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Key features …

Scope of Chemistry
Awareness about higher education avenues in 
the �eld of Chemistry

Learning objectives
Describe the speci�c competency / 
performance capability acquired by the learner

Do you know
Additional information provided to relate the 
content to day-to-day life / development in the 
�eld

Example Problems
Model problems worked out for clear-cut 
comprehension by the learners

Evaluate yourself
To help the students to assess their own 
conceptual understanding

QR code
Quick access to concepts, videos, animations 
and tutorials

ICT
opens up resources for learning; enables the 
learners to access, extend transform ideas / 
informations

Summary A glance on the substance of the unit

Concept map 
Inter relating the concepts for enabling learners 
to visualize the essence of the unit

Evaluation
To assess the level of understanding through 
multiple choice question,numerical problems 
etc…

Books for Reference List of relevant books for further reading

Key answers
To help the learners con�rm the accuracy of 
the answers arrived and remedy the gaps in 
learning

Glossary
Important terms are enlisted with equivalent 
Tamil words
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INSTITUTE RESEARCH AREAS

VARIOUS RESEARCH INSTITUTES IN INDIA,
RESEARCH AREAS AND WEBSITES ARE SUMMARIZED BELOW.

WEBSITE

Indian institute
of Science (IISC)

Bengaluru, Karnataka

 Peptides and peptidomimetics: Sugar 

amino acids

 Delivery of therapeutic oligonucleotides

 Carbohydrate-protein interactions

 Functional soft and hybrid materials

 Studies of dendrimers and liquid crystals

 Inorganicand organic semiconductors

Indian Institute of 
Technology (IITM) 
Chennai, Tamilnadu

National Chemical 
Laboratory(NCL) 

Pune, Maharashtra

 Statistical Correlations and Information 

Processing

 Ionic liquid-templated ordered 

mesoporous aluminosilicates

 Energy and fuel research

 Molecular engineering of materials

 Environmental science and engineering

 Catalysis and soft matter

 System engineering and data science

 Chemical Science 

 Chemical Engineering

 Catalytic materials

 Nano materials

C hemical looping combustion(CLC)

Indian Institute of
Chemical 
Technology (IICT) 

Hyderabad, Telangana

Central Electrochemical 
Research Institute 
(CECRI)

Karaikudi, Tamil Nadu.

 Pharmaceutics & Drugs

 Energy (Solar Coal)

 Polymer & Functional Technology

 Chemical Engineering

 Membrane Technology

 Li Batteries

 Corrosion

 Bio-Sensors

 Materials Electrochemistry

 Electro catalysis and Fuel Cells

www.iisc.ac.in

www.iitm.ac.in

www.ncl-india.org

www.iictindia.org

www.cecri.res.in
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INSTITUTE RESEARCH AREAS WEBSITE

Central Drug research 
institute (CDRI) 

Lucknow,Uttar Pradesh.

Central Salt & Marine 
Chemicals Research 
Institute

Bhavnagar, Gujarat

National Institute 
of Pharmaceutical 
Education and Research 
(NIPER) 

Mohali, Punjab.

Institute of Nano 
Science and 
Technology(INST)

Mohali, Punjab

Laboratory of Advanced 
Research in Polymeric 
Materials (LARPM)

Bhubaneswar, disha.

Drug design

 Pharmaceuticals and Biomedical 

Research

S alt and Marine Chemicals

I norganic Materials and Catalysis

E lectro Membrane Processes

 Reverse Osmosis

D evelopment of oral anti diabetic drugs

N ano crystalline solid

X anthine oxidase inhibitors 

M icrobial and marine origin for 

therapeutic purposes

S tandardization and quality control of 

herbal drugs and products

D evelopment of chemical process 

technologies for important natural 

products involving isolation

www.cdri.res.in

www.csmcri.org

www.niper.gov.in

Tata institute 
of fundamental 
research (TIFR)

Mumbai, Maharashtra

B io-inspired soft nanostructures

B io-sensors and online diagnostics

B io-targeting and therapeutics

 Microfluidics based devices

M aterials and devices for energy storage 

and harvesting

N anotechnology in Agriculture and Rural 

Development

 Nano toxicology

 Biopolymer

Fuel Cells

 Polymer Nano composite

Carbon Nanotubes

 Polymer Blends & Alloys  
E Waste Recycling

M olecular biophysics and imaging

C hemical biology and synthetic 

chemistry

B ioinorganic and biomimetic chemistry

N ano science and catalysis

C hemical physics and dynamics

www.inst.ac.in

www.larpm.gov.in

www.tifr.res.in
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LIST OF ENTRANCE EXAMINATIONS AFTER HSC

NAME OF THE EXAM MODE OF SELECTION COURSE WEBSITE

NEET 

(National Eligibility 

cum Entrance test

AIIMS 

(All India Institute of 

Medical Sciences)

JIPMER 

(Jawaharlal Institute Of 

Postgraduate Medical 

Education & Research)

Wri�en test

Written test

Computer based test

MBBS.,

BDS.,
www.cbscneet.nic.in

MBBS.,

MBBS.,

www.aiimsexams.org

www.jipmer.edu.in

AFMC

(Armed Forces Medical 

College Entrance Exam

IIT – JEE

(IIT- Joint Entrance Exam)

CUCET 

(Central Universities 

Common Entrance Test) 

NISER

(National Institute of 

Science Education 

and Research

IISC

(Indian Institute of 

Science Bangalore)

Written test

Written test

Written test

Written test

Written test

M.B.B.S.,

(Should Serve 7 Years 

in Armed Forces)

B.E., B.Tech.,

B.Arch.,

Integrated M.Tech.,

B.Tech.,

Integrated B.Sc., B.Ed.,

Integrated M.Sc., 

Integrated M.A.,

B.Des., (craft and design)

Integrated M Sc.,

(Biology, Chemistry, 

Mathematics and 

Physics)

B.Sc., 

(4 years) 

www.afmc.nic.in

www.jeemain.nic.in

www.cucet.co.in

www.niser.ac.in

www.iisc.ernet.in
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NAME OF THE EXAM MODE OF SELECTION COURSE WEBSITE

IISER

(Indian Institutes of 

Science Education 

and Research )

Written test

5-year BS-MS dual 
degree 

(Biology, Chemistry, 
Mathematics and 
Physics)

**IISER Kolkata offers 
major in Earth Sciences

www.iiserpune.ac.in

NATA 

(National Aptitude Test 

in Architecture)

NIFT

(national institute of 

fashion technology)

IIFT

(indian institute of 

fashion technology)

NID NEED

(National Entrance 

Exam for Design

IIST

(Indian Institute of 

Space Technology) 

CLAT

(Common Law 

Admission Test)

NCHMCT

(National Council for Hotel 

Management Catering 

Technology Joint Entrance Exam)

NDA and NA 

(National Defence Academy 

and Naval Academy)

AIMNET

(All India Merchant Navy 

Entrance Test)

Computer Based Test

Written test

Written test

Written test

Written test

Written test

Written test

Written Exam

Written Exam

B.Des.,

BFTech.,

B.Sc.,

(in fashion & 

apparel design)

B.Des., (4 years)

B.Tech.,

(Avionics/ Aerospace 

Engineering/ Physical 

Science)

Integrated LLB ( 5 years)

B.Sc.,

(Hospitality and Hotel 

Administration)

3 Years Training for 

entry into ARMY/

NAVY/AIRFORCE

B.Tech., Marine 

Engineering

B.Sc., Nautical Science

B.Tech.,Navel Architecture 

and Ship Building

B.Arch., www.nata.in

www.nift.ac.in

www.iiftbangalore.com

www.nid.edu

www.iist.ac.in

www.cbscneet.nic.in

www.nchm.nic.in

www.nda.nic.in

www.aim.net.co.in
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VARIOUS SCHOLARSHIP SCHEME OFFERED AFTER HSC

CENTRAL GOVERNMENT 
SCHOLARSHIPS OFFERED

OFFERED BY
APPLICATION 
PERIOD

Central Sector Scheme of 

Scholarship for College and 

University Students

Kishore Vaigyanik Protsahan 

Yojana (KVPY)

Inspire 

Scholarship

ONGC scholarship 

( Applicable for SC/ST Students) 

National Fellowship and 

Scholarship for Higher Education 

of ST Students

MOMA scholarship 

(applicable only for Minority 

students) 

Scholarships for Top Class 

Education for Students with 

Disabilities

Saksham Scholarship 

(Applicable for Disable students)

AICTE Pragati scholarship for 

Girls

July to October

June to August

October to December

January to March

July to October

July to September

July to October

September to November

September to November

Ministry of Human 

Resource Development, 

Government of India

Department of Science 

and Technology (DST), 

Government of India

Department of Science 

and Technology (DST), 

Government of India

Oil and Natural Gas 

Corporation Limited

Ministry of Tribal Affairs, 

Government of India

Ministry of Minority Affairs, 

Government of India

Ministry of Social Justice 

and Empowerment, 

Government of India

AICTE

AICTE
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(METALLURGY) 1

Harold Johann Th omas Ellingham 
(1897–1975)
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Malachite – copper mineral
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Metal Composition OreOre

Aluminum

Bauxite Al2O3.nH2O

Zinc

Zinc blende or 
Sphalerite ZnS

Diaspore Al2O3.H2O Calamine ZnCO3

Kaolinite Al2Si2O5(OH)4 Zincite ZnO

Iron

Haematite Fe2O3

Lead

Galena PbS

Magnetite Fe3O4 Anglesite PbSO4

Siderite FeCO3 Cerrusite PbCO3

Iron pyrite FeS2 Tin Cassiterite 
(Tin stone) SnO2

Limonite Fe2O3.3H2O

Silver

Silver glance 
(Argentite) Ag2S

Copper

Copper pyrite CuFeS2
Pyrargyrite 

(Ruby silver) Ag3SbS3

Copper glance Cu2S
Chlorargyrite 
(Horn Silver) AgCl

Cuprite Cu2O Ste�nite Ag5SbS4

Malachite CuCO3.Cu(OH)2 Proustite Ag3AsS3

Azurite 2CuCO3.Cu(OH)2
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(Zns)
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Zn (s) + 2[Au(CN)2]
- (aq) [Zn(CN) ]4

- (aq) + 2Au (s)

Al2O3 (s) + 2NaOH (aq) + 3H2O (l) 2Na[Al(OH) ] (aq)4

2Na[Al(OH)4] (aq) + 2CO2 (g) Al2O3.3H2O (s) + 2NaHCO3 (aq)

2ZnS (s) + 2H SO  (aq) + O (g)2 4 2 2ZnSO  (aq) + 2S (s) + 2 H O4 2
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Wheel

Magnetic
oreNon-Magnetic

ore

Moving belt

Magnetic

Powdered
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2PbS + 3O2 2PbO + 2SO2

2ZnS + 3O2 2ZnO + 2SO2

2Cu S + 3O2 2

∆

2Cu O + 2SO2 2

∆

∆

4As + 3O2 2As O2 3

S  + 8O8 2 8SO2

P  + 5O4 2 P O4 10

PbCO3 PbO + CO2

CaCO3 CaO + CO2

ZnCO3 ZnO + CO2

MgCO .CaCO3 3

∆

MgO + CaO + 2CO2

∆

∆
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Fe O .3H O2 3 2 Fe O  (s) + 3H O (g)2 3 2
∆

Al2O3.2H2O Al2O3 (s)+ 2H2
∆ O (g)

Fe O  (s) + 3CO (g)2 3 2Fe (s) + 3CO  (g) 2

CaO (s) + SiO  (s)2 CaSiO3

2CuFeS  (s)+ O  (g)2 2 2FeS (l)+ Cu S (l)+ SO  (g)2 2

2FeS (l) + 3O  (g)2 2FeO (l) + 2SO  (g) 2

FeO (s) + SiO  2 (s) FeSi (s) O
4
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2Cu S (l,s) + 3O  (g)2 2 2Cu O (l,s) + 2SO  (g)2 2

2Cu O (l) + 2 Cu S (l)2 6Cu (l) + SO  (g) 2

ZnO (s)+ C (s) Zn (s) + CO (g)

Mn O  (s) + 4C (s) 3 4 3Mn (s) + 4CO (g)

Cr O   (s) + 3C (s) 2 3 2Cr (s) + 3CO (g)

Ag O (s)+ H  (g)2 2 2Ag (s) + H O (l)2

Fe O  (s) + 4H  (g) 3 4 2 3Fe (s) + 4H O (l)2

2NiO (s) + CO (g) + H  (g) 2 2Ni (s) + CO (g) + H O (l)2  2
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BaO  + Mg  2 BaO + MgO

Cr O  + 2Al  2 3 2Cr + Al O2 3
∆

B O  + 6Na  2 3 2B + 3Na O2

Rb O  + 3Mg  2 3 2Rb + 3MgO

TiO  + 2Mg  2 Ti + 2MgO

O  2+ 2Ca  1250 K  + 2CaO

HgS (s) + O  (g)  2 Hg (l) + SO2 

M O  (s)   x y
2 M (s) + O  (g) ------ (1)2 
y 2x

y

C + O    2 CO  (g) ------ (2)2 

2C + O    2 2CO (g) ------ (3)

2CO + O2    2CO2 (g) ------ (4)

Th
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∆G = ∆H - T∆S ------ (1) 

∆G⁰ =-RT lnKp
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2Fe (s) + O2  (g)  2FeO (g)      ∆G1 = -350 kJ mol–1 ------ (1)

2C (s) + O2  (g)  2CO (g)       ∆G2 = -480 kJ  mo –1l ------ (2)

2FeO (s)   2Fe (s)+ O  (g) 2    – ∆G1 = +350 kJ mo –1l   ------ (3)

2FeO (s) + 2C  2Fe (l,s)+ 2CO  (g)    ∆G3 = -130 kJ mo –1l   ------ (4)
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Cu (s) + 2A + g  (aq) Cu 
2+ g (s)(aq) + 2A

Cu2+ (aq) + Zn (s) Cu (s) + Zn 
2+ (aq)
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2- C (s) + O (melt) CO + 2e- 

2- C (s) + 2O (melt) CO2
 + 4e- 

4Al3+ (melt) + 6O2- (melt) + 3C (s) 4Al (l) + 3CO  (g)2
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Ag+  (aq) + 1e- Ag (s)  

Ag (s) Ag+  (aq) + 1e- 

Ni (s) + 4 CO (g) [Ni(CO) ] (g)4

Ni (s) + 4 CO (g)[Ni(CO)4] (g)
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Ti (s) + 2I  (s)2 TiI  (va4 pour)550K

Ti (s) + 2I  (s)2TiI  (va4 pour) 1800 K
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Column-IColumn-II

A(i)

B(ii)

C(iii)

D(iv)

(v)

A B C D

(a) (i) (ii) (iii) (iv)

(b) (iii) (iv) (v) (i)

(c) (iv) (ii) (iii) (i)

(d) (ii) (iii) (i) (v)

a) Zn(s) + Cu (aq) Cu(s) + Zn (aq)2+ 2+

b) Cu(s) + Zn (aq)  Zn(s) + Cu (aq) 2+ 2+

c) Cu(s) + 2Ag (aq) 2Ag(s) + Cu (aq) + 2+

d) Fe(s) + Cu (aq) Cu(s) + Fe (aq)2+ 2+
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Zr (impure) +  2I ZrI
ZrI Zr (pure) + 2

2

I

523 K
4

4
1800K

22
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a) ∆S Vs T b) ∆ G Vs T0

c) ∆ G Vs 1
T

0 d) ∆G Vs T0 2

a) b) 
G0

T

c) d)  T

a) Cr O + 2Al  Al O  +  2Cr2 3 2 3 b) Al O + 2Cr  Cr O  + 2Al2 3 2 3

c) 3TiO  + 4Al 2 Al O + 3Ti2 2 3

∆
∆

∆
∆

S0

T
∆
∆( (
G0

T
∆
∆( (( (

( (
( (G0

T
∆
∆( (
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G = H–TS G = –nFE0
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Kenneth wade
(1932–2014)

2p-BLOCK ELEMENTS-I ((
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Group No. 13 14 15 16 17 18

Icosagens Tetragens Pnictogens Chalcogens Halogens
Inert 
gases

ns2 np1 ns2 np2 ns2 np3 ns2 np4 ns2 np5 ns2 np6

+3 +4 +5 +6 +7 +8

+1 +2, -4 +3, -3 +4, +2, -2
+5, +3, 
+1, -1

+6. +4, 
+2

13 14 15 16 17

18

EN-2.04

EN-1.61

EN-1.81

EN-1.78

EN-1.8

EN- EN- EN- EN- EN- EN-

EN-1.8 EN-1.9 EN-2.0 EN-2.2 EN-

EN- Electro negativity

EN-1.96 EN-2.1 EN-2.1 EN-2.66 EN-2.60

EN-2.01 EN-2.18 EN-2.55 EN-2.96 EN-

EN-1.90 EN-2.19 EN-2.58 EN-3.16 EN-

IE-800.63

IE-577.54

IE-578.84

IE-558.3

IE-589.35 IE-715.57 IE-702.94 IE-811.82 IE-1037.07IE-

IE- First io nisattion 
        energyIE-IE-IE-IE-IE-IE-

IE-708.58 IE-830.58 IE-869.29 IE-1008.39 IE-1170.35

IE-762.18 IE-944.47 IE-940.96 IE-1139.86 IE-1350.76

IE-786.52 IE-1011.81 IE-999.59 IE-1251.19 IE-1520.57

EN-2.55 EN-3.04 EN-3.44 EN-3.98 EN-

EN-

IE-800.63 IE-1402.33 IE-1313.94 IE-1681.04 IE-2080.67

IE-2372.32

Group No

Metals

Metalloids

Non Metal

Radio 
active
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Element Most common allotropes

Boron Amorphous boron, α-rhombohedral boron, β-rhombohedral boron, 
γ-orthorhombic boron, α-tetragonal boron, β-tetragonal boron

Carbon Diamond, Graphite, Graphene, Fullerenes, Carbon nanotubes

Silicon Amorphous silicon, crystalline silicon

Germanium α-germanium, β-germanium

Tin Grey tin, white tin, rhombic tin, sigma tin

Phosphorus
White phosphorus, Red phosphorus, Scarlet  phosphorus, Violet 
phosphorus, Black phosphorus. 

Arsenic Yellow arsenic, gray arsenic & Black arsenic

Anitimony Blue-white antimony, Yellow, Black 

Oxygen Dioxygen, ozone

Sulphur Rhombus sulphur, monoclinic sulphur 

Selenium Red selenium, Gray selenium, Black selenium, Monoclinic selenium, 

Tellurium Amorphous & Crystalline 

Solid Solid Solid Solid Solid
5 13 31 49 81

11B 27Al 69Ga 115In 205Tl
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Property Boron Aluminum Gallium Indium Thallium

10.81 26.98 69.72 114.81 204.38

[He]2s2 2p1 [Ne]3s2 3p1 [Ar]3d10 4s2 
4p1

[Kr]4d10 5s2 
5p1

[Xe] 4f14 
5d10 6s2 6p1

1.92 1.84 1.87 1.93 1.96

2.34 2.70 5.91 7.31 11.80

2350 933 302.76 429 577
4273 2792 2502 2300 1746

Cr + nB 1500 K CrBn

2BCl  + 2W 3
1500 K 2WB + 2Cl +22 HCl

H

2BF  + 6NaH 3
450 K B H2 6 + 6NaF

2
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2B + 3X  2
∆ 2BX3

2B + N   2
∆ 2BN

4B + 3O   2
900 K 2B O2 3 

2B + 3H SO   2 4 2H3BO3 + 3SO2

B + 3HN H3BO3 + 3NO2

2B + 6NaOH 2Na3BO3 + 3H2 

2Ca B O   + 3Na2 6 11 2CO  + H O3 2
∆ 3N a2B4O   7 + 3CaCO  3 + Ca(OH)2

O3
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H O

O
O

O

O

OO
H

H

B
O

O

O

H

HH

H

H

H

H

 H 

 H 

 H 

O O
B

B

B

2

4
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388 K 

198 - 373 K 

373 K 

473 - 523 K 

523 K 

sealed tube

2B5H1  1 + 4H2

2B2H6 B H  4 10 + H2

5B2H6 B H  10 14 + 8H2

5B H2 6 2B H  5 9 + 6H2

10B2H6 2B H  5 9 + 2B H  5 10 + 11H2

B2H6 2B + 3H2

5B2H6

OB2 H6
+ 6H2 H2 + H2

B2 H6
+ 2 NaOH 2 NaBO + H2 2 2O + H2

B2 H6
+ -130                         B O    3H  O         H =-2165 Kj mol+  22  2



 B H   + 2LiH2 6 2LiBH  4

 B H   + 2NaH2 6 2NaBH  4
Diglyme

Ether

37

 B H   + 6CH2 6 3 OH 2B(OCH ) + 6H3 3 2

 B H   + 6RCH =CHR2 6  2(RCH -CHR) B2 3

 3B H  + 6NH2 6 3
+3(B H .2NH (or)  3[BH (NH ) ] [BH ]2 6 3 2 3 2 4

--153 K

N

B

N

B

N

B

H

H

H

H

H

H

N

B

N

B

N

B

H

H

H

H

H

H

3B H +2NH2 6 3 

2B3N3H6

High temp
Clossed vessel +12H2

( )
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Preparation: 

 B2O3 + 3CaF2  + 3H2SO4 2BF3  + 3CaSO4.+ 3H2O ∆

 B O  + 3C + 3F2 3 2 2BF + 3CO 3  

C6H5N2BF4 
∆ BF3 + C6H5F + N2

 BF  + NH3 3 F B ←NH3  3

 BF3 + H2O F3B  ←OH2 

 4BF  + 12H O3 2 4H3BO + 12HF 3  

 3H3BO + 12HF3  
+3H  + 3[BF ]4

-+ 9H O2

 4BF3 + 3H2O H3BO3
++ 3H  + 3[BF4]

-
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 2Al + 6HCl 2AlCl3  + 3H2 

Al(OH) + 3H3   Cl AlCl + 3H O 3  2

2Al O +3C + 6Cl2 3   2 4AlCl + 3CO3  2

2Al + 3Cl2 2AlCl1000 K
3

AlCl + 3H O3   2 Al(OH) + 3H3  Cl

AlCl + 3NH3   4OH Al(OH) + 3NH3  4Cl

AlCl3   + 4NaOH NaAlO + 2H O + 3NaCl2  2
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Potash alum [K2SO4.Al2(SO4)3.24.H2O]; Sodium alum [Na2SO4.Al2(SO4)3.24.H2O] , 
Ammonium alum [(NH4)2SO4.Al2(SO4)3.24.H2O], Chrome alum [K2SO4.Cr2(SO4)3.24.H2O].

K SO .Al (SO ) .4Al(OH) + 6H SO2 4 2 4 3 3  2 4 K SO  + 3Al (SO ) + 12 H O2 4 2 4 3 2

K2SO4 + Al2(SO4)3 + 24 H2O K2SO4.Al2(SO4)3.24 H2O

K SO .Al (SO ) .24 H2 4 2 4 3 2O K SO .A2 4 l (SO )  + 24 H O2 4 3 2

500 K

K SO .Al (SO )2 4 2 4 3
Red hot K SO2 4 + Al O + 3SO2 3 3

K2SO4.Al2(SO4)3.24 H2O +6NH4OH K2SO4 + 3(NH4)2SO4 + 24 H2O + 2Al(OH)  3
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Physical state at 
293 K Solid Solid Solid Solid Solid

Atomic Number 6 14 32 50 82
Isotopes 12C, 13C, 14C 28Si, 30Si 73Ge, 74Ge 120Sn 208Pb
Atomic Mass 
(g.mol-1 at 293 K)

12.01 28.09 72.63 118.71 207.2

Electronic 
con�guration

[He]2s2 2p2 [Ne]3s2 3p2 [Ar]3d10 4s2 4p2 [Kr]4d10 5s2 
5p2

[Xe] 4f14 
5d10 6s2 6p2

Atomic radius (Å) 1.70 2.10 2.11 2.17 2.02
Density (g.cm-3 at 
293 K)

3.51 2.33 5.32 7.29 11.30

Melting point (K) Sublimes at  
4098

1687 1211 505 601
Boiling point (K) 3538 3106 2859 2022
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 2C + O  2 2CO

 2C + O2/N2 (air)  2CO + N2
Producers Gas

 HCOOH + H SO   2 4 CO + .H SO2 4  H O2

 2CO +  O   2 2CO2

 CO +  Cl   2 COCl2

 3CO +  Fe O2 3 2Fe + 3CO2

 CO +  2H   2 CH3OH



OC C O OC

44

 CO + C H  + H2 4 2 CH CH CHO3 2

 nCO + (2n+1)H2  CnH(2n+2) + nH2O

 nCO + 2nH2  CnH2n + nH2O

Nickel tetracarbonyl [Ni(CO)4], Iron pentacarbonyl [Fe(CO)5], Chromium 
hexacarbonyl [Cr(CO)6].

 C + O2  CO2 ∆H = -394 kJ mol-1

 CaCO   3 CaO + CO  2
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 CaCO  + 2H3 Cl CaCl  + H2 2O + CO  2

 CO   2 CO + ½O  2

3100 K

 CO2  C + O  2

 CO  + 2Mg  2 2MgO + C  

 CO2 + H2  CO + H2O

 CO2 + H2O  H2CO3 H+
 + HCO -

3

CO O CO O C OO
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 SiO2 +  2C + 2Cl2  SiCl4 + 2CO

 SiCl   + 2H O  4 2 4HCl + SiO2

 SiCl  + 4C H4 2 5OH Si(OC H )  + 4H2 5 4 Cl
Tetraethoxy silane

 2SiCl  + NH4 3 Cl Si-NH-SiC3 l +  2H3  
Cl330 K

Ether

Si + 4HCL           SiCl  + 2H     4 2



47

 2RCl+ Si R2SiCl2 
Cu / 570 K

Si Cl

R

Cl

R

Si OH

R

HO

R
+2H O2

-2HCl

Si OH

R

HO

R

Si OH

R

HO

R
+

-H O2

Si O

R

HO

R

Si OH

R

R

Si OH

R

HO

R
+

Si O

R

HO

R

Si O

R

R

Si OH

R

R

Et

-H O2

c
-H O2

SiMe

Me

Si MeO
Me

Si Me

Me

O

Si O

Me

Me

O
Si

O

O
Me

Me
Si

MeO

Me

Si
MeMe

SiR

O

Si OO
R

Si

R

O

Si O

R

O

O

Si O

O

O

R
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53

b) Si

R

O

R

Si

R

OORSi

R

O O R
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Column-I Column-II

A Borazole 1 B(OH)3

B Boric acid 2 B3N3H6

C Quartz 3 Na2[B4O5(OH)4] 8H2O

D Borax 4 SiO2

A B C D

(a) 2 1 4 3

(b) 1 2 4 3

(c) 1 2 4 3

(d)
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a
b
c

.

.
.

 B OH +NH
 Na B O + H SO H O
 B H + 2NaOH

3 3

2 4 2 2

2

( )
+

+
7 4

6 2HH O
 B H + CH OH
 BF + 9 H O
 HCOOH + H SO

2

2 6 3

3 2

2

d
e
f

.
.
. 44

4 3

4 2 5

 SiCl + NH
 SiCl + C H OH

 B + NaOH

g
h
i

.
.

.
jj. H B O2 4 7

 Red hot
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Martin Heinrich Klaproth,
(1743— 1817)

4
(TRANSITION AND 

INNER TRANSITION ELEMENTS)
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scandium

Sc
21

44.956

calcium

Ca
40.078

20
potassium

K
39.098

19

magnesium

Mg
24.305

12
sodium

Na
22.990

11

beryllium

Be
9.0122

4
lithium

Li
6.941

3

hydrogen

H
1.0079

1

xenon

Xe
131.29

54
iodine

I
126.90

53
tellurium

Te
127.60

52
antimony

Sb
121.76

51
tin

Sn
118.71

50
indium

In
114.82

49
cadmi

um

Cd
48

112.41

silver

Ag
47

107.87

palladium

Pd
46

106.42

rhodium

Rh
45

102.91

ruthenium

Ru
44

101.07

technetium

Tc
43

[98]

molybdenum

Mo
nio

42

95.96

biuzir m conium
41

Nb
92.906

Zr
40

91.224

yttrium
39

Y
88.906

strontium

Sr
87.62

38
rubidium

Rb
85.468

37

radon

Rn
[222]

86
astatine

At
[210]

85
polonium

Po
[209]

84
bismuth

Bi
208.98

83
lead

Pb
207.2

82

dysprosium

Dy
162.50

66
terbium

Tb
158.93

65
gadolinium

Gd
157.25

64
europium

Eu
151.96

63
samarium

Sm
150.36

62
promethium

Pm
[145]

61
neodymium

Nd
144.24

60
praseodymium

Pr
140.91

59
cerium

Ce
140.12

58

lanthanum

La
57

138.91

barium

Ba
137.33

56
caesium

Cs
132.91

55

roentgenium
111

Rg
[272]

Copernicium

Cn
112

[285]
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IE + IE  = 737 + 1753

                = 2490 kJmol
1 2 ( )

1

IE + IE  = 864 + 1791  
                = 2655 kJmol

1 2 ( )
1

–

–
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IE Ni Pt
I 737 864
II 1753 1791
III 3395 2800
IV 5297 4150

Sc Ti V Cr Mn Fe Co Ni Cu
+7

+6 +6 +6
+5 +5 +5

+4 +4 +4 +4 +4 +4 +4
+3 +3 +3 +3 +3 +3 +3 +3

+2 +2 +2 +2 +2 +2 +2 +2
+1
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Oxidation number Figure 4.6 Frost diagram

Reaction Standard reduction 
potential  ( V )

Ti Ti2 2+ + e 1 63.

V V2+ + –1.19
Cr Cr2+ +  –0.91

Mn Mn2+ +  –1.18
Fe Fe2+ +  –0.44

Co Co2+ +  –0.28
Ni Ni2+ +  –0.23
Cu Cu2+ +  +0.34
Zn Zn2+ +  –0.76 2. 5

2

1.5

1

0.5

0

0.5

3d
Sc

Ti

V

Cr

Mn

Fe
Co

Ni

Cu

Zn

-Series

E
M

M

0
2+

ö

ø÷-3d series
ö

ø÷

E
M

M

0
2+

ö

ø÷
ö

ø÷

–

2e–

2e–

2e–

2e–

2e–

2e–

2e–

2e–
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E
M

M

0
2+

ö

ø÷
ö

ø÷

Fe aq e3 2 0+ ++ =( )  Fe    E 0.77Vƒ

Cu aq e2 0+ + =( )  2 Cu(s)   E +0.34 Vƒ

M
M

3

2

+

+

Reaction
Standard reduction 
potential  ( V )

Ti Ti 
 

2+3+ + e –0.37

V V 
 

2+3+ + –0.26

Cr Cr 3 2+ ++ –0.41

Mn  M n3 2+ ++ +1.51

Fe Fe3 2+ ++ +0.77

Co Co3 2+ ++ +1.81
0.5

2

2.5

Ti V
Cr

Mn

Fe

Co

3d-Series

M
M

3

2

+

+

Mn
Mn

3

2

+

+

Fe
Fe

3

2

+

+

– 
 

e–

e–

e–

e–

e–
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µ µ= +g  S S    B( )1

µ µ

µ µ

µ

= + ö

ø÷

= ( )ö
ø÷

=

2  n
2
ö

ø÷
 n

2
   

2  
n n + 2

4
   

  

B1

B

nn n + 2    B( ) µ

ö

ø÷
 ö

ø÷
 

ö

ø÷
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Ion Con�guration n µ= ( )  n n + 2    B µ (observed)

Sc3+ ,Ti4+ ,V5+ d0 0 µ= ( )  0 0 + 2   = 0 B diamagnetic

Ti3+, V4+ d1 1 µ= ( ) = 1 1 + 2 = 3  B1 73. 1.75

Ti2+, V3+ d2 2 µ= ( ) = 2 2 + 2 = 8  B2 83. 2.76

Cr3+, Mn4+, V2+ d3 3 µ= ( ) = 3 3 + 2 = 15  B3 87. 3.86

Cr2+, Mn3+ d4 4 µ= ( ) = 4 4 + 2 = 24   B4 89. 4.80

Mn2+, Fe3+ d5 5 = ( ) = 5 5 + 2 = 35  B5 91. 5.96

Co3+, Fe2+ d6 4 = ( ) = 4 4 + 2 = 24   B4 89. 5.3-5.5

Co2+ d7 3 = ( ) = 3 3 + 2 = 15  B3 87. 4.4-5.2

Ni2+ d8 2 = ( ) = 2 2 + 2 = 8  B2 83. 2.9-3.4

Cu2+ d9 1

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

= ( ) = 1 1 + 2 = 3 1  B732. 1.8-2.2

Cu+ , Zn2+ d10 0 µ µ= ( )  0 0 + 2   = 0 B diamagnetic

C C

H

HH

H

Ni /H2 C C

H

HH

H

HH

Alkene Alkane

µ

µ

µ

µ

µ

µ
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Propene

+    CO   +   H2

Co2(CO)8 CHO

Butan-1-al

+

CHO

2-methylpropan-1-al

Acetaldehyde

CH3- CHO   +   CO
Rh / Ir complex

Acetic acid

CH3- COOH

TiCl4 + Al(C2H5)3

CH CH2

H3C

CH CH2

CH3

**n

n
Propylene poly propylene



2 Na CrO  +  H SO  Na Cr O2 4
sodium chromate
(yellow)

2 4 2 2 7
sodium dichromate
(orange red)

2 4 2 +  Na SO + H O

112

[Fe(CN)6]
4- , [Co(NH3)6]

3+

4 FeCr O + 8 Na CO  + 7 O   8 Na CrO 2 4 2 3 2 2 4
900 - 10000C ++ 2 Fe O + 8 CO2 3 2



Cr O + 14H + 6e r + 7 H O2 7
2 + 3+

22C

    

113

Na Cr O +  2KCl K Cr O2 2 7
sodium dichromate
(orange red)

2 2 7
potassium dichromate
(orange red)

 +  2NaCl

4 K Cr O 4 K CrO2 2 7
potassium 
dichromate

 2 4
potassium
chromate

2 3
chromium(III)
oxide

2 +  2 Cr O +  3O

– –



Cr O + 6Fe + 14H 2Cr + 6Fe + 7H O2 7
2 2+


3+ 3+

2

Cr O + 6I  + 14H 2Cr + 3I  + 7H O2 7
2 3+

2 2

 Cr O + 3S  + 14H 2Cr + 3S + 7H O2 7
2 3+

2

Cr O + 3SO + 2H 2Cr + 3SO + H O2 7
2 3+

4
2

2

 Cr O + 3Sn + 14H 2Cr + 3Sn + 7H O2 7
2 3+

2

+ +2 4

 
2K Cr O + 8H SO  + CH CH OH 2K SO + 2Cr SO + 3C2 2 7 2 4 3 2  2 4 2 4 3

3 ( ) HH COOH + 11H O3 2

K Cr O  + 4NaCl + H SO 2KHSO + 4NaHSO  + 2CrO Cl 2 2 7 2 4  4 4 2 2
C

6
hhromyl chloride

+ 23H O

114

CrO Cl + 4NaOH Na CrO   + 2NaCl  +  2H O
Na CrO + CH

2 2
 

 2 4 2

2 4 3CCOO Pb PbCrO   + 2C
2  4( )

Leadchromate
Yellowprecipitate( )

HH COONa3
 

 

–

–

–

–

– –

–

+

+

+

+

+
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2MnO +  4KOH + O K MnO
 

+  22 2 4
potassium manganate

Green( )

22H O22

2MnO  +  O +  H O 2MnO  +  2OH  +  O
2MnO  +  C

4
2

3 2 4 2

4
2 ll  2MnO +  2Cl2 4

Green purple
MnO MnO + e4 4

22 2 2

2H  +  2e H +
2

K MnO  2K +  MnO  

H O  H +  OH
2 4

+
4

2
+

2

– – –

– – –

–

–

– –

–

–
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2KMnO  2K MnO  +  MnO  +  O4  2 4 2 2

   

2KMnO + 2H SO
(cold)

 Mn O +  2KHSO +  H O

Mn O

4 2 4 2 7 4 2

2 7  4MnO  +  3O2 22

4KMnO + 6H SO
(hot)

 4MnSO  +  2K SO +  6H O + 5O4 2 4  4 2 4 2 2

MnO +  2H O  + 3e MnO +  4OH4 2  2

2MnO  +  3H S   2MnO +  3S +  2OH  + 2H O4 2  2 2

8MnO  +  3S O  + H O  6SO  +  8MnO +  2OH4 2 3
2

2  4 2

– – –

––

– – –2–
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MnO +  e   MnO 4 4
2

MnO +  H O  MnO  + 2OH  + O4 2 2
2 [   ]

MnO +  2H O  + 3e MnO +  4OH4 2 2

MnO +  8H +  5e  Mn +  4H O4
+ 2+

2

2MnO  + 10Fe + 16H 2Mn + 10Fe + 8HO4
2+ 2+ 3+

2

2MnO  + 10 I + 16H 2Mn + 5I  + 8H O4
2+

2 2
+

2MnO  + COO + 16H 2Mn + 10CO + 8HO4

2 2+
2 2

+( )5 2

2MnO  +  S + 16H 2Mn + 5 S + 8H O4
2 2+

2
+5

2MnO  +  5NO  + 6H 2Mn  +  5NO  +  3H O4 2
2+

3 2
+

2KMnO + 3H SO  + CH CH OH K SO + 2MnSO + 5CH CHO 4 2 4 3 2 2 4 4 35 ++ 8HO2

2MnO  +  5SO  + 6H 2Mn  +  5SO  +  3H O4 3
2+

4 2
+2 2

– ––

– –

–––

– –

–

–

–

– –

– –

– – –

–

– – –
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2MnO  +  10 Cl +  16H 2Mn +  5Cl  +  8H O4
 
 

2+
2 2

+– –

=  = 158
5

 = 31.6

=  = 158
1

 = 158

=  = 158
3

 = 52.67



119

nitrogen

14.007
N

7

helium

He
4.0026

2

neon

Ne
20.180

10
u orine

F
18.998

9
oxygen

O
15.999

8
carbon

C
12.011

6
boron

B
10.811

5

argon

Ar
39.948

18
chlorine

Cl
35.453

17
sulfur

S
32.065

16
phosphorus

P
30.974

15
silicon

Si
28.086

14
aluminium

Al
26.982

13

krypton

Kr
83.798

36
bromine

Br
79.904

35
selenium

Se
78.96

34
arsenic

As
74.922

33
germanium

Ge
72.64

32
gallium

Ga
69.723

31
zinc

Zn
c

30

65.38

opper

Cu
29

63.546

nickel

Ni
28

58.693

cobalt

Co
ir

27

58.933

on

Fe
26

55.845

manganese
25

Mn
54.938

chromium

Cr
vanadi

24

51.996 um
23

V
50.942

titanium

Ti
22

47.867

scandium

Sc
21

44.956

calcium

Ca
40.078

20
potassium

K
39.098

19

magnesium

Mg
24.305

12
sodium

Na
22.990

11

beryllium

Be
9.0122

4
lithium

Li
6.941

3

hydrogen

H
1.0079

1

xenon

Xe
131.29

54
iodine

I
126.90

53
tellurium

Te
127.60

52
antimony

Sb
121.76

51
tin

Sn
118.71

50
indium

In
114.82

49
cadmi

um

Cd
48

112.41

silver

Ag
47

107.87

palladium

Pd
46

106.42

rhodium

Rh
45

102.91

ruthenium

Ru
44

101.07

technetium

Tc
43

[98]

molybdenum

Mo
nio

42

95.96

bizir um conium
41

Nb
92.906

Zr
40

91.224

yttrium
39

Y
88.906

strontium

Sr
87.62

38
rubidium

Rb
85.468

37

radon

Rn
[222]

86
astatine

At
[210]

85
polonium

Po
[209]

84
bismuth

Bi
208.98

83
lead

Pb
207.2

82

dysprosium

Dy
ter

66

162.50

biugadolin m
65

Tb
158.93

ium

Gd
eur

64

157.25 o

pium

Eu
63

151.96

samarium

Sm
62

150.36

promethium

Pm
61

[145]

neodymium

Nd
60

144.24

praseodymium

Pr
cer

59

140.91

ium

Ce
58

140.12

lanthanum

La
57

138.91

barium

Ba
137.33

56
caesium

Cs
132.91

55

roentgenium
111

Rg
[272]

Copernicium

Cn
112

[285]

Nahonium

Nh
[286]

113
Flerovium

Fl
[289]

114
Mascovium

Mc
[289]

115
Livermorium

Lv
[293]

116
Tennessine

Ts
[294]

117
Oganessom

Og
[294]

118
darmstadtium

Ds
110

[271]

meitnerium

Mt
109

[268]

hassium

Hs
108

[277]

bohrium

Bh
107

[264]

seaborgium
106

Sg
[266]

dubnium
105

Db
[262]

rutherfordium

Rf
104

[261]

radium

Ra
[226]

88
francium

Fr
[223]

87

lutetium

Lu
71

174.97

ytterbium
70

Yb
173.05

thulium

Tm
erb

69

168.93

ium

Er
68

167.26

holmium

Ho
67

164.93

thallium

Tl
204.38

81
mercury

Hg
80

200.59

gold

Au
79

196.97

platiridi inum um
78

Pt
195.08

Ir
osmi

77

192.22 um
Os

76

190.23

rhenium

Re
75

186.21

tungsten
74

W
183.84

tantalum

Ta
73

180.95

hafnium

Hf
72

178.49

berkelium

Bk
97

[247]

lawrencium

Lr
103

[262]

nobelium

No
102

[259]

mendelevium

Md
101

[258]

fermium

Fm
100

[257]

einsteinium

Es
99

[252]

californium

Cf
98

[251]

curium

Cm
96

[247]

americium

Am
95

[243]

plutonium
94

Pu
[244]

neptunium

Np
urani

93

[237] um
92

U
238.03

protactinium

Pa
91

231.04

thoriu

actinium

m
90

232.04

Ac
89

[227]

s-Block

d-Block

p-Block

f-Block
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Lanthanum 57 La [Xe] f  d  s4 5 60 1 2

Cerium 58 Ce [Xe] f  d  s4 5 61 1 2

Praseodymium 59 Pr [Xe] f  d  s4 5 63 0 2

Neodymium 60 Nd [Xe] f  d  s4 5 64 0 2

Promethium 61 Pm [Xe] f  d  s4 5 65 0 2

Samarium 62 Sm [Xe] f  d  s4 5 66 0 2

Europium 63 Eu [Xe] f  d  s4 5 67 0 2

Gadolinium 64 Gd [Xe] f  d  s4 5 67 1 2

Terbium 65 Tb [Xe] f  d  s4 5 69 0 2

Dysprosium 66 Dy [Xe] f  d  s4 5 610 0 2

Holmium 67 Ho [Xe] f  d  s4 5 611 0 2

Erbium 68 Er [Xe] f  d  s4 5 612 0 2

Thulium 69 Tm [Xe] f  d  s4 5 613 0 2

Ytterbium 70 Yb [Xe] f  d  s4 5 614 0 2

Lutetium 71 Lu [Xe] f  d  s4 5 614 1 2

 
 

3 7

3 14

Gd : 4
Lu : 4

Xe f
Xe f




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Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

+2 +2 +2 +2 +2

+3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3

+4 +4 +4 +4 +4

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

1.02

1.04

55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

La
Ce

Pr
Nd

Pm
Sm

Eu
Gd

Tb
Dy

Ho
Er

Tm

Yb Lu
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 3d Series Ti 132 pm

4d Series Zr 145 pm

5d Series Hf 144 pm

Actinium 89 Ac [Rn] 5f d s0 1 26 7

Thorium 90 Th [Rn] 5f d s0 2 26 7

Protactinium 91 Pa [Rn] 5f d s2 1 26 7

Uranium 92 U [Rn] 5f d s3 1 26 7

Neptunium 93 Np [Rn] 5f d s4 1 26 7

Plutonium 94 Pu [Rn] 5f d s6 0 26 7

Americium 95 Am [Rn] 5f d s7 0 26 7

Curium 96 Cm [Rn] 5f d s7 1 26 7

Berkelium 97 Bk [Rn] 5f d s9 0 26 7

Californium 98 Cf [Rn] 5f d s10 0 26 7
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Name of the element Atomic number Symbol Electronic con�guration

Einstenium 99 Es [Rn] 5f d s11 0 26 7

Fermium 100 Fm [Rn] 5f d s12 0 26 7

Mendelevium 101 Md [Rn] 5f d s13 0 26 7

Nobelium 102 No [Rn] 5f d s14 0 26 7

Lawrentium 103 Lr [Rn] 5f s14 276d1

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
+2 +2
+3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3
+4 +4 +4 +4 +4 +4 +4 +4
+5 +5 +5 +5 +5 +5

+6 +6 +6 +6
+7 +7 +7

1

2

3

4
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Fe3+ or Fe2+

a. MnO H
b. C H CH

c. MnO

4

6 5 3

2

4

+ ?
?acidi�ed

KMnO

44

4 Red hot

2 7

Fe
d. KMnO
e. Cr O I H+

+

+ +

2 ?

2

?
??

?f. Na Cr O KCl2 2 7 +

+

+

–

–
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