
CH105(I)

Part I:  Inorganic Chemistry



What is the scope of inorganic chemistry?



Modern Inorganic Chemistry

Inorganic Materials 

Inorganic Biological Chemistry

Inorganic Drugs

Organometallic Chemistry

Catalysis

[These Influence life & life style]

These are built based on simple 

principles of chemistry in general and 

inorganic chemistry in particular



Modern Inorganic Chemistry: 

Vast & Vital

Electronic Configuration (s,p,d,f blocks)
Atoms (in elemental or metallic) 

Ions (in compounds or complexes) 

Variable positive or negative charges or 

oxidation states

Size & charge, ionization potential, 

electron affinity, oxidation state, redox

potential, polarisability, HSAB, 

coordination characteristics, CFSE,…



Modern Inorganic Chemistry: 

Vast & Vital 

Coordination characteristics
-Coordination number & geometry (CFSE),

-Overall charge & size (Redox)

-Ligating environment (HSAB)

-Electron density & orbital orientations leading to 

bonding (covalent, non-covalent & ionic)

-Ligand exchange & reactivity

-Physical states (solid, liquid & gas)

-Atoms (metals, nonmetals, metalloids) to 

molecules to supramolecules to materials

-Properties at nano (nanosci. & Tech.) & bulk



Interpretations 

Explanations

Substantiations

Are not necessarily reflected in the slides, 

but are reflected in the lecture.

Please Do Attend All the Classes.

Please DONOT miss any class



Course Coverage

1.Some properties of elements & 

compounds

2. Basic principles of extraction of 

metals from ores & purification

3. Transition metal chemistry & 

some applications 

4. Magnetism & some applications

5. Biological inorganic chemistry & 

Inorganic compounds in medicine



Recommended Text Books

(1) Concise Inorganic Chemistry 

- J.D. Lee

(2) Shriver & Atkins’ Inorganic 

Chemistry

P. Atkins, T. Overton, J. Rourke, 

M. Weller, F. Armstrong



Topic I

Some properties of elements & 

compounds





Few concepts which are 

important  in explaining the 

trends in the properties of atoms
(you have already studied)

Effective nuclear charge

Penetration of orbitals

Nuclear influence on electrons



Shielding

The energy order of orbitals for a 

given quantum number depends 

on shielding effects (σ), effective 

nuclear charge (Z*) & penetration 

of orbitals

Z* = Z - σ



How to estimate the Z*? (tutorial)

{If the electron resides in s or p orbital}

1. Electrons in principal shell higher 

than the e- in question: contribute 0 to σ

2. Each e- in the same principal shell: 

contribute 0.35 to σ

3. Electrons in (n-1) shell:  each 

contribute 0.85 to σ

4. Eelectrons in deeper shell:  each 

contribute 1.00 to σ
P.S.:  There may be other ways of calculating these as given in the 

literature.  Please stick to this procedure as far as this course is concerned.



How to estimate the Z*? (tutorial)
Example: Calculate the Z* for the 2p 

electron

Fluorine (Z = 9) 1s2 2s2 2p5

Screening constant for one of the outer 

electron (2p):

6 (six) (two 2s e- and four 2p e-) = 6 X 0.35 

= 2.10

2 (two)1s e- = 2 X 0.85 = 1.70

σ = 1.70+2.10 = 3.80 &    Z* = 9 - 3.80 = 

5.20

P.S.:  There may be other ways of calculating these as given in the 

literature.  Please stick to this procedure as far as this course is concerned.



How to estimate the Z*? (tutorial)

{If the e- resides in a ‘d’ or ‘f’ orbital}

1. All e-’s in higher principal shell 

contribute 0

2.   Each e- in the same shell contributes 

0.35

3.   All inner shells in (n-1) and lower  

contributes 1.00
P.S.:  There may be other ways of calculating these as given in the 

literature.  Please stick to this procedure as far as this course is concerned.



n Z Z*

H 1 1 1.0

Li 2 3 1.3

Na 3 11 2.5

K 4 19 2.2

Rb 5 37 2.2

Cs 6 55 2.2

Effective nuclear 

charge Z* increases 

very slowly down a 

group for the 

“valence electron”.  

Example of Valence 

configuration as ‘ns1’

Trends in Z* (Zeff):  Down a group

Consequence of this?



Effective nuclear charge Z* increases 

rapidly along a period.  For example, 

take period two

Li Be B C N O     F     Ne

3 4 5 6 7 8 9 10

1.3 1.95 2.4 3.1 3.8   4.5   5.1 5.8

2s1 2s2 2p1 2p2 2p3 2p4 2p5 2p6

Trends in Z* (Zeff):  Across a period

Consequence of this?



Penetration of Orbitals



Penetration of Orbitals

The penetration potential 

of an orbital varies as: 

ns > np > nd > nf

The energy of the orbitals 

for a given n varies as: 

ns < np < nd < nf

The penetration of 2s electron through the inner core 

is greater than that of a 2p electron because the 

latter vanishes at the nucleus.  Therefore, the 2s 

electrons are less shielded than the 2p electrons.



Two electrons present in the same d-orbital repel 

each other more strongly than do two electron in the 

same s-orbital.

The electrons present in f are much less influenced 

by the nucleus as compared to d, those present in d 

much less influenced as compared to p, than s, etc.

It is essential to consider all contributions to the 

energy of a configuration, and just not one-electron 

orbital energies.

Influence of nucleus on electrons



On going from

Atom   Molecule  Compound 

or Material



The following properties are important in 

order to address the compounds formed

•Atomic size (radius)

•Ionic size (radius)

•Ionization energy

•Electron affinity

•Electronegativity

•Hard soft acid base (HSAB)

•Polarizability

•Oxidation states

•Redox properties



Size (Radius)

The METALLIC RADIUS is half of the 

experimentally determined distance between 

the nuclei of nearest neighbors in the solid

The COVALENT RADIUS of a non-metallic 

element is half of the experimentally 

determined distance between the nuclei of 

nearest neighbors in the solid

The IONIC RADIUS of an element is 

related to the distance between the nuclei 

of neighboring cations and anions

Ionic radius of O2- is 1.40 Å;

What is the ionic radius for Mg2+?

Measure the Mg-O distance in MgO and 

subtract 1.40 Å



Trend in Size (Radius)

In a period, left to right: atomic radius decreases

1. n (number of shells) remain constant.

2. Z increases (by one unit)

3. Z* increases (by 0.65 unit)

4. Electrons are pulled close to the nucleus by 

the increased Z*

In a group, top to bottom: atomic radius 

increases

1. n increases

2. Z increases

3. No dramatic increase in Z* - almost remains 

constant



Trends in atomic radii



Decreases with increase in Z in a period 

Increases moving down a group

Table of atomic radii



Metallic Radius in 5d- elements

Metallic radii of 5d- block elements are 

expected to be larger than that of the 4d-

elements, but found that these are not larger.  

Of course these are larger than 3d- block 

elements. 

Lanthanide Contraction

f-orbitals have poor shielding properties;

low penetrating power.



All anions 

are larger 

than their 

parent atoms

The cations 

are smaller 

than their 

parent atoms

Table of 

ionic radii



Ionisation Energy (IE)

The minimum energy needed to remove an 

electron from a gas phase atom

Depends on:  (a) Size of the atom - IE 

decreases as the size of the atom increases; 

(b) Nuclear Charge - IE increases with 

increase in nuclear charge; (c) The type of 

electron - Shielding effect

1st IE: H =1312 KJ mol-1  Li =520 KJ mol -1

Reasons:  (1) Average distance of 2s electron 

is greater than that of 1s;  (2) Penetration 

effect;  3. Electronic configuration



On moving down the group: IE decreases

1. nuclear charge increases

2. Z* due to screening is almost constant

3. number of shells increases, hence atomic 

size increases.

4. there is an increase in the number of inner 

electrons which shield the valence electrons 

from the nucleus.

Trends in Ionisation Energy (IE)

On moving across the period: IE increases 

1. the atomic size decreases

2. nuclear charge increases



Trends in Ionisation Energy (IE)



Table of 

ionization

energies



Electron affinity (EA)

- the amount of energy associated with 

the gain of electrons

The greater the energy released in the 

process of taking up the extra electron, 

greater is the EA

The EA of an atom measures the 

tightness with which it binds an 

additional electron to itself.



Trends in Electron affinity (EA)

On moving across a period,

-As the size decreases, the force of attraction by the 

nucleus increases. Consequently, the atom has a 

greater tendency to attract added electron, i.e., EA  

electron affinity increases

-Generally the EA’s of metals are low while those of 

non-metals are high

-Halogens have high EA. This is due to their strong 

tendency to change their configuration to ns2np6

On moving down a group,

- the atomic size increases and therefore, the 

effective nuclear attraction decreases and thus 

electron affinity decreases





Electronegativity

measure of the tendency of an element to attract 

electrons to itself (from its neighbour)

On moving down the group:  EN decreases

-Z increases but Z* almost remains constant

-number of shells (n) increases

-atomic radius increases

-force of attraction between added electron and 

nucleus decreases

On moving across a period:  EN increases

-Z and Z* increases

-number of shells remains constant

-atomic radius decreases

-force of attraction between added electron and 

nucleus increases



Trends in electronegativity (Pauling scale)



Table of 

electro-

negativities



Polarizability
The polarizability of an atom is its 

willingness to be distorted by the 

electric field generated by the 

neighbouring atom or ion.  

The polarizability is greater when 

the electron cloud can be easily 

distorted, which is common with 

the atoms having unfilled atomic 

orbitals  which lie close to the 

highest energy filled orbitals. 

(for example, heavy atoms & ions) 

Small & highly charged cations 

have greater polarizing ability

Large & highly charged anions are 

easily polarized

Cations not possessing noble-gas 

e- configuration are easily polarized



Hardness and Softness

[Chemical but not mechanical]

An important concept (HSAB) of compounds formed

Chemical Hardness or Softness of an atom can be 

correlated with ionization energy (IE), electron 

affinity (EA), size and polarizability.  If the IE > EA, 

the EA can be ignored.

High IE, smaller size, low polarizability  -- makes 

Harder 

Low IE, larger size, high polarizability   -- makes 

softer

The lighter atoms of a group are chemically harder

The heavier atoms of a group are chemically softer



The LUMO and HOMO are called

frontier orbitals.

If there is a net lowering of energy,

the adduct is stable.

HSAB: Conceptual



Hardness and Softness
The difference between the IE of a neutral atom 

and its anion: If it is more, the hardness is more 

& if it is less, the hardness is less or it will be 

softer.

Same as saying that the separation between the 

two frontier orbitals is large it is hard and if small 

it is soft. .ie. I= HOMO energy and A=LUMO 

energy

2

AI
η


Pearson’s Absolute Hardness 

Therefore,

Hard acids tend to bind to hard bases preferentially

Soft acids tend to bind to soft bases preferenctially



SCN- can bind through either S or N depending 

upon the HSAB nature of the metal ion.  

For eg., Si or Pt

N will prefer Si due to Hard … Hard type 

interactions, since ‘N’ is hard  Lewis base, & ‘Si’ is 

hard Lewis Acid.

S will prefer Pt due to Soft … Soft type interactions, 

since ‘S’ is soft Lewis base & ‘Pt’ is soft Lewis Acid

Trends are exhibited,

By keeping the metal same and changing the 

anion/ligand 

By keeping the anion/ligand same and changing 

the metal

Example for HSAB



Bonding/Interction types:  Covalent, 

Non-covalent, Ionic

Non-covalent interactions are 

WEAK Interactions
(between atoms & between molecules)

Atoms  Molecules  Supramolecules  

Materials or Solids

Hydrogen bonding interactions

Ion – molecular interactions

Vander Waal’s interactions



Van der Waal’s Interactions

Three types of Van der Waal’s interactions: 

(a) Dipole – Dipole Interactions

(b) Dipole – Induced Dipole Interactions

(c) Induced Dipole – Induced Dipole 

Transient Dipole – Transient Dipole

(London Dipersion Forces)



46

• van der Waals forces are also known as London forces.

• They are weak interactions caused by momentary changes in electron

density in a molecule.

• They are the only attractive forces present in nonpolar compounds.

Even though CH4 has no

net dipole, at any one

instant its electron density

may not be completely

symmetrical, resulting in a

temporary dipole. This can

induce a temporary dipole

in another molecule. The

weak interaction of these

temporary dipoles

constitutes van der Waals

forces.



47

• van der Waals forces are also affected by polarizability.

• Polarizability is a measure of how the electron cloud around an

atom responds to changes in its electronic environment.

Larger atoms, like iodine,

which have more loosely

held valence electrons, are

more polarizable than

smaller atoms like fluorine,

which have more tightly

held electrons. Thus, two F2

molecules have little

attractive force between

them since the electrons

are tightly held and

temporary dipoles are

difficult to induce.



48

• Dipole—dipole interactions are the attractive forces between the

permanent dipoles of two polar molecules.

• Consider acetone (below). The dipoles in adjacent molecules align

so that the partial positive and partial negative charges are in close

proximity. These attractive forces caused by permanent dipoles are

much stronger than weak van der Waals forces.



Ion-Dipole (self reading)

 Permanent dipole interacts with an ion.

 This explains for example the solubility of NaCl in water.

 The figure below shows the interaction of Na+ and Cl

ions interacting with the permanent dipoles in a water 

molecule.



London forces (self reading)

Instantaneous dipole: Induced dipole:

Eventually electrons 
are situated so that 

tiny dipoles form 

A dipole forms in one atom 
or molecule, inducing a 

dipole in the other



IUPAC Nomenclature of elements 

With atomic number above 100 (tutorial)

• Digit Name Abbreviation

• 0 nil n

• 1 un u

• 2 bi b

• 3 tri t

• 4 quad q

• 5 pent p

• 6 hex h

• 7 sept s

• 8 oct o

• 9 enn e

E. g.,

114 

Ununquadium

Uuq

118 

Ununoctium

Uuo


