peroxide bond)
Pyrosulphurous acid - H+2 S2 O5(S-S
linkage)
Pyrosulphuric acid - H2 S2 O7 (S-O-S
linkage)
Thionus acid - H2 S2 O4
Thionic acid - H2 S2 O6
Polythionus acid - H2 (S)n O4 (S-S
linkage)
Polythionic acid - H2 (S)n O6 (S-S
linkage)

3. Chloric acid - HCIO3
4. Perchloric acid - HCIO4

Order of acidic strength

HCIO<HCIO2 <HCIO3 <HCIO4 O

Oxidising nature
HCIO > HCIO2 > HCIO3 > HCIO4

ALLOTROPY




OXYACIDS OF HALOGEN (CI)
1. Hypochlorous acid – HCIO



Those substance which are made up of
same elements but having different
bonding arrangement are know as
known as allotropes & this
phenomenon known as allotropy.
Those elements which exhibit higher
tendency of catenation exhibit higher
tendency of allotropy.
Therefore carbon, phosphorus &
sulphur exhibit maximum allotropy.

2. Chlorous acid – HCIO2

ALLOTROPES OF PHOSPHOROUS
(a) White phosphorous
(b) Red phosphorous
(c) Black phosphorus
White phosphorous
Re phosphorous
Waxy soil

Brittle powder

Poisonous

Non poisonous

Soluble in CS2 , Insoluble
in water
Monomer of P4

Insoluble in waster & CS2

Highly reactive due to bond
angle strain
It glows in dark due to slow
oxidation (phosphorescence)
It gives phosphine (PH3 ) on
reaction with NaOH

More stable than white
phosphorous
It does not glow in dark

Polymer of P4

It given hypo phosphoric
acid on reactive with NaOH
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BORAX

Oder of stability or MP or density → white < red <
black

Hydrolysis of borax
Na2 B4 O7 + &H2 O ⇌ 2NaOH + 4H3 BO3
Alkaline solution

ALOTROPES OF SULPHUR
S

Borax bead test for transition metal cations form
colored transition metal Meta borate
∆

704°C

→
Crystalline
Rhombic sulphur (𝛼-S)
Most stable form
Monoclinic sulphur (𝛽S)

→
Na2 B4 O7
−10H2 O
NaBO2 + B2 O3
Transparent borax glassy mass

Na2 B4 O7 ∙ 10H2 O

Amorphous
Milk of sulphur
Plastic sulphur (𝛾-S)
Colloidal sulphur
H2 S+2HNO3
→
S+2NO2 +2H2 O

DIBORANE (B2 H6 )

Redox

95.6°C
= transition Temp.
Both are soluble in
water
(a) Density of αS>βS
(b) Both are puckered crown shape having S8
units
(c) S2 is paramagnetic sulphur which exist in
vapor form at high temperature. (d) S6 is chair
form of S

Effect of Temperature
95.5°C

S8(α) →

H3 PO4

(i)

2Mg + 2B → Mg 3 B2 →

(ii)

B2 O3 + 3H2 + 2AI→
B2 H6 + AI2 O2

(iii)

2BF3 + 6NaH →

(iv)

B2 H6
150°C(MOP)

180°C

eather

NaBH4 + I6 →

B2 H6 + 6NaF

B2 H6 + 2NaI + H2

Viscosity of
liquid increase
>200°C Viscosity
→
decrease
130-200°C

S8(β) →

COMPOUNDS OF P – BLOCK

Borazole or Borazine 𝐁𝟑 𝐍𝟑 𝐇𝟔 Inorganic Benzene

13TH GROUP: BORON FAMILY
BORAX (Na2 B4 O7 .10H2 O)

Isoelectronic & Isostructural with benzene
∴ It is called as Inorganic Benzene

ORTHOBORIC ACID [H2 BO3 or B(OH)3 ]
From Borax:
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𝑁𝑎2 𝐵4 𝑂7 + 𝐻2 𝑆𝑂4 + 𝐻2 𝑂
→ 𝑁𝑎2 𝑆𝑂4 + 4𝐻3 𝐵𝑂3
Form Colemanite:
𝐶𝑎2 𝐵6 𝑂11 + 4𝑆𝑂2 + 11𝐻2 𝑂
→ 2𝐶𝑎(𝐻𝑆𝑂3 )2 + 6𝐻3 𝐵𝑂3

CARBON DI-OXIDE [O=C=O]
𝑁𝑎𝑜𝐻 + 𝐶𝑂2 → 𝑁𝑎2 𝐶𝑂3
𝐻2 𝑂 + 𝐶𝑂2 ⇌ 𝐻2 𝐶𝑂3
𝐻2 𝐶𝑂3 ⇌ 𝐻 + + 𝐻𝐶𝑂3−

13th GRPIP: BORON FAMILY

𝐻𝐶𝑂3− ⇌ 𝐻 + 𝐶𝑂32−

ALUMS [Me2 SO4 .M'2 (SO4 )3 .24H2 O]
Alums are the double salts of type
[Me2 SO4 .M2' (SO4 )3 .24H2 O]
M: Monovalent Cation:
NA+ , K + , Rb+ , CS + , NH4 +
M’: Trivalent cation:
AI 3+ , Fe3+ & Cr 3+

𝑪𝑶𝟐 PROPERITIES
Sp hybridise, acidic, green hous gas partically soluble
in water

Soda alum
Na2 SO4 .AI2 (SO4 )3 .24H2 O

Potash alum
K 2 SO4 .AI2 (SO2 )3 .24H2 O

14TH GROUP: CARBON FAMOILY

CARBISES

𝐶⇋𝑂

Binary comounds of carbon with other elements
(except hydrogen) are known as carbides

By dehydration of formic acid and oxalic acid
CARBIDES

Conc.

HCOOH→
CO + H2 O
H2 SO4
COOH Conc.
CO + CO2 + H2 O
↕ →
COOH H2 SO4

Ionic Carbide

Covalent Carbide

Insterestial
cabides

C+ higer elect-

C+ Non-metals

C+ transition

repositive ele-

(like B & Si)

By incomplete combustion
𝐶 + 1/2 ⊚2 → 𝐶𝑂

ment

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

metals
----------------

By passing air on red hot coke
Colorless odourless, tasteless, neutral, poisonous gas
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(IA, IIA, & AI)

E.g B4 C, SiC

Eg. : TiC,WC

Conc. HNO3

Sn

------------------Conc. HNO3

Fe, Co, Ni, Cr,
AI
PHOSPHINE (PH3 )

Eg.Be2 C, Mg 2 C3
AI4 C3 , CaC2

COMPOUNDS OF INTROGEN FAMILY

NO2 + H2 SnO3
(Metastannic
acid)
Rendered
passive

Preparation:
(i)
Ca3 P2 + 6H2 ) → 3Ca(OH)2 + 2PH3
(ii)
PH4 I + NaOH → NaI + H2 O + PH3
Laboratory prepartion:

MMMOHIA (𝑵𝑯𝟑 )
Peparation

P4 + 3NaOH + 3H2 O → 3NaH2 PO2 + PH3
2NH4 CI + Ca(HO)2 → CaCL2 + 2NH3 +
2H2 O
(ii)
Mg 3 N2 + HOH → Mg(OH)2 + 2NH3
Manufacturing Haber Process
(i)

Uses:
As Holme’s signals in deep seas and oceans.
For the production of smoke screens.

Colorless, pungent Smell, basic in nature liquified
easily, uses as coolant

Physical properties:
Colourless gass having smell of garlic or rotten fish,
slightly soluble in water and slightly heavier than air.
Chemical properties:

NITRIC ACID (𝐇𝐍𝐎𝟑 )

It acts as a storng oxidising agent. Non-metals
converted into highest oxyacids by not and conc.
HNO3 . NO2 gas is evolved (S to H2 SO4; p to H3 PO4 ;
C to H2 CO3; I2 to HIO3 ; As to H3 AsO4 ; Sb to H3 SbO4
and Sn to H2 SnO3 . Most of the metals except noble
metals are attacked by HNO3 . It play double role in
action on metals, i.e., it acts an acids as well an
oxidising agent.
Metal

Very Dilute
HNO3

Mg, Mn
Fe, Zn, Sn

Dilute HNO3

Cu, Ag, Hg
Fe, Zn
Zn, Fe, Pb, Cu,
Ag

2PH3 + 4O2 → P2 O3 + 3H2 O

(ii)
(iii)

4PH3 → P4 + 6H2
PH3 + 4CI2 → PCI5 + 3HCI

713K

PHOSPHORUS HALIDES

(𝐇𝐍𝐎𝟑 ) nitric acid was earlier called as aqua fortis
(meaning strong water). It usually acquires yellow
colour. Due to its decomposition by sunlight into NO2 .

Concentraltion

(i)

Main products
H2 +metal intrale
NH4 NO3 +
mertal nitrale
No reaction
N2 O+ metal
nitrate
NO+ metal
nitrate

Phosphorus form two types of halides, phoshours
trihalides, PX 3 and phosphorus pentahalides,
PX 5 (X=F,CI,Br).
Preparation:
P4 + 6CI2 → 4PCI3
Properties:
PCI3 + 3H2 O → H3 PO3 + 3HCI
2PCI3 + O2 → 2POCI3
PCI3 + CI2 → PCI5
PCI3
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Structure of phosphorus trioxide (P4 O6 )

Preparation:
P4 +10CI2(g) →4PCI5(g)
PCI3 +CI2(g) →PCI5(g)
P4 +10SO2 CI2 →4PCI3 +10SO2

Structure of phosphorus pentaoxide (P4 O10 )

Properties:
Pale yellow crystalline solid.
In solid state it state it exists as [PCI4 ]+ [PCI6 ]− .
It sublimes on heating.

GROUP 16 ELEMENTS
HYDRIDES
All these element form stable hydrides of the types
H2 M

𝐏𝐂𝐈𝟓

2H2 +O2 ⇌2H2 O
FeS+H2 SO4 →H2 S+FeSO4
Na2 Se+H2 SO4 →H2 Se+Na2 SO4

STRUCTURE OF OXIDES OF NOTROGEN
AND PHOSPHORUS
NITROGEN
Oxide of
Oxid.
Nitrogen
State
+1
N2 O nitrous
oxide
NO Nitric
+2
oxide
+3
N2 O3
Dinitrogen
trioxide
+4
N2 O4
Dinitrogen
tetraoxide
+4
NO2
Nitrogen
dioxide
+5
N2 O5
Dinitrogen
pentaoxidn
PHOSPHORUS

Physical
appearance
Colourless
gas
Colourless
gas
Blue colour
solid
Colourless
solid
Brown

Coloureless
solid

Structure
N≡N→O
N-O



H2 O is a liquid due to hydrogen bojnding.
Others are colourless gases with unpleasant
smell.
Compound: H2 > H2 S>H2 Se>H2 Te

Bond agle: 104.5° 92.5° 91° 90°
(all sp3 hybridised
 The weakening of M-H bond with the increase
in the size of M (not the electronegativity)
explains the increasing acidic character of
hydrides down the group.
 Halides: All these elements form a number of
halides. The halides of oxygen are not very
stable. Selenium does not form dihalides.
e.g. OF2 ,CI2 O6 , I2 O5 , etc.
 Oxides: Oxides of other elements are as
follows:
Element Monoxide Dioxide Trioxide
S
SO
SO2
SO3
Se
SeO2
SeO3
Te
TeO
TeO2
TeO3
Pe
PoO
PoO2
2
 SO2 is a gas, sp hybridised and V- shape
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[








1pπ-pπ
]
1pπ-dπ

SO3 is a gas, sp2 hybridised and planar in
nature.

 Properties: Pale blue gas with characteristic
strong smell, slightly soluble in water but
more soluble in turpentine oil or glacial acetic
acid.
 Decomposition:

In solid state it exists as a cyclic trimer
(SO3 )3 , α −form or as linear cross-linked
sheets, β-form.

2O3 → 3O2 68kcal
 Oxidising action:
O3 → O2 + O
PbS + 4O → PbSO4
 Reducing action:
H2 O2 + O3 → H2 O + 2O2
BaO2 + O3 → BaO + 2O2
 Structure:

OXYGEN (𝐎𝟐 )
Preparation: By action of heat on oxygen rich
compounds:
From oxidees:
∆



 Preparation:
 Labe method:

2Hg O → 2Hg+O2
From peroxides:
2NHa2 O2 +2h2 O→O2 +4NaOH
∆

2BaO2 → 2BaO+O2
 From decomposition of certain compounds
∆
2KCI3→
2KCI+3O2
MnO2
2KNO3 →2KNO2 +2O2
 Properties: It is colourless, odourless,
tasteless gas, slightly heavier than air,
sparingly soluble in water but soluble in
pyrogallol.
 Chemical properties: On heating it combines
directly with metals and non-metals, causing
oxidation.
C+O2 →CO2
S+O2 →SO2
Pb+O2 →PbO2
2CH3 OH+O2 →2HCHO+2H2 O
 Uses:
 When mixed with He or 𝐶𝑂2 , it is used for
artificial respiration
 In welding and cutting.
 As a fuel in rockets.
OZONE (𝐎𝟑 )

573K

Oxidation state of O is +1 and -1.
 Uses:
 Bleaching ivory, flower, delicate fabrics, etc.
 As germicide and disinfectant, for sterilising
water.
 Manufacture of KMnO4 , and artificial silk.
SULPHUR DIOXIDE (𝐒𝐎𝟐 )
 Preparation:



∆

By heating sulphur in air. S+O2 → SO2
Lab method:
By heating Cu with conc.H2 SO4
Cu+2H2 SO2 →CuSO4 +SO2 +2H2 O
 Properties:
 As reducing agent:
SO2 +CI2 +2H2 O+2H2 O→H2 SO4 +2HCI
2KMnO4 +5SO2 +2H2 O→K 2 SO4 +2MnSO4 +2H2 SO4
 As oxidising agent:
2H2 S+SO2 →2H2 O+2S↓
 Bleaching action:
Its bleaching action is due to reduction.
SO2 +2H2 O→H2 SO4 +2H
Coloured matter +H → Colourless matter.
2(Nascent hydrogen)
 Uses:
 In the manufacture of sulphuric acid, sulphites
and hydrogen sulphide.
 As a disinfectant and fumigate.
 For bleaching delicate articles.
SULPHURIC ACID (𝑯𝟐 𝑺𝑶𝟒 )
It is also known as oil of vitriol and king of chemicals.
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 Manufacture of sulphuric acid:
 Lead chamber process:
The various steps involved are:
(a) Production of SO2 : By burning S or iron
pyrites.
∆

(b)

(c)


(a)

(b)

(c)







S+O2 → SO4
4FeS2 +11O2 →2Fe2 O3 +8SO2
Production of catalyst: Oxides of nitrogen.
2NaNO3 +H2SO4 →Na2 SO4 +2HNO3
2HNO3 →H2 O+NO+NO2 +O2
Reaction in lead chamber
SO2 + NO2 → SO3 + NO
SO3 + H2 O → H_2SO4
2NO + O2 → 2NO2 (used again)
Contact process:
The steps involved are:
Production of SO2: It is produced by burning
sulphur or iron pyrites and purified by treating
with steam to remove dust particles.
Conversion of SO2 to SO3: It is done in
container or catalyst chamber after being preheated to 450°C.
2SO2 +O2 ⇌2SO3 +x cal
Catalyst: Formerly, platinised asbestos was
used which is costly and easily poisoned.
These day V2 O5 used.
SO3 is absorbed by conc. H2 SO4 and then
water is added to produce the acid of desired
concentration.
H2 SO4 +SO3 →H2 S2 O7
H2 S2 O7 + H2 O → 2H2 SO4
Properties: Its specific gravity is 1.8 and it is
98% by weight
It is strong dibasic acid.
H2 SO4 ⇌ 2H + + SO2−
4
It acts as an oxidising agent.
H2 SO4 →H2 O+SO2 +O
Non - metals are oxidised to their oxides and
metals to the corresponding sulphates.
C+2O→CO2
Dehydrating agent: It is strongly dehydrating
in nature.
H2 SO4

C12 H22 O11 →
12C + 11H2 O
(Charring of suger)
 Uses:
 In lead storage batteries.
 In manufacture of paints and pigments.
 In metallurgy for electrolytic refining of
metals.

GROUP 17 ELEMENTS

 Reactivity: All halogens are chemically very
reactive elements. This is due to their low
dissociation energy and high EN. Fluorine is
the most reactive and iodine is the least
reactive halogen.
 Oxidising power: F is the most oxidising
element due to high hydration enthalpy.
F2 >CI2 >Br2 >I2
HYDROGEN HALIDES
Bond strength, bond length and thermal stability:






Since size of halogen atom increases from
F to I down the group, bond length of H-X
bond increases down the group.
∴ reactivity and acidic character ↑.
HF<HCI<HBr<HI.
Bond strength is inversely, proportional to
bond length i.e., larger the bond length,
lower the bond strength is
HF>HCI>HBr>HI.
Higher the bond dissociation energy.
greater will be thermal stability. Thus,
thermal stability follows the order.
HF>HCI>HBr>HI.

REDCING CHARACTER:
The reducing character of hydrogen halides increases
down the group as
HF<HCI<HBr<HI.
2HX→H2 X2
A less thermally stable compound has more tendency
to release hydrogen easily and show greater reducing
property.

ACIDIC STRENGTH:
The acidic strength of these acids increases down the
group and hence follows the order.
HF<HCI<HBr<HI.
Since H-I bond is weakest, it can be easily
dissociated into H+ and I - ions while HF with
greater bond dissociation energy can be dissociated
with maximum difficulty.

CHLORINE (𝑪𝑰𝟐 )
 Preparation: By oxidation of conc. HCI.
PbO2 + 4HCI → PbCI2 + CI2
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2KMnO4 + 16HCI
→ 2KCI + 2MnCI2 + 8H2
+ 2CI2
 Manufacture:
Weldon's process: By heating pyrolusite with
conc. HCI.
MnO2 +4HCI→MnCI2 +2H2 O+CI2
 Properties: It is a yellowish green gas,
poisonous in nature, soluble in water. Its
aqueous solution is known as chlorine water
which on careful cooling gives chlorine
hydrate CI2 .8H2 O.
Bleaching action and oxidising property
(i)
HOCI→HCI+[O]
Coloured matter + nascent [O] → Colourless
matter
The bleaching action of chlorine is permanent
and is due to its oxidising nature.


(ii)
Action of hydrogen:



H2 +CI2 →
2HCI
charcoal catalyst
Displacement reactions:
2KBr + CI2 → 2KCO + Br2

U.V.light

2KI + CI2 → 2KCI + I2


Action of NaOH:
2NaOH+CL02 →NaCI -3 +
(cold)

(dry)

NAOCI + +H2 O
sodium hypo chlorite

6NaOH+3CI20 →5NACI-1 NaCIO+5
3
(hot and conc.)

(dry)

+32 O

sodium chlorate



Addition reactions:
SO2 CI2 →SO2 CI2
CO+CI2 →COCI2
 USES:
 It is used as a
(i)
bleaching agent
(ii)
disinfectant
(iii)
in the manufacture of
CHCI3 , CCI4 , DDT, bleaching powder,
poisonous gas phosgene (COCI2 ) tear
gas (CCI3 NO2) and mustard gas
(CIC2 H4 SC2 H4 CI).

HYDROCHLORIC ACID,
(HCI)

 Preparation: By dissolving hydrogen
chloride gas in water. Hydrogen chloride



gas required in turn can be prepared by
the following methods:
By the direct combination of hydrogen
and chlorine.
sunlight

H2(g) +CI2(g) →
2HCI(g)
 Hydrogen chloride gas can also be
obtained by burning hydrogen in chlorine.
 Properties: Hydrogen chloride is a
covalent compound but when dissolved in
water it ionizes to form hydrogen ions and
chloride ions.
−
HCI(aq) → H +(aq) + CI(aq)
Thus, anhydrous HCl does not show acidic
properties. Only aqueous HCl or in presence of
moisture, HCI behaves as an acid.


Metal + Hydrochloric acid → Metal
chloride + Hydrogen
Mg + 2HCI → MgCI2 + H2 ↑
 It react with bases and basic oxides or
hydroxides to form their respective
chlorides and water.
CaO + 2HCI → CaCI2 + H2 O
 reacts
with
metal
carbonates,
bicarbonates,
sulphides,
sulphites,
thiosulphates and nitrites, etc, to form
their respective chlorides.
Na2 CO3 +2HCI→2NaCI+H2 O+CO2
 It reacts with silver nitrate and lead nitrate
solution to form white precipitates.
AgNO3 + HCI → HNO3 + AgCI ↓
 Reducing property:
HCl is a strong reducing agent.
MnO2 +4HCI→MnCI2 +2H2 O+CI2
 Uses:
 In the production of dyes, paints,
photographic chemicals, etc.
 Used in the preparation of chlorides, chlorine,
aqua-regia, etc.
 Used as a laboratory reagent.

INTERHALOGEN
COMPOUNDS
 These compounds are regarded as halides
of more electropositive (i.e. less
electronegative) halogens.
 Types of interhalogen compound:
AB type: CIF, BrF, BrCI, ICI, IBr
AB3 type: CIF3 , BrF3 , ICI3
AB5 type: BrF5 IF5
AB7 types: IF7
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CHAPTER – 6
COORDINATION CHEMISTRY
Complex Compound
Representation of coordination compound

denticity.
Eg.: −CN − , and − NC − , −SCN− and −
NCS− , NO2 and NON− and NCO−
These ligands are responsible for linkage isomerism.

CHELATING LIGAND
These are the polydentate ligands which bind to the
central metal to form a puckered ring structure.
Chelation leads extra stability, for example,

LIGANDS
Species which donate lone pair/ electron pair is called
as ligand, on the basis of the number
of e pairs available for donation, ligands are classified
as

EDTA
(ethylene diamine tetra acetate).

FIEXIDENTATE LIGANDS
Exhibit variable denticity
24Eg. SO24 ,CO3 , EDTA

BONDING IN COORDINATION
CHEMISTRY
BONDING

On the basis of denticity
Monodentate: have only one donor sites. Eg. H2 O, NH3
Bidentate: Contain two donor sites. Eg. CH2 =
CH2 , COO− , COO−

Werner

Valence Bond

Theory

Theory

Crystal Field
Theory

WERNER'S THEORY

AMBIDENTATE LIGAND

Metal in a complex shows two type of valences –

They can change their donor atom (side) but not

Primary & Secondary

Primary valency
It is oxidation no. of metal.
It is variable
Satisfied by anions (present in coordination
or ionisable sphere).
Ionisable
Ionic ∴ nondirectional
Represented by dotted line in Werner
structure.
Eg. COCI3 4NH3 Molecular formula

Secondary Valency
It is coordination number
It is non variable.
Satisfied by ligands (present in coordination
sphere).
Nonionisable
Directional ∴ decide geometry of complex
ion.
Represented by solid lines in Werner
structure.

[Co(NH3 )4 CI2 ]CI complex formula
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VALENCE BOND THEORY

3 dotted line shows - Primary Valence
6 solid line shows - Secondary Valence

VALENCE BOND THEORY
Central metal atom/ion & ligand come close to each
other ligand donate lone pair & CMA provide vacant
orbital. There is hybridisation of atomic orbitals
provided by central atom to ligands
Type of Orbitals participating in intermixing depend
upon two factors.
(a) Availability of orbitals
(b) Nature of ligand
Coorination No.

Type of hybrid orbital

2

sp

3

sp2

Eg.:
[NiCI1 ]2−

sp3 ------- Tetrahedral

[Ni(CN)2 ]2−

dsp2 ----- Square planar

[Ni(CO)4 ]

sp3 ------- Tetrahedral

[Zn(NH3 )4 ]2+

sp3 ------- Tetrahedral

[Cu(NH3 )4 ]2+

dsp2 ----- Square planar

 If the complex is formed by the use of inner dorbitals for hybridisation (𝑑2 𝑠𝑝3 ), it is called
inner orbital complex.
 If the complex is formed by the use of outer dorbitals for hybridisation (𝑠𝑝3 𝑑2 ), it is called
an outer orbital complex. Such a complex is
also called as high spin complex e.g.[𝐶𝑜𝐹6 ]3−.

CRYSTAL FIELD THEORY (CFT)
CRYSTAL FIELD SPLITTING
 The splitting of five degenerate d-orbitals of
the metal into different sets of orbitals having
different energies in the presence of
electrostatic field of ligands is called crystal
field splitting.
eg set − dx 2 − y 2 , dz 2
t 2g set − dxy, dyz. dxz
 Crystal field splitting energy, (∆0 for
octahedral structure and ∆1 = 4/9∆0 ,
tetrahedral structure) is the difference between
the various sets of energy levels formed by
crystal field splitting.
 Weak field ligands are those ligands which
cause a small degree of crystal field splitting
e.g. I − , Br − , CI − , F − , OH − , C2 O2−
4 , H2 O, etc.
 Strong field ligands are those ligands which
cause a high degree of splitting e.g. CO, CN,
NO, etc.
 Spectrochemical series
−
−
2−
I − < Br − < CI − NO−
3 < F < OH < ox
< H2 O < py~en < dipy
−
< o − phen < NO−
2 < CN
< CO.
(C and N donar act as SFL except N3- )

Coordination No. 6: Example
[Fe(CN)6 ]4− → d2 sp3
[Fe(CN)6 ]3− → d2 sp3
[Co(NH3 )6

]3+

2

3

→ d sp

STRUCTURAL
(a) Ionisation isomerism: Same molecular
formula but gives different ionisable species.
(Only anionic)

[Ni(H2 O)6 ]2+ → sp3 d2
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Compounds in which the less E.N. (Ge, Sb, B, Si, P,
As) central metal atoms are bonded directly to carbon
atoms are called organometallic compounds.
(b) Hydrate isomerism: Same molecular formula
but different number of water molecules
associated with central metal.




(c) Linkage isomerism: Structural isomerism
shown by ambidentable ligands
(NO-2 ,CSN- ,CN - ,CNO- etc)
[Fe(NH3 )5 (SCN)]2+ [𝐹𝑒(𝑁𝐻3 )5 (𝑁𝐶𝑆0]2+
(d) Coordination isomerism: Isomers having
both anion and cation as complex entity. Can
inter change position of ligands as well as
metal.
[Cr(NH3 )6 ][Co(CN)6 ] [Co(NH3 )6 C(CN)6 ]



𝝈 - bonded compounds formed by
nontransition elements.
R-Mg-X,(CH3 -CH2 )2 Zn, Ziegler natta catalyst,
etc.
𝝅- bonded organometallic compounds are
generally formed by transition elements e.g.
Zeise's salt, ferrocene, dibenzene chromium,
etc.
𝝈 -and 𝝅 - bonded organometallic
compounds: Metal carbonyls, compounds
formed between metal and carbon monoxide
belong to this class. Ni(CO)4 Fe(CO)5 etc.

Synergic bonding

STEREOISOMERISM

IUPAC nomenclature of complex
compounds:
 Sq. planar complex
bidentate ligand.
Eg. No GI

with

symmetrical

 Sq. planar complex can exhibit GI only in two
types
[M(AB)3 , M(AB)(CD)]
 On increasing number of one type of ligand
total number of geometrical isomers decreases.
 Octahedral [M(AA)a4 ] and [M(AA)3 ] type of
complex cannot exhibit G.I.
 [M(AA)2 a2 ] type of complex have two GI (cis
& trans)
* [M(AA)2 a2 ] type of complex gives three stereo
isomer:
(1) cis
(2) trans
(3) mirror image of cis

(A) For anionic complex(like K 4 [Fe(CN)6 ])
Common name of normal cation (without
numeral prefix) + name of ligands (with
numeral prefix) + latin name of CMI along
with suffix ate + Ox. St (in roman number).
eg.: Potassium hexacyanoferrate (II)
(B) For cationic comlex like [Cu(NH3 )4 ]SO4
Name of ligands (with numeral prefix) +
Common name of CMI + Ox. St (In roman
number) + Name of anion (without numeral
prefix)
eg.: Tetraammine copper (II) sulphate.
(C) For neutral complex (like[Fe(CO)5 )
Name of ligands (with numeral prefix) +
Common name of CMI + Ox. St. (In roman
number)
eg.: Pentacarbonyl iron (O)
(D) Rule same just apply alphabetical order when
write the name of ligands.
e.g. [Pt(NH3 )2 CI2 ]
Diamminedichloroplatinum (II)

ORGANOMETALLIC COMPOUDS
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CHAPTER –7
𝒅-BLOCK (TRANSITION ELEMENTS)
DEFINITION

E.N. Exception Zn < Cd < Hg

Incomplete n and n-1 shell in atomic or in ionic state.
Zn, Cd & Hg - are d-block nontransition elements.

Density: s-block metals < d-block metals.

GENERAL ELECTRONIC
CONFIGURATION

Sc < Ti < V < Cr < Mn < Fe < CO ≤ Ni <Cu > Zn

ns 0−2 (n − 1)1−10
1
5
Exceptions { Cr = 4s1 3d10 , Pd = 5s 0 4d10
Cu = 4s 3d

TRANSITION SERIES
1st 3d series

Sc21 − Zn30

9+1=10

2nd 4d series

Y39 − Cd48

9+1=10

3rd 5d series

La57 , Hf72 − Hg 80

9+1=10

4th 6d series

c89 Unq104 − Uub112

9+1=10

ATOMIC RADIUS
3d series Sc > Ti > V > Cr > Mn ≥ Fe ≃ CO ≃ Ni ≤
Cu < Zn
In a group 3d to 4d series increases but 4d and 5d
series nearly same due to poor shielding of f electron.
(Lanthanide contraction)
3d<4d≃5d
Smallest radius − Ni
e. g. ∶ TI < zr ≃ Hf |
Largest radius − La
Melting point: s -block metals < d-block metals
In a series on increasing number of unpaired 𝑒 − mpt
increases upto Cr then decreases.
Sc < Ti < V < CR > Mn < Fe > Co > Ni > Cu > Zn
↓
Half filled d5
∴ weak metallic bond
Melting point |

3d series

↓
Fully filled d10
∴ weak metalic bond

Zn > Cd > Hg
(data based)
Cu > Ag ≤ Au

Density in a Group 3d < 4d << 5d
Metallic character: They are solid, hard, ductile,
malleable, good conductor of heat and electricity and
exhibit metallic lusture, high tensile strength. Hg is
liquid
Elect. Cond. ⏟
Ag > Cu > Au >
d−block

Al
p − block

OXIDATION STATE
Transition elements exhibit variable oxidation state
due to small energy difference of ns and (n-1) d
electrons.
 Sc (+3) and Zn (+2) exhibit only one
oxidation state
 Common oxidation state is +2
 3d series highest oxidation state is + 7 (Mn)
 In d-block series highest oxidation state is +8
(Os, Ru)
 In carbonyl compound oxidation state of
metals is zero due to synergic effects.
 Their higher oxidation states are more stable
in fluoride and oxides.
 Higher oxidation states in oxides are normally
more stable than fluorides due to capability of
oxygen to form multiple bonds.
e.g. stable fluoride in higher ox. St. of Mn is
MNF4 while oxide is MN2 O7
Some more stable oxidation states of d-block
elements
Cu+2
Mn+2 Pt+4
Ag+1
Cr+3
Sc+3
Au+3
Ni+

Common oxidation states
Ti (+4),

V(+5)

Cr(+3,+6) Mn(+2,+4,+7)
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They have high melting point than metals.
Fe (+2,+3), Co(+2.+3) Ni(+2)
Pt(+2+4)
In p-block lower oxidation states of heavier
elements are more stable while in d-block
heavier element, higher oxidation state are
more stable.
e.g. In VIB gp Mo (+6) & W (+6) are more
stable than Cr (+6)

MAGNETIC PROPERTY
All transition elements are paramagnetic due to
presence of unpaired electrons. They attract when
magnetic field is applied. Magnetic moment of
unpaired electron is due to spin and orbital angular
momentum.
"Spin only" magnetic moment can be calculated by
using formula μ=√n(n+2) Bohr magneton. (n is
number of unpaired e− .)
n is 1μ = 1.73 BM
n is 2 μ = 2.84 BM
n is 3 μ = 3.87 BM
n is 4 μ = 4.90 BM
n is 5 μ = 5.92 BM
Substances that are not attracted by applied magnetic
field are diamagnetic. They have all the electrons
paired. d- block element and ions having d10 and d10
configuration are diamagnetic.

COLOUR
Colour in transition metal ions is associated with d-d
transition of unpaired electron from t 2g to eg set of
energies. This is achieved by absorption of light in the
visible spectrum, rest of the light is no longer white.
Colourless - Sc 3+ , Ti4+ , Zn2+ etc
Coloured – Fe3+ yellow Fe2+ green, Cu2+ blue, Co3+
blue etc
Interstitial compounds: When less reactive nonmetals of small atomic size e.g. H, B, N, C, Trapped in
the interstitial space of transition metals, interstitial
compounds are formed, like:-TiC, Mn4 N, Fe3 H etc.

They are chemically inert.
ALLOYS
Solid mixture of metals in a definate ratio
(15% difference in metallic radius)
They are hard and having high melting point.
e.g.
Brass (Cu + Zn)
Bronze (Cu + Sn) etc.
Hg when mix with other metals form semisolid
amalgam except Fe, Co, Ni, Li.

CATALYST
Transition metals & their compounds act as catalyst
due toVariable oxidation state
Tendency to form complex
e.g.
V2 O5 - Contact process
Fe
- Haber process
Ni - Catalytic hydrogenation
Important reactions of d-block elements
(a) Cu2+ 4I → Cu2 I2(g)
KCN
Cu(CN)2
(b) CuSO4 +
→ K 2 SO4 +
Excess
Unstable
(CN)2
2Cu(CN)2 → 2CuCN +
Cyanogen
CuCN + 3KCN → K 3 [Cu(CN)4 ]
H2 O + CO2
(c) Cu
CuCO3 . Cu(OH)2
⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
moist air
Aqua regia
Au⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗ H[Au CI4 I+NOCI+H2 o
(3HCI+HNO3 )
(d) AgNO3 →
AgNO3 →

Heating

1

Ag + NO2 + 2 O2
1
Ag + NO2 + O2
2

Heating

(e) CuSO4 .5H2 O
→

100°C

CuSO4 .H2 O
→
light greenish blue
→

100°C

230°C

CuSO4
colourless
1
CuO + SO2 + O2
2

(f)
(g) NO3 /NO−
2

[Fe(H2 O)5 NO+ ]SO4
Brown ring complex
Na3 [Ag(S2 O3 )2 ] + NaBr
photographic
(h) AgBr + 2Na2 S2 O3 →
complex
→

FeSO4 +H2 SO4

They are nonstoichiometric compounds.
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CHAPTER –8
METALLURGY

Branch of process to extract metal from their
respective ore

Ore: Minerals from which metal can be extracted
economically
&
easily.

METALLURGICAL PROCESS
1. Mining: Ore obtain in big lumps (less
reactive)
2. Crushing/grinding/pulverization: Big lumps
convert into powder (more reactive)

CALCINATION & ROASTING
(I) Calcination
(II) Roasting
↓
↓
In absence of air
In absence of air
↓
↓
For Carbonate/Hydroxide/
for Sulphide ore
Oxide ore

3. Concentration: To remove matrix gangue
(major impurities) from ore To increase the
concenration of ore particle in ore sample.

↓
↓
CO2 & H2 O are to be
Impurity of S, P, As,
Removed
SO2 to be removed
↓
↓
MCO3 →MO+CO2 ↑
MS + O2 → MO + SO2 ↑
↓
M(OH)2 →MO+H2 O↑
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REDUCTION: To obtain metal (95 to 98%) from

ELECTOLYSIS OF MOLTEN
SOLUTION

metal oxide.

Extraction of Na (Down cell process)



Flux – substance to convent non – fusible impurities to
fusible one.

Na can be extracted from NaCl
Neutral flux (CaCI2 ) to be added to decrease
the fusion temp of NaCI
 Neutral flux-substance used to increase the
conductivity of NaCI
 Decrease the fusion temp. of ionic compounds
of (IA, IIA, Al) which is more than the melting
point of metal.
REFINING: To obtain metal (99.98%)

(a) Cyano complex or Mac – Arthur process
O2

Ag 2 S+NaCN →
Na2 [Ag(Cn)2 ]+Na2 SO4
Au + 2KCN + H2 O → K(Au(CN)2 ]
(iii)
Reduction to free metal
2Na[Ag(CN)2 ]+Zn →Na2 [Zn(CN)4 +2Ag↑
2K[Au(CN)2 ]+Zn→K 2 [Zn(CN)2 ]+2Au↑

(IV) Electrolytic reduction
For IA, IIA, AI Extraction of Al (Hall-Herault
Process)




Al can be extracted from AI2 O3
To decrease fusion temp. of
AI2 O3 , Na3 AIF6 & CaF2 is to added
Na3 AIF6 & CaF2 (Natural flux) increase the
conductivity & reduce reduce the fusion temp.

(IV) Electrolytic refining
Anode - made up of impure metal
Cathode - made up of pure metal
(pure metal deposited)
Impurity deposited below anode as anode mud
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Thermodynamics principle of
metallurgy


The graphical representation of Gibbs energy
was first used by H.I.T. Ellingham. This
provide a sound basis for considering the
choice of reducing agent in the reduction of
oxides. This is known as Ellingham diagram
such diagram help us in predicting the
feasibility of thermal reduction of an ore.






The criteria of feasibility is that at a given
temperature, Gibbs energy of reaction must be
negative.
At high temperature 'C' is the best reducing
agent.
At low temperature 'CO' is the best reducing
agent.
In blast furnace reduction takes place at low
temperature

IMPORTANT NOTES
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