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Program Name:  

Master of Science (MS) in Organic Chemistry/ Inorganic Chemistry/ Physical Chemistry. 

Vision  

Chemistry Discipline offers the specialized learning in achieving excellence and leadership in chemistry based 

teaching, fundamental research and innovative applications to ensure industrial and socio-economic development. 

Mission  

The mission of MS course in Chemistry Discipline is to provide students with educational and research experience 

in a specialized branch in Chemistry with talent in innovation, self-learning and career competitiveness. The 

Discipline is focused on providing sufficient opportunities to work with relevant instrumentation, to learn 

experiment designing, execution, analysis and troubleshooting. The MS course will also contribute in scientific 

progress and environmental adaptation for socio-economic enhancement.  

Teaching Faculty 
 

Sl. 

No. 
Name of the Teachers Designation Academic Qualifications Research Interest 

1.  Prof. Dr. Md. Rezaul 

Haque 

Professor  PhD (2005), Jahangirnagar 

University, Bangladesh. 

Environmental Chemistry 

2.  Prof. Dr. Mosummath 

Hosna Ara 

Professor  PhD, University of Rajshahi, 

Bangladesh. 

Environmental Chemistry 

3.  Kaykobad Md. Rezaul 

Karim 

Assistant 

Professor  

M.Sc. in Applied Chemistry and 

Chemical Technology, University of 

Rajshahi, Bangladesh. 

Organic Chemistry 

4.  **Nirob Kumar Saha Assistant 

Professor  

M.Sc. in Organic Chemistry, 

University of Dhaka, Bangladesh. 

Organic Synthesis & Natural 

Products. 

5.  **Muhammad Sarwar 

Hossain 

Assistant 

Professor  

M.Sc. in Chemistry (Physical), 

University of Rajshahi, Bangladesh. 

Electrochemistry & Solution 

Chemistry 

6.  Md. Mahiuddin Assistant 

Professor  

M.Sc. in Chemistry (Organic), 

University of Rajshahi, Bangladesh. 

Polymer Chemistry, Natural 

Products 

7.  A.B.M. Nazmul Islam Assistant 

Professor  

M.Sc. in Chemistry (Inorganic), 

University of Rajshahi, Bangladesh. 

Coordination Chemistry & 

Organometallic Chemistry 

8.  Dr. Jamil Ahmed Lecturer Ph.D, Hokkaido University, 

Hokkaido, Japan. 

Surface chemistry of polymeric 

materials 

9.  Md. Kamrul Hasan Lecturer M.Sc. in Chemistry (Organic), 

University of Rajshahi, Bangladesh. 

Polymer chemistry 

10.  Muhammad Shamim Al 

Mamun 

Lecturer M.Sc. in Nano-Chemistry, Kookmin 

University, Seoul, South Korea. 

Synthesis of organic materials, 

Nano materials, Pesticides analysis, 

Solar cells 

11.  Md. Khairul Amin Lecturer M.Sc. in Inorganic Chemistry, 

Shahjalal University of Science and 

Technology, Sylhet, Bangladesh. 

Adsorption Chemistry, Material 

Chemistry, Organic Synthesis 

** On study leave for Doctoral study 
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Course Structure 

The duration of the course will be one year (two terms). A student will have to choose one special branch 

out of three branches of Chemistry (organic, inorganic and physical). He/she must complete 36 credits to 

obtain his/her MS degree. For that, he/she (General Group) will have to complete three theory courses 

having 3.0 credits of each from the specialized branches and two theory courses having 3.0 credits of each 

from two other different branches (except specialized branch) and one sessional course having 3.0 credits  

in Term-I, and two theory courses having 3.0 credits of each in the specialized branch and two theory 

courses having 3.0 credits of each from two other different branches (except specialized branch), with one 

sessional course having 3.0 credits and one In-plant training course having 3.0 credit in Term-II. In plant 

Training Program will be completed at any Industry by the joint collaboration of Chemistry Discipline, 

Khulna University. MS degree will be given as specialized in physical, inorganic and organic chemistry 

with general group. 

For Thesis Group, he/she will have to complete three theory courses having 3.0 credits of each in the 

specialized branches and two theory courses having 3.0 credits of each from two other different branches 

(except specialized branch) and one sessional course having 3.0 credits in Term-I and 12.0 credits thesis 

with two theory courses having 3.0 credits of each in the specialized branch in Term-II. 

 

Distribution of credits in different branches of study 

 

Term 

 

Group 

Credit Hour 

Total Specialized Branch 

(Theory) 

Other Branches 

(Theory) 
Thesis/Sessional 

Term-I 
Thesis 3.0×3= 9.0 3.0×2= 6.0 3.0 18.0 

General 3.0×3= 9.0 3.0×2= 6.0 3.0 18.0 

Term-II 
Thesis 3.0×2= 6.0 --- 12.0 18.0 

General 3.0×2= 6.0 3.0×2= 6.0 3.0×2= 6.0 18.0 

 

 

Note: Credit to be earned as per the Ordinance. 

 

 

 

 

Term wise distribution of credits 
 

Courses for Organic Chemistry Branch 

 

Term-I 

Course No. Course Title Contact 

Hours per 

Week 

Credit 

CHEM-5101 

CHEM-5103 

CHEM-5105 

CHEM-5107 

CHEM-5109 

CHEM-5111 

 

Advanced Reaction Mechanism 

Advanced Organic Spectroscopy 

Macromolecular Chemistry 

Natural Products 

Stereochemistry and Conformation 

Advanced Heterocyclic Compounds and Caged 

Hydrocarbons 

3-0 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM-5100 Chemistry Sessional-I 0-6 3.0 

Term-II 

CHEM-5201 

CHEM-5203 

CHEM-5205 

CHEM-5207 

CHEM-5209 

CHEM-5211 

Synthetic Organic Chemistry 

Separation and Chromatographic Techniques 

Medicinal Chemistry 

Organic Pollutants in Environment 

Food Chemistry 

Nanochemistry 

3-0 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM-5200 Chemistry Sessional-II 0-6 3.0 

CHEM-5250 In Plant Training --- 3.0 

CHEM-5260 Thesis --- 12.0 
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Courses for Inorganic Chemistry Branch 

  

 

Term-I 

Course No. Course Title Contact 

Hours per 

Week 

Credit 

CHEM-5115 

 

CHEM-5117 

CHEM-5119 

CHEM-5121 

CHEM-5123 

CHEM-5125 

Advanced Concepts of Atomic Structure and Chemical 

Bonding 

Inorganic Polymer and Macromolecules 

Advanced Analytical Chemistry 

Inorganic Materials 

Solution Chemistry 

Industrial Hazards and waste Management 

3-0 

 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM-5100 Chemistry Sessional-I 0-6 3.0 

Term-II 

CHEM-5215 

CHEM-5217 

CHEM-5219 

CHEM-5221 

CHEM-5223 

CHEM-5225 

Advanced Coordination Chemistry 

Inorganic Spectroscopic Methods 

Chemistry of Aquatic and Biotic Environment 

Chemistry of Pollution 

Homogeneous and Heterogeneous Catalysis 

Metallurgy 

3-0 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM-5200 Chemistry Sessional-II 0-6 3.0 

CHEM-5250 In Plant Training --- 3.0 

CHEM-5260 Thesis --- 12.0 

 

 

 

Courses for Physical Chemistry Branch 

 

Term-I 

Course No. Course Title Contact 

Hours per 

Week 

Credit 

CHEM- 5131 

CHEM- 5133 

CHEM- 5135 

CHEM- 5137 

CHEM- 5139 

CHEM- 5141 

Surface Properties and Interfacial Contact 

Physical Chemistry of Polymer 

Chemistry Of Nanomaterials 

Electroanalytical Chemistry 

Spectroscopic and Chromatographic Analysis 

Biophysical Chemistry-I 

3-0 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM-5100 Chemistry Sessional-I 0-6 3.0 

Term-II 

CHEM- 5231 

CHEM- 5233 

CHEM- 5235 

CHEM- 5237 

CHEM- 5239 

CHEM- 5241 

Advanced Chemical Kinetics 

Chemistry of Materials 

Supramolecular Chemistry 

Electrodes and Electrochemical Techniques 

Computational Chemistry 

Biophysical Chemistry-II 

3-0 

3-0 

3-0 

3-0 

3-0 

3-0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

CHEM- 5200 Chemistry Sessional-II 0-6 3.0 

CHEM- 5250 In Plant Training --- 3.0 

CHEM- 5260 Thesis --- 12.0 
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Course Profile 

 Courses for Organic Chemistry Branch 

 

Term-I 

CHEM-5101: Advanced Reaction Mechanism Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

• Acquire knowledge about acids and bases. 

• Learn the reaction mechanism of frontier orbital theory and kinetics of different types reaction. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss about acids and bases. 

2. Explain the molecular orbitals 

and frontier orbitals. 

3. Analysis of kinetics and 

reaction mechanism. 

4. Evaluate the specific 

substitution reaction. 

1. Acids and Bases: Classification on the basis of the structures of 

organic molecules; hard and soft acids and bases (HSAB); hard and 

soft neucleophiles and electrophiles. 

2. Molecular Orbitals and Frontier Orbitals: Huckel molecular 

orbital (HMO) method. evaluation of aromaticity and the 4n+2 rule 

in terms of HMO method, calculation of resonance energy by using 

α (coloumb integral) and β (resonance integral), fronteir orbital 

theory- HOMO and LUMO; perturbation theory of reactivity: the α-

effect interpretation of ionic, percyclic and radical reactions in terms 

of frontier orbital theory. 

3. Kinetics and Energetics in Reaction Mechanism: Consecutive 

reactions- Steady state approximation; parallel reactions; variation 

in kinetics in acid and base catalysed reactions; ambiguities in 

interpreting kinetic data; microscopic reversibility correlation of 

reaction rate and equilibria. 

4. Substitution Reaction: Comprehensive treatment of solvolytic 

reactions; substitution reactions of ambident nucleophiles; attempted 

correlation of substitution rate- Swain and Grunwald equations; the 

Hammett equation and correlations with meta- and para-substituted 

benzene derivatives. 

Section – B 

5. Discuss about addition reaction. 

6. Explain and analyze the 

oxidation and reduction 

reaction. 

7. Create macromolecule by free 

radical mechanism. 

5. Addition Reaction: Multicentre addition reactions; carbonyl 

addition: Cram’s rule (stereochemical treatment) nucleophilic 

addition to related unsaturated system. 

6. Redox Reactions: 

a) Oxidation Reactions: Oxidation of alcohols with Cr(VI), 

with DMSO and DCC, oxidation with PCC, with Jone’s 

reagent, Collin’s reagent, allylic oxidation [SeO2 and 

Pb(OAc)4], peracid and periodate oxidation. lemieux 

oxidation, Prevost and Woodward oxidation. 

b) Reduction Reactions: Catalytic hydrogenation, metal 

hydride reductions, [LiAlH4, LiAlH(OC4H9)3], B2H6, DIBAL, 

Na-cyanoborohydirde, reduction with dissolving metals, 

Birch reduction. 

7. Mechanism of Free Radical Reaction: Stability and structure, 

generation and fate of free radicals, free radical mechanisms in 

general: substitution mechanism, mechanism at aromatic substrate, 

neighboring-group assistance in free radical reactions, reactivity for 

aliphatic substrates, reactivity at a bridgehead position, reactivity in 

aromatic substrates, reactivity in the attacking radical, effect of 

solvent on reactivity, examples of free radical reactions: (i) 

hydrogen as leaving group; (ii) allylic halogenation; (iii) 

halogenation of aldehydes; (iv) substitution by oxygen; (v) 

hydroxylation at an aromatic carbon and other free radical 

substitution effected by oxygen. 
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CHEM-5103: Advanced Organic Spectroscopy Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

Obtain detail concept about spectroscopy and its application for the determination of unknown organic 

compounds. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss briefly on the 

spectroscopy. 

2. Explain about spectra 

3. Analyze different types  

compound . 

4. Evaluate the qualitative and 

quantitative properties of 

sample by spectroscopy. 

1. UV-Vis Spectroscopy:Hyperchromic and hypochromic effect, 

bathochromic and hypsochromic effect, chromophore; conjugation 

and wavelength shifting; solvent effect on UV-Visible spectroscopy; 

Woodward, Woodward-Fieser and Nielsen’s rules for the 

determination of λmax to different organic molecules; structural study 

of simple and complex organic compounds and application to 

macromolecules, qualitative and quantitative uses. 

2. IR And Raman Spectroscopy: IR: Mode of vibration, overtone, 

combination and difference bands in IR spectroscopy; influencing 

factors of force constant, approach towards the analysis of an IR 

spectra; structural study of simple and complex organic compounds 

and application to macromolecules, qualitative and quantitative 

uses. Raman: Raman techniques, stokes and anti-stokes lines, utility 

to organic molecules. 

3. NMR Spectroscopy:
1
H, 

13
C, 

31
P, 

19
F NMR spectroscopy, preamble, 

principles of NMR, situation for other nuclei, continuous wave and 

pulsed NMR experiments, FID & processing FID, relaxation, 

chemical shifts and factors influencing it, origin of coupling, long-

range coupling, coupling constant, Signal-to-Noise ratio (SNR), 

integration of signals, NOE, DEPT, APT; 2D NMR: basic of 2D 

NMR, general experimental scheme for 2D NMR, COSY, NOESY, 

SECSY, EXTASY, INADEQUATE and RELAY. COLOC 

experiments, HSQC, HMBC, TOCSY and HETCOR experiments. 

extensive application of NMR to organic molecules. 

Section – B 

5. Discuss briefly concerning the 

spectroscopy. 

6. Explain about spectra 

7. Examine different types 

compound. 

8. Evaluate the qualitative and 

quantitative properties of 

sample by spectroscopy. 

4. Mass Spectroscopy: Base peak, molecular ion peak, metastable 

peak and their utility, fragmentation patterns to various organic 

molecules, description of LIMA, SIMS and FAB techniques in Mass 

spectroscopy; structural study of simple and complex organic 

compounds and application to macromolecules. GC-MS, LC-MS: 

principle and instrumentation of GC and LC; combined techniques 

(GC-MS, LC-MS) for chemical analyses. 

5. Following Progress of Reaction by Spectroscopy: Diagnostic 

appearance and disappearance of functional groups in organic 

compounds and also in characterizing the products. 

6. Structure Elucidation by Spectroscopy: Joint application of UV, 

IR, NMR and Mass spectroscopy in structure elucidation of organic 

compounds, illustration with the spectra of typical compounds. 

 

 

CHEM-5105: Macromolecular Chemistry Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

• To knowledge about macromolecule. 

• Understand characteristics and properties of polymer. 

• Practical uses of polymer. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Give a strong thought on the 

subject of different types 

macromolecule. 

2. Make clear about various 

properties  of polymer. 

3. Analyze different types 

polymer . 

4. Estimate nature for practical 

uses of polymer. 

1. General Idea on Polymer: Introduction: polymer, monomer, 

oligomer, repeating units, structure of polymer molecules based on 

configuration and conformation, classification of polymers, 

intermolecular forces, biological and industrial importance of 

polymers, end group analysis, polymer solutions: thermodynamics 

of polymer dissolution, size and shape of macromolecules in 

solution. 

2. Polymer Reactions and Mechanism: Hydrolysis, acidolysis, 

aminolysis, hydrogenation, addition and substitution reaction, 

cyclization reaction, crosslinking reaction, types of polymerization 

reaction: chain polymerizations (free radical, ionic and 

coordination), step polymerizations (poly-condensation, poly-

addition and ring-opening), mechanism of each polymerization, 
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chain length and degree of polymerization, initiation and initiator 

efficiency in free radical polymerization, gel effect, inhibition and 

retardation, elementary idea on oxidative and atom transfer radical 

polymerizations. 

3. Copolymers: Classification of copolymers, structure of copolymers, 

preparation of block and graft copolymers, reactivity ratio and its 

measurement, significance of reactivity ratio, copolymer equation 

for ideal and alternating copolymer. 

4. Kinetics of Polymerization: Kinetics of chain polymerizations 

(free radical, ionic and coordination), step polymerizations (poly-

condensation, poly-addition and ring-opening). Kinetics of free 

radical copolymerization. 

 

Section – B 

5. Provide description about 

polymer colloid. 

6. Determine a range of 

application of polymer. 

7. Analyze the nature and 

degradation phenomena of 

polymer. 

8. Explore the better synthesis 

methods of polymer for uses. 

5. Polymer Colloids: Latex, chemistry of polymer colloid formation, 

brief introduction on emulsion and dispersion polymerizations, 

general idea on solution, bulk and suspension polymerizations. 

Colloidal stability, applications of polymer colloids in paper, 

adhesives, coating and other industries. 

6. Polymer Degradation: Introduction, types of degradation: thermal 

degradation, factors affecting thermal degradation, mechanical 

degradation, degradation by ultrasonic wave, photodegradation, 

oxidative degradation, degradation by high energy and bactaria, 

hydrolytic degradation. 

7. Monomers and Related Petrochemicals: Petrochemicals, 

classification of petrochemicals, distillation products from 

petroleum, reactions of alkanes, alkenes and aromatics, solvents and 

specific applications, synthesis of butadienes, acrylonitrile, acrylic 

acid, styrene, glycerine, surfactants etc. 

 

 

 

CHEM-5107: Natural Products Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

• Conceptualize secondary metabolites. 

• Acquire knowledge on functions, structure and synthetic process of secondary metabolites. 

• Compare different methods of plant analysis and make plan for analysis of plant. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Define, classify and 

characterize secondary 

metabolites. 

2. Explain the bio-synthesis of 

secondary metabolites. 

3. Discuss about structure and 

function of vitamin and 

antibiotics. 

 

1. Secondary Metabolites: Their biogenetic groupings and their role 

in chemiotaxonomic classification of plants. 

2. Biosynthesis of Secondary Metabolites: Secondary metabolites 

such as fatty acid, steroids, isoprenoids and amino acids. 

3. Vitamine: Introduction, discovery, classification and nomenclature 

of vitamins, biological function of vitamins, occurrence, deficiency 

disease and structure of Vitamin A, Vitamine B2 complex (Vitamin 

B2, B3, B6, B12, H, Nicotinic acid and Nicotinamide), Antivitamins. 

4. Antibiotics: Introduction, classification of antibiotics, production, 

isolation, constitution and clinical properties of Penicillins, 

Cephalosporin C, Streptomycin, Tetracyclines. 

 

Section – B 

4. Explain, analyze and evaluate 

different method of plant 

analysis. 

5. Describe structure, properties 

and function of protein. 

6. Understand properties and uses 

of natural dyes. 

 

5. Methods: Plants analysis and its application in phytochemical 

studies. 

6. Polypeptides and Proteins: Isolation, purification, classification 

and structure determination with an emphasis on the secondary and 

tertiary structure of proteins. Composition and function of insulin, 

glycoprotein, lipoprotein and nucleoprotein. 

7. Natural Dye: Chromophore, auxochrome, nature of dye, types of 

natural dyes, properties, synthesis and use of dyes. 
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CHEM-5109: Stereochemistry and Conformation Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

• Understand stereoisomerism and conformation. 

• Differentiate and criticize stereoisomerism and conformation of different organic compounds. 

• Acquire knowledge on asymmetric synthesis and design the synthetic route for synthesis of optically 

active organic compounds from inactive compounds. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Explain stereoisomerism and 

conformation of different 

organic compounds. 

2. Describe configuration and 

conformation of 

macromolecules. 

3. Differentiate stereochemistry of 

normal and exceptional organic 

compounds. 

 

1. Stereoisomerism and Conformation: Axial chirality, planar 

chirality and helicity,      principles of axial and planer chirality, 

stereochemistry of allenes, spiranes, biphenyls, Atropisomerism. 

Conformations of acyclic molecules, molecular deformations and 

steric strain, conformations of monocyclic compounds: 

Cyclohexane, 1,1-disubstituted cyclohexanes, 1,2-disubstituted 

cyclohexanes, 1,3-disubstituted cyclohexanes, 1,4-disubstituted 

cyclohexanes, conformations of cyclohexane ring with one and two 

sp
2
 carbons. 

2. Stereochemistry of Macromolecules: Stereochemistry and stereo 

chemical control of polymerization by Zieglar Natta catalysts 

especially in polymerization of propylene, butadiene, isoprene etc. 

3. Stereochemistry of Tricovalent Carbons: Carbonium ions and 

carbanions. 

4. Optical Activity Due to Atoms Other Than Carbon: Nitrogen, 

phosphorus, arsenic, Sulphur, selenium and other chiral compounds. 

 

Section – B 

4. Compare different 

stereoisomerism of organic 

compounds. 

5. Explain asymmetric synthesis 

and design the synthetic route 

of optically active compound 

from optically inactive 

compounds. 

6. Describe configuration and 

conformation of bi-cyclic and 

polycyclic system. 

 

5. Prostereoisomerism, Prochirality and Pseudochirality: 

Terminology, homotropic and heterotropic ligands and faces, 

heterotopicity and nuclear magnetic resonance. 

6. Asymetric Synthesis: Introduction, diastereoselctive synthesis, 

Cram’s rule, enantioselective synthesis, double stereodifferentiation. 

Hydrogen transfer from chiral reducing agents; use of asymmetric 

MPV reduction to determine the configuration of biphenyl 

derivatives; use of asymmetric Grignard reagents in creating chiral 

centers with stereoselectively. 

7. Stereochemistry of Steroids: Configuration of nucleus and 

substituent groups; conformational analysis of steroids. 

8. Stereochemistry of Bi-Cyclic Systems: 5-3, 5-4, 5-5 (vit. biotin) 

and 6-6 (decalin) combinations. 

 

 

 

 

CHEM-5111: Advanced Heterocyclic 

Compounds and Caged Hydrocarbons 

Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 
To provide students with a broad concept on structure and properties about heterocyclic and caged 

compounds. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss about  physiological 

nature and industrial significant 

of heterocyclic compound. 

2. Explain the structure of 

heterocyclic compound. 

3. Analyze constitution and 

creation of heterocyclic 

compound. 

4. Explore innovative heterocyclic 

compound. 

1. Introduction: Theoretical, synthetic, physiological and industrial 

significance of heterocyclic compounds and nomenclature. 

2. Compounds With Three and Four Membered Heterocyclic 

Rings Containing N, O & S:  Oxirans and oxetans, thiirans and 

thietans, aziridines and azetidines. Synthesis, physic-chemical 

properties, uses. 

3. Compounds Containing Five-Membered Ring with Two 
Heteroatoms: Nitrogen-nitrogen (pyrazole and imidazole groups 

and related compounds), nitrogen-oxygen (oxazole, iso-oxazole), 

nitrogen-sulphur (thiazole-selenium (selenazole compounds). 

4. Compounds Containing Six-Membered Ring with One Hetero 

Atom (Nitrogen, Oxygen and Sulphur): Pyridine derivatives, 

quinolone, isoquinoline, acridine, pyran and its derivatives 

(pyranols, pyrones, benzopyran), thiopyran, thiochromens and their 

derivatives. 
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Section – B 

5. Talk about physiological nature 

and industrial significant of 

heterocyclic compound. 

6. Clarify the structure of 

heterocyclic compound. 

7. Analyze foundation and 

creation of heterocyclic 

compound. 

8. Discover innovative 

heterocyclic compound. 

5. Compounds Containing Six-Membered Ring with Two Hetero 

Atoms: Pyrimidines, pyrazines, oxazines, tazines, dioxins and their 

analogues. 

6. Compounds Containing Seven-Membered Rings: Azepines, 

diazepines, oxazepines, thiazepines and related compounds. 

7. Saturated heterocyclics with one and two hetero atoms. 

8. Adamantane and related polycyclic systems. 

 

 

CHEM-5100: Chemistry Sessional-I Credit Hour: 03 Branch: Organic 

Chemistry 

Term: I 

Course Objectives: 

•••• To make handy in synthesis. 

•••• Can apply theoretical knowledge during the operation of sophisticated instruments. 

•••• To identify and quantify of compounds. 

•••• Get practical knowledge about various methods that are widely used in industry. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Synthesize and characterize a 

compound. 

2. Qualify and quantify a sample, 

e.g., sugar. 

3. Perform various extractions. 

4. Handle various instruments. 

5. Separate a mixture by ion 

exchange method. 

6. Determine different parameters 

of a reaction. 

7. Investigate the effects of 

different factors of a sample. 

1. Preparation of benzilic acid from benzaldehyde.        

2. Qualitative and quantitative analysis of sugar.  

3. Determination of Polyhydric alcohols by Iodometric method. 

4. Extraction:  

(a) Acid-base extraction  

(b) Solid-liquid extraction  

(c) Isolation of caffeine from tea 

5. Synthesis of methyl orange from sulphanilic acid. 

6. Ion exchange separation by the supplied Ni(II) + Zn(II) mixture and 

determination of the metal ion by EDTA titration. 

7. Preparation and characterization of Tris(thiourea)copper(I)chloride, 

[Cu(CH4N2S)3]Cl 

8. Preparation and characterization of iron acetylacetonate complex. 

9. Preparation of an Iron Dinitrogen complex via iron-EDTA complex. 

10. Determination of the coordination number of a complex compound 

by Jobs method. 

11. The equilibrium constant of a given reaction by spectrophotometric 

method. 

12. Determination of the dissociation constant of an indicator 

spectrophotometrically. 

13. Potentiometric titration of phosphoric acid and calculation of the 

dissociation constant. 

14. Influence of temperature on the viscosity of a pure liquid and 

determination of the   activation energy of viscous flow. 

15. Effect of concentration and ionic strength on the viscosity glycerol 

solution and determination of the radius of glycerol molecule. 

16. Variation of rate constant with catalyst concentration by 

polarimetry.  

N.B. Experiments may be added to or removed from the above list if 

necessary. 
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Courses for Organic Chemistry Branch 

 

Term-II 

CHEM-5201: Synthetic Organic Chemistry Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• Acquire knowledge on nature, properties and uses of multinuclear and polycyclic aromatic compounds 

and organometallic compounds. 

• Criticize on different synthetic process of them. 

• Design the synthetic route for their synthesis. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss multinuclear and 

polycyclic aromatic 

compounds, determine their 

structure and design the 

synthetic route of them. 

2. Explain synthetic process and 

uses of organometallic 

compounds and design the 

synthetic route of these. 

3. Categorize and synthesize dyes. 

 

1. Multinuclear Aromatic Heterocycles: General nature, preparation 

and properties; Benzo-derivatives of furan, pyrrole, thiophene 

indole; acridine, phenathridine and diazanaphthalenes 

2. Polycyclic Aromatic Compounds: General nature, structure, 

reactions and synthesis of annulenes, twist compounds, cyclophanes, 

crownethers. 

3. Organometallic Chemistry:  Organo-copper compounds, organo-

zinc compounds, organo-palladium compounds, organo-silicon 

compounds, organomagnesim and organoselenium compounds, 

preparation, properties and synthetic uses. 

4. Synthesis of Dyes: Introduction of dyes, definitions, requisites of a 

true dye, nomenclature of dye and dye intermediates, types of fibers, 

dyeing, fastness properties, classification of dyes, synthesis of the 

following dyes: Eriochrome Black T, Eriochrome Black A, 

Eriochrome Red B, Diamond Black F, Direct Deep Black, Safanine 

T, Rhodamine B.  

 

Section – B 

4. Describe different stereo-

selective synthetic routes. 

5. Explain structure activity 

relationship of different drugs. 

6. Compare and design the 

synthetic route of some 

important agrochemicals. 

5. Stereoselectives Synthesis: Regioselective, diastereoselective and 

enantioselective synthesis. 

6. Design of Drug synthesis: Structure activity relationship, use of 

retrosynthesis in designing synthesis of biologically important 

organic compounds. Synthesis of some typical medicinal 

compounds- ascorbic acid, β-carotene, penicillin, cephalosporein C, 

prostaglandins (F2α and E2) and taxol. 

7. Synthesis of Agrochemicals: 

i) Herbicides: Vegadex, Avadex, Eptam and Carbyne  

ii) Fungicides: Vapam, Nabam and Zineb  

     iii)  Insecticides: Sevin and Furadam 

 

 

CHEM-5203: Separation and 

Chromatographic Techniques 

Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• The course is designed to provide students about construction of chromatography and technique. 

• Measure the qualitative and quantitative evaluation. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss separation technique of 

chromatography. 

2. Explain development way of 

chromatography. 

3. Analysis sample detection 

technique. 

4. Evaluate and application of 

special types chromatographic  

technique. 

1. Review: The general principles of separation of materials on the 

basis of their physical and chemical properties with specials 

reference to fractional distillation, solid-liquid and liquid-liquid 

extractions, membrane filtration, dialysis, ultra filtration, and 

separation by acid and/or base treatment. 

2. Chromatographic Techniques: Chromatographic and its basic 

variant: Development methods in Chromatography: resolution, 

elution pattern, frontal analysis. Retention time and phase 

distribution constant. Retention factor and selectivity factors in 

separation. Column efficiency, theoretical plate. 

3. Electrophoresis: Principles of electrophoresis: Paper, gel, capillary, 

and zone electrophoresis. Nature of support system and buffers; 

High-Voltage power supply. Scope of separation of law and high 

molecular weight charged materials including protein, enzymes, etc. 

Sample introduction & detection. 

4. Size Exclution Chromatography: Theories of exclusion 
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chromatography: Mechanism and Material ; Inorganic stationary 

phases ; Alkeylated Cross- Linked Dextrans ; Polyviny Acetate Gels 

: Polystyrene Divinyl Benzene Gels. Applications. 

5. Some Advanced Systems of Chromatography: Centrifugal 

Chromatography-Chromatotron ;  Affinity Chromatography, 

Droplet Counter Current Chromatography (DCCC), Multilayer 

Counter Current Chromatography (MLCCC), Solid Phase 

Extraction Chromatography (SPEC). 

 

Section – B 

5. Talk about various types 

chromatography. 

6. Give details the factor that 

affect on chromatographic 

separation . 

7. Analyze constitution of 

chromatography for different 

special types sample 

identification. 

8. Evaluate the qualitative and 

quantitative measurement by 

chromatography. 

6. Review of Thin Layer, Paper and Column Chromatography: 

Principles and application, preparative Thin Layer Chromatography 

(PTLC): Layer thickness: Sample application, Sample extraction, 

Column volume, Void and dead volume in column chromatography. 

Preparative paper chromatography. 

7. Gas Chromatography (GC): Distribution coefficient ; Factors 

affecting column performance ; different types of column in 

separation of non-polar and polar compounds ; Split-Splitless 

injection ; Autoinjectors ; FID, FTD, ECD,TCD & Mass detectors 

(GC-MS), Quantitative and qualitative analysis. 

8. High Performance Liquide Chromatography (HPLC): Scope of 

HPLC. Theoritical background, Effect of particle size in column 

packing, mobile phase reservoir and solvent treatment, Law and 

high Pressure pumping systems, injections, atuinjector, separation in 

ambite and elevated temperature. Refractive Index & UV Detectors 

(LC-MS. LC-MS-MS), LC-NMR, Normal & reversed phase 

columns, Preparation HPLC. 

9. Ion and Ion-Pair Chromatography: Introduction and theory of 

Ion-chromatography, Columns and their packing, HPLC columns or 

ion-chromatography, Detectors, Conductivity detectors, 

Conductivity detectors with chemical and electronic suppression. 

Applications. Ion-Pair separation, Theory of ion-pair separation in 

liquid chromatography (LC), Normal and reversed- phase ion-pair 

chromatography, Use of ion pairing and ion-suppression. Effect of 

ionic strength and column temperature Detectors, Applications. 

 

 

CHEM-5205: Medicinal Chemistry Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• Conceptualize medicinal properties of chemical compounds. 

• Acquire knowledge on drug and drug actions. 

• Understand and differentiate chemical and biological aspects of drugs. 

• Criticize different synthetic route of drugs and design the synthetic route of drugs. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Define, classify and 

characterized drugs. 

2. Explain the role of receptors 

and action of drugs. 

3. Discuss physio-chemical 

characteristics of drugs. 

 

1. General Introduction to Medicinal Chemistry: Classification of 

drugs, sources, prodrugs, lead compounds, necessity of new drugs. 

2. Receptors and Drug Action: Role of receptor, receptor families, 

neurotransmitters, design of agonists and antagonists, and receptor 

and the biological response. 

3. Drugs Acting on DNA: Antimetabolites, enzyme inhibitors, 

intercalating agents, alkylating agents, antisense drugs, and chain-

cleaving agents. 

4. Quantitative Structure Activity Relationship (QSAR): 
Introduction, physiological properties, Hanch equation, the Craig 

plot, bioisosteres, and planning a QSAR study. 

 

Section – B 

4. Explain and analyze 

metabolism process of drugs. 

5. Describe and differentiate 

chemical and biological aspects 

of some drugs. 

6. Design the synthetic route of 

some important drugs. 

 

5. Drug Metabolism:Introduction, aim, site of metabolism, factors 

affectingmetabolism, phase I and phase II reactions. 

6. Chemical and Biological Aspects of the Following Classes of 

Drugs: (a) LocalAnaesthetics (procaine, tetracacine, lidocine), (b) 

Sulfadrugs (sulfamethoxazole,sulfanilamide, sulfadiazine), (c) 

Antibiotics (lactum, ampicillin, amoxicillin,cloxacillin, floxacillin), 

(d) Anticancer agents (mechloroethamine, 5-

flurouracil,methotrexale, doxorubicin, vincristin), (e) Antidiabetic 

agents (insulin, tolbutamide,glyburide), (f) Cardiac agents (cardiac 
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glycosides, digitoxin, digoxin), (g) Centralnervous system 

stimulants (amphetamine, caffeine), and (h) Depressants 

(diazepam,barbiturates, propofol, ketamine). 

7. Synthesis of the Drugs:Salbutamol, trimethoprime, indomethacin, 

acetazolamide, naproxen and tolmetin sodium. 

 

 

 

CHEM-5207: Organic Pollutants in the 

Environment 

Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 
� To know about organic pollutants. 

� Conceptualize about adverse effect and controlling principle of organic pollutants. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss on the different stage of 

environment. 

2. Explain the chemical nature, 

occurrence and adverse effect 

of hydrocarbon pollutants. 

3. Analyze of industrial pollutants 

4. Chemical and biological 

treatment of waste material. 

1. Degradation Process of Different Species in the Environmental: 

A general overview of interconnections among biosphere, 

atmosphere, antrosphere, Hydrosphere and geosphere. 

2. Pollution by Hydrocarbons: Chemical nature, dispersion, 

evaporation, photooxidation & Mecrobial transformation to the 

environment: Petroleum & aquatic organisms. biphenyl & 

polychloriated biphenyls (PCBs), bhysical and chemical properties 

Environmental distribution and behavior, polycyclic aromatic 

hydrocarbon: chemical nature, occurrence and behavior in the 

environment: human and the natural environment. 

3. Pollutants From Industries: Their treatment by chemical, physical, 

thermal and photochemical method with special references to: 

Polymers & Plastic, Soap & detergents, chemical & pharmaceutical 

and Pulp & Paper industries. 

4. Waste Materials: Their appropriate disposal by proper chemical & 

biological treatment of: City waste domestic & hospital/medical 

wastes. 

Section – B 

5. Discuss about fertilizer and 

abetment procedure of fertilizer 

pollution. 

6. Explain the contamination of 

food by pesticide and their 

adverse effect. 

7. Explore and evaluate the 

controlling principle of 

pollutant. 

5. Fertilizers: Nitrogeneous phosphatic and NPK fertilizers. 

Environmental implications of fertilizer, abatement procedure of 

fertilizer pollution. 

6. Organic Pollutants in Vegetables, Fruits and Other Food 

Materials: Insecticides, herbicides and their effects on environment 

and human health. Formulation: wettable power emulsion/solution 

and fumigants, mechanism of action metabolism of pesticides in 

biological system, detoxification and their metabolites in the 

environment. 

7. Insect attractant, repeliant and chemiosterile retardant, Plant growth 

regulators. 

8. The Role of Integrated Pest Management to Control Pollution: 

Toxicology: Introduction to toxilogy. Dose-response relationship. 

Dose & frequency of use. MRL (Maximum Recommended Level) 

and ADI (Acceptable Daily Intake). Integrated Pest Management 

(IPM): Defition Key components of IPM, Pest control techniques, 

Reduction of pollution. 
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CHEM-5209: Food Chemistry Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• Conceptualize food chemistry. 

• Acquire knowledge on composition, functions, additives, adulteration and processing of foods. 

• Compare different methods of food processing. 

• Understand digestion and absorption process of food. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Define, classify and discuss 

food safety, security, quality. 

2. Explain the role of food 

additives. 

3. Categorize and measure food 

adulteration and take necessary 

action to avoid it. 

4. Discuss methods and 

technologies of food 

processing. 

 

1. General Idea on Food Chemistry: Introduction to food chemistry, 

Basic food groups, Different class of foods, Quality and Choice of 

food, Food safety and security. 

2. Food Additives: Different types of food additives, e.g. sweeteners, 

flavoring agents, food colors, food preservatives etc; direct and 

indirect effect of food additives on health; chemical changes in food 

during storage at room temperature and at frozen state. 

3. Food Adulteration:Definition of adulterated food, common 

adulterants in different foods; contamination of foods with toxic 

chemicals, pesticides and insecticides; bacterial and fungal 

contamination of food. 

4. Food Processing:Deterioration factors, their control & methods of 

reducing deterioration; general procedures for fruit and vegetable 

preservation; auxiliary raw & packaging materials; fruit specific 

preservation technologies; vegetable specific processing 

technologies; quality control/quality assurance; fruit and vegetable 

processing units - general approach. 

 

Section – B 

5. Differentiate and determine 

different component of foods 

and their effect on health. 

6. Explain digestion and 

absorption process of food in 

human body. 

 

5. Carbohydrates in Food: Starch and dietary fibers. 

6. Protein in Food: Fish, meat, eggs, milk and their product. 

7. Lipids: Edible fats, oils and other lipids; their occurrence and 

composition in foods; their effects on health.  

8. Digestion and Absorption of Food: Digestibility coefficient. 

Function of fats, phospholipids and cholesterol, essential fatty acid 

deficiency in human beings, effect of excess essential fatty acids, 

fatty liver and lipotropism, dietary lipids and their relation to the 

causation of atherosclerosis and ischaemic heart disease; protein 

efficiency ratio (PER), biological values of protein, net protein 

utilization (NPU), net protein ratio (NPR), effect of amino acid 

imbalance and amino acid toxicity. 

 

 

 

CHEM-5211: Nanochemistry Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• Conceptualize nanochemistry. 

• Acquire knowledge on nanoparticles, nanorods, nanowire, nanotubes and nanostructured polymer. 

• Understand different methods of nanolithography and nanomanipulation. 

• Compare different methods for synthesis of nanoparticles, and design the synthetic route for 

nanoparticles. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Define and classify 

nanomaterials. 

2. Discuss different techniques for 

characterizing nanomaterials.  

3. Explain properties and 

applications of nanoparticles, 

compare and design the 

synthetic routes of 

nanomaterials. 

 

1. Introduction: Definition, Size effects, Classification of 

nanomaterials.  

2. Characterization:  Characterization of nanomaterials using SEM, 

TEM, AFM, DLS, XRD, and XPS   techniques.  

3. Nanoparticles: a) Metal nanoparticles: synthesis, properties and 

applications of gold and silver nanoparticles, b) Metal oxide 

nanoparticles: synthesis, properties and applications of iron oxide, 

zinc oxide, and titanium oxide nanoparticles.  

4. Nanorods and Nanowires: Synthesis, properties and applications 

of gold, silver, zinc oxide, and titanium oxide nanorods and 

nanowires.  

5. Nanotubes: Classification, synthesis, properties and applications of 

carbon and inorganic nanotubes.  
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Section – B 

4. Explain nanostructured 

polymers and design the 

synthetic route of 

nanostructured polymers. 

5. Explain and compare different 

methods of nanolithography 

and nanomanipulation. 

6. Applying these techniques for 

characterize nanomaterials. 

 

6. Nanostructured Polymers: Introduction, Macromolecular 

structural control, Polymer conformational control, Morphology of 

block copolymers, Nanostructures based on bulk phase separation, 

Nanostructures based on lyotropic mesophases,  Core-crosslinked 

systems, Shell-crosslinked systems,  Nanocages, Nanostructures 

from polymerized surfactant assemblies.  

7. Nanolithography and Nanomanipulation:  Introduction, Template 

fabrication, Deposition, Fabrication of nanostructures in the 

templates e.g., electrodeposition, sol-gel method, and chemical 

vapor deposition (CVD) method, Scanning probe based anodic 

oxidation as a tool for the fabrication of nanostructures, Oxidation 

of metallic substrates, Use of scanning probe microscopy in Dip Pen 

nanolithography, Use of scanning probe microscopy in 

nanomanipulation.  

 

 

 

 

CHEM-5200: Chemistry Sessional-II Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• To build synthetic knowledge. 

• Learn how to qualify and quantify various components of a sample. 

• To apply theoretical knowledge to run and use of sophisticated instruments. 

• Make confident about the identification of a structure. 

• Get practical knowledge about various methods that are widely used in industry. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Separate and purify an organic 

compound. 

2. Synthesize and characterize a 

compound. 

3. Estimate the amount of 

vitamin-C of a compound. 

4. Perform different 

chromatographic techniques 

successfully. 

5. Separate and estimate 

poisonous metals from a 

sample. 

6. Investigate different physical 

parameters. 

 

1. Crystallization, extraction, distillation and drying of organic 

compounds / reagents. 

2. Fractional distillation: ethanol from sugar; extraction from solution. 

3. Preparation of ketals, esters: fats and detergents; reactions of 

aldehydes and ketones and heterocyclic compounds like coumarins, 

beta keto esters, cyclohexene from cyclohexanol 

4. Chromatographic method - TLC, column chromatography, paper 

chromatography. 

5. Analysis of vitamin-C. 

6. Studies on synthesis, bonding, and structures of some metal 

complexes: 

a. Cu (II) with Ethelenediamine      

b. Cu (II) with Picolinic acid          

c. Cu (II) with Autralinic acid 

d. Cu (II) with O-phenyl diamine      

e. Ni (II) with Ethelenediamine        

f. Ni (II) with Picolinic acid 

g. Ni (II) with Autralinic acid         

h. Ni (II) with O-phenyl diamine 

7. Separation of Cd and Zn ions by anion exchange resin and their 

estimation. 

8. Estimation of the amount of Pb, Zn and Cu present in a mixed 

sample by titrimetric method (Brass analysis) 

9. Ion exchange separation of ionic complexes and identify with UV- 

Spectrophotometer. 

10. Synthesis of coordination complex trans-[CoCl2(L´)]ClO4  via 

Na3[Co(CO3)].3H2O and Characterized by IR spectra.  

11. Molecular weight of a polymer from viscosity measurement. 

12. Surface area of a surface-active molecule by measurement of 

surface tension. 

13. Kinetics of the iodination of acetone. 

14. To determine the critical Micelle concentration of sodium lauryl 

sulphate from measurement of conductivities at different 

concentrations.  

15. Spectrophotometric determination of pKa value of Methyl red 

indicator. 
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16. Study of kinetics of photodegradation of a dye using 

spectrophotometer. 

17. Characterization of a polymer: Determination of density, molar 

mass and radius of the polymer. 

 

 

N.B. Experiments may be added to or removed from the above list if 

necessary. 

 

 

 

CHEM-5250: In-Plant Training 

 

Credit Hour: 03 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• To identify and assess the risks inherent in products handling, equipment use and operations. 

• To measure the possible consequences on safety, health and the environment. 

• To apply preventive measures recommended. 

• To adopt the most appropriate behavior to counter risks. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Communication 

• Maintain communication 

about multiple subjects and 

with multiple audiences. 

• Complete incident and 

other reports. 

• Use technical information 

and manufacturer's 

information. 

• Communicate ideas and 

information. 

• Use and contribute to 

workplace documentation. 

2. Teamwork 

• Identify and describe own 

role and role of other work 

within a team. 

• Resolve conflicts between 

team members. 

• Teamwork strategies. 

 

3. Problem-solving 

• Recognize a problem or a 

potential problem in a plant 

unit, system or area. 

• Determine problems 

needing priority action. 

• Refer problems outside 

area of responsibility to 

appropriate person, with 

possible causes. 

• Identify appropriate theory 

base for problem and solve 

problems within area of 

responsibility for plant 

unit, system or area. 

• Identify and isolate faults 

in equipment. 

 

4. Planning and organizing 

• Develop and adjust a 

production schedule. 

• Plan own work 

requirements and assist 

others to plan theirs. 

The training program of in-plant training course in Term-II will be 

completed at any industry by the joint collaboration of Chemistry 

Discipline, Khulna University. 
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• Plan scope of unit, system 

or plant area checks. 

• Identify tasks to achieve 

team goals. 

• Monitor completion of 

allocated tasks. 

5. Self-management 

• Operate within appropriate 

time constraints and work 

standards. 

• Apply workplace 

procedures. 

• Identify resource 

requirements, document 

and monitor. 

 

 

 

CHEM-5260: Thesis Credit Hour: 12 Branch: Organic 

Chemistry 

Term: II 

Course Objectives: 

• A goal or a step on the way to meeting the aim; how a student will achieve it.  

• Objectives use specific statements which define measurable outcomes. 

• To provide the knowledge and skills to plan, manage and execute a substantial project. 

• To develop scientific problem-solving skills. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Find and evaluate literature. 

2. Safely and efficiently perform 

chemical laboratory processes 

conduct, record, analyze and 

interpret chemical observations 

and measurements. 

3. Effectively communicate the 

results, at a consolidating level. 

4. Deeper knowledge of methods 

in the major subject/field of 

study. 

5. Contribute to research and 

development work. 

6. The capability to use a holistic 

view to critically, 

independently and creatively 

identify, formulate and deal 

with complex issues. 

7. Conduct substantive 

argumentation, utilizing 

personal views that are base on 

critical analysis of works from 

various fields of knowledge, 

and can create synthetic 

summaries on their basis.  

8. The capability to identify the 

issues that must be addressed 

within the framework of the 

specific thesis in order to take 

into consideration all relevant 

dimensions of sustainable 

development. 

Students of Thesis Group will continue their research work according to 

their supervisor’s direction. 
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Courses for Inorganic Chemistry Branch 

 

Term-I 

CHEM-5115: Advanced Concepts of Atomic 

Structure and Chemical Bonding 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• To familiarize with advanced ideas about atomic and molecular structure. 

• Develop skills to find geometry of a compound. 

• Learn about different bond  parameter.s 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Realize the difference between 

classical and modern theories of 

atomic structure. 

2. Understand the significance of 

wave function. 

3. Implicate the quantum theory in 

Chemistry. 

4. Explain the geometry of a 

molecule. 

5. Discuss different theories 

regarding covalent compounds. 

1. Atomic and Nuclear Structure: Classical and modern theory of the 

structure of atom, wave equation, wave function, radial and angular 

functions, orbital and probability distribution, Effective nuclear 

charge and shielding, General implications of quantum theory in 

Chemistry. 

2. Details Study of The Bond-Types:  

(a) Ionic bonds: Size of the ions and ionic structures, inter- 

atomic distances and their relationship with their structures 

of compounds and crystals, Stabilization of ions in crystals, 

The Born-Haber cycle. 

(b) Covalent Bonds: Nature of covalent bonding, Wave 

mechanical principle, Hybridization, resonance, Valence 

bond theory (VBT), Lewis model and octet rule, expanded 

octet, Directional characteristics of covalent bonds, Shapes 

of molecule, Valence shell electron pair repulsion 

(VSEPR) theory, Structure of molecules containing lone 

pair of electrons. 

(c) Van der Waals’ Forces: Dipole-dipole interaction, Ion 

dipole interaction, Dipole-induced dipole interaction, 

London dispersion forces. 

Section – B 

6. Know advanced treatment of 

bonding in complex 

compounds. 

7. Understand the origin of 

bonding, nonbonding and 

antibonding orbitals. 

8. Justify the importance of MOT 

over VBT. 

9. Explain MOT for different 

types of molecule. 

10. Learn depth idea about metallic 

bonding. 

3. Advanced Treatment of Bonding in Coordination Compounds: 

The crystal field theory and Ligand field theory for octahedral 

complexes, Spectrochemical series, CFSE, Magnetic properties, 

Jahn-Teller Effect. 

4. Molecular Orbital Theory (MOT):  

(a) Delocalized bond concept and molecular orbital theory, 

Comparison of VBT and MOT, Construction of molecular 

orbitals by LCAO method, Overlap criteria of bond 

formation, Bonding, Antibonding and Nonbonding 

Orbitals. 

(b) Moleculer Orbital theory of homo- and –hetero diatomic 

molecules, Poly atomic molecules, Delocalisation of 

bonding electrons, HOMO and LUMO orbitals, Mixing of 

molecular orbitals and the correlation diagrams. 

5. Bonding in Metals: Properties of metal, The band theory, Energy 

bands as a function of inter-nuclear distance, Cohesive energies of 

metals, Conductors, Semiconductors, and Insulators. Electron gas 

model, Free electron model (Sommerfield model). 

 

 

CHEM-5117: Inorganic Polymer and 

Macromolecules 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• To provide students with broad and balanced foundation on Inorganic polymer and macromolecules. 

• The course is designed to apply the acquired knowledge of structure and function as well as external. 

and internal applications of inorganic polymers and macromolecules in their practical life. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 
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At the end of the course the students 

will be able to- 

1. Discuss inorganic polymers, 

their properties and classify 

inorganic polymers. 

2. Classify of boranes (closo-, 

nido-, arachno-, hypho-, 

conjuncto-structures), binding 

and topology in boranes,  

3. Synthesize and reactions of 

boranes, metal cluster, silicon 

polymer. 

4. Recognize glass, nitride 

polymers of boron and 

phosphorus, compare their 

properties. 

5. Relate applications of inorganic 

polymers in technology. 

 

1. General Idea on Polymer: Introduction- polymer, monomer, 

oligomer, repeating units, structure of polymer molecules based on 

configuration and conformation, classification of polymers, 

intermolecular forces, biological and industrial importance of 

polymers, end group analysis, polymer solutions: thermodynamics 

of polymer dissolution, size and shape of macromolecules in 

solution. 

2. Inorganic Polymer: General survey of inorganic polymers, 

classification of inorganic polymers, methods of study of inorganic 

polymers. 

3. Study of Some Typical Inorganic Polymeric Systems: 

(a)   i.  Borazines 

 ii.  Phosphonitrilic polymers 

iii.  Silicon polymers 

(b)  i.   Sulphur-nitrogen polymers 

        ii.  Flurocarbones 

               iii.  Metal cluster system 

Section – B 

6. Determine various types of 

macrocyclic ligand and Compare 

size and shape of 

macromolecules. 

7. Describe the structure and 

function of a hemoglobin and 

mayglobin, hemovanadins, 

hemocyanins and 

ceruloplasmi,and Chlorophyll, 

etc. 

8. Acquire in-depth knowledge on 

how to treat patients with 

hemoglobin disorders with 

confidence. 

9. Evaluate the impact of the 

inherited hemoglobin disorders 

on the economical and public 

health aspects. 

 

4. Macromolecules: The chelate and macrocyclic system, types of 

ligands, macrocyclic amino ligands, aromatic amines and related 

compounds, macrocyclic ligands and conjugated system- Schif’base 

ligand. 

5. Structure and Function of- 
i. Hemoglobin and mayglobin 

ii. Hemovanadins 

iii. Hemocyanins and Ceruloplasmin 

iv. Chlorophyll 

v. Vitamin B12 and coenzyme B12 

vi. Carboxypeptidases and Carbonic anhydrase 

 

 

 

CHEM-5119:  Advanced Analytical 

Chemistry 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• Teach proper solution handling and standards preparation. 

• Reinforce the principles of good laboratory practice. 

• Provide a basic understanding of common analytical techniques. 

• Give details idea about different spectroscopic techniques. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Know how to assure reliable 

analyses. 

2. Handle sophisticated glassware 

and apparatus. 

3. Calibrate different glassware. 

4. Familiarize with laboratory 

safety rules. 

5. Understand sampling technique 

and various separation 

techniques. 

1. Basic Tools and Operations of Analytical Chemistry: 

The laboratory notebook, laboratory materials and reagents, 

analytical balance, volumetric glass ware, other apparatus, igniting 

precipitates, obtaining the sample, operations of drying and 

preparing a solution of the analyte, preparation of standard acid and 

base solution, separation technique, purification technique, 

crystallization, laboratory safety. 

2. Measurements and Stoichiometric Calculations in Chemistry:  

Review of fundamental concepts, concentration of solution, 

expression of analytical results, volumetric analysis, weight 

relationship: gravimetric analysis, standards, uncertainties in 

measurements, plotting of data, linearity, robustness, slope and 

intercept of a linear plot. 
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3. Sampling: Water, air and soil, sample processing, trace analysis. 

4. Preliminary Steps of Analysis: Sampling, decomposing and 

dissolving samples, separation of impurities from sample solution: 

precipitation, solvent extraction and ion-exchange methods, 

selection of a method for analysis. 

Section – B 

6. Get idea about different types 

of electrode. 

7. Evaluate the superiority of 

potentiometric titration 

compared to conventional 

titration. 

8. Gather knowledge about 

different spectroscopic 

techniques. 

9. Apply the knowledge about 

thermal analysis to investigate a 

sample. 

8. Potentiometric Methods: Indicator electrodes, membrane indicator 

electrodes; glass electrode for pH measurements, liquid membrane 

electrodes, solid state and precipitate electrodes, pH meters, errors 

affecting pH measurements with glass electrodes, direct 

potentiometric measurements, calibration for direct potentiometry, 

standard addition method, potentiometric titrations, end point 

determination. 

9. Molecular UV-VIS absorption spectroscopy:  origin of spectra, 

Beer’s Law- application, limitations and measurement, 

spectrophotometer- components of an optical instrument and their 

functions, single and double beam instruments. 

10. Electron and x-ray Spectroscopy: X-Ray, ESCA, AES 

(Auger),Absorption, diffraction and fluorescence. 

11. Thermal Analysis: Differential thermal analysis and differential 

scanning calorimetry, thermogravimetry and thermometric titrations. 

 

 

CHEM-5121:  Inorganic Materials Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• To develop the ability of students to apply their practical knowledge and skills to the material and 

characterization.  

• Provide knowledge about the interrelationships among crystallography, composition, and the physical 

properties of minerals. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss about structure and 

properties of a material. 

2. Explain that some materials are 

useful in their native state and 

that other materials need to be 

changed by chemical reaction 

to be more useful. 

3. Analyze and synthesize 

different types of solid 

materials. 

4. Characterize the solid materials. 

 

1. Introduction to Material Science and Engineering:  Materials 

and civilization, types of materials, materials and engineering, 

structure, properties, performance. 

2. The Properties of Materials: Density, thermal properties, 

diffusion, electrical properties, magnetic properties, dielectric and 

optical properties. 

3. Synthesis of Solid Material: Reaction types, quality criteria and 

assessments, sol-gel technique, thin film preparation, chemical 

transport, crystal growth, techniques of single crystal growth, solid 

solution, requirements for solid solution formation, types of solid 

solution. 

4. Characterization of Solid Material:  

(a) X-ray diffraction: Structure determination from powder 

patterns, influence of crystal symmetry and multiplicities on 

powder pattern, limitation of powder methods, single crystal 

X-ray method. 

(b) Neutron diffraction: Neutron diffraction, applications, merits 

and limitations. 

(c) Electron Microscopy: Electron diffraction applications, 

transmission electron microscopy (TEM), scanning electron 

microscopy (SEM). 

Section – B 

5. Demonstrate understanding of 

the fundamental ideas that 

govern the arrangement of 

atoms into a crystalline 

structure and describe the 

performance of ceramics at 

high temperature. 

6. Compare student thinking with 

their original views about how 

crystals form. Discuss the 

interrelationships among 

crystallography, composition, 

1. Performance of Materials in Service: Service performance, 

corrosion reactions, corrosion control, delayed fracture, performance 

of metals at high temperatures, service performance of polymers, 

performance of ceramics at high temperatures. 

2. Crystals: Crystalline phases, cubic structures, noncubic structures, 

polymorphism, unit-cell geometry, crystal directions, crystal planes. 

3. Liquid Crystals:  Classification of liquid crystals and their possible 

phase transitions, chemical structure elements in liquid crystals, 

application of liquid crystals.   

4. Superconductors: Superconductivity, Theories of 

superconductivity, introduction of low Tc and high Tc 

superconducting materials, applications, recent development of 

superconducting materials. 
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and the physical properties of 

minerals. 

7. Knowledge related to liquid 

crystal (LC) structures and LC 

properties that can be detected 

in various methods of 

investigation. 

8. Applications of mesogenic 

materials (eg. liquid crystals 

displays). 

9. Explain how observation of a 

persistent current can be used to 

estimate an upper limit on the 

resistivity of a superconductor, 

and perform calculations related 

to such estimates. 

10. Describe some of the 

applications of 

superconductivity.  

 

 

 

CHEM-5123: Solution Chemistry Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• Developing the skills of implementing basic principles of solution. 

• Understanding the methods of investigation of metal ion solvation and to teach the learners about 

different reaction rates and conductivity.  

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Describe the hardness and 

softness in solvents. 

2. Manipulate the effect of 

temperature on solubility and 

the effect of hydration and 

lattice energy. 

3. Calculate the solubility of an 

electrolyte in pure water or in a 

solution containing a common 

ion. 

4. Analyze the role of solvent in 

different chemical reactions. 

5. Precise of some chemical 

reactions in liquid NH3, SO2, 

H2SO4 and HF media. 

 

1. Solvents:  Solvents, classification of molecular solvents, general 

properties of ionizing solvents, hardness and softness in solvents, 

leveling effect of the solvent, solvating properties of solvents. 

2. Solubility:  Solubility, solubility rules for salts, ions in solution, 

effect of temp. on solubility, role of water as a solvent, Chemical 

structure and solubility, hydration energy, lattice energy, the effect 

of hydration and lattice energy, Born’s equation for solubility of 

salt. 

3. Aqueous Solution: Types of reaction, distribution of aquo-cations, 

hydrolysis, acidity of hydrated cations, classification of cations by 

acidity category, P
K
 values for aquo cations, mixed aquo ligand 

complexes, mixed aqueous system. 

4. Non-Aqueous Solution:  Role of solvents in chemical reactions, 

study of some chemical reactions in liquid NH3, SO2, H2SO4 and HF 

media. 

Section – B 

6. Calculate the enthalpies and 

redox potential of metal ions in 

solutions. 

7. Explain the factors affecting 

reaction rates. 

8. Manipulate of some 

investigation of metal ion 

solvation. 

9. Explain the behavior of mixed 

solvents. 

10.  Described in which solvated 

5. Properties of Metal Ion Salvation, Reaction Rates and Chemical 

Equilibrium:  Enthalpies and free energies of formation of cations 

in solution, redox potentials of metal ions in solution, variation of 

redox potential with cations, usefulness and limitations, reaction 

rates, factors affecting reaction rates, acid-base equilibrium in 

aqueous solutions. 

6. Methods of Investigation of Metal Ion Solvation:  Ionic 

conductance, entropies, viscosities, dielectric constants, refractivity, 

Proton nmr, UV-visible, IR, ESR spectroscopy. 

7. Solvation Numbers: solvation numbers determination of cation 

solvation number, secondary solvation and ion association mixed 

solvents, behavior of mixed solvents, identification of mixed 

solvents. 
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electrons in liquid ammonia 

reduce a benzyl alcohol carbon 

without affecting the aromatic 

ring. 

 

8. Solvated Electron:  Theoretical concept solvated electron, hydrated 

electron, reactions of the hydrated electron; adsorption, 

conductivity, and magnetic properties of metal ammonia solution, 

ammoniated electron, solvated electron in organic liquids. 

 

 

CHEM-5125: Industrial Hazards and Waste 

Management 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• To provide students with an extensive and balanced foundation to recycling, reuse and to develop 

methods for improved solid waste collection, separation and control skill.   

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss about the types of 

waste and waste disposal 

methods; Social and 

environmental issues related to 

waste disposal. 

2. Develop technical knowledge 

and apply design skills related 

to solid waste generation, 

collection and disposal. 

 

1. General Idea of Chemical Hazards: Chemical hazards,Industrial 

pollutants in the environment. Occupational diseases and their 

control, effect of modern agrotecnology, industrial pollution hazards 

in Bangladesh. 

2. Control of Chemical Plant Hazards: Industrial plant layout, 

Ventilation and lighting, storage, handling and transpotation. 

Eletrical system, fire hazards and prevention, personal protective 

device,labrotary safty, maintance procedure. 

3. Hazardous Waste:  Hazardous substances and waste, origin and 

amount of hazardous waste, identification of hazardous waste, 

biomedical waste, hazardous waste and health, hazrdous waste in 

the geosphere, hydrosphere, atmosphere and biosphere.nuclear 

waste. 

Section – B 

3. Apply the principles of waste 

minimization, source reduction, 

material use and recovery in the 

design of solid and hazardous 

waste management systems. 

4. Provide technical aid to state 

and local governments to 

reduce the generation of 

hazardous waste by industry 

and society generally. 

 

4. Industrial Wastes and Treatment Process: Characteristics of 

industrial wastes, principal of industrial waste treatment process- 

physical, chemical and thermal treatment of industrial waste, 

treatment of waste with organic and inorganic impurities, the nature 

and treatment of waste from some chemical process industries-soap 

and detergents, alkali, pesticides and fertilizer industries. 

5. Current Industrial Environmental Status: Concept of threshold 

limit value, methods of monitoring, exposure,active and passive 

sampling, formulation of guidelines and discharge standards of 

various industries. 

6. Re-Use of Industrial Waste: Construction material from waste, 

utilization of agricultural wastes- medicines, liquid fuels. Urban 

waste and bagasse for elctricity, biomass into rural power, oil from 

plastic waste, plastic for heat and elctricity generation, converting  

garbage into fuel, fertilizer and power. 

 

 

 

CHEM-5100: Chemistry Sessional-I Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: I 

Course Objectives: 

• To make handy in synthesis. 

• Can apply theoretical knowledge during the operation of sophisticated instruments. 

• Make confident about the identification of a structure. 

• Get practical knowledge about various methods that are widely used in industry. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Synthesize and characterize a 

compound. 

2. Qualify and quantify a sample, 

e.g., sugar. 

3. Perform various extractions. 

1. Preparation of benzilic acid from benzaldehyde.        

2. Qualitative and quantitative analysis of sugar.  

3. Determination of Polyhydric alcohols by Iodometric method. 

4. Extraction:  

(a) Acid-base extraction  

(b) Solid-liquid extraction  
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4. Handle various instruments. 

5. Separate a mixture by ion 

exchange method. 

6. Determine different parameters 

of a reaction. 

7. Investigate the effects of 

different factors of a sample. 

(c) Isolation of caffeine from tea 

5. Synthesis of methyl orange from sulphanilic acid. 

6. Ion exchange separation by the supplied Ni(II) + Zn(II) mixture and 

determination of the metal ion by EDTA titration. 

7. Preparation and characterization of Tris(thiourea)copper(I)chloride, 

[Cu(CH4N2S)3]Cl 

8. Preparation and characterization of iron acetylacetonate complex. 

9. Preparation of an Iron Dinitrogen complex via iron-EDTA complex. 

10. Determination of the coordination number of a complex compound 

by Jobs method. 

11. The equilibrium constant of a given reaction by spectrophotometric 

method. 

12. Determination of the dissociation constant of an indicator 

spectrophotometrically. 

13. Potentiometric titration of phosphoric acid and calculation of the 

dissociation constant. 

14. Influence of temperature on the viscosity of a pure liquid and 

determination of the   activation energy of viscous flow. 

15. Effect of concentration and ionic strength on the viscosity glycerol 

solution and determination of the radius of glycerol molecule. 

16. Variation of rate constant with catalyst concentration by 

polarimetry.  

 

N.B. Experiments may be added to or removed from the above list if 

necessary. 
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Courses for Inorganic Chemistry Branch 

 

Term-II 

 

CHEM-5215: Advanced Coordination 

Chemistry 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• Acquire knowledge on coordination compound, structure bonding of different complex compounds. 

• To apply the   knowledge of different reaction mechanism of coordination complexes and 

spectroscopic studies.  

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Recognize symmetry elements 

in a molecule; State the point 

group a molecule belongs to. 

2. Ability to apply their 

knowledge to problems related 

to those covered in the lectures. 

3. Specify symmetries of a 

bounded plane figure as 

rotations or reflections. 

4. Categorize coordination 

compounds. 

5. Explain to bonding in 

complexes using molecular 

orbital theory and the 

combination of atomic orbitals.  

 

1. Group Theory: Symmetry operation, Symmetry elements, Unit 

cell, space group, Point group, Symmetry analysis and its 

application, Character table, Group theory and its applications to 

various types of molecule. 

2. Coordination Chemistry: Structure and Symmetries of Complexes, 

Molecular orbital model of ML6 and ML4 Structures, Stability of 

Complexes, Factor affecting the stability of complexes, 16-and 18-

elctron rule. 

3. Structure and Bonding of Complexes:  Russell Sunders 

Couplings, Microstates, Tanabe-Sugano diagrams and its 

applications, Jahn-Teller distortions, Charge transfer spectra, Ligand 

to metal and metal to ligand charge transfer (LMCT and MLCT) 

transition. 

Section – B 

6. Discuss the correlation between 

the electronic structure of a 

coordination complex and its 

magnetic properties. 

7. Precise the reaction 

mechanisms of coordination 

compounds. 

8. Explain the stability of d-metal 

complexes, their reactivity, and 

the mechanisms of ligand 

substitution reactions.  

9. Explain the spectroscopic 

properties of coordination 

compounds. 

10. Articulate the splitting of 

electronic energy levels and 

spectroscopic states in metal 

complexes. 

 

4. Magnetic Properties: Sources of paramagnetism, diamagnetism 

and Pascel’s Constant, Magnetic properties based on crystal field 

model, Magnetic moment, antiferromagnetism, Ferromagnetism and 

Ferrimagnetisms, Correlation of magnetic and structural properties. 

5. Kinetics and Reaction Mechanism of Coordination Complexes: 
(a) Laible and inert complexes, substitution at a metal center, 

some general consideration, the classification of mechanism. 

(b) Electron transfer reaction, Outer sphere mechanism and 

Inner sphere mechanism, electron transfer through extended 

bridges. 

(c) Photochemical reaction, molecular rearrangements, d-d and 

charge transfer reactions. 

6. Spectroscopic Studies of Metal Complexes: Term symbols, 

selection rule, Hund’s rule and ground state term, splitting of 

electronic energy levels and spectroscopic states. 
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CHEM-5217: Inorganic Spectroscopic 

Methods 

 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• To provide an overview about spectroscopic methods. 

• Provide knowledge to monitor a reaction by spectroscopic methods. 

• To make skilled to determine an unknown structure using spectroscopic knowledge. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Know deeply about vibrational 

spectroscopy. 

2. Realize the importance of 

fingerprint region in FTIR 

spectra. 

3. Get idea about group 

frequencies. 

4. Use FTIR in qualitative as well 

as quantitative purpose.  

5. Compare between FTIR and 

Raman spectroscopy. 

6. Learn vast knowledge about 

UV-visible spectroscopy. 

1. Introduction of Spectroscopic Methods:  Interaction of 

Electromagnetic Radiation with atoms and Molecules, region of 

spectrum, Emission and Absorption spectrum, Types of 

Spectroscopic Methods. 

2. Vibration Spectroscopy: The basics, mode of vibration, 

influencing factors of force constant, qualitative and quantitative 

use, infrared experiments – group frequencies, fingerprints, analysis 

of mixtures. 

3. Raman Spectroscopy: The basics, Raman applications, 

depolarization measurements, complementary nature of Raman and 

IR spectroscopy. 

4. UV-Visible Spectroscopy: The basics, hyperchromic and 

hypochromic effect, bathochromic and hypsochromic effect, metal-

metal transitions, crystal field splitting, crystal field splitting in 

common shapes, spin states, strong field model and weak field     

model, selection rules, Jann-Teller distortions, charge transfer 

transitions, metal-ligand transitions, ligand-centered transitions, 

qualitative and quantitative use. 

Section – B 

7. Know about resonance 

spectroscopy. 

8. Identify a compound by NMR. 

9. Application of NMR in medical 

science. 

10. Learn about mass spectroscopy. 

11. Imply the spectroscopic 

knowledge in structure 

elucidation. 

5. Resonance Spectroscopy: The basics, chemical shift, chemical 

environment, magnetic versus chemical equivalence, decoupling, 

non-spin-1/2 systems, exchange processes, relaxation processes. 

Nuclear quadrupole resonance (NQR) – The principle and 

applications. Electron spins resonance – The principle and 

applications. 

6. Mass Spectrometry: The basics, ionization methods – electron 

impact, fast atom bombardment, chemical ionization; interpretation 

of mass spectra – accurate mass measurements, isotopic pattern, 

fragmentation patterns, Maclferty Rearrangement. 

7. Structure Elucidation: Determination of molecular structures of 

inorganic and organic compounds on the basis of above spectral 

information. 

 

 

 

CHEM-5219: Chemistry of Aquatic and 

Biotic Environment 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• Explain the influence of climatic factors on water and environment. 

• Analyzing the treatment process of pollutants and to grow awareness the national policy for the 

protection of environment. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Describe and use chemical 

processes in an aquatic 

environment. 

2. Gain in-depth knowledge about 

the different types of reactions 

that are important in natural 

water systems (freshwater and 

seawater) and in water 

treatment:  

- acid/base reactions, especially 

1. Introduction of Aquatic and Atmospheric Chemistry: 

Importance of the atmosphere and aquatic environment, Physical 

characteristics of the atmosphere and aquatic environment, 

Chemical and photochemical reactions. 

2. Atmospheric Pollution and Its Effects: Natural air pollution, 

Photochemical smog formation, Turbidity, Acid rain, Ozone 

depletion, Global warming. 

3. Aquatic Pollution: Nature and types of water pollutants, Elements 

pollutants, Heavy metals, Oxidants and reductants in water, Organic 

pollutants-pesticides in water. 

4. Pollutants in Agriculture: Pollutants from agriculture in aquatic 

environment fertilizers, Insecticides, Fungicides, and their impacts 

on aquatic lives. 
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the carbonate system.  

-Precipitation/dissolution 

reactions.  

- Complex formation.  

- Redox reactions. 

3. Plan and perform an 

investigation of an aquatic 

system. 

4. Investigate environmental 

impacts of traditional farming 

and agriculture. 

5. Formulate an opinion of the 

human health risks posed by the 

use of pesticides. Quantify the 

magnitude of the potential 

pollution problem caused by 

agriculture. 

 

Section – B 

6. Describe the main desalination 

processes used to produce 

potable water from saline or 

brackish sources.  

7. Explain the function of 

transmission mains, ring mains, 

service reservoirs and water 

towers, and discuss the merits 

and disadvantages of different 

types of piping materials. 

8. Know the basic techniques and 

practices for the monitoring of 

pollution in the coastal marine 

environment. 

9. Communicate the importance 

and application of effective 

environmental monitoring. 

10. Be aware of clean-up 

procedures for environmental 

pollution incidents. Know the 

various policies, laws and 

regulations on National and 

European level relevant. 

 

5. Water Treatment: Preliminary, primary and secondary treatment, 

sedimentation, trickling filters, activated sludge treatment method, 

oxidation ponds, chlorination, wet oxidation. 

6. Marine Pollution: Discussion on marine pollution, classification of 

marine pollutants-Cd, Cu, Hg, Pb, insecticides, fungicides, and 

hydrocarbons, oil pollution and its effect, abatement of marine 

pollution. 

7. Management of Solid Wastes: Classification of solid waste, 

disposal of bulk solid waste, direct disposal of animal waste on land, 

sewage sludge, bio-gas from solid waste, land filling. 

8. National Policy for the Protection of Environment: International 

laws for the protection of the environment, national environment 

quality standards (EQS), WHO guidelines for environmental health 

criteria. 

 

 

CHEM-5221: Chemistry of Pollution Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• This course specifically addresses about the chemical reactions in the environment, water 

chemistry and water pollution, impacts of toxic compounds and hazardous waste. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Describe important chemical 

reactions in the atmosphere, 

including important chemical 

reactions in connection with 

pollutants. 

2. Understand how pollutants are 

transported and accumulate in 

the environment. 

3. Know about the water and 

1. Introduction: Human Impact and pollution, green Chemistry, 

chemical fates and transport. 

2. Gaseous Waste and Pollutants: Sources of gaseous pollutants, 

Types and classification of air pollutants: particulate, hydrocarbons, 

carbon monoxide, oxides of sulfur, oxides of nitrogen, 

photochemical oxidants, Gaseous waste and pollutants in Portland 

cement, glass, fiber glass, petroleum refineries, iron and steel and 

acid manufacturing industries, pharmaceuticals, etc. 

3. Water Pollution: General considerations of water and it sources, 

Surface water, ground water, and marine water, General Causes of 

water Pollution, Types of chemical Pollutants in water, Water use 

and water treatment technology for different categories of water. 
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wastewater quality and 

treatment (sampling, modeling 

and the design of 

biological/chemical/physical 

treatment methods for large 

and small communities). 

 

4. Heavy Metal Pollution: Pollution sources, Biochemical and 

toxicological effects of lead, mercury, cadmium, arsenic, chromium, 

selenium and radon. 

Section – B 

4. Hazardous and solid waste 

chemistry (site assessment, 

risk assessment, remediation 

methods, landfill design). 

5. Identify the effects of toxic 

pollutant such as Pd, Cd Hg 

As. 

6. To solve the environmental 

health effects (toxicology, 

industrial hygiene, ecological 

impacts). 

 

5. Solid Waste: Types of solid wastes; municipal wastes, industrial 

wastes, hazardous wastes, Household etc., Sources of solid wastes. 

6. Solid Waste Management: Industrial ecology and waste treatment, 

Waste reduction and minimization, Recycling, Physical and 

chemical methods of waste treatment: an overview. Green waste 

treatment by photolysis, Biodegradation of wastes, Disposal of 

wastes. 

7. Toxic Effects of Chemical Pollutions on Living System: Toxic 

Chemicals- metals (Pb, Cd, Hg, As), Pesticides, Hydrocarbons, 

Toxic gases (CO,H2S, NO2), Effect on human health. 

8. Noise Pollution: Classification of noise pollution, measurements of 

noise pollution, noise pollution hazards and its controls. 

 

 

 

CHEM-5223: Homogeneous and 

Heterogeneous Catalysis. 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• To provide future chemists a global and unified vision of catalysis, describing and comparing 

elementary processes in homogeneous and heterogeneous catalysis. 

• Acquire knowledge and applied aspects of manufacturing various compounds by catalytic reaction. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Account for general catalysis 

principles and the mechanism 

for some commonly used 

catalytical processes in 

organometallic chemistry. 

2. Design examples to catalytic 

reactions related to 

homogeneous fuel production 

(liquid or gaseous fuels), 

chemical production from non-

fossil fuel resources, and 

capturing emissions. 

3. Understand the importance and 

mechanism of asymmetric 

catalysis. 

4.  Provide future chemists a 

global and unified vision of 

catalysis, describing and 

comparing elementary 

processes in homogeneous and 

heterogeneous catalysis, 

5. Illustrating the importance of 

the two categories of catalysis 

at the industrial level. 

 

1. Introduction: Catalyst, properties of catalyst, thermodynamics of 

catalysis, comparisons between homogeneous and heterogeneous 

catalysis, industrial application. 

2. Inorganic Reaction Mechanism: Review of rate laws, activation 

parameters, substitution reaction on square planar and octahedral 

complexes, electron transfer reactions. 

3. Homogeneous Catalysis:  

(a) Types of reactions in homogeneous catalysis, general 

features of Wilkinson catalyst, overview of mechanism of 

olefin hydrogenation, olefin dimerization and metathesis, 

olefin isomerization. 

(b) Synthesis and mechanism of Monsanto acetic acid 

synthesis, aldehyde synthesis from olefin (Wacker 

oxidation and hydroformylation), Water gas shift reaction, 

acetic acid from ethylene, Template synthesis. 

Section – B 

6. Apply the covered theory to 

known industrial problems by 

Fischer Tropsch synthesis. 

7. Relate the elementary steps 

occurring in a catalytic reaction 

to the global performance of the 

process. 

4. Heterogeneous Catalysis: Introduction, examples of heterogeneous 

catalysis- hydrogenation of alkenes, ammonia synthesis, SO2 

oxidation, interconversion of aromatics by zeolites. 

5. Catalytic Reaction Involving Carbon Monoxide and Titanium 

Tetrachloride: Fischer-Tropsch process- reaction, catalyst, 

mechanism, application. Ziegler-Natta catalysis- catalyst, process 

etc. 

6. Insertion Reactions: Introduction, CO insertion (carbonylation), 

SO2 insertion, isonitriles insertions, insertions involving alkenes. 
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8. Describe the important 

applications of organometallic 

homogeneous catalysis in the 

production of large-scale (bulk) 

and smaller-scale (fine 

chemicals) production. 

9. Identify the current industrial 

challenges of natural gas 

conversion and clean fuel 

production. 

10. Demonstrate the Characteristics 

of carboxylates and bdridging 

system. 

 

7. Carboxylates:  Introduction, Characteristics of carboxylates as 

monodentate and bidentate, Monocarboxylates & Dicarboxylates-

modes of coordination of carboxylates, unidentate and chelate 

coordination, bridging system. Some important carboxylates. 

 

CHEM-5225: Metallurgy Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• The main objective of the course is to develop fundamental and deep knowledge in the physical- 

metallurgical process and the corrosion of materials in various environments and to present existing 

protection strategies for prevention of corrosion in different contexts. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Discuss about the modeling 

of physical- metallurgical 

phenomena and 

characterization methods. 

2. Produce conceptual designs 

for simple metal extraction 

processes. 

3. Ddemonstrate an 

understanding of the steel 

manufacturing process from 

raw materials to coil. 

 

1. Metallic Minerals and their Occurance: Ore dressing,Sorting and 

grading, Different concentration processes, Thermal methods of ore 

preperation, Calcination and roasting. 

2. General Pyrometallurgical Principles: Ellingham diagram, 

Thermodynamics of reduction of metallic oxides by CO, 

Metallothermic reduction, Vacuuo-thermic reduction, Principles of 

of roasting of sulphides into oxides and sulphates. 

3. Extraction: Extraction pyrometallurgy of Cu, Ni, Pb, Zn, U and pig 

iron. 

4. Steel Making: Classification and uses of steel, the converter 

process, nitrogen in Bessemer steel, the use of oxygen in Bessemer 

converter, the open heart process, the use of oxygen in open heart 

process. 

Section – B 

4. Work with development and 

improvements of industrial 

processes and alloys, either 

independent or in 

collaboration with research 

environments or advanced 

customers. 

5. Account for prevailing 

mechanisms of corrosion and 

degradation of metals and the 

influence of various 

environmental parameters on 

these processes. 

6. Provide you with an 

overview of the advancing 

technology in the steel 

industry 

7. Apply knowledge on material 

and environmental 

characteristics for given cases 

and suggest suitable 

corrosion prevention 

strategies employing 

acceptable writing and 

presenting skills. 

 

5. Leaching: General principles, leaching agents, methods and 

equipments, leaching of metals, cyanidation of Au and Ag, Theories 

and mechanism of dissolution of Au and Ag in cyanide solution. 

6. Solvent Extraction and Ion Exchange: Extractants, theory and 

mechanism of extraction, applications in recovery and separation of 

metals, general principles of ion exchange, ion exchange materials, 

recovery from leach solutions and metal separation. 

7. Corrosion: Definition of corrosion, importance and economic 

aspects of corrosion study, Classification of corrosion process-

corrosion cells and corrosion damages. 

8. Corrosion Prevention: Materials selection, alternation of 

environment, cathodic and anodic protection, coatings and 

electroplating. 
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CHEM-5200: Chemistry Sessional-II Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• To build synthetic knowledge. 

• Learn how to qualify and quantify various components of a sample. 

• To apply theoretical knowledge to run and use of sophisticated instruments. 

• Make confident about the identification of a structure. 

• Get practical knowledge about various methods that are widely used in industry. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Separate and purify an organic 

compound. 

2. Synthesize and characterize a 

compound. 

3. Estimate the amount of 

vitamin-C of a compound. 

4. Perform different 

chromatographic techniques 

successfully. 

5. Separate and estimate 

poisonous metals from a 

sample. 

6. Investigate different physical 

parameters. 

7. Treat harmful dye by 

photodegradation. 

1. Crystallization, extraction, distillation and drying of organic 

compounds / reagents. 

2. Fractional distillation: ethanol from sugar; extraction from solution. 

3. Preparation of ketals, esters: fats and detergents; reactions of 

aldehydes and ketones and heterocyclic compounds like coumarins, 

beta keto esters, cyclohexene from cyclohexanol 

4. Chromatographic method - TLC, column chromatography, paper 

chromatography. 

5. Analysis of vitamin-C. 

6. Studies on synthesis, bonding, and structures of some metal 

complexes: 

a. Cu (II) with Ethelenediamine      

b. Cu (II) with Picolinic acid          

c. Cu (II) with Autralinic acid 

d. Cu (II) with O-phenyl diamine      

e. Ni (II) with Ethelenediamine        

f. Ni (II) with Picolinic acid 

g. Ni (II) with Autralinic acid         

h. Ni (II) with O-phenyl diamine 

7. Separation of Cd and Zn ions by anion exchange resin and their 

estimation. 

8. Estimation of the amount of Pb, Zn and Cu present in a mixed 

sample by titrimetric method (Brass analysis) 

9. Ion exchange separation of ionic complexes and identify with UV- 

Spectrophotometer. 

10. Synthesis of coordination complex trans-[CoCl2(L´)]ClO4  via 

Na3[Co(CO3)].3H2O and Characterized by IR spectra.  

11. Molecular weight of a polymer from viscosity measurement. 

12. Surface area of a surface-active molecule by measurement of surface 

tension. 

13. Kinetics of the iodination of acetone. 

14. To determine the critical Micelle concentration of sodium lauryl 

sulphate from measurement of conductivities at different 

concentrations.  

15. Spectrophotometric determination of pKa value of Methyl red 

indicator. 

16. Study of kinetics of photodegradation of a dye using 

spectrophotometer. 

17. Characterization of a polymer: Determination of density, molar 

mass and radius of the polymer. 

 

 

N.B. Experiments may be added to or removed from the above list if 

necessary. 
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CHEM-5250: In-Plant Training 

 

Credit Hour: 03 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• To identify and assess the risks inherent in products handling, equipment use and operations. 

• To measure the possible consequences on safety, health and the environment. 

• To apply preventive measures recommended. 

• To adopt the most appropriate behavior to counter risks. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Communication 

• Maintain communication 

about multiple subjects and 

with multiple audiences. 

• Complete incident and 

other reports. 

• Use technical information 

and manufacturer's 

information. 

• Communicate ideas and 

information. 

• Use and contribute to 

workplace documentation. 

2. Teamwork 

• Identify and describe own 

role and role of other work 

within a team. 

• Resolve conflicts between 

team members. 

• Teamwork strategies. 

 

3. Problem-solving 

• Recognize a problem or a 

potential problem in a plant 

unit, system or area. 

• Determine problems 

needing priority action. 

• Refer problems outside 

area of responsibility to 

appropriate person, with 

possible causes. 

• Identify appropriate theory 

base for problem and solve 

problems within area of 

responsibility for plant 

unit, system or area. 

• Identify and isolate faults 

in equipment. 

 

4. Planning and organizing 

• Develop and adjust a 

production schedule. 

• Plan own work 

requirements and assist 

others to plan theirs. 

• Plan scope of unit, system 

or plant area checks. 

• Identify tasks to achieve 

team goals. 

• Monitor completion of 

allocated tasks. 

5. Self-management 

• Operate within appropriate 

time constraints and work 

standards. 

• Apply workplace 

procedures. 

 

The training program of in-plant training course in Term-II will be 

completed at any industry by the joint collaboration of Chemistry 

Discipline, Khulna University. 

 

 



 30

CHEM-5260: Thesis 

 

Credit Hour: 12 Branch: Inorganic 

Chemistry 

Term: 

II 

Course Objectives: 

• A goal or a step on the way to meeting the aim; how a student will achieve it.  

• Objectives use specific statements which define measurable outcomes. 

• To provide the knowledge and skills to plan, manage and execute a substantial project. 

• To develop scientific problem-solving skills. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Find and evaluate literature. 

2. Safely and efficiently perform 

chemical laboratory processes 

Conduct, record, analyze and 

interpret chemical observations 

and measurements. 

3. Effectively communicate the 

results, at a consolidating level 

4. Deeper knowledge of methods 

in the major subject/field of 

study. 

5. Contribute to research and 

development work. 

6. The capability to use a holistic 

view to critically, 

independently and creatively 

identify, formulate and deal 

with complex issues. 

7. Conduct substantive 

argumentation, utilizing 

personal views that are base on 

critical analysis of works from 

various fields of knowledge, 

and can create synthetic 

summaries on their basis.  

8. The capability to identify the 

issues that must be addressed 

within the framework of the 

specific thesis in order to take 

into consideration all relevant 

dimensions of sustainable 

development. 

Students of Thesis Groupwill continue their research work according to 

their supervisor’s direction. 
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Courses for Physical Chemistry Branch 

 

Term-I 

CHEM-5131: Surfaces Properties and 

Interfacial Contact 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• To get details information about the surface chemistry. 

• Learn how to characterize a surface. 

• To understand the basic problems and solution related to surface. 

• Be acquainted with the techniques to find the composition of a surface. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Compare between surface 

sensitivity and surface 

specificity. 

2. Understand the importance of 

Ultra High Vacuum (UHV). 

3. Describe different adsorption 

isotherms. 

4. Apply the knowledge of 

statistical mechanics in 

adsorption. 

5. Learn different types of surface 

reactions. 

6. Know the importance of 

adsorption. 

7. Know the way of surface 

modification. 

1. Surface Sensitivity and Surface Specificity: General sensitivity 

problems, surface sensitive technique, Inelastic mean free path 

(IMFP) of electrons, UHV (Ultra High Vacuum (UHV), Effects of 

Gas Pressure. 

2. Adsorption of Molecules on Surfaces: Kinetics of adsorption, 

Adsorption Isotherms, Langmuir, Hinshelwood, BET, Tempkin, 

Elley-Rideal etc. Adsorption with dissociation, Competitive 

adsorption, Non ideal adsorption, thermodynamics and statistical 

mechanics of adsorption. 

3. Surface Reactions: Unimolecular surface reactions, Inhibition and 

Activation. Bimolecular surface reactions, Reactions between two 

adsorbed molecules, Reaction between a adsorbed molecule and a 

gas molecule, Adsorption of two gases without mutual 

displacement, Inhibition, Activation Energies. 

4. Wetting and Dewetting Phenomena: Surface energy, contact 

angle, hydrophilic and hydrophobic surface, super hydrophobicity, 

Young's law of contact angle, physical and chemical techniques of 

surface modification, measurement of surface tension. 

Section – B 

8. Understand about Auger 

electron spectroscopy and its 

application. 

9. Realize the importance of XPS 

in characterization. 

10. Familiar with various forms of 

IR. 

11. Compare between different 

surface analytical techniques. 

12. Know about some modern 

techniques, e.g., SEM & TEM. 

13. Identify and quantify various 

components of a sample by 

depth profiling. 

5. Surface growth, role of defects in the growth of surface, surface 

composition. 

6. Surface Analytical Techniques: Auger Electron Spectroscopy 

(AES); Principle, instrumentation, application. X-ray Photoelectron 

Spectroscopy (XPS); Principle, instrumentation, application. Infra 

red Spectroscopy; IR Spectroscopy of various forms, RAIRS, MIR, 

Electron Energy Loss Spectroscopy (EELS), Applications of 

Vibrational spectroscopy, LEED (low energy electron diffraction); 

principles and application, Near edge X-ray absorption fine structure 

analysis (NEXAFS); basic principle and application. 

7. Surface Imaging and Depth Profiling:  Basic Concepts in Imaging 

&Localised Spectroscopy, Electron Microscopy (SEM & TEM), 

Imaging XPS, SIMS Imaging & Depth Profiling, Auger Depth 

Profiling, Scanning Probe Microscopy   (STM/AFM). 

 

CHEM-5133: Physical Chemistry of Polymer Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• Different types of theory on polymer. 

• Synthesis of polymer and their characterization. 

• Effect on the environment and practical uses of polymer. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Know the thermodynamics of 

polymer solution. 

2. Conceptualize the kinetics of 

polymerization reactions. 

3. Characterize polymer by 

various methods. 

 

1. Thermodynamics of Polymer: Dissolution behavior: solubility 

parameter concept; statistical thermodynamics of polymer solution: 

Flory-Huggins theory; the Flory theta temperature and its 

determination; viscosity of polymer solutions: the Mark-Houwink-

Sakurada relationship; gel permeation chromatography: theory, 

instrumentation, calibration, universal calibration. 

2. Polymerization Reactions: Classification of polymerization 

reaction, kinetics of polymerization reactions, kinetic chain length, 

Carother’s equation. 



 32

3. Physical Characteristics: Thermal and mechanical behaviour of 

polymers,internal frictions, swelling phenomenon, crosslink density, 

rheological behavior, viscous flow, rubber chain viscoelasticity, 

Hooken elasticity, glassy state and glass transition (Tg). 

4. Characterization: Molecular weight distribution, types of 

molecular weight and their experimental determination: Viscometry, 

Osmometry, Light scattering, Ultracentrifuge and Gel permeation 

chromatography, methods to study tacticity, stereoregularity and 

crystallinity, electrical resistivity and dielectric behavior, DTA and 

TGA studies of polymer, end group analysis. 

Section – B 

4. Know about Phase Transition 

and Diffusion. 

5. Come to know about 

macromolecular dynamics the 

Rouse-Bueche theory. 

6. Know the degradation of 

polymer and their effect on 

environment and their practical 

uses. 

 

5. Phase Transition and Diffusion: Phase separation and 

fractionation; polymer-solvent phase diagram; polymer-polymer 

phase separation, diffusion and permeability in polymers, latexes 

and suspensions, multicomponent and multiphase materials. 

6. The Amorphous State: The amorphous state of polymer; 

experimental evidence regarding amorphous polymers: short range 

and long range interactions; conformation of the polymer chain: 

simple models and ideas; macromolecular dynamics the Rouse-

Bueche theory; reptation and chain motion: the de Gennes theory, 

Fickian and non-Fickian diffusion; nonlinear chains; experimental 

determination of diffusion coefficients. 

7. Polymer Degradation and The Effect on Environment: Polymer 

degradation and stability: thermal degradation, oxidative and UV 

stability, chemical and hydrolytic stability, effects of radiation, 

mechanodegradation; Management of plastics in the environment: 

recycling, incineration, biodegradation. 

8. Polymer Processing: Plastic technology (molding and extrucsion), 

fiber technology (textile and fabric properties), elastomer 

technology (vulcanization and reinforcement). 

 

CHEM-5135: Chemistry of Nanomaterials Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• Pursue the basic idea about nanochemistry. 

• Their characterization and applications. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Get knowledge about 

nanomaterial properties. 

2. Synthesis of nanomaterials. 

3. Have basic idea for 

Spectroscopic method for the 

characterization. 

 

1. Basic Idea about Nanochemistry: Concepts of nanoscale, 

nanoscience, nanotechnology and nanochemistry. Classification of 

nanomaterials. Size dependent properties, quantum mechanics of 

nanomaterials: band structure, band gap, band splitting, electron 

density of states, optical properties: surface plasmon resonance, 

quantum size effects, electrical properties and superconductivity, 

magnetic properties and spintronics; mechanical properties: 

elasticity, hardness, ductility, superplasticity, chemical reactivity 

and catalytic activity. 

2. Nanomaterial Structural Characterization: X-ray diffraction 

(XRD), small angle X-ray scattering (SAXS), Electron microscopy- 

interaction between electron beams and solids; transmission electron 

microscope (TEM); scanning electron microscope (SEM); scanning 

probe microscope (SPM); gas adsorption. Surface analysis methods: 

auger electron spectroscope (AES), X-ray photoelectron 

spectroscope (XPS), secondary ion mass spectroscope (SIMS). 

3. Nanomaterial Chemical Characterization: optical spectroscopy, 

electron spectroscopy, ionic spectrometry, surface-enhanced 

spectroscopy- surface-enhanced vibrational spectroscopy; Surface-

enhanced Raman scattering (SERS); surface-enhanced fluorescence 

spectroscopy. 

4. Top-down Approaches of Synthesis: Thin-film deposition: 

homogeneous and heterogeneous film growth mechanisms, 

deposition methods: thermal deposition, molecular beam epitaxy, 

physical vapor deposition (PVD), chemical vapor deposition (CVD). 

Nanolithography: parallel replication, serial writing, electron beam 

lithography (EBL), nano imprint lithography process (NIL); 3D 

patterning; air cushion press; sequential embossing/imprinting 

lithography (SEIL), AFM lithography- scratching and 

nanoindentation; nanografting, polymer pen lithography, templated 

self-assembly of block copolymers, focused ion beam (FIB) 

lithography, nanosphere lithography. 
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Section – B 

4. Come to know about carbon 

nanotubes, graphene, silicon 

nanomaterial. 

5. Know Molecular electronics, 

nanoelectronics and nanobots, 

6. Apply nanomaterials for 

biomedical. 

 

5. Approaches of Synthesis: Synthesis of nanoparticles: 

coprecipitation, sol-gel process, microemulsions, 

hydrothermal/solvothermal methods, templated synthesis, NPs of 

organic semiconductors. Self-assembly of nanoparticles: hydrogen 

bonding-based assembly, electrostatic assembly; shape-selective 

assembly; hydrophobic assembly, template-assisted assembly, 

collective properties of self-assembled. 

6. Special Nanomaterials: Carbon fullerenes, fullerene-derived 

crystals, carbon nanotubes, graphen, silicon nanomaterials, micro 

and mesoporous materials-ordered and random mesoporous 

structures; crystalline microporous materials (zeolites), core-shell 

structures, metal-oxide structures; metal-polymer structures; oxide-

polymer structures, organic/inorganic hybrids: class-I hybrids, class-

II hybrids, intercalation compounds, nanocomposites and 

nanograined materials. 

7. Applications of Nanomaterials: Molecular electronics and 

nanoelectronics, nanobots, biomedical applications of nanoparticles, 

catalysis by nanoparticles, band gap engineered quantum devices-

quantum well and quantum dot devices, nanomechanics, carbon 

nanotube emitters, photoelectrochemical cells, photonic crystals and 

plasmon waveguides 

 

 

CHEM-5137: Electroanalytical Chemistry Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• To have brief review of electrode kinetics using cyclic voltametry and Scanning Probe Microscopy. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Conceptualize fundamental of 

electroanalytical chemistry. 

2. Understand chemical reactions 

on cyclic voltammetry,  

3. Come to know about atomic 

force microscopy (AFM), 

scanning electrochemical 

microscopy, and 

electrochemical quartz crystal 

microbalance (EQCM). 

 

1. Background: Fundamental concept, Faradaic processes: mass 

transport-controlled reactions, potential step and potential sweep 

experiments, reactions controlled by the rate of electron transfer, 

Activated complex theory, Electrical double layer, Electrocapilary 

effect. 

2. Electrode Reactions in Cyclic Voltammetry: Brief review of 

electrode kinetics; cyclic voltammetry: reversible, irreversible and 

quasi-reversible systems with single and multi-electron transfer; 

effects of pH, solvents and homogeneous chemical reactions on 

cyclic voltammetry; study of reaction mechanism; adsorption 

processes; quantitative applications. 

3. Scanning Probe Microscopy: Scanning tunneling microscopy, 

atomic force microscopy (AFM), scanning electrochemical 

microscopy, electrochemical quartz crystal microbalance (EQCM). 

Section – B 

4. Know about diffusion-

controlled reactions, principles 

and applications of 

polarography. 

5. Gear up knowledge about basic 

factors in ion discharge, 

formulation of overall kinetic 

rate equation, pulse 

voltammetry. 

6. Have knowledge about the 

instrumentation and uses of 

anodic, potentiometric and 

adsorptive voltammetry and 

potentiometry. 

 

4. Kinetics of Electrode Processes: Electrode polarization and 

overpotential; classification of polarization phenomenon, the 

concept and theory of diffusion overpotential;  diffusion-controlled 

reactions; principles and applications of polarography; basic factors 

in ion discharge; formulation of overall kinetic rate equation, 

concentration dependence of rate of a discharge step, net currents 

and exchange currents; heats of activation and frequency factors; 

activation controlled reactions; kinetics and mechanism of some 

simple electrode reactions, hydrogen evolution at the cathode and 

oxygen evolution at the anode. 

5. Controlled Potential Techniques of Voltammetry: 

Chronoamperometry, pulse voltammetry: normal pulse, differential 

pulse, squarewave, and stair case voltammetry. 

6. Stripping and Flow Analyses: Stripping analysis: Anodic, 

potentiometric and adsorptive voltammetry and potentiometry, 

cathodic stripping voltammetry and its applications. Flow analysis: 

principles, cell design, mass transport and current response, 

detection modes 
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CHEM-5139: Spectroscopic and 

Chromatographic Analysis 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• It covers the design, operation, and practical application of modern instrumental methods used in 

chemical analysis. 

• To learn separation, identification, and quantification of chemical components. 

• To develop critical thinking during instrument selection and method development. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Familiar with Raman 

spectroscopy. 

2. Judge the superiority of Raman 

spectroscopy over FTIR 

spectroscopy. 

3. Describe the ESR spectroscopy. 

4. Measure the ORD and CD. 

5. Imply the spectroscopic 

knowledge to characterize a 

sample. 

1. Raman Spectroscopy: Classical and quantum theory; rotational 

Raman spectrum; instrumentation; effect of nuclear spin; molecules 

without a centre of symmetry; vibrational Raman spectra; mutual 

exclusion principles; polarization of Raman lines. Group theoretical 

analysis of vibrational spectra; vibrational analysis of single 

crystals; determination of structure by the application of Raman and 

infrared selection rules; vibrational-rotational Raman spectra; hyper 

Raman effect. 

2. Electron Spin (paramagnetic) Resonance Spectroscopy 

(ESR/EPR): Introduction; principles; instrumentation; spectrum; 

hyperfine structure; radicals; anions of aromatic hydrocarbons; 

relation between hyperline-splitting and unpaired electron density; 

interpretation of ESR spectra; ESR spectra of transition metal 

complexes as single crystals; applications. 

3. Optical Rotatory Dispersion (ORD) and Circular Dichroism 

(CD): Optical activity and circularly polarized light; parameters for 

optical activity; measurement of ORD and CD; physical basis of 

optical activity; optically active chromophores; the use of CD to 

determine secondary structures 

Section – B 

6. Know about widely used 

HPLC. 

7. Know about the application of 

HPLC. 

8. Learn about Ion exchange 

chromatography and its use. 

9. Understand about Molecular 

exclusion and affinity 

chromatography and its 

application. 

4. Liquid Column Chromatography: Classical liquid 

chromatography, high performance liquid chromatography (HPLC). 

5. Ion-exchange Chromatography: Ion-exchanger, Ion-exchange 

equilibria, Conducting ion-exchange chromatography, ion 

chromatography. 

6. Molecular Exclusion and Affinity Chromatography: Principles, 

types of gels & applications. 

 

CHEM-5141: Biophysical Chemistry-I Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• To provide knowledge about building block molecules of biomolecules, structural description of 

globular proteins, research, industrial and medical uses of enzyme. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Know the principles of pH 

buffering and laboratory use of 

buffers. 

2. Come to know about Secondary 

and tertiary structure of DNA. 

3. Get simple idea about 

carbohydrates and lipids. 

 

1. Noncovalent Bonding and pH Buffering: Water the biological 

solvent, stabilizing and organizing forces of nature, acid base 

equilibria, principles of pH buffering, buffering of blood, laboratory 

use of buffers, ionic strength. 

2. Biomolecules: Building block molecules of biomolecules, amino 

acid structures, polypeptides, ionic properties of amino acids and 

polypeptides, growth factors, nucleotides and nucleic acids, base 

composition and base sequence of nucleic acids, secondary and 

tertiary structure of DNA, simple idea about carbohydrates and 

lipids. 

3. Proteins: Classifications, primary, secondary, tertiary and 

quarternary structure of globular proteins, salting in and salting out 

of proteins, chemistry of ion exchange and chromatographic 

technique in isolation/purification of protein, characterization of 

proteins, molecular weight determination of proteins by PAGE and 

get filtration techniques. 

Section – B 

4. Do Isolation/purification of 

protein. 

5. Conceptualize the principle of 

catalysis. 

4. Enzymes: Nomenclature, cofactor, principle of catalysis, enzyme 

catalyzed reactions having one substrate, M-M equation, Km and Vm 

values determination, pH and temperature effects on catalysis, 

competitive, non-competitive and uncompetitive inhibition of 
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6. Know the constituents and 

structure of biological 

membrane. 

 

catalysis, Transport of oxygen and CO2 (The role of hemoglobin). 

Research, Industrial and Medical uses of enzyme. 

5. Bioenergetics: Introduction, Bioenergetics and thermodynamics, 

ATP and its role in bioenergetics, control points in metabolic 

pathways, carbohydrate metabolism, the energetic of the citric acid 

cycle, lipid metabolism, oxidative phosphorylation, nitrogen 

metabolism. 

6. Biological Membranes: Constituents and structure of biological 

membrane, the fluid mosaic model, factors affecting the physical 

properties of membranes, the theory and thermodynamic of 

biological transport, energy coupling mechanisms in biological 

transport, molecular mechanism of biological transport.  

 

 

CHEM-5100: Chemistry Sessional-I Credit Hour: 03 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

•••• To make handy in synthesis. 

•••• Can apply theoretical knowledge during the operation of sophisticated instruments. 

•••• Make confident about the identification of a structure. 

•••• Get practical knowledge about various methods that are widely used in industry. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Synthesize and characterize a 

compound. 

2. Qualify and quantify a sample, 

e.g., sugar. 

3. Perform various extractions. 

4. Handle various instruments. 

5. Separate a mixture by ion 

exchange method. 

6. Determine different parameters 

of a reaction. 

7. Investigate the effects of 

different factors of a sample. 

1. Preparation of benzilic acid from benzaldehyde.        

2. Qualitative and quantitative analysis of sugar.  

3. Determination of Polyhydric alcohols by Iodometric method. 

4. Extraction:  

(a) Acid-base extraction  

(b) Solid-liquid extraction  

(c) Isolation of caffeine from tea 

5. Synthesis of methyl orange from sulphanilic acid. 

6. Ion exchange separation by the supplied Ni(II) + Zn(II) mixture and 

determination of the metal ion by EDTA titration. 

7. Preparation and characterization of Tris(thiourea)copper(I)chloride, 

[Cu(CH4N2S)3]Cl 

8. Preparation and characterization of iron acetylacetonate complex. 

9. Preparation of an Iron Dinitrogen complex via iron-EDTA complex. 

10. Determination of the coordination number of a complex compound 

by Jobs method. 

11. The equilibrium constant of a given reaction by spectrophotometric 

method. 

12. Determination of the dissociation constant of an indicator 

spectrophotometrically. 

13. Potentiometric titration of phosphoric acid and calculation of the 

dissociation constant. 

14. Influence of temperature on the viscosity of a pure liquid and 

determination of the   activation energy of viscous flow. 

15. Effect of concentration and ionic strength on the viscosity glycerol 

solution and determination of the radius of glycerol molecule. 

16. Variation of rate constant with catalyst concentration by 

polarimetry.  

 

 

N.B. Experiments may be added to or removed from the above list if 

necessary. 
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Courses for Physical Chemistry Branch 

 

Term-II 

 

CHEM-5231: Advanced Chemical Kinetics Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To understand the molecular basis of chemical reaction kinetics and diffusion processes. 

• Identification of rate laws based on detailed reaction mechanisms in homogeneous and heterogeneous 

cases. 

• To provide experimental and numerical methods used to obtain reaction mechanism. 

• To study the heterogeneous catalytic reactions. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Learn the advanced theories of 

chemical kinetics in atomic 

scale. 

2. Analyze different techniques of 

kinetic study. 

3. Explore various kinds of fast 

reactions. 

 

 

1. Fast Reactions: Flow method, Flash photolysis, Relaxation method: 

Temperature Jump, Pressure Jump, Periodic potential method, 

Relative method, Production of free radicals and techniques. 

2. Reaction in Solution:  Single sphere and double sphere activated 

complex, ion-dipole and dipole-dipole reactions, Influence of 

hydrostatic pressure: van’t Hoff’s equation, volumes of activation. 

3. Autocatalysis and Oscillating reaction: Lotka-Voltera mechanism, 

Brussalutor, The oregonator, Bistability, Chemical chaos. 

4. Transition State Theory: Equilibrium hypothesis, statistical 

mechanics and chemical equilibrium, derivations of rate equation; 

applications of transition state theory, reactions between atoms and 

molecules, thermodynamic formulation of transition state theory, 

assumptions and limitations of CTST   Isotope effect on reaction 

rates, other theoretical treatment-classical treatment, quantum 

mechanical treatment and non-equilibrium and statistical 

mechanism. 

5. Molecular Reaction Dynamics: The dynamics of molecular 

collisions, reactive collisions, experimental probes of reactive 

collisions, Potential energy surfaces: The symmetrical potential 

energy barrier, General features of early potential energy barriers for 

exothermic and endothermic reactions, Reactions with a collision 

complex and a potential energy well. 

Section – B 

4. Explore the surfactant based 

organized media. 

5. Evaluate the catalytic activity 

of different substances. 

6. Determine a suitable catalyst 

for a specific reaction. 

 

6. Micellar Catalysis: Surfactants, micelles, microemulsion, kinetic 

theories of micellar catalysis. 

7. Kinetic data evaluation from rate equation. 

8. Adsorption and Surface Reaction: Reactions on surfaces and in 

the solid state-adsorption, ideal and non-ideal adsorption, 

thermodynamics and statistical mechanics of adsorption, 

Mechanisms of surface reactions-unimolecular surface reaction, 

bimolecular surface reaction; Some special types of reactions-

parahydrogen conversion, combination and formation of atoms at 

surfaces, exchange reactions, addition of hydrogen to ethylene; 

Transition-state theory of surface reactions-rates of chemisorption, 

rates of desorption, unimolecular& bimolecular surface reactions, 

comparison of homogeneous and heterogeneous reaction rates. 

9. Homogeneous and Heterogeneous Catalysis: general catalytic 

mechanisms, equilibrium treatment, steady-state treatment, 

activation energies of catalyzed reactions, catalysis by electron and 

group transfer in solution, acid-base catalysis-mechanism of acid-

base catalysis, catalytic activity and acid-base strength, salt effects 

in acid-base catalysis; enzyme catalysis-influence of substrate 

concentration, influence of pH, influence of temperature; catalysis in 

chain reactions. 
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CHEM-5233: Chemistry of Materials Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To understand the impact of chemistry on the real world. 

• To explore the properties of different kinds of materials. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Describe the constitution of 

substances, together with their 

chemical and physico-chemical 

properties 

Relate the chemical properties 

and physico-chemical behavior 

of substances to their structure 

and composition 

2. Use theoretical models and 

concepts to explain and 

interpret observed facts about 

chemical behavior. 

1. Materials: Classification of materials, materials of the future, 

modern materials’ needs. 

2. Mechanical Properties: Concept of strees and strain, tensile 

properties, compressive, shear and torsional deformation, elastic 

deformation, slip, creep, plasticity and viscoelasticity, strengthening 

mechanism, brittle and ductile fracture. 

3. Thermal and Optical Properties: Heat capacity, Thermal 

expansion, Thermal conductivity, and Thermal stresses; Optical 

properties of metals and non-metals and application of optical 

phenomena: Luminescence, Photoconductivity, LASER. 

4. Electrical Properties: Electrical and ionic conduction, energy band 

structures in solid, electron mobility, intrinsic semiconductor, 

extrinsic semiconductor, conduction in polymeric material. 

5. Phase Diagrams and Microstructure in Materials: Equilibrium 

phase diagrams, Binary isomorphous systems, Development of 

microstructure in isomorphous alloys, Mechanical properties of 

isomorpphous alloys, Binary eutectic systems, development of 

microstructure in eutectic alloys, Equilibrium diagrams having 

intermediate phases or compounds, Eutective and Peritectic 

reactions, Congruent phase transformation, The Iron-Iron carbide 

phase diagram, Development of microstructure in Iron-carbon 

alloys; Superalloys. 

Section – B 

 

3. Explore the structure and 

exclusive properties of different 

useful materials. 

4. Design and synthesize new 

hybrid materials.  

6. Magnetic Properties: Basic Concepts,diamagnetism, 

paramagnetism, ferromagnetism, antiferromagnetism, 

ferrimagnetism, influence of temperature on magnetic behavior, 

domains and hysteresis, soft magnetic materials, hard magnetic 

materials. 

7. Composite Materials: Particle-reinforced composites: Large-

particle composites, Dispersion strengthened composites, Fiber-

reinforced composites: Influence of fiber length, Influence of fiber 

length, Influence of fiber orientation and concentration, The fiber 

phase, The matrix phase, Polymer- matrix composites, Metal- 

matrix composites, Ceramic- matrix composites, Carbon-carbon 

composites, Hybrid composites, Structural composites: Laminar 

composites, Sandwich panels. 

8. Nanomaterials: Bulk behavior of nanomaterials, Methods for the 

synthesis of nanomaterials, application of nanometerials, kcinetics 

of chemical reactions in nanosystems. 

9. Advanced Materials: Fullerenes, carbon nanotube, optical fibers in 

communications, polymer electrolytes, polymeric hydrogels. 

 

 

CHEM-5235: Advances In Supramolecular 

Chemistry 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To review the principles of Supramolecular Chemistry. 

• To present recent scientific advancements on supramolecular chemistry. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Recall the basic definitions and 

concepts in supramolecular 

chemistry. 

2. Describe the molecular basis of 

the formation and functioning 

of supramolecular assemblies 

and nanomaterials. 

3. Use molecular building blocks 

to design functional 

1. Concepts of Supramolecular Chemistry: Definition and 

development of supramolecular chemistry, Classification of 

supramolecular host–guest compounds, Receptors, Coordination and 

the lock and key analogy, Binding constants, Cooperativity and the 

chelate effect, Preorganisation and complementarity, 

Thermodynamic and kinetic selectivity, Nature of supramolecular 

interactions, Solvation and hydrophobic effects, Supramolecular 

chemistry of life. 

2. Cation and Anoin Binding Hosts: Crown ethers, Podants, 

Cryptands, Spherands, Calixarenes, Corands, Macrocycles, 

Biological anion receptors, Inert metal-containing receptors, Ion pair 
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supramolecular constructs using 

the principles of 

Supramolecular Chemistry. 

 

receptors. 

3. Molecular Hosts and Molecular Guests in Solution: Introduction, 

Cyclodextrins, Cucurbiturils, Cyclophanes, Cryptophanes, 

Carcerands and Hemicarcerands. 

 

Section – B 

4. Use creativity with respect to 

developing new scientific 

concepts and scientific research 

topics. 

5. Explore the trends in designing 

supramolecular complexes and 

devices. 

 

 

4. Solid-State Host-Guest Compounds: Clathrates, Urea and 

thioureaclathrates, Cyclotriveratrylene. 

5. Network Solids: Introduction, Zeolites, Layered solids and 

intercalates, Hoffman inclusion compounds and Werner clathrates, 

Coordination polymers and metal organic frameworks (MOFs). 

Self-Assembly: Introduction, Proteins and foldamers, Biochemical 

self-assembly, Self- assembly in synthetic systems, Self-assembling 

coordination compounds, Self-assembly of closed complexes by 

hydrogen bonding, Catenanes and rotaxanes, Helicates and helical 

assemblies. 

6. Biological Mimics and Supramolecular Catalysis: Introduction, 

Cyclodextrins as enzyme mimics, Corands as ATPase mimics, 

Cation-binding hosts as transacylase mimics, Metallobiosites, Haem 

analogues, Ion channel mimics, Supramolecular catalysis. 

 

CHEM-5237: Electrodes and Electrochemical 

Techniques 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To provide the knowledge about the importance of electrodes and electrochemical techniques, 

instrumentation of electrochemical cells and potentiometric measurements. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Know how to measure 

overvoltage. 

2. Encapsulate Sol-gel with 

reactive species. 

3. Conceptualize the principles of 

potentiometric measurements. 

 

1. Overvoltage and Passivity: Types of overvoltage, Measurement of 

overvoltage; Effect of C.D.; pH and temperature on overvoltage and 

mechanism of Hydrogen overvoltage Electrolysis of Water. 

Theories of overvoltage; Tafel theory, Gurney’s theory, Volmer and 

others Theory, Eyring, Glasstone and Laidler Theory; O2 

overvoltage, passivity, mechanical passivity, theory of passivity. 

2. Electrodes of Electrochemical Cells: Solvent and supporting 

electrolytes, oxygen removal, instrumentation, working electrodes 

viz, mercury electrodes; solid electrodes, rotating disk electrodes, 

carbon electrodes: glassy-carbon, carbon-paste and carbon-fiber 

electrodes, metal electrodes, chemically modified electrodes: self-

assembled monolayers, sol-gel encapsulation of reactive species, 

electrocatalytic modified electrode, pre-concentrating electrodes, 

pre-selective coatings, conducting polymers, microelectrodes: 

diffusion at microelectrodes, configurations of microelectrodes, 

composite electrodes. 

3. Potentiometry: Principles of potentiometric measurements, ion 

selective electrodes, glass electrodes, pH electrodes, glass electrodes 

for other cations, liquid membrane electrodes, electrodes, solid state 

electrodes, coated wire electrodes. 

Section – B 

4. Know how to use biosensors. 

5. Come to know potentiometric 

methods, voltammetric methods 

6. Prevent corrosion of electrodes. 

 

4. Electrochemical Sensors: Biosensors (enzyme-based electrodes), 

impractical and theoretical considerations, enzyme electrodes of 

analytical significance e.g. glucose sensors, ethanol and urea 

electrodes, toxin (enzyme inhibition) biosensors, tissue and bacteria 

electrodes. Affinity biosensors (immunosensors, DNA hybridization 

biosensors, receptor based sensors), gas sensors: carbon dioxide 

sensors, oxygen electrodes, solid-state devices: microfabrication of 

solid state sensor assemblies, microfabrication techniques, sensor 

arrays. 

5. Applications of Electrochemical Techniques: (i) Potentiometric 

methods: ion-selective electrodes, ion-selective microelectrodes, 

application of ion-selective electrodes to aquatic system. (ii) 

Voltammetric methods: fundamentals, pulse and stripping 

techniques, voltammetric methods with microelectrodes, application 

of voltammetric methods in speciation studies, microelectrodes, 

chemically modified microelectrodes: gas-sensing electrodes, 

enzyme electrodes, etc. 

6. The Exploitation of Electrode Processes: Corrosion prevention, 

electrocatalysis and electrosynthesis; electrochemical processes as 

sources of energy (i) primary cells, (ii) secondary cells & (iii) fuel 

cells. 
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CHEM-5239: Computational 

Chemistry 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To learn the background of modern computational methods and their application in computer-assisted 

solving of chemical problems. 

• Visualize molecular structures on the basis of crystallografic databases. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the 

students will be able to- 

1. Apply these methods to the 

prediction of molecular 

conformations. 

2. Apply these methods to the 

calculation of molecular 

interactions. 

3. Describe fundamental methods 

for calculation of molecular 

structure and dynamics. 

 

1. Quantum Chemistry Basics: Atomic units, Exact solution of the 

Schrodinger equation, One-election system (hydrogen like atom), 

Born- Oppenheimer approximation Helium atom, general 

polyelectronic systems and Slater determinants. 

2. AB INTTIO Molecular Orbital Theory: The Har-tree-Fock 

equation, SCF theory, Roothaan-Hall equations basis sets, Open-shell 

system Electron correlation, Practical considerations when 

performing ab initio calculations. 

3. Approximate Molecular Orbital Theories: Semiempirical methods 

(ZDO, CNDO, MNDO, AMI, PM3), Huckel theory, Valence bond 

theory. 

Section – B 

4. Explain the man features of a 

molecular mechanics force 

field, its use and its origin. 

5. Describe reaction mechanisms 

in organic chemistry on a 

quantitative basis. 

6. Learn how to make use of 

computational methods to 

acquire information about a 

chemical system: structure, 

spectroscopic and 

thermodynamic properties, 

reactivity. 

7. Empirical Force Field Models: Molecular Mechanics: Potential 

functions and potential energy surface, energy minimization, Monte 

Carlo, Molecular dynamics. 

8. Calculating Molecular Properties Using Quantum Mechanics: 
Energies, Koopman’s theorem and ionization potentials, calculation 

of electric multiples, total election density distribution and molecular 

orbitals, Population analysis, Bond orders, Electrostatic potentials. 

9. The Use of Molecular Modeling and Design New Molecules: 

Molecular modeling in drug discovery, Molecular docking, 

Quantitative structure-activity relationships. 

 

 

CHEM-5241: Biophysical Chemistry-II Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To get a molecular view of the solution process, binding of ligands and metal ions to 

macromolecules and most importantly kinetics of enzyme. 

 

 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

Section – A 

At the end of the course the students 

will be able to- 

1. Get basic idea about 

thermodynamics of ions in 

solution. 

2. Have knowledge about 

isoelectric point and buffer 

solutions. 

3. Understand Biological 

oxidation: chemiosmotic theory 

of oxidative phosphorylation, 

membrane potential and the 

action potential. 

 

1. Solutions: A molecular view of the solution process, Nonelectrolyte 

solution: Partial molar quantities; The thermodynamics of mixing, 

Real solutions; Electrolyte solution, Thermodynamics of ions in 

solution, Ionic activity; Debye-Huckel theory of electrolytes: The 

salting-in and salting-out effects, effect of solute change, donnan 

effect; Factors influencing solubility, Hydration and salvation, 

Structure breaker and structure makers, The solubility parameter, 

Partitioning, Biological activity and partition coefficient. 

2. Chemical Equilibrium: Binding of ligands and metal ions to 

macromolecules; one binding site per macromolecule, n equivalent 

binding sites per macromolecule, The direct plot, the double 

reciprocal plot and the Scatchard plot, Equilibrium dialysis. 

3. Electrochemistry: (a) Biological oxidation: Chemiosmotic theory 

of oxidative phosphorylation, Membrane potential, The action 

potential; (b) Acids and Bases: Amino acids: dissociation of amino 

acids, isoelectric point, Buffer solutions; Effect of ionic strength and 

temperature on buffer solution, Maintaining the pH of blood. 
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Section – B 

4. Conceptualize the effect of pH 

on enzyme kinetics. 

5. Get idea about protein binding, 

protein-ligand binding and 

binding equilibria. 

6. Come to know about 

Chloroplasts: Cellular site of 

photosynthesis. 

 

4. Enzyme Kinetics: Characteristics, Mechanisms, Kinetic equations, 

Enzyme-Substrate interactions, Enzyme inhibition, Effect of pH on 

enzyme kinetics. Cooperative binding, Quantitative analysis of 

cooperative binding by Hill plot. Research, Industrial and Medical 

uses of enzyme. 

5. Biological Macromolecules: Introduction, Structure of proteins: 

Primary, Secondary, Tertiary and Quaternary structures, Stability of 

protein conformation, Factors responsible for Stabilization, 

Thermodynamic Treatment of stability constant, Protein binding, 

Protein-Ligand binding, Binding equilibria. Hydrophobic hydration 

and hydrophobic interaction. 

6. Photosynthesis: Chloroplasts: Cellular site of photosynthesis, Light 

and dark reaction of photosynthesis, Photorespiration, Summary of 

photosynthesis. 

 

 

 

 

 

CHEM-5200: Chemistry Sessional-II Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To build synthetic knowledge 

• Learn how to qualify and quantify various components of a sample 

• To apply theoretical knowledge to run and use of sophisticated instruments 

• Make confident about the identification of a structure 

• Get practical knowledge about various methods that are widely used in industry 

 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Separate and purify an organic 

compound. 

2. Synthesize and characterize a 

compound. 

3. Estimate the amount of 

vitamin-C of a compound. 

4. Perform different 

chromatographic techniques 

successfully. 

5. Separate and estimate 

poisonous metals from a 

sample. 

6. Investigate different physical 

parameters. 

7. Treat harmful dye by 

photodegradation. 

1. Crystallization, extraction, distillation and drying of organic 

compounds / reagents. 

2. Fractional distillation: ethanol from sugar; extraction from solution. 

3. Preparation of ketals, esters: fats and detergents; reactions of 

aldehydes and ketones and heterocyclic compounds like coumarins, 

beta keto esters, cyclohexene from cyclohexanol 

4. Chromatographic method - TLC, column chromatography, paper 

chromatography. 

5. Analysis of vitamin-C. 

6. Studies on synthesis, bonding, and structures of some metal 

complexes: 

a. Cu (II) with Ethelenediamine      

b. Cu (II) with Picolinic acid          

c. Cu (II) with Autralinic acid 

d. Cu (II) with O-phenyl diamine      

e. Ni (II) with Ethelenediamine        

f. Ni (II) with Picolinic acid 

g. Ni (II) with Autralinic acid         

h. Ni (II) with O-phenyl diamine 

7. Separation of Cd and Zn ions by anion exchange resin and their 

estimation. 

8. Estimation of the amount of Pb, Zn and Cu present in a mixed 

sample by titrimetric method (Brass analysis) 

9. Ion exchange separation of ionic complexes and identify with UV- 

Spectrophotometer. 

10. Synthesis of coordination complex trans-[CoCl2(L´)]ClO4  via 

Na3[Co(CO3)].3H2O and Characterized by IR spectra.  

11. Molecular weight of a polymer from viscosity measurement. 

12. Surface area of a surface-active molecule by measurement of 

surface tension. 

13. Kinetics of the iodination of acetone. 

14. To determine the critical Micelle concentration of sodium lauryl 
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sulphate from measurement of conductivities at different 

concentrations.  

15. Spectrophotometric determination of pKa value of Methyl red 

indicator. 

16. Study of kinetics of photodegradation of a dye using 

spectrophotometer. 

17. Characterization of a polymer: Determination of density, molar 

mass and radius of the polymer. 

 

N.B. Experiments may be added to or removed from the above list if 

necessary. 

 

 

 

CHEM-5250: In-Plant Training 

 

Credit Hour: 03 Branch: Physical 

Chemistry 

Term: 

II 

Course Objectives: 

• To identify and assess the risks inherent in products handling, equipment use and operations. 

• To measure the possible consequences on safety, health and the environment. 

• To apply preventive measures recommended. 

• To adopt the most appropriate behavior to counter risks. 

 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Communication 

• Maintain communication 

about multiple subjects and 

with multiple audiences. 

• Complete incident and 

other reports. 

• Use technical information 

and manufacturer's 

information. 

• Communicate ideas and 

information. 

• Use and contribute to 

workplace documentation. 

2. Teamwork 

• Identify and describe own 

role and role of other work 

within a team. 

• Resolve conflicts between 

team members. 

• Teamwork strategies. 

 

3. Problem-solving 

• Recognize a problem or a 

potential problem in a plant 

unit, system or area. 

• Determine problems 

needing priority action. 

• Refer problems outside 

area of responsibility to 

appropriate person, with 

possible causes. 

• Identify appropriate theory 

base for problem and solve 

problems within area of 

responsibility for plant 

unit, system or area. 

• Identify and isolate faults 

in equipment. 

 

4. Planning and organizing 

• Develop and adjust a 

The training program of in-plant training course in Term-II will be 

completed at any industry by the joint collaboration of Chemistry 

Discipline, Khulna University. 
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production schedule. 

• Plan own work 

requirements and assist 

others to plan theirs. 

• Plan scope of unit, system 

or plant area checks. 

• Identify tasks to achieve 

team goals. 

• Monitor completion of 

allocated tasks. 

5. Self-management 

• Operate within appropriate 

time constraints and work 

standards. 

• Apply workplace 

procedures. 

• Identify resource 

requirements, document 

and monitor. 

 

 

 

CHEM-5260: Thesis Credit Hour: 12 Branch: Physical 

Chemistry 

Term: I 

Course Objectives: 

• A goal or a step on the way to meeting the aim; how a student will achieve it.  

• Objectives use specific statements which define measurable outcomes. 

• To provide the knowledge and skills to plan, manage and execute a substantial project. 

• To develop scientific problem-solving skills. 

Intended Learning Outcomes 

(ILOs) 

Course Content 

At the end of the course the students 

will be able to- 

1. Find and evaluate literature. 

2. Safely and efficiently perform 

chemical laboratory processes 

Conduct, record, analyze and 

interpret chemical observations 

and measurements. 

3. Effectively communicate the 

results, at a consolidating level 

4. Deeper knowledge of methods 

in the major subject/field of 

study. 

5. Contribute to research and 

development work. 

6. Capable to use a holistic view 

to critically, independently and 

creatively identify, formulate 

and deal with complex issues. 

7. Conduct substantive 

argumentation, utilizing 

personal views that are base on 

critical analysis of works from 

various fields of knowledge, 

and can create synthetic 

summaries on their basis.  

8. Capable to identify the issues 

that must be addressed within 

the framework of the specific 

thesis in order to take into 

consideration all relevant 

dimensions of sustainable 

development. 

Students of Thesis Groupwill continue their research work 

according to their supervisor’s direction. 
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Teaching Strategy: 

Popular strategies are Lecture, case method, discussion, active learning (Apply what students are learning), 

cooperative learning (Small groups work together for achieving a common goal), integrating technology, power 

point presentation etc. 

Assessment Strategy: 

Distribution of Marks: All theory and sessional courses examination will be evaluated out of 100 marks. 

• Marks distribution for theory courses:  

 

Attendance 10% 

 Continuous assessment 30% 

Written exam 60% 

 

• Marks distribution for sessional courses:  

 

Attendance 10% 

 Viva 30% 

Continuous assessment 60% 

 

• Bases for class attendance marks(both for theory and sessional):  

 

% of Attendance Marks 

90 and above 10 

85 to less than 90 9 

80 to less than 85 8 

75 to less than 80 7 

70 to less than 75 6 

65 to less than 70 5 

60 to less than 65 4 

Less than 60 0 

 

• Continuous assessment:  

There shall be at least 03 (three) Class test (written exams) / Quizzes / Spot test / Open book exam / 

Presentation / Assignments /Home work etc. 

 

• Thesis evaluation:  

 

Thesis 80% 

Defense/Oral examination 20% 

 

• Grading system and grading scale:  

 

% of Marks Letter Grade Grade Point 

80 and above A+ 4.00 

75 to less than 80 A 3.75 

70 to less than 75 A- 3.50 

65 to less than 70 B+ 3.25 

60 to less than 65 B 3.00 

55 to less than 60 B- 2.75 

50 to less than 55 C+ 2.50 

45 to less than 50 C 2.25 

40 to less than 45 D 2.00 

Less than 40 F 0.00 

 S Satisfactory 

 U Unsatisfactory 

 I Incomplete 
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Assessment tools: 

• Theory Courses: 

• Class participation (example: attendance) 

• Continuous assessment (example: quiz, spot test, open book exam, presentation, assignments, home work, 

written exams etc.) 

• Term final examination (written test) 

Sessional courses: 

• Class participation (example: attendance) 

• Sessional assessment (examples: field work, lab work, case study, performance, spot test, open book exam, 

presentation, assignments, written exam etc.)  

• Viva-voce (oral examination) 

Thesis/ project: 

• Participation (example: contact/discussion/communication with the supervisor) 

• Evaluation (examples: report, project paper, monographs ect.) 

• Viva-voce (oral examination) 

 

 

 

 

 

 

 


