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7. B.R.Puri, L.R.Sharma, M.S.Pathania, (2017),Principles of Physical Chemistry, Vishal 
Publishing Co. 

Practical: 

1. Jeffery, G.H.; Bassett, J.; Mendham, J.; Denney, R.C.(1989),Vogel’s Textbook of Quantitative 
Chemical Analysis, John Wiley and Sons.  

2. Marr, G.; Rockett, B.W. (1972),Practical Inorganic Chemistry, Van Nostrand Reinhold. 
3. Khosla, B.D.; Garg, V.C.;Gulati, A.(2015),Senior Practical Physical Chemistry, R. Chand & Co. 

Additional Resources: 

1. Castellan, G. W.(2004),Physical Chemistry, Narosa. 
2. Petrucci, R. H.(1989),General Chemistry: Principles and Applications, Macmillan Publishing 

Co. 

Teaching Learning Process: 

• Lectures to introduce a topic and give its details. 
• Discussions so that the student can internalize the concepts. 
• Problem solving to make the student understand the working and application of the concepts. 

Assessment Methods: 

• Graded assignments 
• Conventional class tests 
• Class seminars by students on course topics with a view to strengthening the content through 

width and depth 
• Quizzes  
• End semester university examination. 

Keywords: 

d-block elements, Actinoids, Lanthinoids, VBT, Crystal field theory, Splitting of d levels, Coordination 
compounds, Quantisation, Selection rules, Schrodinger equation, Operator, Spectrum, Quantum 
efficiency, Fluorescence. 

 

Course Code: CHEMISTRY –DSE-12  

Course Title: Organometallics, Bioinorganic Chemistry, Polynuclear 

Hydrocarbons and UV, IR Spectroscopy  

Total Credits: 06       (Credits: Theory-04, Practical-02) 

(Total Lectures: Theory- 60, Practical-60)

 

 

Objectives: 

The purpose of the course is to introduce students to some important 3d metals and their compounds 
which they are likely to come across. Students learn about organometallic compounds and bioinorganic 
chemistry which are currently frontier areas of chemistry providing an interface between organic 
chemistry, inorganic Chemistry and biology.The functional group approach to organic chemistry 
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introduced in the previous courses is reinforced through the study of the chemistry of carboxylic acids 
and their derivatives, Amines and diazonium salts, active methylene compounds. The students will also 
be introduced to the chemistry and applications of polynuclear hydrocarbons and heterocyclic 
compounds.The learners are introduced to spectroscopy, an important analytical tool which allows 
identification of organic compounds by correlating their spectra to structure. 

Learning Outcomes: 

By the end of the course, the students will be able to: 

• Understand the chemistry and applications of 3d elements including their oxidation states and 
important properties of the familiar compounds potassium dichromate, potassium permanganate 
and potassium ferrocyanide 

• Use IR data to explain the extent of back bonding in carbonyl complexes 
• Get a general idea of toxicity of metal ions through the study of Hg2+ and Cd2+ in the physiological 

system 
• Understand the fundamentals of functional group chemistry, polynuclear hydrocarbons and 

heterocyclic compounds through the study of methods of preparation, properties and chemical 
reactions with underlying mechanism. 

• Gain insight into the basic fundamental principles of IR and UV-Vis spectroscopic techniques. 
• Use basic theoretical principles underlying UV-visible and IR spectroscopy as a tool for   

functional group identification in organic molecules. 

Section A: Inorganic Chemistry (Lectures:30) 

Unit 1: 

Chemistry of 3d metals 

General discussion of 3d metals. Oxidation states displayed by Cr, Fe, Co, Ni and Cu. 

A study of the following compounds (including preparation and important properties): 

K2Cr2O7, KMnO4, K4[Fe(CN)6] . 

(Lectures: 6) 

Unit 2: 

Organometallic Compounds  

Definition and classification with appropriate examples based on nature of metal-carbon bond (ionic, s, p 
and multicentre bonds). Structure and bonding of methyl lithium and Zeise’s salt. Structure and physical 
properties of ferrocene. 18-electron rule as applied to carbonyls. Preparation, structure, bonding and 
properties of mononuclear and polynuclear carbonyls of 3d metals. π-acceptor behaviour of carbon 
monoxide (MO diagram of CO to be discussed), synergic effect and use of IR data to explain extent of 
back bonding. 

(Lectures: 12) 

Unit 3: 

Bio-Inorganic Chemistry 
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A brief introduction to bio-inorganic chemistry. Role of metal ions present in biological systems with 
special reference to Na+, K+ and Mg2+ ions: Na/K pump; Role of Mg2+ ions in energy production and 
chlorophyll. Brief introduction to oxygen transport and storage (haemoglobin-myoglobin system). Brief 
introduction about toxicity of metal ions (Hg2+and Cd2+). 

(Lectures: 12) 

Section B: Organic Chemistry (Lectures:30) 

Unit 4: 

Polynuclear and heteronuclear aromatic compounds:  

Structure elucidation of naphthalene, preparation and properties of naphthalene and anthracene. 

Preparation and Properties of the following compounds with reference to electrophilic and nucleophilic 
substitution: furan, pyrrole, thiophene, and pyridine.           

 (Lectures: 13)  

Unit 5: 

Active methylene compounds 

Preparation: Claisen ester condensation, Keto-enol tautomerism.  

Reactions: Synthetic uses of ethylacetoacetate (preparation of non-heteromolecules having up to 6 

carbons).                                                                                                                                                                                                                                                       

 (Lectures: 5)  

Unit 6: 

UV-Visible and infrared spectroscopy and their application to simple organic molecules. 

Electromagnetic radiations and their properties; double bond equivalence and hydrogen deficiency. 

UV-Visible spectroscopy (electronic spectroscopy): General electronic transitions, λmax &εmax, 
chromophores & auxochromes, bathochromic & hypsochromic   shifts.   Application of Woodward rules 
for calculation of λmax for the following systems:  conjugated dienes - alicyclic, homoannular and 
heteroannular; α,β-unsaturated aldehydes and ketones, charge transfer complex. 

Infrared (IR) Spectroscopy: Infrared radiation and types of molecular vibrations, significance of functional 
group & fingerprint region. IR spectra of alkanes, alkenes, aromatic hydrocarbons (effect of conjugation 
and resonance on IR absorptions), simple alcohols (inter and intramolecular hydrogen bonding and IR 
absorptions), phenol, carbonyl compounds, carboxylic acids and their derivatives (effect of substitution on 
>C=O stretching absorptions). 

(Lectures: 12) 

Practical: 

(Credits: 2, Laboratory periods: 60) 

Section A: Inorganic Chemistry 
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1. Separation of mixtures of two ions by paper chromatography and measurement of Rfvalue in each 
case:  

(Fe3+, Al3+ and Cr3+) or (Ni2+, Co2+, Mn2+ and Zn2+) 

2.Preparation of any two of the following complexes and measurement of their conductivity:    

 (i) tetraamminecopper (II) sulphate (ii) potassium trioxalatoferrate (III) trihydrate.  

Compare the conductance of the complexes with that of M/1000 solution of NaCl, MgCl2 and LiCl3.  

Section B: Organic Chemistry 

1. Detection of extra elements 

2. Systematic qualitative analysis of organic compounds possessing monofunctional groups: amide, 
amines, halo-hydrocarbons and carbohydrates (Including Derivative preparation) 

3. Identification of simple organic compounds containing the above functional groups by IR 
spectroscopy through examination of spectra (spectra to be provided). 

References: 

Theory: 

1. Huheey, J.E.; Keiter, E.A.; Keiter; R. L.; Medhi, O.K. (2009),Inorganic Chemistry- Principles of 
Structure and Reactivity, Pearson Education. 

2. Lee., J. D. A new Concise Inorganic Chemistry, Pearson Education. 
3. Douglas, B.E.; McDaniel, D.H.; Alexander, J.J. (1994), Concepts and Models of Inorganic 

Chemistry,John Wiley & Sons. 
4. Atkins, P.W.; Overton, T.L.; Rourke, J.P.; Weller, M.T.; Armstrong, F.A. (2010),Shriver and 

Atkins Inorganic Chemistry, 5th Edn, W. H. Freeman and Company, 41 Madison Avenue, New 
York, NY. 

5. Finar, I. L. Organic Chemistry (Volume 1 & 2), Dorling Kindersley (India) Pvt. Ltd. (Pearson 
Education). 

6. Morrison, R. N.; Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. Ltd. (Pearson 
Education). 

7. Bahl, A; Bahl, B. S. (2012), Advanced Organic Chemistry, S. Chand. 

Practical: 

1. Ahluwalia, V.K.; Dhingra, S.; Gulati, A.(2005),College Practical Chemistry, University Press (India) 
Ltd. 

2. Ahluwalia, V.K.; Dhingra, S.(2004),Comprehensive Practical Organic Chemistry: Qualitative 
Analysis, University Press. 

3. Vogel, A.I.(1972),Textbook of Practical Organic Chemistry, Prentice Hall. 
4. Svehla, G. (1996),Vogel’s Qualitative Inorganic Analysis, Prentice Hall. 

Additional Resources: 

1. Cotton, F. A.; Wilkinson, G.; Gaus, P.L. (1995), Basic Inorganic Chemistry, 3rd Edition, John 
Wiley. 

2. Sharpe, A.G.(2005), Inorganic Chemistry, Pearson Education. 
3. Greenwood, N.N.; Earnshaw, A.(1997), Chemistry of the Elements, Elsevier. 
4. Silverstein, R.M.; Bassler, G.C.; Morrill, T.C. (1991),Spectroscopic Identification of 

Organic Compounds, John Wiley & Sons. 
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5. Dyer, J.R.(1978),Applications of Absorption Spectroscopy of Organic Compounds, Prentice 
Hall. 

Teaching Learning Process: 

• Teaching Learning Process for the course is visualized as largely student-focused. 
• Transaction through an intelligent mix of conventional and modern methods. 
• Engaging students in cooperative learning.  
• Learning through quiz design. 
• Problem solving to enhance comprehension. 

Assessment Methods: 

Assessmentwill be done on the basis of regular class test, presentations and assignments  as a part of 
internal assessment during the course as per the curriculum. End semester university examination will be 
held for both theory and practical. In practical, assessment will be done based on continuous evaluation, 
performance in the experiment on the date of examination and viva voce. 

Keywords: 

3d metals; Organometallic Chemistry; Metal Carbonyl; Ferrocene; 18-electron rule; Synergic bonding; 
Bioinorganic chemistry; Sodium potassium pump; Haemoglobin-myoglobin system; Biomolecules, UV-
visible spectroscopy; IR spectroscopy; Charge transfer spectra. 

 

Course Code: CHEMISTRY –DSE-13  

Course Title: Molecules of Life  

Total Credits: 06       (Credits: Theory-04, Practical-02) 

(Total Lectures: Theory- 60, Practical-60)

 

Objectives: 

The objective of this course is to deliver information about biochemically significant features of the 
chemistry of carbohydrates, proteins, enzymes, nucleic acids and lipids, using suitable examples. This 
includes classification, reaction chemistry and biological importance of these biomolecules.  This course 
extends the knowledge gained from synthetic organic chemistry to chemistry of biomolecules. Key 
emphasis is placed on understanding the structural principles that govern reactivity/physical /biological 
properties of biomolecules as opposed to learning structural detail. 

Learning Outcomes: 

By the end of the course, the students will be able to: 

• Learn and demonstrate how the structure of biomolecules determines their chemical properties, 
reactivity and biological uses. 

• Gain an insight into mechanism of enzyme action and inhibition. 
• Understand the basic principles of drug-receptor interaction and SAR. 
• Understand biological processes like replication, transcription and translation. 
• Demonstrate an understanding of metabolic pathways, their inter-relationship, regulation and 

energy production from biochemical processes.  
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• Engaging students in cooperative learning.  
• Learning through quiz design. 
• Problem solving to enhance comprehension. 

Assessment Methods: 

Students’ evaluation will be done on the basis of regular class test, presentations and assignments  as a 
part of internal assessment during the course as per the curriculum. End semester university examination 
will be held for both theory and practical. In practical, assessment will be done based on continuous 
evaluation, performance in the experiment on the date of examination and viva voce. 

Keywords: 

Quantum mechanics, Operators, Schrodinger equation, Hydrogen like atoms, Approximation methods, 
Spectroscopy, Franck-Codon principle, Raman effect. 

 
 
 
 
 

 
Course Code: CHEMISTRY - CXIII: INORGANIC CHEMISTRY - IV  
Course Title: Organometallic Chemistry & Bio-inorganic Chemistry 
Total Credits: 06     (Credits: Theory-04, Practical-02) 
(Total Lectures: Theory- 60, Practical-60) 

 

Objectives: 

The course introduces some important topics of Inorganic Chemistry in a compact way. Unit 1 of the 
course introduces students to the basic principles of qualitative inorganic analysis. The influence of 
solubility products and the common ion effect on the separation of cations is made clear. Interfering 
anions are identified and their removal is studied. Unit 2, an introduction to the very important area of 
organometallic chemistry including classification of organometallic compounds, the concept of hapticity 
and the 18-electron rule governing the stability of a wide variety of organometallic species. Specific 
organometallic compounds are studied in detail to further understand the basic concepts: metal 
carbonyls, metal alkyls, Zeise’s salt and ferrocene. Unit 4 takes this a step further by covering catalysis, 
an important application of organometallic compounds. Under Unit 3, bioinorganic chemistry, the student 
learns the importance of inorganic chemical species, especially metals, in biological systems, through 
discussions on metal-containing enzymes, the sodium-potassium pump and the applications of iron in 
physiology, including iron transport and storage system.  

Learning Outcomes: 

By the end of the course, the students will be able to: 

• Understand and explain the basic principles of qualitative inorganic analysis  

SEMESTER VI 
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• Apply 18-electron rule to rationalize the stability of metal carbonyls and related species 
• Understand the nature of Zeise’s salt and compare its synergic effect with that of carbonyls. 
• Identify important structural features of the metal alkyls tetrameric methyl lithium and dimeric 

trialkyl aluminium and explain the concept of multicenter bonding in these compounds 
• Diagrammatically explain the working of the sodium-potassium pump in organisms and the 

factors affecting it and understand and describe the active sites and action cycles of the 
metalloenzymes carbonic anhydrase and carboxypeptidase 

• Explain the sources and consequences of excess and deficiency of trace metals and learn about 
the toxicity of certain metal ions, the reasons for toxicity and antidotes 

• Explain the use of chelating agents in medicine and, specifically, the role of cisplatin in cancer 
therapy and explain the applications of iron in biological systems with particular reference to 
haemoglobin, myoglobin, ferritin and transferrin 

• Get a general idea of catalysis and describe in detail the mechanism of Wilkinson’s catalyst, 
Zeigler- Natta catalyst and synthetic gasoline manufacture by Fischer-Tropsch process.  

Unit 1: 

Theoretical Principles in Qualitative Analysis (H2S Scheme) 

Basic principles involved in analysis of cations and anions. Solubility products, common ioneffect. 
Principles involved in separation of cations into groups and choice of group reagents.Interfering anions 
(fluoride, borate, oxalate and phosphate), need to remove them afterGroup II and methods of removal. 
Analysis of insoluble substances. 

                                                                                                                                                         (Lectures: 12) 

Unit 2: 

Organometallic Compounds 

Definition and classification of organometallic compounds on the basis of bond type. Concept of hapticity 
of organic ligands. Metal carbonyls: 18 electron rule, electron count of mononuclear, polynuclear and 
substituted metal carbonyls of 3d series. General methods of preparation (direct combination, reductive 
carbonylation, thermal and photochemical decomposition) of mono and binuclear carbonyls of 3d series. 
Structures of mononuclear and binuclear carbonyls of Cr, Mn, Fe, Co and Ni using VBT. π-acceptor 
behaviour of CO (MO diagram of CO to be discussed), synergic effect and use of IR data to explain 
extent of back bonding. 

Zeise’s salt: Preparation and structure, evidences of synergic effect and comparison of synergic effect 
with that in carbonyls. 

Metal Alkyls: Important structural features of methyl lithium (tetramer) and trialkyl aluminium (dimer), 
concept of multicentre bonding in these compounds. 

Ferrocene: Preparation, physical properties and reactions (acetylation, alkylation, metallation, Mannich 
Condensation). Structure and aromaticity. Comparison of aromaticity and reactivity with that of benzene. 

(Lectures: 22) 

Unit 3: 

Bioinorganic Chemistry 
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Metal ions present in biological systems, classification of elements according to their action in biological 
system. Geochemical effect on the distribution of metals. Sodium / K-pump, carbonic anhydrase and 
carboxypeptidase. Excess and deficiency of some trace metals. Toxicity of metal ions (Hg, Pb, Cd and 
As), reasons for toxicity, Use of chelating agents in medicine, Cisplatin as an anti-cancer drug. 

Iron and its application in bio-systems, Haemoglobin, Myoglobin; Storage and transfer of iron. 

(Lectures: 18) 

Unit 4: 

Catalysis by Organometallic Compounds 

General principles of catalysis, properties of catalysts, homogeneous and heterogeneous catalysis 
(catalytic steps, examples and industrial applications), deactivation and regeneration of catalysts, catalytic 
poison, promoter. 

Study of the following industrial processes and their mechanism: 

1. Alkene hydrogenation (Wilkinson’s Catalyst) 

2. Synthetic gasoline (Fischer Tropsch reaction) 

3. Polymerisation of ethene using Ziegler-Natta catalyst 

                                                                                                                                                        (Lectures: 8) 

Practical: 

(Credits: 2, Laboratory periods: 60) 

1. Qualitative semi-micro analysis of mixtures containing 3 anions and 3 cations. Emphasis should be 
given to the understanding of the chemistry of different reactions. The following radicals are 
suggested: 

CO3
2-, NO2

-, S2-, SO3
2-,SO4

2-
,S2O3

2-, CH3COO-, F-,Cl-, Br-, I-, NO3
-, BO3

3-, C2O4
2-, PO4

3-, NH4
+, K+, Pb2+, 

Cu2+, Cd2+, Bi3+, Sn2+, Sb3+, Fe3+, Al3+, Cr3+, Zn2+, Mn2+, Co2+, Ni2+, Ba2+, Sr2+, Ca2+, Mg2+ 

2. Mixtures should preferably contain one interfering anion, or insoluble component (BaSO4, SrSO4, 
PbSO4, CaF2 or Al2O3) or combination of anions e.g. CO3

2- and SO3
2-, NO2

- and NO3
-, Cl-and Br-, Cl-

 and I-, Br- and I-, NO3
- and Br-, NO3

- and I-. Spot tests should be done whenever possible. 

References: 

Theory: 

1. Svehla, G. (1996),Vogel’s Qualitative Inorganic Analysis,7th Edition,Prentice Hall.  
2. Huheey, J.E.; Keiter, E.A., Keiter; R. L.; Medhi, O.K.(2009),Inorganic Chemistry- Principles of 

Structure and Reactivity, Pearson Education. 
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3. Shriver, D.D.; Atkins, P.; Langford, C.H. (1994),Inorganic Chemistry 2nd Ed., Oxford University 
Press.  

4. Atkins, P.W.; Overton, T.L.; Rourke, J.P.; Weller, M.T.; Armstrong, F.A. (2010),Shriver and 
Atkins Inorganic Chemistry, 5th Edition, W. H. Freeman and Company. 

5. Cotton, F.A.; Wilkinson, G.; Gaus, P.L. Basic Inorganic Chemistry, 3rd Edition,Wiley India. 
6. Greenwood, N.N.; Earnshaw, A.(1997), Chemistry of the Elements, 2nd Edition, Elsevier 

(Ziegler Natta Catalyst and Equilibria in Grignard Solution). 
7. Powell, P.(1988), Principles of Organometallic Chemistry, Chapman and Hall. 

Practicals:  

1. Vogel, A.I,(1972),Qualitative Inorganic Analysis, Longman. 
2. Svehla, G. (1996),Vogel’s Qualitative Inorganic Analysis, Prentice Hall.  

Additional Resources: 

1. Lippard, S.J.; Berg, J.M.(1994), Principles of Bioinorganic Chemistry, Panima 
Publishing Company. 

2. Crabtree, Robert H.(2000),The Organometallic Chemistry of the Transition Metals. John 
Wiley. 

3. Spessard, Gary O.; Miessler, Gary L.(1996), Organometallic Chemistry, Prentice-Hall. 
4. Purcell, K.F.; Kotz, J.C.(1977), Inorganic Chemistry, W.B. Saunders Co. 

Teaching Learning Process: 

• Teaching Learning Process for the course is visualized as largely student-focused. 
• Transaction through an intelligent mix of conventional and modern methods. 
• Engaging students in cooperative learning.  
• Learning through quiz design. 
• Problem solving to enhance comprehension. 

Assessment Methods: 

Students’ evaluation will be done on the basis of regular class test, presentations and assignments  as a 
part of internal assessment during the course as per the curriculum. End semester university examination 
will be held for both theory and practical. In practical, assessment will be done based on continuous 
evaluation, performance in the experiment on the date of examination and viva voce. 

Keywords: 

Qualitative analysis; solubility products; common ion effect; interfering anion; Organometallic 
Compounds; carbonyls; 18-electron rule; synergic bonding; IR spectra of carbonyls; Zeise's salt; metal 
alkyls; ferrocene; Bioinorganic Chemistry; sodium-potassium pump; carboxypeptidase; carbonic 
anhydrase; haemoglobin, myoglobin; trace metals; metal toxicity; chelates in medicine; cisplatin; 
homogeneous and heterogeneous catalysis; Ziegler Natta catalyst; Wilkinson's catalyst; Fischer Tropsch 
process; ZSM 5. 
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