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1.1 Organic Chemistry Stream Courses Syllabus
1. Advanced Organic Chemistry 

Course Title: 

         Advanced Organic Chemistry 

Course Code: 
          Chem 621

Credit Hours: 
          3

ECTS: 

          6

Contact Hours: 
          3 Lec Hr / Week

Course Description
This course is a comprehensive survey of organic chemistry with emphasis on stereochemistry and important synthetic reactions. It provides a broad view of stereochemical principles and conformational analysis. It also aims to improve students’ understanding of organic mechanisms and reactivity. Basic carbon-carbon bond forming reactions are reviewed and more advanced synthetic methodology involving main group and transition metal organometallic compounds are introduced. Students will encounter radical-, anion-, cation- and organometallic-mediated processes, gaining insights into the factors governing the mechanistic, stereochemical and regiochemical course of such processes. The course advanced organic chemistry emphasizes selectivity in organic chemistry and the underlying principles behind chemoselectivity, enantioselectivity, regioselectivity and diastereoselectivity. The “Introduction to the multi-step synthesis” component within this course develops the retro-synthetic planning, control of stereochemistry and gives illustrative examples of synthesis of complex target molecules.

Learning Outcomes
Having successfully completed this course, the students will be able to:

· Appreciate that the conformation of a molecule dictates how it will react and, 

· Appreciate the role of stereochemistry in organic reactions

· Understand how the alignment of orbitals within a molecule controls reactivity

· Understand the concept of selectivity such as, chemoselectivity, enatioselectivity, regioselectivity and diastereoselectivity in reaction pathways

· Understand the principal methods currently available to achieve the stereoselective and stereospecific synthesis of organic compounds and appreciate the challenge of synthesizing enantiopure compounds

· predict a reasonable mechanism for any type of organic reaction and suggest the most reasonable ways of forming  a given organic molecule

· Predict the most likely reaction to a given molecule likely to undergo under a given set of conditions

· Suggest experimental methods to establish or reject  a suggested mechanism

· Appreciate the utility of reactive intermediates such as carbanions, carbocations, carbenes and free radicals and understand the concept of reactivity with respect to intermediates

· Suggest possible structures for intermediates 
· Perform retrosynthetic analyses of complex organic molecules and devise plausible synthetic strategies for a variety of target molecules

Course Content
UNIT 1. STEREOCHEMICAL PRINCIPLES

1.1. Enantiomeric 

1.2. Diastereomeric relationships

1.3. Stereochemistry of dynamic processes

1.4. Prochiral relationships

UNIT 2. CONFORMATIONAL, STERIC AND STEREOELECTRONIC EFFECTS

2.1. Conformational analysis

2.2. Conformational effects on reactivity

2.3. Other steric effects on reactivity

UNIT 3. ALKYLATION OF NUCLEOPHILIC CARBON (ENOLATES)

3.1. Enolates, regioselectivity and stereoselectivity in enolate formation

3.2. Alkylation of enolates, generation and alkylation of dianions, O vs. C alkylation

3.3. Akylation of aldehydes, esters, etc., enamines, conjugates addition

UNIT 4. REACTIONS OF CARBON NUCLEOPHILES WITH CARBONYL GROUPS

4.1. Aldol condensations, 

4.2. The Mannich reaction

4.3. Acylation of carbanions

4.4. The Wittig and related reactions

4.5. Sulfur ylides and related nucleophiles

UNIT 5. REACTIONS INVOLVING HIGHLY ELECTRON-DEFICIENT INTERMEDIATES

5.1. Carbocations

5.2. Carbenes

5.3. Nitrenes

5.4. Free-radicals

UNIT 6. ORGANOMETALLIC REAGENTS

6.1. Organolithium and organomagnesium reagents

6.2. Organic derivatives of group IIB metals (Zn, Cd, Hg)
UNIT 7. REACTIONS INVOLVING THE TRANSITION METALS

7.1. Organocopper intermediates

7.2. Organopalladium intermediates

7.3. Organonickel intermediates
UNIT 8. CARBON-CARBON BOND FORMING REACTIONS OF COMPOUNDS OF B, Si, Sn

8.1. Compounds of boron, silicon, and tin

8.2. Synthesis and reactions of organoboron, organosilicon and organotin compounds.

UNIT 9. INTRODUCTION TO MULTI-STEP SYNTHESIS:

9.1. Protective groups

9.2. Synthetic equivalent groups

9.3. Analysis and planning of synthesis

9.4. Control of stereochemistry

9.5. Illustrative synthesis

Teaching Strategy/Methods

· Lectures are used to convey key concepts. There will be three one-hour lectures per week and a total of 48 lectures through the semester

· Assignments will be given at the end of each chapter, which will require the use of scientific journals to solve the problems

· Smart boards, White boards and transparencies will be used to deliver lecture materials

· Students will be encouraged to ask questions and participate in discussions

Teaching Support and Input for each content

· Lecture room with white boards and overhead projection

· Online access to scientific journals
Assessment Strategy/Methods

Written exams and assignments

· Mid semester exam (30%)
· Assignments (20%) 
· Final Exam (50%)

References
1. F.A. Carey and R.J. Sundberg, Advanced Organic Chemistry Part A: Structure and Mechanism, Plenum Press, New York, 2001.

2. F.A. Carey and R.J. Sundberg, Advanced Organic Chemistry Part B: Reactions and Synthesis, Plenum Press, New York, 2001.

3. Stuart Warren, Organic Synthesis: The Disconnection Approach, Wiley, 1982.

4. M.B. Smith, Organic Synthesis, McGraw Hill, 2002.

5. S.B. Smith and J. March, March’s Advanced Organic Chemistry: Reactions, Mechanism and Structure, Wiley, 2001.

6. R.B. Grossman, the Art of Writing Reasonable Organic Reaction Mechanisms Springer, 2002.

7. Clayden, Greeves, Warren and Wothers, Organic Chemistry Oxford, 2001.

8. R. S. Atkinson, Stereoselective Synthesis, Wiley, New York.

9. E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds, Wiley, New York.

10. E. L. Eliel, S. H. Wilen and M.P. Doyle, Basic Organic Stereochemistry Wiley, New York.

11. J. Tsuji, Transition Metal Reagents and Catalysts: Innovations in Organic Synthesis, Wiley.

12. W. Carruthers, Some Modern Methods of Organic Synthesis, Cambridge, 1986.

13. R. Bruckner, Advanced Organic Chemistry: Reaction Mechanisms Harcourt/ Academic Press, 2002.

2. Spectroscopic Methods in Organic Chemistry
Course Title: 


Spectroscopic Methods in Organic Chemistry
Course code: 


Chem 620

Credit Hours: 

2

ECTS: 


5

Contact Hours: 

2 Lec Hr / Week
Course Description

Lectures include the following topics: Chemical shifts, coupling constants, relaxation (T1 and T2), Practical aspects for optimization of NMR experiments. Tuning and Matching, Shimming, Selection of acquisition and processing parameters, Information transfer via coupling constants and through space (Overhauser effect). One and two dimensional pulse sequences, the time dimensions t1 and t2, the frequency dimensions F1 and F2. “Window functions”. Interpretation of spectra.  Rational choice of type of experiment, acquisition- and processing-parameters in relation to chemical problem. Vector and spin population models in explanation of NMR phenomena and the individual experiment. Inverse detected experiments. Pulse angle optimization, selective 1H- 1H decoupling, T1/T2 relaxation time determination, DEPT, NOEDIF, COSY, TOCSY, XHCORR (HETCOR), COLOC, HMBC or HSQC, HMBC, NOESY and ROESY. The student will acquire a thorough familiarity with the physical and chemical basis of mass spectrometry, and with analytic use of mass spectrometry in organic chemistry.
Learning outcomes

After completion of this course,

· You will be able to make a rational choice of type of NMR-experiments for the nuclei; 1H, 13C, 19F, 31P and 15N and combinations thereof and can choose and implement acquisition-and processing-parameters in relation to chemical problems. 

· You will master vector and spin population models in explanation of NMR phenomena. 

· You understand the concepts of information transfer through electrons in bonds as well as through space via the Overhauser effect. You will understand and can explain the mechanism of the overhauser effect. 

· You understand the concepts of one- and two- dimensional pulse sequences as well as the time dimensions t1 and t2 and the frequency dimensions f1 and f2. 

· You understand the concepts of and can apply “window functions” and “linear prediction” in one and two dimensions. 

· You can explain the effects of magnetic field gradients in NMR-experiments. 

· You are able to interpret and put together information from a series of NMR experiments in elucidation of chemical structures or problems. 

· You will identify the principles of the main ionisation methods: electron ionisation (EI), chemical ionisation (CI), field ionisation (FI), photo ionisation (PI), fast atom bombardement (FAB), secundary ion mass spectrometry (SIMS), field desorption (FD), plasma desorption (PD), laser desorption (LD and MALDI), and electrospray ionisation (ESI). 

· You will have detailed knowledge about the physico-chemical principles of mass spectrometry: kinetics and energy in monomolecular reactions, energy distribution, reaction mechanisms, ion structure, meta-stable ions, collision activation, tandem mass spectrometry (MS/MS), isotope effects – also ion/molecule reactions, proton affinity, acidity and basicity in the gas phase. 

· You will be able to interpret mass spectra and know the principles of fragmentation. Examples are selected both from simple organic compounds and from more complicated biological compounds (peptides, proteins). 
Course Contents

UNIT 1. MASS SPECTROMETRY
1.1. Introduction

1.1.1. Ion production EI, CI FD and FAB

1.1.2. Factors affecting fragmentation, ion analysis, ion abundance 

1.1.3. Mass spectral fragmentation of organic compounds, common functional groups, molecular ion peak, meta stable peak. 

1.1.4. MecLafferty rearrangement. 

1.1.5. Nitrogen rule. 

1.1.6. High resolution mass spectrometry. 

1.1.7. Example of mass spectral fragmentation of organic compounds with respect to their structure determination.

UNIT 2. ULTRAVIOLET SPECTROSCOPY 

2.1. Introduction.

2.1.1. The absorption laws, measurement of the spectrum, chromophores, standard works of reference, definitions.
2.1.2. Applications of UV spectroscopy to Conjugated dienes, trienes, unsaturated carbonyl compounds and aromatic compounds.

UNIT 3. INFRARED SPECTROSCOPY 

3.1. Characteristic vibrational frequencies of alkanes, alkenes, alkynes, aromatic compounds, alcohols, ethers, phenols, amines; 

3.2. Detailed study of vibrational frequencies of carbonyl compounds (ketones, aldehydes, esters, amides, acid anydrides, lactones, lactams, conjugated carbonyl compounds); 

3.3. Effects of H-bonding and solvent effect on vibrational frequency, extension to various organic molecules for structural assignment. 

3.4. Infrared spectroscopy: Units of frequency wave length and wave number, molecular vibrations, factors influencing vibrational frequencies, the IR spectrometer, sampling techniques, characteristic frequencies of organic molecules and interpretation of spectra).

UNIT 4. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY
4.1. Proton NMR Spectroscopy
4.1.1. General introduction and definition

4.1.2. Chemical shift

4.1.3. Spin-spin interaction

4.1.4. Shielding mechanism.

4.1.5. Fourier transform technique, nuclear overhauser effect (NOE).

4.2. Carbon-13 NMR Spectroscopy
4.2.1. Introduction
4.2.2. 13C- chemical shifts

4.2.3. Proton coupled 13C – spectra

4.2.4. Proton decoupled 13C- spectra.

4.2.5. Off- resonance decoupling

4.2.6. DEPT technique

4.2.7. NOE

4.2.8. Heteronuclear coupling of carbon to 19F and 31P
4.3. 2D NMR Spectroscopy
4.3.1. Introduction

4.3.2. 2D homonuclear shift-correlated spectra
4.3.3. 2D heteronuclear shift-correlated spectra

4.3.4. NOE spectroscopy (NOESY), hetero-and homonuclear 2D J resolved spectra

4.3.5. 1D and 2D INADEQUATE

4.3.6. 2D NMR spectra of system undergoing exchange

UNIT 5. INTERPRETATION OF SPECTRA

5.1. Composite problems involving the applications of UV, IR, 1H and 13C NMR and mass spectroscopic techniques. 
5.2. Structural elucidation of organic molecules.

Teaching Strategy/Methods

· Lectures are used to convey key concepts. 

· There will be one problem-solving tutorial every week

· Problem sets will be distributed regularly throughout the semester

· Smart boards, White boards and LCD projectors will be used to deliver lecture materials
Teaching Support and Input for each content
· A modern lecture room with white boards and LCD projection

· Online access to scientific journals
Assessment Strategy/Methods

The course consists of coursework, continuous assessment and written examination. The continuous assessment shall comprise tests, assignments, practical in certain units and term papers.

· Mid semester exam (30%)

· Problem sets (20%) 
· Final Exam (50%)
References
1. R. M. Silverstein, G. C. Basseler & T. C. Morill. Spectroscopic Identification of Organic Compounds, 7th Edn., John Wiley (2005).

2. W. Kemp. Organic Spectroscopy (3rd edn.), McMillan Press Ltd. (1991).

3. P.S. Kalsi, Stereochemistry conformation and mechanism (7th Edn), New Age International (2008).

4. Carruthers, W. Modern Methods of Organic Synthesis Cambridge University Press (1971).

5. March, J. Advanced Organic Chemistry John Wiley & Sons (1992). 

6. D Williams & I. Fleming. Spectroscopic Methods in Organic Chemistry, McGraw Hill (1989).

7. C. N. Banwell & E. M. McCash. Fundamentals of Molecular Spectroscopy, Tata McGraw-Hill, New Delhi (2006).

8. Spectroscopic Methods in Organic Chemistry. Forth Edition D.M. Williams and I. Fleming Tata- McGraw Hill, New Delhi, 1990. 

9. Organic Spectroscopy, Second Edition, W.Kemp, ELBS Macmillan, 1987

10. Applications of absorption spectroscopy of Organic Compounds J.R.Dyer, Prentice Hall of India, New Delhi, 1984.

11. Spectrometric identification of Organic Compounds, Fourth Edition, R.M. Silverstein: G.C.Vassiellr and T.C. Merill, Johne  Willey, Singapore, 1981.

12. Applications of Optical rotation and Circular Dichroism, G.C. Barret, in "Elucidation of Organic structures by Physical and Chemical Methods" Part I (Eds) K.W. Bentley and G.W.Kirty John Wiley, 1972. 

3. Practical Organic Chemistry
Course Title: 


Practical Organic Chemistry
Course code:   

Chem 622

Credit Hours: 

2

ECTS: 


5
Contact Hours: 

6 Lec Hr / Week

Course Description

Laboratory course that includes multi-step syntheses of Organic compounds, natural product extraction, their isolation, purification, and characterization using modern spectroscopic (IR, UV/Vis, 1D and 2D NMR, 1H 13C), Mass spectrometry and chromatographic techniques (TLC, GC, GC-MS, LC-MS, HPLC).
Learning outcomes

After completion of this course, the students will be able to develop

· Basic skills of separation and purification of organic compounds.

· Essential skills of methods of multi-step synthesis of organic compounds.

·  Necessary techniques of natural product extraction and isolation.

· Techniques of characterization using chromatographic and with some spectroscopic methods of the pure synthesized compounds and isolated organic compounds from natural product.
Course Content

UNIT 1. MULTI-STEP SYNTHESIS OF ORGANIC COMPOUND

One multi-step reactions of at least five steps or minimum two a three step preparations to demonstrate how to develop a synthetic sequence. The purity of 
the product of each step should be checked by spectroscopic technique such as: 


TLC, chromatographic technique, 1H and 13C NMR and the preparations should 
be carried out on micro scale.
UNIT 2. NATURAL PRODUCT EXTRACTION

Extraction, Isolation and characterization of natural product-Rhamnus prinoides (Gesho). The pure extracts are characterized by spectroscopic techniques.
Teaching Strategy/Methods

· Practical activities and demonstration
Teaching Support and Input for each content
· A modern lecture room with white boards and LCD projection

· A modern laboratory equipped with all the necessary materials

· Online access to scientific journals

Assessment Strategy/Methods

· Laboratory Reports (20%)
· Presentation of Part I (25%)
· Presentation of Part II (25%)

· Final Exam (30%)
References
1. Practical Organic Chemistry-F .G. Mann and B. C. Saunders (ELBS, England), 2001. 

2. Practical Organic Chemistry - A. I. Vogel (Longman-ELBS, England), 1971. 

3. Experimental Organic Chemistry–Vol.I&II Singh et al(TMH, New Delhi)1981. 

4. Semimicro Qualitative Organic Analysis–Cheronis etal Wiley-Eastern, New Delhi) 1964. 

5. Vogel’s Text Book of Practical Organic Chemistry Including Qualitative Organic Analysis- B. S. Furniss et al (Longman-ELBS, England), 1978.

6. The Systematic Identification of Organic Compounds Sheriner H. et al, 8th edn.

7. R. M. Silverstein, G. C. Basseler & T. C. Morill. Spectroscopic Identification of Organic Compounds, 7th Edn., John Wiley (2005).

8. W. Kemp. Organic Spectroscopy (3rd edn.), McMillan Press Ltd. (1991).

9. P.S. Kalsi, Stereochemistry conformation and mechanism (7th Edn), New Age International (2008).

10. Carruthers, W. Modern Methods of Organic Synthesis Cambridge University Press (1971).

11. March, J. Advanced Organic Chemistry John Wiley & Sons (1992). 

12. D Williams & I. Fleming. Spectroscopic Methods in Organic Chemistry, McGraw Hill (1989).

13. C. N. Banwell & E. M. McCash. Fundamentals of Molecular Spectroscopy, Tata McGraw-Hill, New Delhi (2006).

14. D.M. Williams and I. Fleming Tata. Spectroscopic Methods in Organic Chemistry. Forth Edition, McGraw Hill, New Delhi, 1990. 

15. Organic Spectroscopy, Second Edition, W.Kemp, ELBS Macmillan, 1987

16. Applications of absorption spectroscopy of Organic Compounds J.R.Dyer, Prentice Hall of India, New Delhi, 1984.

4. Chemistry of Heterocyclic Compounds
Course Title: 


Chemistry of Heterocyclic Compounds

Course Code: 

Chem 624
Credit Hours: 

3

ECTS: 


6

Contact Hours: 

3 Lec. Hr / Week
Course Description

Synthesis and reactivity of major classes of heterocyclic compounds are covered in detail, with emphasis on recent advances in synthesis and reaction development. Special attention is given to heterocycles of biological interest and the importance of heterocycles in pharmaceutical industry. Structures; general properties; preparation and reactions of heterocyclic compounds of nitrogen; oxygen and sulfur which contain 2 hetero-atoms (for example imidazoles, thiazoles, oxazoles, prazoles, isothiazoles, iso-oxazoles, pyridazoles, pyrimidines, pyrazines) and some interesting heterocyclic compounds in natural products will be described in details.

Learning Outcomes

After successful completion of this course students will be able to:

·  Compare the chemistry of the heterocycles with that of benzene. 
· Give a systematic name and classify heterocyclic compounds

· Explain the uses of various heterocycles. 
· Assess the role of heterocycles in health care, agriculture
· Know different heterocyclic rings containing one heteroatom and some rings with two heteroatoms 
· State different  methods of synthesis of different classes of heterocyclic compounds
· Understand the reactions of 3-6 membered heterocycles with one and two heteroatoms.
Course Content

Unit 1. Three-Membered Heterocycles
1.1. Systematic Nomenclature of Heterocyclic Compounds

1.2. Structure and Classification of Heterocycles

1.3. Syntheses and reactions of Oxirane, Aziridine, Thiirane, Dioxirane, Oxaziridine, Diaziridine          

1.4. Chemical properties and reactions of three-Membered Heterocycles with one Heteroatom.

1.5. Chemical properties and reactions of three-Membered Heterocycles with two Heteroatom.

Unit 2. Four-Membered Heterocycles:

2.1. Nomenclature
2.2. Structure and Classification
2.3. Syntheses (Oxetane, Thietane, Azetidine...)

2.4. Synthesis of β-lactam antibiotics. 

2.5. Important derivatives, drugs, biologically active compounds.

Unit 3. Five-Membered Heterocycles:

3.1. Nomenclature, Structure and Classification

3.2. Five-Membered Heterocycles with one Heteroatom

3.2.1. Electrophilic and Neucleophilic substitution Reactions

3.2.2. Synthesis

3.2.3. Chemistry of Furan, Thiophene and Pyrrole.

3.2.4. Chemistry of Benzofuzed Heterocycles.

3.3. Five-Membered Heterocycles with two Heteroatom’s (Azoles).

3.3.1. Synthesis

3.3.2. Reactions

3.4. Important derivatives, natural products, drugs, biologically active compounds.

UNIT 4. SIX-MEMBERED HETEROCYCLES
4.1. Nomenclature, Structure and Classification

4.2. Six-membered Heterocycles with one Heteroatom 

4.3. Chemistry of Pyridine

4.3.1. Physical properties and Synthesis

4.3.2. Chemical properties

4.3.2.1. Electrophilic Substitution Reactions

4.3.2.2. Radical Substitution Reactions

4.3.2.3. Neucleophilic Substitution Reactions 

4.4. Pyridine derivatives.

4.4.1. Pyridine N-Oxides 

4.4.2. Oxy- and Aminopyridines

4.4.3. Alkylpyridines

4.4.4. Halopyridines

4.4.5. Pyridine Aldehydes, Ketones, Carboxylic Acids and Esters

4.4.6. Uses

4.5. Piperidines and Piperedones

4.6. Important Pyridine derivative natural products, drugs, biologically active compounds.

4.7. Six-membered Heterocycles with two or more N-atoms.

4.8. Benzopyridines

4.9. Benzofused Heterocycles

4.10. Diazines


4.10.1. Properties


4.10.2. Synthesis


4.10.3. Presence in nature

Teaching Strategy/Methods

· Lecture are used to convey key concepts

· Group discussion and/or assignment

Assessment Strategy/Methods

· Mid-term exam (30%)
· Assignments (20%)
· Final exam (50%)

References
1. Alan R. Kateritzky and Alexander F. Pozharskii, Handbook of Heterocyclic Chemistry, Pergamon, 2000.

2. R.R. Gupta, M. Kumar, V. Gupta Heterocyclic Chemistry Volume I-III, india, 1998.

3. Theophil Eicher, Siegfried Hauptmann, The Chemistry of Heterocycles, Willy-VCH, 2003.

4. J. A. Joule and K. Mills, Heterocyclic Chemistry, 5th edition.

5. Li, J. J, Heterocyclic Chemistry in Drug Discovery.

6. Li, J. J.; Gribble, G. W, Palladium in Heterocyclic Chemistry, 2nd Ed.. 

7. Quin, L. D.; Tyrell, J. A., Fundamentals of Heterocyclic Chemistry: Importance in Nature and in the Synthesis of Pharmaceuticals. 

8. Eicher, T.; Hauptmann, S.,The Chemistry of Heterocycles: Structures, Reactions, Synthesis, and Applications, 2nd Ed. 

9. Gilchrist, T. L., Heterocyclic Chemistry. 

10. Li, J. J.,Name Reactions in Heterocyclic Chemistry. 

11. Katritzky, A. R., Comprehensive Heterocyclic Chemistry, Pergamon. 

12.  Katritzky, A. R., Advances in Heterocyclic Chemistry, Ed. Elsevier.

13.  . Gribble, G. W.; Joule, J. A., Progress in Heterocyclic Chemistry Eds. Pergamon.
5. Modern Methods of Organic Synthesis
Course Title: 


Modern Methods of Organic Synthesis

Course code: 


Chem 626
Credit Hours:

 3
ECTS: 


7
Contact Hours: 

3 Lec Hr / Week
Course Description

This course will build upon the materials discussed in Chem 621 with a focus on the preparation of complex organic molecules. Principles of synthetic strategy and design will be discussed in the context of complex natural product syntheses. A survey of the methods available for achieving stereoselectivity including chiral catalysis, asymmetric induction via substrate and reagent-based strategies and the "chiral pool" approach will be considered. The application of these methods to the synthesis of natural products will be discussed using appropriate examples. Modern synthetic methods used in construction of the major groups of secondary metabolites and related natural products will be surveyed. The essentials of retrosynthetic analysis are presented and instructions in the development of strategies for organic synthesis are offered. The criteria for, applications of reactions to, and design of, complex organic syntheses will be studied, including functional group protection and control of stereochemistry.

Learning Outcomes

To provide a thorough knowledge and understanding of reactions which are the basis of organic synthesis. Emphasis will be placed not only on the mechanistic and stereoelectronic features of such reactions, but also on the way in which they are utilized in target synthesis. Generally having successfully completed this course, the students will be able to:

1. Read, understand and appreciate total synthesis articles in the chemical literature. 

2. Perform retrosynthetic analyses of complex natural product targets and develop the ability to devise creative synthetic strategies to complex molecule construction

3. Have a good understanding of modern synthetic reactions and their mechanisms 

4. Understand the principal methods currently available to achieve the stereoselective synthesis of organic compounds and appreciate the challenge of synthesizing enantiopure compounds

5. Demonstrate a broad knowledge of the reactions used to form C-C bonds

6. Describe the use of a variety of metal-based reagents in organic synthesis
Course Content

UNIT 1 MODIFICATION OF FUNCTIONAL GROUPS: OXIDATION AND REDUCTION 
1.1.  Oxidation 
1.1.1. Addition to olefins: 

1.1.2. Oxidation with C-C bond cleavage: 

1.2.  Photooxidation of olefins by singlet oxygen: 
1.3.  Reduction 

1.3.1. Hydrogenation: 

1.3.2. Hydrogenolysis of C-O, C-S, C-X, N-O, O-O bonds: 

1.3.3. Dissolving metal reductions: 

1.3.4. Reduction by Hydride donors: 

1.3.5. Reduction of carbonyls to CH2 or CH=C

1.3.6. Desulfurization of thioacetals and Bamford-Stevens-Shapiro reaction. 

UNIT 2 FORMATION OF C-C BONDS

2.1. Formation of Carbon-Carbon single bonds: 

2.2.1. Alkylations via enolate, the enamine and related reactions, umpolung reaction.
2.2.2. The aldol reaction- applications of organ palladium, organo nickel and organo copper reagents, 2.2.3. Applications of thicarbonions- selenocarbonions and sulphur yields

2.2.4. Synthetic applications of carbenes and carbenoids. 

2.2.5. 1, 3-Dicarbonyl and Related Compounds

2.2.6. Direct Alkylation of Simple Enolates

2.2.7. Cyclization Reactions-Baldwin's Rules for Ring Closure,

2.2.8. Stereochemistry of Cyclic Ketone Alkylation, lmine and Hydrazone Anions, Enamines, 

2.2.9. The Aldol Reaction, Condensation Reactions of Enols and Enolates, Robinson Annulation.
2.2. Olefination reactions: 

2.2.1. Elimination reactions Pyrolytic, syneliminations, sulphoxide-sulphonate rearrangement.

2.2.2. The witting reaction-alkenes form arylsluphonyl-hydrazones-claisen rearrangement of allyl vinylethers. 

2.2.3. Tandem reactions, Domino reactions and multi-component reactions. 

2.2.4. Reactions of Carbon-Carbon Double Bonds

2.2.5. Reactions of Carbon-Carbon Triple Bonds.

UNIT 3 THE CONCEPT OF PROTECTING FUNCTIONAL GROUPS
3.1. Protection of NH Groups, Protection of OH Groups of Alcohols, Protection of Diols as Acetals, Protection of Carbonyl Groups in Aldehydes and Ketones, Protection of the Carboxyl Group, Protection of Double Bonds, Protection of Triple Bonds:

3.2 Principle of protection and deprotection temporarly and permanently) of alcohol, amine, carbonyl and carboxyl groups, etc.; Common protecting groups.

3.3. Retrosynthesis, Synthesis and characterization of the following: Quercetin, Pinene, Camphor, Prostaglandins and Taxol.
UNIT 4 STEREOCHEMICAL CONSIDERATIONS IN PLANNING SYNTHESES 

4.1. Conformational Analysis

4.2. Control of stereochemistry

4.3. Asymmetric synthesis 
UNIT 5 SYNTHETIC DESIGN AND RETROSYNTHETIC ANALYSIS 

5.1. Steps in Planning Synthesis

5.2. Disconnection approach

UNIT 6 TOTAL SYNTHESIS OF SOME OF THE NATURAL PRODUCTS WILL BE DISCUSSED
6.1. Epothilones

6.2. Gelsemine

6.3. Okaramine N

6.4. Phorboxazole

6.5. Taxol

Teaching Strategy/Methods

· Lectures are used to convey key concepts. 

· Problem sets will be distributed regularly throughout the semester, which will require the use of scientific journals to solve the problems 

· Students will work independently to present a recent article on the total synthesis of a natural product. The literature article will be chosen by the students from a selection of articles assembled by the instructor.

· Smart boards, White boards and LCD projectors will be used to deliver lecture materials

Teaching Support and Input for Each Content

· A modern lecture room with white boards and LCD projection

· Online access to scientific journals
Assessment Strategy/Methods

The course consists of coursework, continuous assessment and written examination. The continuous assessment shall comprise mid-term examination, assignments, oral presentation and discussion.

· Mid semester exam (30%)

· Presentation (30%) 
· Final Exam (40%)

References
1. S. G. Warren, Organic Synthesis: The Disconnection Approach, Wiley, 1982. 

2. A. Carey and R. J. Sundberg, Advanced Organic Chemistry - Parts A and B (5th ed.), Springer, 2007

3. M. B. Smith, Organic Synthesis (2nd ed.), McGraw Hill, 2002.

4. E. J. Corey, X.-M. Cheng, The Logic of Chemical Synthesis, Wiley, 1995.

5. K. C. Nicolaou, E. J. Sorensen, Classics in Total Synthesis, VCH, 1996

6. K. C. Nicolaou, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003

7. M. Smith and J. March, Advanced Organic Chemistry (5th ed.), Wiley, 2001.

8. J.J. Li, Name Reactions, Springer, 2003.

9. Eliel, E. L.; Wilen, S. H.; Mander, L. N. Stereochemistry of Organic Compounds, Wiley: New York, 1994

10. Some Modem Methods of Organic Synthesis W. Carothers, Third Edition, Cambridge University Press, Cambridge, 1988.

11. Organic Synthesis: The disconnection approach, S. Warrant John Wiley & sons, New York, 1984.

12. Modern Synthetic Reactions, Herbet O. House, Second Edition, W.A. Benzamine Inc. Menio Park, California, 1972.

13. Organic Synthesis viz Boranes, Herbet C. Brown Gray, W. Kramer Alan B. Levy and M. Mark Midland John Wiely & Sons, New York, 1975.

14. M. Harmata. Strategies and Tactics in Organic Synthesis 4 & 5, Academic Press (2004).
6. Medicinal Chemistry 

Course title: 


Medicinal Chemistry
Course code: 


Chem 628

Credit Hours: 

3

ECTS: 


6

Contact Hours: 

3 Hrs/ week
Course description:

The topics covered in this course will explore the role of organic chemistry in the design and action of drugs. Concepts presented in the organic chemistry course will be applied in discussing principles of drug discovery, drug development, drug/receptor interactions and structure/activity relationships. Aspects of biochemistry and physical organic chemistry will be covered as necessary to understand the chemistry of drug action and metabolism in the body. Examples from the major classes of drugs will be used to facilitate discussion and examine the role of medicinal chemistry as witnessed today.

UNIT 1. DRUG DESIGN

1.1. Introduction of important terms used in medicinal chemistry:  E.g.; receptor, therapeutic index, therapeutic window, bioavailability, drug assay and drug potency. 

1.2. Classification of drugs, development of new drugs, procedures followed in drug design, concepts of lead compound and lead modification, concepts of prodrugs and soft drugs, structure-activity relationship (SAR), factors affecting bioactivity, resonance, inductive effect, isosterism, bioisosterism, spatial considerations. 

1.3. Theories of drug activity: occupancy theory, rate theory, induced fit theory. 

1.4. Quantitative structure activity relationship. 

1.5. History and development of QSAR.

1.6.  Concepts of drug receptors. 

1.7. Elementary treatment of drug receptor interactions. 

1.8. Physico-Chemical parameters: lipophilicity, partition coefficient, electronic ionization constants, steric, Free-Wilson analysis, Hansch analysis relationships between Free-Wilson and Hansch analysis.
UNIT 2. PHARMACOKINETICS AND PHARMACODYNAMICS

2.1. Pharmacokinetics: 

2.1.1. Introduction to drug absorption, disposition, elimination using pharmacokinetics. 

2.1.2. Important pharmacokinetic parameters in defining drug disposition and in therapeutics. 

2.1.3. Mention of uses of pharmacokinetics in drug development process. 

2.2. Pharmacodynamics: 

2.2.1. Introduction of elementary treatment of enzyme stimulation, enzyme inhibition, sulphonamides, membrane active drugs, drug metabolism, xenobiotics, biotransformation. 

2.2.2. Significance of drug metabolism in medicinal chemistry.

UNIT 3. ANTIBIOTICS AND ANTIINFECTIVE DRUGS

3.1. Antibiotics
3.1.1. Structure, SAR and biological action of antibiotics.  

3.2. Sufonanmides
3.2.1. Structure, SAR and mode of action of sulfonamides, sulfonamide inhibition and probable mechanisms of bacterial resistance to sulfonamides. 

3.3. Local antiinfective drugs: 

3.3.1. Introduction and general mode of action. 

UNIT 4. PSYCHOACTIVE DRUGS

4.1. Introduction of neurotransmitters, CNS depressants and stimulants
4.2. Central Nervous System Depressant
4.3. Psycotropic Drugs

4.4. Central Nervous System Stimulants

UNIT 5. THERAPEUTIC AGENTS, SAR AND THEIR MODE OF ACTIONS

5.1. Antineoplastic Agents

5.2. Cardiovascular Drugs 

5.3. Antihistaminic agents

5.4. Antifertility agents 

5.5. Diuretics
Teaching Strategy/Methods

· Lectures are used to convey key concepts. 

· Smart boards, White boards and LCD projectors will be used to deliver lecture materials
Assessment Strategy/Methods

Written exams and assignments

· Mid semester exam (40%)

· Problem sets (10%) 
· Final Exam (50%)
Teaching Support and Input for each content

· A modern lecture room with smart boards, white boards and LCD projection

· Online access to scientific journals
References

1. An Introduction to Medicinal Chemistry, Graham L. Patrick, Oxford New York Tokyo

    Oxford University Press, 1995
2. Medicinal Chemistry: Principles and Practice Edited by F.D. King, 2002.
3. Textbook of Organic Medicinal and Pharmaceutical Chemistry, Edited by Charles O.

     Wilson, Ole Gisvold, Robert F. Doerge, 1978.
4. Introduction to Medicinal Chemistry, Alex Gringuage, 1997.
5. Principles of Medicinal Chemistry, William O. Foye, Thomas L. Lemice and David A.

    Williams, 2002.
6. Introduction to Drug Design, S.S. Pandeya and J. R. Dimmock, New Age     

    International, 1983.
7. Burger’s Medicinal Chemistry and Drug Discovery, Vol-1 (Chapter-9 and Ch-14), Ed.    

    M.E. Wolff, John Wiley, 1994.
8. Goodman and Gilman’s Pharmacological Basis of Therapeutics, Mc Graw-Hill, 1941.
9. The Organic Chemistry of Drug Design and Drug Action, R.B. Silverman, Academic      

    Press,1992.
10. Strategies for Organic Drug Synthesis and Design, D. Lednicer, John Wiley,1998.
11. Burger’s Medicinal Chemistry and Drug Discovery, 6th Ed; volum1, Page 946, 1998.
7. Chemistry of Natural Product
Course Title: 


Chemistry of Natural Product
Course code: 


Chem 721

Credit Hours: 

2

ECTS: 


5

Contact Hours: 

2 Lec Hr / Week

Course Description

This Course is a comprehensive survey of natural product chemistry with emphasis on secondary metabolites and biosynthesis of the natural products. It provides a broad view of secondary metabolites and their biosynthesis. It also aims to improve students’ understanding of secondary metabolites and their biosynthesis. The students will encounter classification of natural products, biogenesis and biosynthesis of natural products, survey of important classes of natural products: fatty acids, polyketides, flavonoids, alkaloids, terpenoids, and steroids.
Learning outcomes

At the end of this course the students are expected to:

· Have an understanding of basic terms used in biosynthesis

· Understand the key and basic building blocks of secondary metabolites

· Understand basic chemical reactions involved in biosynthesis

· Understand coenzymes and cofactors involved in the biosynthesis of natural products

· Understand how secondary metabolites are assembled and how the various classes arise

· Be able to characterize the secondary metabolites 

Course Content

UNIT 1 INTRODUCTION: THE BUILDING BLOCKS AND CONSTRUCTION MECHANISUM.

1.1. Primary and secondary metabolites

1.2. Key building blocks of secondary metabolites

1.3. Important classes of reactions in biosynthesis
1.4. Enzymes and cofactors

UNIT 2 THE ACETATE PATHWAY: FATTY ACIDS AND POLYKETIDES.
2.1. Fatty acids 

2.1.1. Introduction 

2.1.2. Classification 

2.1.3. Biosynthesis 

2.2. Polyketides 

2.2.1. Introduction 

2.2.2. Classification 

2.2.3. Biosynthesis 

UNIT 3  THE SHIKIMATE PATHWAY: AROMATIC AMINO ACIDS AND PHENYLPROPANOIDS.
3.1. Introduction 

3.2. Classification 

3.3. Biosynthesis 

UNIT 4 THE MEVALONATE AND METHYLERYTHRITOL PHOSPHATE PATHWAYS: TERPENOIDS AND STEROIDS.

4.1. Terpenoids 

4.1.1. Introduction

4.1.2. Classification

4.1.3. Biosynthesis

4.2. Steroids

4.2.1. Introduction

4.2.2. Classification

4.2.3. Biosynthesis

UNIT 5 ALKALOIDS

5.1. Introduction

5.2. Classification

5.3. Biosynthesis
Teaching Strategy/Methods

· Lectures are used to convey key concepts. 

· Smart boards, White boards and LCD projectors will be used to deliver lecture materials
Teaching Support and Input for each content

· A modern lecture room with white boards and LCD projection

· Online access to scientific journals
Assessment Strategy/Methods

Written exams and assignments

· Mid semester exam (30%)

· Problem sets (20%) 
· Final Exam (50%)
References
1. A text book: P.M. Dewick, Medicinal Natural products: A Biosynthetic Approach, 2nd Edition, 2002

2. A text book: P.M. Dewick, Medicinal Natural products: A Biosynthetic Approach, 3rd  Edition, 2009

3. K. Nakanashi. Natural Products Chemistry, Vols. I and II, Academic Press, New York and London (1974).
4. S.V. Bhat, B.A. Nagasampagi, S Minakshi Natual aproducts; Chemistry & Applications, Alpha Science International Ltd. (2011).

5. M. Harmata. Strategies and Tactics in Organic Synthesis 4 & 5, Academic Press (2004)

6. Finar, I. L. & Finar, A. L. Organic Chemistry Vol. 2, Addison-Wesley (1998).

7. Organic Chemistry, Volume 2. Stereochemistry and chemistry of natural products, I.L. Finar, 5* Edition, ELBS, 1975. 

8. Chemical Aspects of Biosynthesis, John Mann, Oxford University Press, Oxford, 1996

9. Chemistry of Natural Products: A Unified Approach, N.R. Krishnaswamy, University Press (India) Ltd., Orient Longman Limited, Hyderabad, 1999. 

10. Introduction to Organic Chemistry, A Streitweiser, CH Heathcock and E.M/ Kosover IV Eeition, Me.Milan, 1992.
1.1 Inorganic Chemistry Stream Courses Syllabus 
1. Advanced Inorganic Chemistry 
Course Title:
                                 Advanced Inorganic Chemistry

Course Code:
                                 Chem 631

Credit Hrs:


         3

ECTS:



         6

Contact Hrs:


         3 Lec. Hr / Week
Course Description
Crystal field and molecular orbital theories: Salient features of metal-ligand bonding as elucidated by Crystal field theory and molecularorbital theory; geometries, magnetic properties, term splitting , strong and weak field consequences; symmetry and group theoretical considerations of sigma and pi bonding. Ligational aspects of CO, NO, O2 and H2:: Sructure and bonding modes; chemical fixation of nitrogen. Cluster compounds: Boranes, metal lower halides and metal carbonyls; principles of structure and bonding; Isolobality concepts; applications. Bioinorganic Chemistry: Metal ions in biology; Haemoglobin, carboxy anhydrase; bioinorganic aspects. Solid state: Types of solids; defects in solids; studies on various solid state materials; Super conductors; catalysts.
Learning Outcomes
Upon completion of this module the students will gain familiarity with the frontier areas of inorganic chemistry. They will

· Gain knowledge of structure and bonding in a variety of inorganic compounds, with particular reference to metal complexes

· Acquire detailed understanding of the major theories of bonding in metal complexes

· Gain appreciation of the interaction of small molecules with metal ion and the developments in their applications

· Gain exposure to borane, carbonyl and cluster chemistry

· Learn about the role of metal ions in biology and study the chemistry related to selected biological processes

· Discuss the classification and applications of various solid state materials
Course Content
1. Crystal Field Theory

1.1. Splitting of d-orbitals in various geometries

1.2. Factor influencing crystal field splitting-CFSE

1.3. Magnetic properties-High spin, low spin crossover.

1.4. Thermodynamic aspects

1.5. LS coupling-splitting of terms in weak ans strong fields

1.6. Limitations

2. Molecular Orbital Theory: Symmetry classification of metal and ligand orbitals in cubic and non-cubic environments Construction of MOED for Oh, Td and D4h complexes with sigma and ((-bonding

3. Activation of small molecules:

3.1. Ligational aspects of CO, NO, O2, H2
3.2. Structures-Types of bonding.

3.3. Spectral and magnetic properties

4. Cluster Compounds

4.1. Classification of Boranes-Wade’s rules

4.2. Types of lower halide metal clusters

4.3. Bonding in dinuclear and octahedral metal clusters

4.4. Low and high nuclearity metal carbonyls-electron counting schemes

4.5. Concept of isolobality

4.6. Applications of metal clusters

5. Bioinorganic Chemistry

5.1. Metal ions in biological systems-physiological effects

5.2. Oxygen transport and storage- Haemoglobin, Myoglobin, Haemerythrin and Hemocyanin

5.3. Geometric, electronic and magnetic aspects oxygen binding

5.4. Carboxy Anydrase- structure, activity and mechanism.

6. Solid State

6.1. Classification of Solids

6.2. Liquid crystals

6.3. Types of ionic solids

6.4. Stoichiometric and non-stoichiometric defects

6.5. Spinels, pyrochlores, bronzes and silicates

6.6. Fullerenes and nano materials

6.7. Fast ion conductors and Super conductors

6.8. Solid state catalysis
Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental findings

Mode of Assessment

· Mid-term exam 40%

· Assignments 20%
· Final exam 40%

References
1. F.A. Cotton, G. Wilkinson, CA. Murillo and M. Bochmann, Advanced Inorganic Chemistry, 6th Ed., Wiley Interscience, New York, 1999.

2. B.E. Douglas, D.H. Mcdaniels and J. Alexander, Concepts and models in Inorganic Chemistry, Wiley, New York, 1983.

3. J.E. Huheey, E.A. Keiter and R.L. Keiter, Inorganic Chemistry, Principles of structure and reactivity,4th Ed., Harper & Row, Cambridge, 1993.

4. K.F. Purcell and J. C. Kotz, Inorganic Chemistry, Saunders, Philadelphia, 1977.

5. C.E. Housecroft and A.G. Sharpe, Inorganic Chemistry, Prentice Hall, Harlow, 2001.

6. M. Gerloch and E.C. Costable, Transition Metal Chemistry: The valence shell in d-block Chemistry, VCH publishers, Weinheim, 1994.

7. B.N. Figgis, Ligand Fields, Wiley, New York, 1966.

8. A.R. West, Solid State Chemistry and its applications, Wiley, New York, 1984.

9. C.N.R. Rao and J. Gopalakishnan, New directions in solid state Chemistry, Dekker, New York, 1986.

10. N.N. Greenwood and A. Earnshaw, Chemistry of Elements, Butterworth-Heinemnn, Oxford, 1997.

11. M.N. Hughes, The Inorganic Chemistry of Biological Processes, 2nd Ed., Wiley, Chichester, 1981.

12. D.F. Shriver and P.W. Atkins, Inorganic Chemistry, 3rd Ed., Oxford University Press, Oxford, 1999.
2. Analytical Methods in Inorganic Chemistry
Course Title:



Analytical Methods in Inorganic Chemistry
Course Code:


            Chem 632
Credit Hrs:



3
ECTS:




7
Contact Hrs:



3 Lec. Hr / Week

Course Description

All analytical techniques that can help in the identification and characterization of inorganic compounds will be covered. This will include traditional analytical techniques such as X-ray Crystallography, TLC, AAS, ICP-AES, Molar Conductivity, Magnetic Susceptibility, Moessbauer Spectroscopy, EPR/ESR, DSC-TGA, UV-Vis, IR, Raman Spectroscopy, and modern analytical techniques such as XPS, AFM, SEM and TEM. For each technique the working principles will be explained. The course will especially concentrate in the interpretation of the analytical data and the information that can be extracted from each technique, including their limitations.
Course content
1. Overview of Analytical Techniques in Inorganic Chemistry Research
2. The Characterization of Inorganic Compounds

2.1. X-ray Crystallography

2.2. TLC: Thin Layer Chromatography

2.3. Melting Point

2.4. Titration Techniques

2.4.1. Metal content determination

2.4.2. Anion content determination

2.5. AAS: Atomic Absorption Spectroscopy

2.6. ICP-AES: Inductively Coupled Plasma-Atomic Emission Spectroscopy
2.7. Molar Conductivity

2.8. Magnetic Susceptibility

2.9. Moessbauer Spectroscopy

2.10. EPR/ESR: Electron Paramagnetic Resonance Spectroscopy

2.11. DSC: Differential Scanning Calorimetry

2.12. TGA: Thermo Gravimetric Analysis

2.13. UV-Visible Spectroscopy

2.14. IR: Infrared Spectroscopy

2.15. Raman Spectroscopy

2.16. Modern Analytical Techniques

2.16.1. XPS: X-ray Photoelectron Spectroscopy

2.16.2. AFM: Atomic Force Microscopy
2.16.3. Electron Microscopy

2.16.3.1. SEM: Scanning Electron Microscopy

2.16.3.2. TEM: Transmission Electron Microscopy
3. The Complete Characterization of Inorganic Compounds: Practical Examples

Learning Outcomes
The student will have a clear picture of how to approach the characterization of inorganic compounds. The student will know what techniques are available and the information that can be obtained from them and especially, how to interpret the analytical data.
Mode of Delivery
· Lecture
· Group discussion and/or assignment
· Demonstration of experimental findings
Mode of Assessment
· Mid-term exam (40%)
· Assignments (20%)
· Final exam (40%)
References
1. F.A. Cotton, G. Wilkinson, CA. Murillo and M. Bochmann, Advanced Inorganic Chemistry, 6th Ed., Wiley Interscience, New York, 1999.

2. D.F. Shriver and P.W. Atkins, Inorganic Chemistry, 3rd Ed., Oxford University Press, Oxford, 1999.

3. S. F. A. Kettle, Physical Inorganic Chemistry, A coordination Chemistry Approach, Oxford University Press, Oxford, 1998.

4. S. E. Dann, Reactions and Characterization of Solids, The Royal Society of Chemistry, Cambridge, 2000.

5. D. E. Sanders, Introduction to crystallography, Dover Publications, INC, New York, 1975.
6. W. Massa, Crystal Structure Determination, Springer-Verlag, Berlin, 1996.

7. D. L. Pavia, G. M. Lampman and G. S. Kriz, Introduction to Spectroscopy, Brooks/Cole Cengage Learning, Belmont, 2001.

8. J. M. Hollas, Modern Spectroscopy, Wiley, New York, 2004.

9. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compounds Parts A and B, John Wiley and Sons, New York, 1997.

10. J. H. Gross, Mass Spectrometry: a text book, Springer-Verlag, Berlin, 2004.

11. H. Friebolin, Basic One- and Two-Dimensional NMR Spectroscopy, Wiley-VCH, Weinheim, 1998.

12. D. Briggs and J. T. Grant, Surface analysis by Auger and X-ray Photoelectron Spectroscopy, IM Publications, 2003.
13. A. Putnis, Introduction to Mineral Science, Cambridge University Press, Cambridge, 1992.
14. D. B. Williams and C. B. Carter, Transmission Electron Microscopy Basics Volume 1, Plenum Press, New York, 1996.
3. Advances in Bioinorganic Chemistry

Course Title:



Advances in Bio Inorganic Chemistry
Course Code:


            Chem 634
Credit Hrs:



3
ECTS:




6
Contact Hrs:



3 Lec. Hr / Week
Course Description

Inorganic elements are also essential in life processes. Metals are frequently present in living organisms. The major roles of metal ions in biological systems such as metalloproteins and metalloenzymes will be study. The roles of many of these systems as electron carriers, centers for binding and activating substrates or as agents for transferring atoms and groups will be discussed. Special emphasis will be made on how metals coordinate in bioinorganic materials and how they operate in nature. The course will also study how the introduction of metals into biological systems can be used to fabricate important artifacts such as probes and drugs.

Course Content
1. Overview of Bioinorganic Chemistry
2. Properties of Biological Molecules

2.1. Proteins and Their Constituents

2.2. Nucleic Acids and their Constituents

2.3. Other Metal-Binding Biomolecules
3. Principles of Coordination in Bioinorganic Systems
4. Characterization of Biological Molecules

5. Metal Ion Folding and Cross-Linking of Biomolecules

6. Metalloenzymes containing Fe, Zn, Ni, Co, Cu and Mo, role of these enzymes in biology, their structural and mechanistic aspects
6.1. Electron-Transfer Proteins

6.2. Atom- and Group- Transfer Chemistry

6.3. Substrate Binding and Activation of Non-redox Mechanisms

6.4. Protein Tuning of Metal Properties to Achieve Specific Functions

Learning Outcomes
The student will develop a clear picture of the structure and characteristics of bioinorganic systems and their principal functions in nature and how this knowledge can be used to modify the structure and control the activity of some biological systems.
Mode of Delivery

· Lecture
· Group discussion and/or assignment
· Demonstration of experimental findings

Mode of Assessment
· Mid-term exam (40%)
· Assignments (20%)
· Final exam (40%)

References
1. S. J. Lippard and J. M. Berg, Principles of Bioinorganic Chemistry,Panima Publishing Corporation, New Delhi, 2005.

2. G. L. Eichhorn, Inorganic Biochemistry, Volumes 1 and 2, Elsevier, Amsterdam, 1973.

3. M. N. Hughes and R. K. Poole, Metals and Micro-Organisms, Chapman and Hall, New York, 1989

4. E. D Weinberg, Microorganisms and Minerals, Marcel Dekker, New York, 1977.

5. T. J. Beveridge and R. J. Doyle, Metal Ions and Bacteria, Wiley Interscience, New York, 1989.

6. M. K. Johnson, R. B. King, D. M. Kurtz Jr., C. Kutal, M. L. Norton and R. A. Scott, Electron Transfer in Biology and the Solid State: Inorganic Compounds with Unusual Properties, in ACS Advances in Chemistry, Volume 226. American Chemical Society, Washington DC, 1990.

7. J. Bolton, N. Mataga and G. McLendon, Electron Transfer in Inorganic, Organic and Biological Systems, in ACS Advances in Chemistry, Volume 228. American Chemical Society, Washington DC, 1991.
4. Advances in Transition Metal Organometallics

Course Title:



Advances in Transition Metal Organometallics

Course Code:


            Chem 636
Credit Hrs:



3
ECTS:




7
Contact Hrs:



3 Lec. Hr / Week

Course Description

This course is an advanced treatment of the synthesis, structures, reactions and spectroscopic identification of organometallic compounds, notably those of the transition elements. Bonding theory, synthesis, and reaction mechanisms of organotransition metal species will be examined. Modern applications of transition metal complexes in organic synthesis and the concept of catalysis, such as oxidations, reductions, carbon-carbon and carbon-heteroatom bond forming processes, will be surveyed. An overview on the synthesis and manufacture of high value materials (polymers, fine chemicals etc) will be described.
Course content

1. Introduction

2. General properties of transition metal organometallic complexes 
2.1 Electron counting, 18-electron rule, and oxidation state

2.2 Bonding, structure and coordination number

2.3 Classification and the nature of ligands and effect of complexation

3. Reactivity of transition metal organometallic compounds 

3.1 Oxidative addition and reductive elimination

3.2 Insertion reaction, direct attack to the ligand, and other reactivities
4. Identification of transition metal organometallic complexes
5. Homogeneous catalysis of practical importance 
5.1 Addition reactions such as hydroformylation, hydrosilylation, hydrocyanation and polymerization

5.2 Substitution reactions such as Wacker process, cross-coupling and Heck reaction

      6. Recent research trends in homogeneous catalysis 
6.1 C-H and C-C bond activation

6.2 Asymmetric catalysis

7. Main group organometallics

8. Organometallics in materials science

8.1 Structural materials


8.2 Electronic and optoelectronic applications

Learning Outcomes
· Upon successful completion of this course the student will have the knowledge and skills to: 
· Explain and rationalize the synthesis, structure, bonding, properties and reactivity of transition metal organometallic compounds and

· Explain and rationalize industrially-important catalytic processes through the application of organometallic principles

· Draw "reasonable" mechanisms for most reactions of homogeneous catalysis
Mode of Delivery

· Lecture
· Group discussion and/or assignment
· Demonstration of experimental findings

Mode of Assessment
· Mid-term exam (40%)
· Assignments (20%)
· Final exam (40%)
References
1. Robert H. Crabtree, The Organometallic Chemistry of the Transition Metals, 4th Ed. (Wiley, 2005)

2. Christoph Elschenbroich, Organometallics, 4th Ed. (Teubner, 2003),

3. Louis S. Hegedus, Transition Metals in the Synthesis of Complex Organic Molecules,  

    3rd   Edition, 2009  
4. Crabtree, Robert H., The organometallic chemistry of the transition metals, 4th ed( Wiley- Interscience, 2005 )
5. Practical Inorganic Chemistry

Course Title:



Practical Inorganic Chemistry
Course Code:


            Chem 638
Credit Hrs:



2
ECTS:




5
Contact Hrs:



6 Lec. Hr / Week
Course Description

Each student will synthesize a known metal complex in the laboratory following literature procedures and the complex will be characterized by available analytical techniques such as Thin Layer Chromatography (TLC), solubility tests, melting point, and titration techniques, Atomic Absorption Spectroscopy (AAS), Molar Conductivity, Magnetic Susceptibility, UV-Vis Spectroscopy and Infrared spectroscopy (IR). The students should produce a laboratory report including all procedures, results, interpretation and conclusions. Laboratory safety rules will also be a major priority of this course.
Course content
1. Synthesis of metal complexes
2. Characterization of Metal Complexes

2.1. TLC: Thin Layer Chromatography

2.2. Solubility tests

2.3. Melting Point

2.4. Titration Techniques

2.4.1. Metal content determination

2.4.2. Anion content determination

2.5. AAS: Atomic Absorption Spectroscopy

2.6. Molar Conductivity

2.7. Magnetic Susceptibility

2.8. DSC: Differential Scanning Calorimetry

2.9. TGA: Thermo gravimetric Analysis

2.10. UV-Visible Spectroscopy

2.11. IR: Infrared Spectroscopy

3. Writing of Laboratory Report
Learning Outcomes
The student will learn specific inorganic chemistry laboratory synthetic techniques paramount for the synthesis of inorganic compounds. The student will also learn to work safely in the laboratory. The student will also get hands on practice on different analytical techniques and practical experience in the interpretation of analytical data from different instruments. Moreover, the student will learn how to write scientific laboratory reports, with special emphasis in data presentation and interpretation of the results. 

Mode of Delivery
· Laboratory work

· Group discussions

· Demonstration of experimental findings
Mode of Assessment
· Laboratory report (40%)
· Final exam (60%)

References
1. G. S. Girolami, T. B. Rauchfuss and Robert J. Angelici, Synthesis and Technique in Inorganic Chemistry, Universitary Science Books, Sausalito, 1999.

2. G. Pass and H. Sutcliffe, Practical Inorganic Chemistry, Preparations, Reactions and Instrumental Methods, Chapman and Hall, London, 1968.

3. D. L Pavia, G. M. Lampman and G. S. Kriz Jr., Introduction to Organic Laboratory Techniques, a contemporary approach, CBS College Publishing, New York, 1982.

4. F.A. Cotton, G. Wilkinson, CA. Murillo and M. Bochmann, Advanced Inorganic Chemistry, 6th Ed., Wiley Interscience, New York, 1999.

5. D.F. Shriver and P.W. Atkins, Inorganic Chemistry, 3rd Ed., Oxford University Press, Oxford, 1999.

6. S. F. A. Kettle, Physical Inorganic Chemistry, A coordination Chemistry Approach, Oxford University Press, Oxford, 1998.

7. S. E. Dann, Reactions and Characterization of Solids, The Royal Society of Chemistry, Cambridge, 2000.

8. D. L. Pavia, G. M. Lampman and G. S. Kriz, Introduction to Spectroscopy, Brooks/Cole Cengage Learning, Belmont, 2001.

9. J. M. Hollas, Modern Spectroscopy, Wiley, New York, 2004.

10. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compounds Parts A and B, John Wiley and Sons, New York, 1997.

11. H. Friebolin, Basic One- and Two-Dimensional NMR Spectroscopy, Wiley-VCH, Weinheim, 1998.
 6. Special Topics in Inorganic Chemistry 
Course Title:



Special Topics in Inorganic Chemistry
Course Code:


            Chem 731
Credit Hrs:



2
ECTS:




5
Contact Hrs:



2 Lec. Hr / Week
Course Description 
The course focuses on current research topics in inorganic chemistry, including organometallic chemistry, homogeneous catalysis, inorganic reaction mechanisms, inorganic stereo chemistry, materials chemistry, x-ray crystallography, synthetic and physical methods in inorganic and materials chemistry and chemical applications of group theory. 
Course Content
This course will introduce students to the latest development in inorganic chemistry. Topics will be selected from the latest research literature and will vary from year to year. The course is directed towards students majoring in inorganic chemistry. 
Learning Outcomes

To introduce some of the latest results from the scientific literature in the field of inorganic chemistry. The students should be able to apply fundamental chemical knowledge as a basis for discussing and criticizing the chemistry behind the new areas of inorganic chemistry.
Mode of Delivery

· Lecture
· Group discussion and/or assignment
· Collaborative Learning (Presentation/

Assignment/Seminar/Demonstration)
Mode of Assessment
· Mid-term exam (20%)
· Assignments (50%)
· Final exam (30%)

References: (to be reviewed and updated if necessary every academic year) 

1. Karlin K. D. (ed.) Progress in Inorganic Chemistry, Vol. 41-56, John Wiley & Sons. 

2. West, R.; Hill, A. F.; Fink, M. J. (ed.) Advances in Organometallic Chemistry, Vol.    

     46-57, Elsevier.

1.2 Analytical Chemistry Stream Courses Syllabus
1.  Advanced Analytical Chemistry 
Course Title: 


Advanced Analytical Chemistry 

Course Code: 

Chem 641

Credit Hours: 

3

ECTS:



6
Contact Hours: 

3 Lec. Hr / Week

Course Description

This course is an advanced which comprises more advanced instrumental methods which may be used for the determination of environmental samples, pharmaceuticals, foods and others. Some of these techniques are particularly useful for the detailed analysis and determination of a particular analyte in the bulk matrix. These instrumental methods are thin layer chromatography, gas chromatography, HPLC; Atomic Spectroscopy, Ultraviolet-Visible Spectroscopy, Fluorescence Spectroscopy, phosphorescence Spectroscopy, Infra-Red Spectroscopy, Nuclear Magnetic Resonance Spectroscopy, Mass Spectrometry.

Learning Outcomes
Upon completion of this Course the students will be able to:

· Understand the theoretical principles of the various chromatographic techniques

· Explain the various parameters affecting the components-separation in the complex mixtures and describe the various parameters that could be controlled in order to obtain effective separation

· Distinguish the type of chromatographic system that can be applied for a particular class of compound in a given matrices

· Interpret the peaks and relate them to the particular compound utilizing the peaks that could be obtained for standard samples under question

· Apply each type of the chromatographic system to associated problems in food, environmental, biological and other matrices

· Understand and explain the underlying theories in infrared, electronic, 1H and 13C nuclear magnetic resonance spectroscopy, and mass spectrometry

· Describe the characteristics vibrational transition, electronic transition, nuclear magnetic resonance, molecular ionization, molecular ions, fragment ions, molecular formula, structural formula

· Identify types of molecules which undergo fluorescence 

· Compare the extent of emission in fluorescence and phosphorescence
· Distinguish the factors and their effects in the position and shapes of absorption peaks in UV-Vis, IR, 1H NMR and mass spectra

· Interpret vibrational, electronic, 1H NMR, mass spectra

Course Content
1. Principles of Chromatographic Techniques

1.1. Introduction to the Theoretical Principles

1.2. Types of Chromatographic Separation

1.3. Chromatographic Theories

1.3.1. Rate Theory

1.3.2. Plate Theory

1.4. Resolution

1.4.1. Factors Affecting Resolution

1.4.2. Peak Tailing and Fronting

2. Gas Chromatography

2.1. General Principle

2.2. Basic Apparatus in Gas Chromatography

2.2.1. Carrier Gas Supplies

2.2.2. Sample Introduction Units

2.2.3. The Stationary Phase

2.2.4. Detection Systems in Gas Chromatography

2.3. Variables in Gas Chromatographic Separations

2.3.1. Effect of Column Length

2.3.2. Effect of Carrier Gas Velocity

2.3.3. Effect of the Stationary Phase

2.3.4. Effect of Temperature

2.3.5. Effect of Solute Retention Factor

2.3.6. Change in Solute Elution Order

2.3.7. Separation Efficiency under Temperature Controlled Conditions

2.3.8. Applications of gas chromatography in different samples
3. Liquid Chromatography

3.1. General Principle

3.1.1. Liquid Chromatographic Separation Modes

3.1.2. Extra Column Volumes (Dead Volumes)

3.1.3. Effect of Temperature in Liquid Chromatographic Separations

3.2. The Liquid Chromatographic Equipments

3.3. Normal/Reversed-Phase Chromatographic Separations

3.4. Types of Liquid Chromatography

3.5. Solving Elution Problems in Liquid Chromatography

3.6. Analytical application of Liquid Chromatography

3.6.1. Environmental and Food Applications

3.6.2. Analysis of Biological Matrices

3.7. Liquid Chromatography versus Gas Chromatography

4. Planar Chromatography

4.1. General Principle

4.2. Paper Chromatography

4.2.1. Apparatus and Developments

4.2.2. Choice of Solvent Systems

4.2.3. Advantages, Limitations and Applications

4.3. Thin Layer Chromatography (TLC)

4.3.1. Introduction and History of TLC

4.3.2. Methods of Development and Detection

4.3.3. Comparison with HPTLC and HPLC

5. Spectroscopic Techniques

5.1.  Atomic spectroscopic methods

5.1.1. Atomic Absorption Spectroscopy (AAS)
           5.1.2. Atomic Emission Spectroscopy (AES) 

5.2. MolecularUltraviolet - Visible AbsorptionSpectroscopy (UV/Vis) 

5.2.1. Introduction

5.2.2.  Factors Affecting Electronic Absorption Spectra

5.2.3.  Electronic Spectra of Conjugated Conjugated carbonyls
5.2.4.  Electronic spectra of aromatic compounds

5.2.5.  Applications of electronic spectroscopy

6. Molecular Fluorescence and Phosphorescence Spectroscopy

6.1. Introduction

6.2. Jablonski Diagram 

6.3. Fluorescence and delayed Fluorescence
6.4. Fluorescent molecules (fluorochromes)

6.5. Phosphorescence and Intersystem Crossing
6.6. Factors affecting fluorescence and phosphorescence
6.7.  Application of fluorescence and phosphorescence
7.  .  Infra-Red Spectroscopy
7.1. Introduction

7.2. The Origin of Infrared Spectrum
7.3. Selection Rules

7.4. Characteristic Stretching Frequencies of Some Molecular Groups

7.5. Overtones and combination Frequencies

7.6.  Instrumentation

7.7.  Sample Handling Technique

7.8. Spectral Interpretation 
8. Mass Spectrometry (MS) 
8.1. Introduction
8.2.  Instrumentation

8.2.1. Methods of Ionization

8.2.2. Types of Mass Analyzers
8.3. Isotopic composition
8.4. The molecular ion, the nitrogen rule

8.5. Basic mechanisms of ion fragmentation 

8.6. Interpretation of mass spectra and applications

8.7. Mass spectrometer hyphenated with chromatographic techniques (LC-MS, 
GC-MS, etc)

9. Nuclear Magnetic Resonance Spectroscopy

9.1.  Basic principles

9.2.  Instrumentation and sample handling

9.3.  Chemical shift

9.4.  Spin-spin coupling or spin-spin splitting

9.5.  Factors affecting coupling constants

9.6.  Protons on heteroatoms: O-H, N-H, S-H groups

9.7.  Chemical shift equivalence and magnetic equivalence

9.8.   Simplification of complex spectra: Increased field strength, spin-spin 
  

  decoupling, Nuclear overhauser effect

9.9.  Comparison of 13C and 1H Shifts
9.10.  Carbon-Proton Coupling
9.11.   Structure Elucidation by Joint Application of UV, IR, NMR, and MS
Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)

Mode of Assessment

· Mid-term exam (30%)
· Assignments (20%)
· Final exam (50%)
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4. D. C. Harris, Quantitative Chemical Analysis, 4th Ed., W.H. Freeman and Company, New York, 1995.

5. G. H. Jeffery, J. Bassett, J. Mandham, R. C. Denney, Vogel’s Text Book of Quantitative Chemical Analysis, John Wiley and Sons, Inc., New York, 1991.

6. S. E. Manahan, Quantitative chemical analysis, Brooks/Cole publishing company, California, 1986.

7. F.W. Fifield, D. Keale, Principles and practice of analytical chemistry, 3rd Ed., Blakie academic and professional, Glasgow, 1990.
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2. Analytical applications of Complex Equilibria and Modern Extraction 
     Techniques
Course Title: 


Analytical application of Complex Equilibria and 




Modern Extraction Techniques
Course Code: 

Chem 644

Credit Hours: 

3
ECTS: 


6
Contact Hours: 

3 Lec. Hr / Week
Course Description
This course is designed to introduce students about sample preparation techniques, Complex formation Equlibria, Stability constant of Complexes, Conditional stability constant of complexes, Extraction of Chelates, Extraction of ion association complexes, Sampling in Environmental and Biological Analysis, Sample pretreatment, Sample clean up; Extraction techniques, Solid-phase Extraction, Supported Liquid Membrane Extraction, and super critical Fluid Extraction.

Learning Outcomes
Upon completion of this Course the students will be able to:

· Understand and explain the complex formation equilibria, extraction equilibria, protonation equilibria, dissociation equilibria 

· understand the different types of complex formation: mononuclear complexation equilibria, polynuclear complexation equilibria, mixed ligand complexation equilibria

· understand the stepwise stability constants, overall stability constants, conditional stability constants, protonation constants, 

· Determine average ligand numbers, mole-fractions, and related parameters

· Apply the complex formation equilibria and extraction equilibria to the analysis of inorganic (metals) and organic components in the different types of samples (environmental, biological, air, water, soil)

· Identify and compare different types of extraction tecniques

Course Content 
1. Introduction of Complexes and their properties

1.1. Equilibria

1.2. Complex formation equilibria

1.3. Equilibria of acid-base reactions: protonation of ligands

1.4. Conditional equilibrium constants

1.5. Factors affecting complex formation

1.6. Determination of protonation constants and stability constants
1.7. Analytical applications

2. Equilibria of organic reagents (ligands) in solutions

2.1. Partition equilibria of organic reagents (ligands) and their complexes

2.2. Extraction equilibria and ion-exchange equilibria

2.3.  Extraction of metal chelates

2.4. Extraction constants

2.5. Distribution ratio 

2.6. Selectivity of extraction of metal ions

2.7. Analytical applications of extraction Equilibria

3. Sampling and sample preparation

3.1. Sampling methodology

3.2. Sample handling 

3.3. Sample preparation

4. Extraction Techniques

4.1. Principles of Extraction

4.2. Types of Extraction Techniques

4.2.1. Liquid–Liquid Extraction

4.2.2. Liquid–Solid Extraction

4.2.3. Solid-Phase Extraction

4.2.4. Solid-Phase Microextraction

4.2.5. Soxhlet and Automated Soxhlet

4.2.6. Supercritical Fluid Extraction

4.2.7. Accelerated Solvent Extraction.

4.2.8. Microwave-Assisted Extraction 

4.3. Comparison of Various Extraction Techniques 

Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)
Mode of Assessment

· Mid-term exam (30%)
· Assignment (20%)
· Final exam (50%)
References

1. F. D. Christian, Analytical Chemistry, 6th ed., John Wiley and Sons: New York; 2004.

2. G. W. Ewing, Instrumental Methods of Chemical Analysis, 5th ed., McGraw-Hill Book Co. Singapore, 1987.
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4. R. L. Pecsok, L. D. Shields, T. Cairns, and I. G. McWilliam, Modern Methods of Chemical Analysis, 2nd ed., John Wiley, New York, 1976.

5. Z. Holzbecher, L. Divis, M. Kral, L. Sucha, F. Vlacil, Handbook of Organic Reagents in Inorganic Analysis, Ellis Horwood, Chichester, 1976.
3. Electroanalytical Chemistry
Course Title: 


Electroanalytical Chemistry 

Course Code: 

Chem 648
Credit Hours: 

3
ECTS: 


6
Contact Hours: 

3 Lec. Hr / Week
Course Description

This course will provide a sound for understanding of the fundamentals of electrode reactions and the principles of electrochemical methods.  High performance, small size, and low cost of electrochemical devices led to many important detection systems. In addition, to enhance sensitivity, selectivity and to minimize the detection power different sensors both electrochemical and biosensors can be developed. This course gives insights into the recent developments in this emerging research area of sensors as well as future trends. The course include electrode-solution interface, mass transfer towards the electrode- solution interface, electrode kinetics, chronoamperometry, chronopotentiometry, Voltammetric techniques, Impedance Techniques and biosensors
Learning Outcomes
Upon completion of this course students will be able to: 

· define terms: inner, outer and surface potentials, potential of zero charge, overpotential, charge transfer resistance, migration, diffusion, convection, mass transfer coefficient, reversible reaction, diffusion-controlled reaction, charge transfer controlled reaction, irreversible reaction, Diffusion layer model, diffusion layer thickness, 

· state Fick’s 1stand 2ndlaws of diffusion

· sketch the excitation and response functions for chronoamperometry and chronopotentiometry

· derive Cottrell’s equation by setting the initial and boundary conditions for the technique of chronoamperometry and solving Fick’s law of diffusion,

· write down the solutions of Fick’s laws of diffusion for reversible, irreversible and quasi-reversible redox reactions for the technique of chronoamperometry,

· obtain electrode kinetic parameters from experiments using chronoamperometry, 

· write down the solutions of Fick’s laws of diffusion for reversible and irreversible redox reactions for the technique of chronopotentiometry, 

· sketch the excitation and response functions for double potential step chronoamperometry (reversal technique), 

· Express the relation of current and charge with time in chronoamperometry and chronocoulometry, respectively.

· derive the Ilkovic equation, 

· write down the current – potential relationship for reversible and an irreversible reaction in voltammetry

· sketch the excitation and response functions for normal pulse, differential pulse and square wave voltammetry 

· derive expressions for peak half-width potential in differential pulse voltammetry, 

· write down the current potential relationship for normal pulse, differential pulse and square wave voltammetry, 

· sketch the excitation and response functions for linear sweep and cyclic voltammetry, 

· write down the expression of the peak current in linear sweep and cyclic voltammetry in terms of the diffusion coefficient, bulk solution concentration, and potential scan rate, 

· analyze current-potential data to determine the reversibility of a redox reaction, 

· derive expression for peak half-width potential in ac voltammetry,

· identify the mass-transfer and charge-transfer controlled regions from electrochemical impedance spectroscopy, 

· write down the Nernst – Planck equation for mass transfer , including migration, diffusion and convection terms, 

· write down Levich’s equation in hydrodynamic voltammetry, 

· write down the dependence of the limiting diffusion current on rotation frequency, kinematic viscosity, bulk solution concentration and diffusion coefficient for experiments using the rotating disc electrode, 

· relate the half-wave potential to the standard electrode potential for a redox reaction in experiments using the rotating disc electrode, 

· differentiate between controlled current and controlled current bulk electrolysis methods, 

· explain the principles of stripping analysis and identify the differences among various stripping methods

· explain the principles behind chemically modified electrodes

Course Content
1. Introduction

2. Electrode-solution interface

2.1.  Faradic process
2.2.  Electric double layer and its structure

3. Mass Transfer towards the electrode – solution Interface 

3.1.  Modes of mass transport

3.2.  Linear diffusion to planar electrodes convection

3.3.   Fick’s first and second laws

4. Electrode kinetics 

4.1. Overpotential equation

4.2.  The Butler – Volmer Equation

4.3. The Tafel equation 

5. Chronoamperometry

5.1.  Reversible reactions – the Cottrell Equation

5.2.  Quasi-reversible reactions and Irreversible reactions

5.3.  Reversal technique

5.4. Chronocoulometry 

6. Chronopotentiometry
6.1. Reversible reactions and Irreversible reactions

6.2.  Reversal technique 

7. Voltammetric techniques
7.1. Cyclic Voltammetry 

7.2.  Pulse techniques

7.2.1. Normal-Pulse Voltammetric

7.2.2. Differential-Pulse Voltammetric

7.2.3. Square-Wave Voltammetric

7.3.  Stripping Techniques

7.3.1. Anodic Stripping Voltammetry

7.3.2. cathodic Stripping Voltammetric

7.3.3. Adsorptive Stripping Voltammetric

7.3.4. Potentiometric Stripping Analysis
8. Hydrodynamic Voltammetry 

8.1. 
General Mass Transfer Equation – Nernst – Planck equation

8.2. 
Rotating Disc Electrode – Levich equation 

9. Impedance Techniques 

9.1. Impedance of Electrical Circuits

9.2.  Application of Electrochemical impedance

10. Chemically modified electrodes (CME) 

10.1. Various kinds of CME preparation routes
10.2. Overview of processes at modified electrodes 

11. Biosensors

11.1. Types of biosensors

11.2. Application of biosensors for environmental and pharmaceutical samples

Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)

Mode of Assessment

· Mid-term exam (30%)
· Assignment (20%)
· Final exam (50%)

References

1.   J. Wang, Analytical Electrochemistry, 2nd Ed., Wiley – VCH, 2000.

2. A. Bard, L. Faulkner, Electrochemical Methods: Fundamentals and Applications,Wiley, New York, 2001.
3.  C. G. Zoski, Handbook of Electrochemistry, Elsevier, 2007.
4.  P. Delahay, New Instrumental Methods in Electrochemistry, Wiley, New York, 1954. 

5. Z. Galus, Fundamentals of Electrochemical Analysis, Ellis-Harwood, Chichester, 1976. 

6.  E. Gileadi, E. K. Eisner, J. Penciner, Interfacial Electrochemistry – An Experimental Approach, Addison – Wesley, Reading, 1975. 

4. Advanced Practical Instrumental Analysis
Course Title: 


Advanced Practical Instrumental Analysis
Course Code: 

Chem 646

Credit Hours: 

2
ECTS: 


5
Contact Hours: 

6 Lec. Hr / Week
Course Description
This laboratory course includes gas chromatography, liquid chromatography (mainly HPLC), Column chromatography, paper chromatography and thin layer chromatography, amperometry, cyclic voltammeter, pulse methods, coulometer, chropotentiometry, stripping techniques, atomic absorption methods, ultraviolet, infrared, and NMR (both 1H and 13C, Interpretation)
Learning outcomes 
Upon completion of this course students will be able to: 

· Understand the principles of methods and analytical instruments used various analytes

· Identify and optimize parameters which influence the measured values

· Determine the amount of each analyte in environmental samples

· Characterize the analytes of interest from the sample using  spectroscopic methods 
· Compare and critically evaluate various analytical methods (chromatographic, spectroscopic and electroanalytical methods) in determining a given sample 
Course Content
Practical/laboratory courses will include:

1. Application of chromatographic methods in separation and determination of pesticides, alkaloids, and other compounds in pharmaceuticals

2. Determination of the levels metals in environmental samples by atomic absorption spectroscopy

3. Application of Spectrophotometric method for determination of ibuprofen, acetaminophen and other drugs 

4. Characterization of various organic compounds using Uv-Vis, IR and NMR.

5. Electrochemical determination of ascorbic acid, acetaminophen, clozapine, thiocyanate and other electroactive compounds at the surface of bare and modified electrodes.
Mode of Delivery 
· Laboratory work 

· Group discussions 

· Demonstration of experimental findings 

Mode of Assessment 
· Laboratory report (40%) 
· Presentation (20 %)
· Final exam (40%)
References 
1. R. Silverstein, C. Bassler, T. Morrill, Spectroscopic Identification of Organic Compounds, 5th Ed., John Willey, New York, 1992.
2. R. Herber, M. Stoeppler, trace element analysis in biological specimens, Elsevier, Germany, 1994.
3. L. Nollet, analysis of food by HPLC, 2 nd Ed, Marcel Dekker Inc, New York, 2000.

4. F. Settle, Handbook of Instrumental Techniques for Analytical Chemistry, John Wiley & Sons, New Jersey 1997.

5. L. Field, S. Sternhell, J. Kalman, “Organic Structures from Spectra”, 2nd Ed., John Wiley, Chichester, 1995.
6. A. Bard, A., L. Faulkner, Electrochemical Methods: Fundamentals and Applications, Wiley, New York, 2001. 

7. C.A .Brett, A.O. Brett. Electrochemistry: Principles, Methods, and Applications, Oxford University press, Oxford, 1994 .
8. J. Wang, Analytical Electrochemistry, 2nd Ed., Wiley-VCH, 2000.
5. Chemometrics, Data Analysis and Validation
Course Title: 


Chemometrics, Data Analysis and validation
Course Code: 

Chem 642

Credit Hours: 

2
ECTS:


            5
Contact Hours: 

2 Lec. Hr / Week
Course Description

This course introduces the fundamental concepts of evaluating many analytical experiments using established significance testing methods. The quality of analytical results obtained when different laboratories study identical sample materials continues, for obvious practical reasons, to be an area of major importance and interest. Uncertainty estimates have become a widely accepted feature of many analyses, and a great deal of recent attention has been focused on the uncertainty contributions that often arise from the all-important sampling process. The course also provides practical information about quality of a measured value and help to compare with certain maximum permissible levels. 
Learning Outcomes
Upon completion of this Course the students will be able to:

· Design experiment, to extract chemical information from large number of data, statistical treatment of analytical data

· calculate analysis of variance (apply one-way annova)

· Determine correlation coefficients and regression coefficient

· analyze and interpret data, including appropriate statistical and graphical presentations
· Compare the means and variances of different sets of data
Course Content
1. Introduction 

1.1. Analytical problems

1.2. Characterizing Measurement results 

1.3. Errors in analysis 

1.4. Planning and design of experiments 
2.  Statistics of Repeated Measurements 

2.1. Mean and standard deviation 

2.2. The distribution of repeated measurements

2.3. Definition of a sample 

2.4. The sampling distribution of the mean 

2.5. Confidence limits of the mean 

2.6. Presentation of results 

2.7. Other uses of confidence limits

2.8. Propagation of random errors 

2.9. Propagation of systematic errors 

3. Significance Tests 

3.1. Introduction 

3.2. Comparison of an experimental mean with a known value 

3.3. Comparison of two experimental means 

3.4. Paired t-test 

3.5. One-sided and two-sided tests 

3.6. F-test for the comparison of standard deviations 

3.7. Outliers 

3.8. Analysis of variance (ANOVA) 

3.9. Comparison of several means 

3.10. The arithmetic of ANOVA calculations 

4. The Quality of Analytical Measurements 

4.1. Introduction 

4.2. Sampling 

4.3. Separation and estimation of variances using ANOVA 

4.4. Introduction to quality control methods 

4.5. Quality control charts for mean values 

4.6. Quality control charts for ranges 

4.7. Method validation 
5. Calibration Methods in Instrumental Analysis: Regression and Correlation 

5.1. Introduction: instrumental analysis 

5.2. Calibration graphs in instrumental analysis 

5.3. The line of regression of y on x 

5.4. Errors in the slope and intercept of the regression line 

5.5. Calculation of concentration and its random error 

5.6. Limits of detection 

5.7. The method of standard addition
6.      Experimental design and optimisation 

6.1. Introduction 

6.2. Randomisation and blocking 

6.3. Two-ways ANOVA 

6.4. Latin squares and other designs 

6.5. Interactions 

6.6. Identifying the important factors: factorial designs 

6.7. Fractional factorial designs 

6.8. Optimisation: basic principles and univariate methods 

6.9. Optimisation using the alternating variable research method 

6.10. The method of steepest ascent 
Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)

Mode of Assessment

· Mid-term exam (20%)
· Assignment/presentation (30%)
· Final exam (50%)

References
1.
R. E. Bruns, I. S. Scarminio, B. B. Neto, Statistical design — Chemometrics, in Data 
Handling in Science and Technology, Elsevier B.V., Amsterdam, 2006.

2.  P. Gemperline, Practical Guide to Chemometrics, CRC Press, Boca Raton, 2006.

3.
R. G. Brereton, Applied Chemometrics for Scientists, John Wiley and Sons, Chichester, 2007

4.
R. Caulcutt , R. Boddy, Statics for Analytical Chemist, 1st ed., Chapman and Hall: London; 1983. 

5.
M. A. Sharaf, D. L. Illman, B. R. Kowalski, Chemometrics, John Wiley and Sons: New York; 1986. 

6.  J. N. Miller, J. C. Miller, Statistics and Chemometrics for Analytical Chemistry, 4th  
ed., Pearson Practice Hall: England; 2000.
6. Environmental Chemistry and Toxicology

Course Title: 


Environmental Chemistry and Toxicology
Course Code: 

Chem 741
Credit Hours: 

3
ECTS:



5
Contact Hours: 

3 Lec. Hr / Week
Course description
Rapid growth in human population and development has led to complex environmental problems, both locally and globally.  The development of technology and industry also influence environmental samples like water, air and soil are not properly supplying in supporting habitat for natural flora and fauna.  

 The increased use of fertilizer and pesticides in agricultural revolution could result in continued rise in concentration of pollutants in fresh water reservoir due to the water run-off. In addition to depleting natural resources, rising energy use results in environmental pollution, particularly when countries are unable or unwilling to insist on energy-efficient, nonpolluting technology. Therefore, it is necessary that the environmental pollution should be checked at regular time interval, because as a result of polluted environment, human population suffers from varied of health effects and remedial action should be taken. The course will touch upon a range of environmental issues including: Environment, Aquatic chemistry; Atmospheric chemistry; Soil Chemistry; Water pollution and its control; Air pollution and its control; Soil pollution and soil conservation; Toxicology of important pollutants; Green chemistry; Biogeochemical cycles; Environmental pollution.

Learning Outcomes
Upon completion of this module, students will be able to:
· Describe the effects of industrialization, urbanization and population  on the environment

· Identify sustainable consumption and  major approaches to environmental conservation

· Explain the Interdependencies of resource uses( water, air, energy, soil and materials)
· Distinguish  environmental impacts and Identify mitigation action 
· Classify air, water and soil pollutants and their trends

· Mention causes of rising global warming and its environmental effects

· Explain the reaction of various air pollutants and their fate

· Describe the importance of Sustainable Energy Development for safer environment.
Course Content

1. The Environment 

1.1 . Introduction
1.2 . Natural Resources Consumption
1.3 . Population Increase and environment
1.4 . Urbanization and environment
1.5 . Industrialization and environment
2. Aquatic chemistry and Water pollution 

2.1 . Aquatic Chemistry
2.2 . Chemical Reactions in Water Bodies
2.3 . Water Quality parameters
2.4 . Characterization of Wastewaters
2.5 . Nature and types of water pollutants
2.6 . Water Pollution Control and treatment 
2.7 .  Instrumental analytical techniques for the analysis of water
3. Atmospheric chemistry and Air pollution

3.1 . Composition of the atmosphere
3.2 . Atmospheric structure 
3.3 . Characteristics of the Major Regions of the Atmosphere
3.4 . Chemical and Photochemical  Reactions in the  Atmosphere
3.4.1 oxygen and ozone chemistry 

3.4.2 oxide of  Sulphur 
3.4.3 oxides of nitrogen
3.5 . Effects of the Atmosphere on Solar Radiation

3.6 .Aerosol interactions with the atmosphere
3.7 .Greenhouse gases/ Global warming

3.8 .Ozone Depletion and Future impacts of ozone depletion
3.9 .The earth’s mechanism and global climate 
3.10 .Evidences of climate change
3.11 .Modeling and Mitigation measures
4. Soil Chemistry and Pollution 

4.1.   Soil Chemistry

4.2.  Composition of Soils

4.3.  Organism interactions and soil processes 
4.4.  Soil Pollution

4.4.1. Sources of Soil Pollution and their effects

4.4.2. Control of Soil Pollution
5. Toxicological Chemistry of Chemical Substances

5.1. Introduction to Toxicology and Toxicological Chemistry

5.2. Toxic Elements and Elemental Forms

5.3. Toxic Inorganic Compounds

5.4. Toxicology of Organic Compounds

6. Green Chemistry

6.1. Introduction to Green Chemistry

6.2. Principles of Green Chemistry 

6.3.  Application of Green Chemistry

7. Energy and Environment

7.1. Basic principles of renewable energy use
7.2. Energy Resources and Energy Use
7.3. Pollution caused by energy production
7.4. Reducing energy consumption 
Mode of Delivery 
· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)

Mode of Assessment

· Mid-term exam (20%)
· Presentations (30%)
· Final exam (50%)

References
1. E. Lichtfouse, J. Schwarzbauer, D. Robert, Environmental Chemistry Green Chemistry and Pollutants in Ecosystems, springer, Germany, 2005
2. V. P. Evangelou, Environmental soil and water chemistry principles and applications, John Wiley & Sons, INC., New York, 1998
3. S. E. Manahan, Fundamentals of Environmental Chemistry, Boca Raton: CRC Press LLC, Florida, 2001
4. Ian Colbeck, Environmental Chemistry of Aerosols, Blackwell Publishing Ltd, London 2008.

5. E. R. Weiner, Applications of Environmental Chemistry, Lewis Publishers, London , 2000
7. Non-Aqueous Solution Chemistry
Course Title: 


Non-Aqueous Solution Chemistry
Course Code: 

Chem 640
Credit Hours: 

2
ECTS:



4
Contact Hours: 

2 Lec. Hr / Week

Course description
Although many inorganic reactions take place in aqueous solution, it is not always suitable to use water as a solvent for all substances.  In forming a solution with non-polar substances, non aqueous solvents are more preferable. Unlike water, non-aqueous solvents have unique properties. Generally, the course focuses on: Solvent-Solute Interactions (Intermolecular Forces, Nature of Solvation), General Features and Characteristics of Non-Aqueous Solvents (Classification of Solvents, Physicochemical Properties, such as solvent polarity, of Typical Solvents), Correlation properties in different solvents (Thermodynamic Transfer Functions, Transfer Functions for single Ions and Their Applications, Advanced Treatment of Acid-Base Chemistry).
Learning Outcomes
Upon completion of this Course the students will be able to:

· Understand and explain the differences in the behavior of substances and their chemical reactions in the aqueous and non-aqueous solvents

· Able to understand the differences in the strength of acids and base and pH, standard electrode potentials, solubility, equilibrium constants, rate constants, in different solvents 

· Able to correlate the strength of acids and base, the pH, standard electrode potentials, solubility, equilibrium constants, rate constants, in different solvents

· Apply the theoretical knowledge in quantitative and qualitative analytical applications of acid-base titrations, standard electrode potentials, etc.

Course Content
1. Introduction
2. Solvent-Solute Interactions
2.1 Intermolecular forces

2.1.1 Ion-Ion Interactions

2.1.2 Ion-Dipole Interactions

2.1.3 Ion-Quadrupole Interactions

2.1.4 Ion-Induced Dipole Interactions

2.1.5 Dipole-Dipole Interactions

2.1.6 Dipole-Induced Dipole Interactions

2.1.7 Dispersion or London Interactions

2.1.8 Hydrogen Bonding

2.1.9 Specific Chemical Interactions
2.2 .The Nature of Solvation
2.2.1 The Process of Solution
2.2.2 Solvation of Uncharged Molecules
2.2.3 Solvation of Ions
2.3 . General Features and Characteristics of Non-aqueous Solvents
2.3.1 Classification of Solvents

2.3.2 Physico-chemical Properties of Typical Solvents
2.3.2.1 Water – A Natural Amphiprotic Solvent
2.3.2.2 Acetic Acid - A Protogenic Solvent
2.3.2.3 Liquid Ammonia - A Protophilic Solvent
2.3.2.4 Acetonitrile – A Dipolar Aprotic Solvent
2.3.2.5 Benzene – An Inert Solvent
2.3.2.6 Liquid Sulfur Dioxide - A Molecular Inorganic Solvent
2.3.2.7 Arsenic Trichloride – An Amphoteric Inorganic Solvent
3. Correlation of Properties in Different Solvents
3.1 Thermodynamic Transfer Functions
3.1.1
Definitions and General Applications
3.1.2 
Determinations of Thermodynamic Transfer Functions
3.1.3
Discussions of Representative Data
3.2 Transfer Functions for Single Ions and Their Applications
3.2.1
Estimation of Transfer Function for Single Ions
3.2.2 
Interpretations of Transfer Functions for Single Ions obtained by 
the Tetraphenylborate Assumptions
3.2.3
Some Applications of the Transfer Activity Coefficients for Single    

        
 Ions    
4. Acid-Base Chemistry
4.1 Concepts of Acidity
4.1.1
Arrhenius Theory 
4.1.2 
Bronsted Concept
4.1.3
Lewis Concept
4.1.4 
Usanovich Concept
4.2 Acidity Scales for Protonic Acids
4.2.1
Measurements and Interpretation of pH
4.2.2
Acidity Functions Based on Indicators
4.3 Acid-Base Titrations
4.3.1
 Titration of Bases
4.3.2 
Titration of Acids
4.3.3
Theoretical Bases for the Differentiation of the Strength of Acids 
and Bases in Dipolar Aprotic Solvents
5. Quantitative Treatment of Acid-Base Equilibria
5.1
Equilibria in Acetic Acid
5.2
Equilibria in Acetonitrile
Mode of Delivery

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)

Mode of Assessment

· Mid-term exam (40%)
· Presentations (20%)
· Final exam (40%)

References

1. O. Popovych, R. P. Tomkins, Non-aqueous Solution Chemistry, John Wiley and Sons, Toronto, 1981.

2. T. C. Waddington, Non-Aqueous Solvents, Appleton-Century-Crofts, Educational Division, New York, 1969.

3. D. C. Harris, Quantitative Chemical Analysis, 4th ed., Freeman & Co., New York, 1995.

4. G. D. Christian, Analytical Chemistry, John Wiley and Sons, New York, 1995.
1.3 Physical Chemistry Stream Courses Syllabus
1. Advanced Physical Chemistry

Course Title:



Advanced Physical Chemistry

Course Code:


            Chem 651

Credit Hours:

            3
ECTS:




7
Contact Hours:


3 Lec. Hr / Week
Course Description

This course consists of two parts. The first part is related to the basic principles of quantum mechanics and the essentials of the solving methods of Schrödinger equation and its applications to simple to more complex systems. The second part is about Group theory and its application in Quantum Theory. Advanced and current concepts of quantum mechanics and solvable problems, approximation methods, angular momentum, electronic configurations of atoms and molecules, atomic and molecular orbital, perturbation theory, symmetry and group theory, irreducible representations and character tables’ matrix representations and quantum mechanics will be discussed.

Learning Outcomes

At the end of the course, students should be able to 

· Understand the current concept of quantum mechanics and to apply quantum mechanics from simple to complex systems

· To learn quantum mechanical principles and their application to atoms and molecules, and understanding of group theory

· The student will be able to understand the advanced concepts of symmetrical elements and point groups

· Understand applications of group theory in quantum mechanics
· To learn about irreducible representations and character tables 
· To explain matrix representations and quantum mechanics
Course Content

1. Historical Introduction

1.1. Blackbody-Radiation (Mathematical Approach)

1.2. The Wave Nature of Matter

1.3. Heisenberg’s Uncertainty Relation

1.4. Intuitive Derivation of Quantum Mechanical Operators

1.5. Correspondence Principle

1.6. Quantum Mechanics: A First Sketch

2. Postulates of the Quantum Mechanics

2.1. Postulate 1

2.2. Postulate 2

2.3. Postulate 3

2.4. Postulate 4

2.5. The Variation Principle

2.5.1. Variation Principle for the Ground State

2.5.2. Ritz’s Variation Principle

2.6. Conservation Laws

3. Angular Momentum in Quantum Mechanics

3.1. (Orbital) Angular Momentum

3.2. Angular Momentum Operators in Polar Coordinates

3.3. Solving the Eigenvalue Equations

3.4. Angular Momentum: Solution to Eigenvalue Equations with Shift Operators

3.5. Molecules as Rigid Rotators

3.5.1. Spherical Rotator

3.5.2. Symmetric Rotator

3.5.3. Asymmetric Rotator

3.6. Angular Momentum: Solution to Eigenvalue Equations with Shift Operators

3.7. Matrix Representation of Angular Momentum (AM) Operators

3.8. Spin Angular Momentum

3.9. Addition of Angular Momentum and Atomic Terms
4. Atoms and Molecules

4.1. The Hydrogen Atom and Similar Atoms

4.2. Pauli Principle

4.3. The Hydrogen Molecule Ion and Similar Systems

5. Perturbation Theory

5.1. Perturbation Calculation of Non-Degenerate States

5.2. Time-Independent Perturbation Calculation

5.3. Time-Dependent Perturbation Calculation

5.4. LCAO-MO Method and the Ritz Procedure

6. Introduction to Group Theory

6.1. Introduction

6.2. Definition of a Group

6.3. Point Groups

6.4. Classification of Groups
6.5. Representation of  Groups

6.6. Application of Group Theory to Molecular Properties 

7. Matrices and Point Groups

7.1. Introduction

7.2. The Matrix Eigen value Equations

7.3. Similarity Transformations

7.4. Matrix Representations

7.5. Matrix Representations of Point Groups

7.6. Transformation Operators

8. Irreducible Representations and Character Tables

8.1. Introduction

8.2. The Great Orthogonality Theorem

8.3. Characters

8.4. The Reduction of Reducible Representations

8.5. Character Tables

9. Matrix Representations and Quantum Mechanics

9.1. Matrix Algebra

9.2. The Invariance of Hamiltonian Operators Under Similarity Transformation

9.3. Vanishing Integrals

9.4. MO Theory

9.4.1. The Hueckel Approximation

9.4.2. The LCAO MO Approximation

9.4.3. The Hatree-Fock Approximation

10. Multi Electronic Atoms

10.1. The Two electron system – The Helium Atom 

10.2. Hatree-fock Self consistence Filed Theory 

10.3. Slater Type Orbital

10.4. Roothan’s Method

10.5. Evaluation of Matrix Element Condon-Slater Rule
Mode of Delivery:

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts

Mode of Assessment
· Mid-term exam (40%)
· Assignments (20%)

· Final exam (40%)
References
1. P.W. Atkins and R.S. Friedman, Molecular Quantum Mechanics, 3rd Ed., Oxford Univ. Press, 1997.

2. D.A. McQuarrie and J.D. Simon, Physical, Quantum Chemistry: A Molecular Approach, 5th Ed., Viva Books Private Limited, 2006.

3. I.N. Levine, Quantum Chemistry, 5th Ed., Prentice-Hall, New Jersey, 2000.

4. A. Szabo and N.S. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, Dover Publications, 1996.

5. F.C. Cotton, Chemical applications of group theory, Wiley and Sons, New York, 1963.

6. Group Theory and Chemistry, D.M. Bishop, Dover Publications, New York, 1973.
2. Electrochemical Methods

Course Title:



Electrochemical Methods

Course Code:


            Chem 650

Credit Hours:


3
ECTS:




6
Contact Hours:


3 Lec. Hr / Week
Course Description
Potentials and thermodynamics of cells: introduction to electrical double layers and electrode kinetics; mass transfer by migration and diffusion: potential step methods (chronoamperometry) at planar and spherical electrodes: current-potential characteristics for reversible, irreversible and quasi-reversible electrode processes; potential sweep methods: linear sweep and cyclic voltammetry for reversible, irreversible and quasi-reversible systems; polarography and pulse voltammetry: normal, differential, pulse and square wave voltammetry, current-potential characteristics for reversible, irreversible and quasi-reversible electrode processes; techniques based on concepts of impedance: kinetic parameters from impedance measurements, electrochemical impedance spectroscopy, ac voltammetry, cyclic ac voltammetry; stripping analysis; electrode reactions with coupled homogeneous chemical reactions; electroactive layers and modified electrodes; scanning probe techniques; Spectroelectrochemistry

Learning Outcomes
On successful completion of this course students will be able to: 

· derive the Henderson equation, the Lewis – Sargent equation, 

· derive Cottrell’s equation by setting the initial and boundary conditions for the technique of chronoamperometry and solving Fick’s law of diffusion,

· write down the expression for charge as a function of time for the technique of chronocoulometry, 

· write down the current – potential relationship for an irreversible reaction in dc polarography, 

· sketch the excitation and response functions for normal pulse, differential pulse and square wave polarograhy / voltammetry 

· derive expressions for peak half-width potential in differential pulse polarograhy / voltammetry, 

· write down the expression of the peak current in linear sweep and cyclic voltammetry in terms of the diffusion coefficient, bulk solution concentration, and potential scan rate, 

· show how one can obtain electrode kinetic parameters from experiments using linear sweep and cyclic voltammetry, 

· identify the cyclic voltammogram for the reduction and subsequent re-oxidation of adsorbed oxidized species, 

· identify the mass-transfer and charge-transfer controlled regions from electrochemical impedance spectroscopy, 

· write down Levich’s equation in hydrodynamic voltammetry, 

· relate the half-wave potential to the standard electrode potential for a redox reaction in experiments using the rotating disc electrode, 

· differentiate between controlled current and controlled current bulk electrolysis methods, 

· explain the principles behind anodic stripping analysis, 

· explain the principles behind chemically modified electrodes, 

Course Content

1. The electrified interface 
1.1. Potential Difference Across Electrified Interfaces 
1.2. Inner, Outer and Surface Potentials 
1.3. Structure of Electrified Interface

1.4. Electrocapillarity

1.5. Adsorption and Adsorption Isotherms 

2. Electrode kinetics 

2.1. The general current Over Potential equation 

2.2. The Butler – Volmer Equation 

2.3. Limiting forms of the Butler – Volmer equation 

2.4. The Tafel equation 

3. Mass Transfer towards the electrode – solution Interface 

3.1. Linear diffusion to planar electrodes 

3.2. Convection 

3.3. Laplace transformation of Fick’s second law 

4. Potentiometry 

4.1. Conductance 

4.2. Transference Numbers and Mobility

4.3.  Liquid junction potentials 

4.4. Selective Interfaces / Membrane Potentials

4.5. Glass electrode 

5. Chronoamperometry 

5.1. Reversible reactions – the Cottrell Equation

5.2.  Irreversible reactions 

5.3. Quasi-reversible reactions 

5.4. Reversal technique; Chronocoulometry; ultamicroelectrodes 

6. Chronopotentiometry 

6.1. Reversible reactions – the Sand Equation 

6.2. Irreversible reactions 

6.3. Reversal technique 

7. Polarography / Voltammetry 

7.1. dc polarography 

7.2. Normal pulse polarography / voltammetry

7.3. Differential pulse polarography / voltammetry

7.4. Square Wave Voltammetry 

8. Linear sweep voltammetry 

8.1. Reversible reactions – the Randles – Sevik equation 

8.2. Irreversible reactions 

9. Cyclic Voltammetry 

9.1. Reversible reactions 

9.2. Irreversible reactions 

9.3. Cyclic voltammetry of adsorbed species 

10. AC Impedance Techniques / AC voltammetry 

10.1. Equivalent circuit of electrochemical cell 

10.2. Faradaic impedance

10.3. Kinetic parameters from impedance data 

10.4. AC Polarography

10.5. Reversible reactions; quasi-reversible and irreversible reactions 

10.6. Electrochemical Impedance Spectroscopy (EIS) 

11. Hydrodynamic Voltammetry 

11.1. General Mass Transfer Equation – Nernst – Planck equation

11.2. Rotating Disc Electrode – Levich equation 

11.3. Reversible reactions; Irreversible reactions; quasi-reversible reactions

12. Bulk Electrolysis Methods 

12.1. Extent of Reaction, Current Efficiency

12.2. Controlled Potential Methods 

12.3. Controlled Current Methods 

12.4. Potentiometric Endpoint Detection 

12.5. Amperometric Methods

12.6. Anodic Stripping Analysis 

13. Electrode reactions coupled with homogeneous chemical reactions 

13.1. Classification of reactions: CE, EC, ECE, catalytic reactions 

13.2. Linear sweep and cyclic voltammetry for the different reaction mechanisms 

13.3. Diagnostic criteria 

14. Chemically modified electrodes (CME) 

14.1. Various kinds of CME preparation routes 

14.2. Overview of processes at modified electrodes 
Mode of Delivery:

· Lecture, 

· Group discussion, 

· Assignment and Presentation,

· Reading

· Lab work

Assessment 

· Mid-term exam (40%)
· Assignment (20%) and 

· Final exam (40%)

References 
1.  A. Bard, Ed. Electroanalytical Chemistry: A Series of Advances, M. Dekker, New York. 

2. Bard, A., and Faulkner, L. Electrochemical Methods: Fundamentals and Applications,Wiley, New York, 2001. 

3.  Bond, A.M. Modern Polarographic Methods in Analytical Chemistry, Marcel Dekker, New York, 1980. 

4. Brett, C.A. and Brett, A. M. O. Electrochemistry: Principles, Methods, and Applications, Oxford University press, Oxford, 1994. 

5.   Delahay, P. New Instrumental Methods in Electrochemistry, Wiley, New York, 1954. 

6. Galus, Z. Fundamentals of Electrochemical Analysis, Ellis-Harwood, Chichester, 1976. 

7. Gileadi, E., Kirowa-Eisner, E. and Penciner, J. Interfacial Electrochemistry – An Experimental Approach, Addison – Wesley, Reading, 1975. 

8.  Macdonald, D.D. Transient Techniques in Electrochemistry, Plenum, New York, 1977. 

9.   Rieger, P.H. Electrochemistry, Prentice Hall, New Jersey, 1987. 

10. Wang, J. Analytical Electrochemistry, 2nd  Ed., Wiley – VCH, 2000. 

3. Computational Chemistry
Course Title:



Computational Chemistry

Course Code:


            Chem 652

Credit Hours:


2
ECTS:




5
Contact Hours:


2 Lec. Hr / Week

Course Description

Introduction to the fundamental principles, molecular mechanics, quantum molecular models, underlying different methods from classical to quantum theories, and from first principles through to the latest advances in the area, practical applications of softwares in quantum mechanics

Learning Outcomes
Upon the completion of this course the students will acquire:

· Knowledge in Computational Chemistry and some basic skills in carrying out calculations on problems of chemical interest.

· Applying software’s to calculate bond length, bond angle, bond energy, bond stretching, angle bending

· Know the applications of different quantum mechanical models

· Applying molecular simulations.

Course Content

1. Introduction 

2. Molecular mechanics/Force Field Models


2.1.  Introduction


2.2. A simple molecular mechanics force field

2.3.  Some general features of molecular mechanics force fields

2.4.  Bond stretching

2.5.  Angle bending

2.6.  Torsional terms

2.7.  Improper torsions and out-of-plane bending motions

2.8.  Cross terms

2.9.  Non-bonded interactions

2.10.  Electrostatic interactions

3. Quantum mechanical models 

3.1.  Introduction


3.2.  Molecular orbital calculations


3.3.  The Hartree-Fock equations


3.4.  Basis sets


3.5.  Open-shell systems

3.6.  Electron correlation


3.7.  Semi-empirical methods


3.8.  Hückel theory


3.9.  Extended Hückel theory

3.10.  Density Functional theory

4. Molecular Simulation


4.1.  Introduction to computer simulation methods


4.2.  Molecular Dynamics


4.2.1.  Introduction


4.2.2.  Molecular dynamics using simple models


4.2.3. Molecular dynamics with continuous potentials


4.3 Monte Carlo 


4.3.1.  Introduction


4.3.2.  Some theoretical background to the Metropolis method


4.3.3.  The Configurational Bias Monte Carlo method


4.4.  Combined QM/MM Method

Mode of Delivery:

· Lecture

· Group discussion and assignment

· Demonstration of experimental facts by computational techniques and software

Mode of Assessment

· Mid-term exam  (30%) 
· Lab based assignments (30%)

· Final exam (40%) 

References
1. P.W. Atkins and R.S. Friedman, Molecular Quantum Mechanics, 3rd Ed., Oxford Univ. Press, 1997.

2. D.A. McQuarrie and J.D. Simon, Physical, Quantum Chemistry: A Molecular Approach, 5th Ed., Viva Books Private Limited, 2006.

3. I.N. Levine, Quantum Chemistry, 5th Ed., Prentice-Hall, New Jersey, 2000.
4. A. Szabo and N.S. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, Dover Publications, 1996.

5. W. J. Hehre, A Guide to Molecular Mechanics and Quantum Chemical Calculations, Wavefunction Inc., 2003.

7. C.J. Cramer, Essentials of Computational Chemistry: Theories and Models, Wiley & Sons, New York, 2002.

8. G.H. Grant and W.G. Richards, Computational Chemistry, Oxford, 1995.

9. F. Jensen, An Introduction to Computational Chemistry, Wiley, 1999.

10. Andrew R. Leach, Molecular Modeling: Principles and Applications, 2nd Ed., 2001.

11. Group Theory and Chemistry, D.M. Bishop, Dover Publications, New York, 1973.

4. Statistical Thermodynamics
Course Title: 



Statistical Thermodynamics

Course Code:                                    Chem 654

Credit Hours:                                    3
ECTS:




6
Contact Hours:                                 3 Lec. Hr / Week

Course Description

Brief introduction, relationship between statistical mechanics and classical thermodynamics, the canonical and grand canonical ensembles. fluctuations, Boltzmann, Fermi-Dirac and Bose-Einstein statistics. Ideal monatomic and diatomic gases, Ideal gases, the rigid-rotor-harmonic oscillator approximation, the rotational, vibration, translational and electronic partition function of a homonuclear and heteronuclear diatomic molecule, chemical equilibrium and partition function, surface chemistry, methods of characterizations for surfaces. 

Learning Outcomes

At the end of the course, students should be able to:

· Explain thermodynamic relationships from statistical considerations

· Differentiate  the microcanonical, the canonical and grand canonical ensembles

· Derive the Virial equation of state for imperfect gases using statistical thermodynamics

· Discus fluctuations, Boltzmann, Fermi-Dirac and Bose-Elinstin statistics

· Calculate chemical equilibrium constants using statistical thermodynamics

· Determine the formulas for partition functions for translational, rotational and vibrational modes of motion and the contribution of electronic extraction.

· Applying different spectroscopic techniques for morphology determination of solid surfaces.

Course Content

1. Ensembles and Thermodynamics

      1.1. Introductions 

      1.2. Relationship between Statistical Mechanics and Classical Thermodynamics

1.3. Statistical Mechanical Treatment of the Second Law (entropy and probability) of    

       Thermodynamics 

1.4. Probable and Most Probable Distributions

1.5. Permutation and Combination
2. Assembly of Independent localized Systems

2.1. Lagrange's Method of Undetermined Multipliers

      2.2. Fermi-Dirac and Bose-Elinstin statistics

      2.3. Ideal Fermi-Dirac Gas; Electrons in metal

      2.4. Ideal  Bose-Elinstin Gas; Helium
      2.5. Partition Function of a System

      2.6. Heat Capacity of Monatomic Crystals: the Einstein Model 

      2.7. The Debye Theory of the Heat Capacity of Crystals 

3. Assembly of Independent Non-localized Systems

3.1. Perfect Gas of Structure-less Particles

3.2. Sackur-Tetrode Equation

4. Transition to Classical Mechanics

4.1. Phase Integrals

4.2. Perfect Gas of Structure-less Particles

4.3. Simple Harmonic Oscillator

4.4. Classical Equivalents of Some Previous Formula

5. Ideal Gases Partition Functions 

5.1. Energy Levels and Canonical Ensemble Partition function

5.2. The molecular Partition function

      5.2.1. Translational Contribution

      5.2.2. Rotational Contribution

      5.2.3. Vibrational Contribution

      5.2.4. Electronic Contribution  

6. The Canonical Ensemble 

6.1. The Canonical Partition Functions

6.2. The Canonical Ensemble and the Second Law of Thermodynamics

6.3. Properties of the Partition Function

      6.4. Evaluation of the Partition Function for a System of Independent Localized / non-Localized Particles 

     6. 5. The Grand Canonical Ensemble
     6.6. The Grand Canonical Partition Function

     6.7. Re-examination of Perfect Gas Systems, and Systems of Independent Localized 

      Particles.

7. Imperfect Gases

7.1. Physical Assumptions

7.2. Configurational Integral

7.3. Equation of State

7.4. The Virial Equation

7.5. Imperfect Gas Near a Surface

7.6. Imperfect Gas in an electric Field

8. Equilibrium Constants

8.1. Evaluation of Equilibrium Constants from Statistical Mechanical Data

8.2. Calculation Equilibrium Constants In terms of Partition Function

8.3 The Relationship between K and Partition Function

8.4 Estimation of Position of Equilibrium 

9. Adsorption and Adsorption Isotherms 

9.1 Adsorption

9.2 Types of Adsorption

9.3 Physical Adsorption

9.4 Chemical Adsorption or Chemisorption

9.5 Adsorption Isotherms

9.6 Langmuir and Freundlich Adsorption Isotherm

9.7 Gibb’s adsorption equation 

9.8 Applications of Adsorption

10 Methods For Measurements of Surface Area of Solids
10.1  Low energy electron diffraction

10.2  Electron emission from surfaces, 

10.3 X-ray photoelectron and diffraction spectroscopy, 

10.4 Scanning Tunneling Microscopy (STM) 

10.5 Electrochemical scanning tunneling microscopy - ESTM 

10.6 Scanning Electrochemical Microscopy – SECM
10.7 Atomic Force Microscopy (AFM).

10.8 Electron Spin Resonance (ESR) Spectroscopy
11 Spectroelectrochemistry 

11.1 UV-visible Optical Techniques 

11.2 Specular Reflectance Spectroscopy 

11.3 Internal Reflection Spectroelectrochemistry 

11.4 IR Spectroscopy - electrochemically modulated infrared         reflectance spectroscopy (EMIRS) 

11.5 Subtractive normalized interfacial Fourier transform infrared                                                      spectroscopy (SNIFTIRS) 

11.6 Raman Spectroscopy 

11.7 Resonance Raman Scattering (RRS)

11.8 Surface enhanced Raman scattering (SERS) 
11.9 Photoluminescence 

Mode of Delivery: 

· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts
Mode of Assessment

· Mid Exam (40%)
· Assignment (20%)

· Final exam (40%)

References 
1. Everdell:  Statistical Mechanics and its Chemical Applications, Academic Press,  

a. London, 1975.

2. G.S. Rushbrooke, Introduction to Statistical Mechanics, Oxford University Press,      1967.

3. D.A. McQuarrie, Statistical Mechanics, Harper & Row, 1976.

4. M.J. McClelland, Statistical Thermodynamics, Chapman & Hall, 1973.

5. T. Hill, Introduction to Statistical Thermodynamics, Dover Publications, 1987.

6. Elementary Statistical Thermodynamics, L. K. Nash, Addition-Wesley, Reading, 1968. 

7.  Statistical Thermodynamics, D. A. McQuarrie, Harper & Row, New York, 1976. 

8.  Statistical Thermodynamics, M. C. Gupta, Wiley Eastern Ltd., 1990. 

9. Physical Chemistry, P. W. Atkins, 3rd Edition, ELBS, W. H. Freemax and Co., 1986. 

10. Advanced Physical Chemistry, J. N. Gurtu, A. Gurtu, A Pragati Edition, Meerat, 2008 

11. Silbey, Alberty and Bawendi, Physical Chemistry, , 4th Edition, Wiley-India, 2007.

12. A. W. Adamson, Physical Chemistry of Surfaces, Interscience, New York, 1967.

13. J. J. Bikerman, Surfaces Chemistry: Theory and Applications, Academic Press, New York, 1972.

14. J. Oscik, Adsorption, John Wiley & Sons, New York, 1978.

15. D. J. Shaw, Introduction to collide and surface chemistry.

16. Alfred Clark, Theory of adsorption and catalysis.

17. Yang Leng, Materials characterization introduction to microscopic and spectroscopic  methods,  John Wiley & Sons (Asia) Pte Ltd, 2008.
5. Advanced Chemical Kinetics
Course Title: 

Advanced Chemical Kinetics 

      Course Code: 


Chem 656 

Credit Hours:


2

      ECTS:



4

Contact Hours:


2 Lec. Hr / Week 
Course Description
Types of reactions, reaction order, rate laws, activation energy, transition states, isotope

effects, mechanism of reactions, simple kinetic forms, reversible, parallel, chain and consecutive reactions, steady state approximation, determination of the rates of free radical reactions, primary processes in thermal, photochemical, and other radiation-induced reactions, reactions on surfaces, unimolecular and bimolecular, complex reactions chain reaction will be dealt.
Learning Outcomes 
At the end of this course, students will be able to:

· Explain the rate of chemical reaction and the types of the order of the reaction.

· State  the different methods of the determination of the chemical reaction

· Describe rate equation for complex reaction

· State the theory of chemical kinetics

· Know the application of advanced chemical kinetics.

Course Content  

1. Rate of Chemical Reaction

1.1. Reaction Rate 

1.2. Empirical Observations: Measurement of Reaction Rates & Rate Laws

1.3. Rates of Reactions, Differential and Integrated Rate Laws 

1.3.1. Zero Order Reaction

1.3.2. First Order Reaction

1.3.3. Second Order Reaction

1.3.4. Higher Order Reaction

1.3.5. Pseudo Order Reaction

1.4. Temperature Dependency of Rate Constant 

2. Reaction Mechanisms

2.1. Opposing Reactions, Equilibrium 

2.2. Parallel Reactions

2.3. Consecutive Reactions and the Steady-State Approximation 

2.4. Unimolecular Decomposition: the Lindemann Mechanism

2.5. Photochemical Reaction

3. Free Radical Reactions, Chains and Branched Chains  Reaction

3.1. The structure of Chain Reaction

3.2. The Rate Law of Chain Reaction

3.3. Rice-Herzfeld Mechanism 

3.4. Branched Chain Reactions, Explosions

3.5.  Determining Mechanisms from Rate Laws

4. Reaction Rate Theory

4.1. Collision Theory of Bimolecular Reaction 

4.2. Transition- State Theory

4.3. Thermodynamic Consideration

5. Reaction in Solution and Fast Reaction

5.1. Diffusion Controlled Reaction

5.1.1. Diffusion

5.1.2. Activation Control and Diffusion Control Reactions

5.2. Relaxation Kinetics
6. Catalysis

6.4. Introduction 

6.5. Characteristics of  Catalysis

6.6. Types of Catalysiss

6.7. Determination of catalytic rate constant

6.8. Shape Selective Catalysis by Zeolites

6.9. Enzyme Catalysis

6.10. Theory of catalysis 

6.11. Inhibition and poisoning

6.12. Kinetics of homogeneous catalysis, Heterogeneous catalysis, Kinetics of heterogeneous catalysis
7. Radio Active Decay

7.1 Decay Constant and Half Life

7.2 Successive Decay

7.3 Radio Active Dating
Delivery Mode: 

· Lecture

· Group discussion, assignment

· Reading, lab work 

Mode of Assessment

· Mid-term exam (40%)
· Assignments (20%)

· Final exam (40%)

References 
1. P.W. Atkins, Physical Chemistry, Oxford University Press, Oxford-New York, 2002

2. R.A. Alberty and R.J. Silbey, Physical Chemistry, Wiley and Sons Inc., New York, 1997

3. D.A. Mc Quarrie and J.D. Simon, Physical, Quantum Chemistry: A Molecular Approach, 5th Ed., Viva Books Private Limited, 2006

4. Erdey-Gruz, T. Kinetics of Electrode Processes, Wiley-Interscience, John Wiley & Sons Inc., New York, (1972).

5. Vetter, K.J. Electrochemical Kinetics, Academic Press, New York, 1967.
6. Advanced Electrochemistry

Course Title:                           Advanced Electrochemistry 


Course Code:                             Chem 658  

Credit Hours:


2

      ECTS:



4

Contact Hours:


2 Lec. Hr / Week 
Course description 
The electrical double layer; electrode kinetics; electrocatalysis; Marcus' theory of electron transfer; corrosion; electrochemical energy conversion: batteries; fuel cells; photoelectrochemical solar energy conversion; industrail electrochemistry.
Learning Outcomes

On successful completion of this course students will be able to: 

· derive the electrocapillary and Lippmann’s equation, 

· describe the different models of the electrical double layer, 

· state the major assumptions of the Gouy-Chapman theory and derive the Gouy-Chapman equation, 

· derive the general current-overpotential equation, 

· derive the Butler-Volmer equation, and state the limiting forms of the equation, 

· derive the Tafel equation, 

· determine corrosion rates, 

· describe the major components of a battery, 

· describe different types of primary and secondary cells, 

· classify and describe different types of fuel cells, 

· describe and explain the principles of photoelectrochemical energy conversion 

· describe the processes of the chlor-alkali industry, 

· describe the industrial process of the hydrodimerization of acrylonitrile to adiponitrile (Monsanto process) 

Course Content

1. The Electrical Double Layer 
1.1.  The electrified interface 

1.2.  Thermodynamics of the electrified interface 

1.3.  The Structure of Electrified Interfaces 

1.4.  Ionic concentration in plane of closest approach and ionic contribution of      
diffuse double layer to total charge 

1.5.  Criteria for specific adsorption 

1.6.  Amount of specifically adsorbed ions 

1.7.  Distribution of potential 

1.8.  Adsorption Isotherms 
2. Electrode Kinetics 
2.1.  The general current-overpotential equation 

2.2.  General and special cases of the Butler – Volmer equation 

2.3.  Influence of Mass Transfer 

2.4.  Kinetics of Electrode Processes Involving More than One Step 

2.5.  Stoichiometric Numbers 

2.6.  Elucidation of mechanisms by determination of reaction orders 

2.7.  Electrocatalysis 
3. Corrosion 
3.1.  Thermodynamics of Corrosion 

3.2.  Kinetics of Corrosion 

3.3.  Passivation 

3.4.  Types of Corrosion 

3.5.  Corrosion Prevention by Electrochemical Methods 

3.6.  Other Methods of Corrosion Prevention 

3.7.  Corrosion control 

4. Electrochemical Energy Conversion 
4.1.  Relations between cell current and cell voltage 

4.2.  Efficiency and Power 

4.3.  Characteristics of energy converters 

4.4.  Battery components 

4.5.  Battery Systems 

4.6.  Super capacitors 

4.7.  Fuel Cells 

4.8.  Photo electrochemical energy conversion 

5. Industrial Electrochemistry 
5.1.  The Chlor / Alkali Industry 

5.2.  Organic electrosynthesis 

5.3.  Electroplating, Electroforming and Electrochemical Machining 

5.4.  Electrolytic Refining and Winning of Metals 

Mode of Delivery:
· Lecture

· Group discussion, assignment

· Demonstration of experimental facts
Mode of Assessment
· Mid-term exam (40%)
· Assignments (20%)

· Final exam (40%)
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2. Bagotsky, V.S. Fundamentals of Electrochemistry, 2nd Ed., Wiley, N. J., 2006. 

3. Bagotzky, V. S., and Skundin, A. M. Chemical Power Sources, Academic Press, London, 1980. 

4. Bockris, J.O'M. and Reddy, A.K.N.: Modern Electrochemistry, Vol. 2, Plenum Press, New York, 1973. 

5. Bockris J.O'M et al. Eds.: Modern Aspects of Electrochemistry, Plenum Press, several volumes. 

6. Bockris J.O'M et al. Eds.: Comprehensive Treatise of Electrochemistry, Vol. 1-10, Plenum Press, New York. 

7. Bockris, J.O'M. and Srinivasan, S. Fuel Cells: Their Electrochemistry, McGraw Hill, New York, 1969. 

8. Brett, C.A. and Brett, A. M. O. Electrochemistry: Principles, Methods, and Applications, Oxford University press, Oxford, 1994. 

9. Erdey-Gruz, T. Kinetics of Electrode Processes, Wiley-Interscience, John Wiley & Sons Inc., New York, (1972). 
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11. Kordesh, K. and Simader, G. Fuel Cells and their Applications,VCH Publishers, New York, 1996. 
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7. Practical Physical Chemistry
Course Title: 

Practical Physical Chemistry 

      Course Code: 


Chem 751
      ECTS:



5

Credit Hours:


2

Contact Hours:


6  Hr / Week 
Course description 

Cyclic Voltammetry (CV), Infrared Spectroscopy (IR), Nuclear Magnetic resonance Spectroscopy (NMR), Ultraviolet spectroscopy (UV), Atomic absorption spectroscopy (AAS), Experiments in emerging and actual fields of physical chemistry that include: Qualitative and Quantitative optical spectroscopy; Application of computational chemistry in interpretation of experimental data; Electrochemical methods for designing polymer based sensors, Efficiency Optimization, mechanistic investigation and molecular engineering of organic photovoltaic cells and light emitting diodes 

Learning out comes

At the end of this course students will be able to:

· Identify the cyclic voltammogram for the reduction and subsequent re-oxidation of adsorbed oxidized species, 

· Compare the sensitivity of CV, DPV and SWV

· Use Chronoamperometry technique to calculate peak current, diffusion coefficient and area of electrode used,

· Identify the type of reaction is reversible, quasi reversible or irreversible,

· Use Cottrell’s equation to calculate peak current, diffusion coefficient and area of electrode used in CV,

· Use different types of spectroscopic techniques to find structure of molecules,

· Use computational chemistry to determine the structure of molecules using Gaussian software’s.

Course Content

At least 10 Experiments will be done

1. Quantum mechanical prediction of dipole moment, heat content, Gibb`s free energy of molecules, optimum energy of different conformation of molecules, bond length, bond strength, bond angle and shape of molecules.

2. Determination of real electrode area and diffusion coefficient of redox probes using cyclic volatmmetric techniques, like CV, LSV, CA, and pulse techniques like DPV and SWV. 

3. Identification of the type of redox reactions are either reversible, quasi reversible or irreversible in the different potentiometric techniques

Mode of Delivery

· Lecture 

· Assignment

· Practical 
Mode of Assessment

· Lab Report 40 %

· Assignment with presentation 30 %

· Final Exam 30 %

References
1. P.W. Atkins, physical chemistry, 6th ed. Oxford University press, New York, 2004.

2. R. J. Silbey and R. A. Alberty, Physical chemistry 3rd Ed., Massachusetts Institute of Technology, 2001.

3. J.R. Lakowicz, Principle of fluorescence spectroscopy, 2nd ed., University of Maryland school of Medicine, 1999.
1.4 Environmental Chemistry Stream Courses Syllabus
1. Advanced Environmental Chemistry  
Course Title: 


Advanced Environmental Chemistry  
Course Code: 

Chem 660
Credit Hours: 

3
ECTS: 


6
Contact Hours: 

3 Lec. Hr / Week

Course Description 

Environment; Atmospheric chemistry; Soil Chemistry; Soil pollution; soil conservation; Air pollution and its control; and; Green chemistry; Energy and environment; Biogeochemical cycles; Environmental pollution; Hydrological and Carbon cycles; Greenhouse gases and Global warming; Climate Change- Changes in patterns of temperature, precipitation; seal level, Drivers of climate change; evidences of climate change, modeling, impacts and mitigation measures. Solid waste- sources, classification, characterization, collection, storage, processing and disposal Waste water-Sources, Characterization, physical, chemical and biological treatment, sludge dewatering and disposal; Common effluent treatment plants; Gaseous waste- sources, classification and Control; Waste minimization/elimination techniques. . Visits to treatment plants, polluted sites and waste disposal sites. Discussion and demonstration of pollution measuring techniques.
Learning Outcomes
Upon completion of this Course the students will be able to:

· Understand the environment 
· Explain atmospheric chemistry 
· Understand and explain the soil chemistry, pollution and conservation 
· Describe the Greenhouse gases and global warming

· Explain the climate change due to temperature and precipitation 

· List evidence of climate change  

· Apply different environmental models 

· Know common mitigation measures 

· Know the sources of wastes 

· Understand the different characterization and treatments of both liquid and solid wastes

· Explain the different waste minimization/elimination techniques.
Course Content
1. The Environment 



1.1  Introduction



1.2  Concept and scope of environmental chemistry 



1.3  Biogeochemical cycles



1.4  Natural  cycle of the environment 




1.4.1
the hydrological cycle




1.4.2
the oxygen cycle




1.4.3
the nitrogen cycle




1.4.4
the phosphorus cycle




1.4.5
the Sulphur cycle



1.5  Natural and man-made disasters




1.5.1
Natural resources consumption




1.5.2
Population increase and the environment




1.5.3
 Urbanization and the environment




1.5.4
 Industrialization and the environment
2.  Atmospheric Chemistry

2.1  Composition of the atmosphere

2.2  Atmospheric structure 

2.3  Characteristics of the major regions of the atmosphere

2.4  Chemical and photochemical  reactions in the  atmosphere


2.4.1
oxygen and ozone chemistry 


2.4.2
oxide of  Sulphur 


2.4.3
oxides of nitrogen

2.5  Effects of the atmosphere on solar radiation

2.6  Aerosol interactions with the atmosphere

2.7  Greenhouse gases/ Global warming

2.8  Ozone depletion and future impact of ozone depletion

2.9  The earth’s mechanism and global climate 

2.10 Evidences of climate change

2.11 Modeling and  impacts 

2.12 Mitigation measures
     3.  Air Pollution

3.1  Classification of air pollutants 


3.1.1
 Carbon monoxide 


3.1.2
Nitrogen oxide


3.1.3
Hydrocarbon and photochemical smog


3.1.4
Sulphur dioxide 


3.1.5
Acid rain particulates 


3.1.6
Effects of atmospheric pollutant

3.2  Air quality standard 

3.3  Sampling 

3.4  Monitoring 


3.4.1
Analysis and characterization of air pollution


3.4.2
Instrumental techniques for air pollutants 

3.5  Air Pollution control and management
4. Soil Chemistry and Pollution 

4.1  Soil chemistry

4.2  Soil composition and importance;
4.3  Soil formation and morphology;
4.4  Soil physical and chemical properties;
4.5  Organism interactions and soil processes
4.6  Soil plant nutrients 

4.7  Soil pollution

4.7.1 Sources of soil pollution and their effects

4.7.2 Control of soil pollution
5. Green Chemistry

5.1  Introduction to green chemistry

5.2  Principles of green chemistry 

5.3  Application of green chemistry
6. Natural Resources, Energy and Environment

6.1 Mineral resources: Metals and non-metals

6.2 Wood: A major renewable resources 

6.3 Fuel and energy resources

6.3.1 Coal

6.3.2 Petroleum and natural gas 

6.3.3 Nuclear fission and nuclear fusion

6.3.4 Solar energy 

6.3.5 Hydrogen  

6.4 Pollution caused by energy production
6.5  Reducing energy consumption 
7. Waste Management 

7.1 Waste management approaches 

7.1.1 waste reduction 

7.1.2 recycling

7.1.3 Disposal 

7.2  Management of hazardous wastes 

7.3  Management of household waste 

7.4  Municipal and industrial wastes-collection 

7.5  Transportation and disposal options 

7.6  Common effluent treatment plants

7.7  Gaseous waste, sources, classification and Control; 

7.8  Visits to treatment plants, polluted sites and waste disposal sites. 

7.9  Discussion and demonstration of pollution measuring techniques.

Mode of Delivery 
· Lecture

· Group discussion and/or assignment

· Demonstration of experimental facts (Discussion of experimental results)
Mode of Assessment

· Mid-term exam (20%)
· Presentations (30%)
· Final exam (50%)

References

1. 
A. K. DE.  Enviromental Chemistry, 5th edition, New Age International 
PLC,New Delhi, 2005

2. 
E. Lichtfouse, J. Schwarzbauer, D. Robert, Environmental Chemistry Green    

    
Chemistry and Pollutants in Ecosystems, springer, Germany, 2005

3. 
V. P. Evangelou, Environmental soil and water chemistry principles and 
applications, John Wiley & Sons, INC., New York, 1998

4. 
S. E. Manahan, Fundamentals of Environmental Chemistry, Boca Raton: CRC 
Press LLC, Florida, 2001

5. 
Ian Colbeck, Environmental Chemistry of Aerosols, Blackwell Publishing Ltd,   

    
London 2008.

6. 
E. R. Weiner, Applications of Environmental Chemistry, Lewis Publishers, 
London, 2000.
2.  Environmental Analytical Chemistry
Course Title: 


Environmental Analytical Chemistry 
Course Code: 

Chem 662
Credit Hours: 

3
ECTS: 


6
Contact Hours: 

3 Lec. Hr / Week

Course description 

Historical perspectives, Environmental sampling, sample preparation, Extraction Techniques for Environmental analysis, Various extraction Methods, Bioanalysis of environmental chemicals, Statistical and Chemometrics for environmental chemistry,  future perspectives challenges of environmental analytical chemistry. 

Learning Outcomes
Upon completion of this Course the students will be able to:

· Explain the historical perspectives and scopes of  environmental analytical chemistry 
·   Explain the importance of  environmental sampling
· Differential the different environmental sampling techniques
· Explain the different sample  preparation procedures for  environmental sample analyses
· Apply the different environmental sample extraction techniques
· Differentiate active sampling and passive sampling techniques 

· Explain the different chemical instrumental methods and their corresponding environmental applications are briefly described with respect to spectroscopic, chromatography, mass spectroscopy and electrochemical, thermal and radiological methods.
· Design experiment, to extraction chemical information from large number of data, statistical treatment of analytical data
· apply one way and two way ANOVA 
· determine correlation coefficients and regression coefficient
· apply different statistical tests
· Compare the means and variances of different sets of data
· Apply multivariate analyses for complex data 
· Define quality assurance 
· Appreciate the need of quality assurance 
· Understand the importance of setting up a quality management system 
· Be able to define what is meant by quality assurance and quality control 
· Identify the future challenges in environmental analytical chemistry 
Course content
1. Historical perspectives and scopes of  environmental analytical chemistry 

1.1 Historical perspectives
1.2  Unique features of environmental analytical chemistry 
2. Environmental Sampling: Purpose, Design, strategy and Techniques 

2.1 Importance of environmental sampling 

2.2 Sampling design and strategy

2.3 Sampling techniques for air, water, soil and biological samples

3. Sample  Preparation for  Environmental Analyses

3.1 Purposes of environmental sample preparation
3.2 Preservation of environmental samples 
4.  Extraction Techniques for Environmental Analysis

4.1 Principles of extraction 

4.2 Types of extraction techniques 

4.2.1 Liquid–Liquid extraction 

4.2.2  Liquid–Solid extraction 

4.2.3 Solid-Phase extraction 

4.2.4  Solid-Phase microextraction 

4.2.5 Dispersive-liquid-liquid microextraction 
4.2.6 Membrane extraction  

4.2.7 Soxhlet and automated soxhlet 
4.2.8 Ultra sonication

4.2.9 Supercritical fluid extraction 

4.2.10  Accelerated solvent extraction. 

4.2.11  Microwave- assisted Extraction 

4.2.12 Comparison of various extraction techniques 

5. Environmental Sample Analyses Techniques 

5.1 Spectroscopic methods

5.1.1 UV-Visible and FTIR spectroscopic methods in environmental analysis

5.1.2 Atomic spectroscopy methods in environmental analysis
5.1.3 ICPMS methods in environmental analysis
5.2 Chromatographic Methods for Environmental Analysis

5.2.1 High performance liquid Chromatography (HPLC) 
5.2.2 Gas Chromatography (GC) 

5.2.3 Gas Chromatography-Mass Spectroscopy (GC-MS) 

5.3 Electrochemical Methods for Environmental Analysis

5.3.1 Potentiometric analyses 

5.3.2 Voltammetric 

5.3.3  Striping techniques 

5.3.4 Ion-selective electrodes  
5.4 Applications in environmental analysis
5.5 Thermal methods in environmental analysis

5.6 Radiochemical methods in environmental analysis

6. Bioanalysis of Environmental Chemicals 

6.1 Immunoassay

6.2 Biosensors
7. Statistical and Chemometric for Environmental Chemistry  

7.1 Introduction

7.2 Mean and standard deviation 

7.3  The distribution of repeated measurements

7.4 The sampling distribution of the mean

7.5 Calibration methods: regression and correlation

7.6 One –way ANOVA 

7.7 Two-way ANOVA

7.8 Multivariate analysis

7.8.1 Principal component analysis  (PCA)
7.8.2 Cluster analysis (CA)
7.8.3 Discriminant analysis (DA)

8. Quality Assurance in Environmental Chemistry 

8.1 General principles of quality assurance and quality control 

8.2 Quality Management system, quality assurance (QA) and quality control (QC)

8.3 International standards

8.4 Environmental quality monitoring: ISO 14000

8.5 Method validation parameters 

9. Future Perspectives and Challenges of Environmental analytical chemistry 

Mode of Delivery 
· Lecture 

· Group discussion and/or assignment 

· Demonstration of experimental facts (Discussion of experimental results) 
Mode of Assessment 
· Mid-term exam (20%) 

· Presentations (30%)
· Final exam (50%) 
References
1.  Fundamentals of environmental sampling and analysis / Chunlong Carl Zhang., 2007

2. Mitra S. Sample Preparation Techniques in Analytical Chemistry,2003
3. E. Lichtfouse, J. Schwarzbauer, D. Robert, Environmental Chemistry Green Chemistry and Pollutants in Ecosystems, springer, Germany, 2005
4. . P. Evangelou, Environmental soil and water chemistry principles and applications, John Wiley & Sons, INC., New York, 1998
5. S. E. Manahan, Fundamentals of Environmental Chemistry, Boca Raton: CRC Press LLC, Florida, 2001
6. Ian Colbeck, Environmental Chemistry of Aerosols, Blackwell Publishing Ltd, London 2008

7. E. R. Weiner, Applications of Environmental Chemistry, Lewis Publishers, London , 2000 
8. J. Wang, Analytical Electrochemistry, 2nd Ed., Wiley – VCH, 2000. 

9. James N. Miller and Jane C. Miller.  Statistics and chemometric for analytical chemistry, 5th ed., New Age International PLC,New Delhi, 2005.

3. Environmental Toxicology and Risk Assessment
Course Title: 


Environmental Toxicology and Risk Assessment
Course Code: 

Chem 664
Credit Hours: 

3

ECTS:



 6
Contact Hours: 

3 Lec. Hr / Week

Course description 
Biochemical toxicology; methods of toxicity testing and evaluation; Toxicokinetics and Bioconcentration; Genetic Toxicology; Xenobiotic; Genotoxicity assays; Immunotoxicity; Endocrine disruptors, hormones and receptors; Industrial Toxicology; Toxic raw materials, intermediates and products; Risk Assessment and Remediation; Case studies in risk assessment. 
Learning outcomes

· Define environmental toxicology 

· Differentiate the sub-disciplines of toxicology

· Describe the classifications of toxic agents

· Explain the methods of toxicity testing and evaluation

· Describe the different toxic pollutants 

· Describe the different techniques of bioremediation 

· Explain risk assessment and radiation 
· Explain the concept, scope and importance of environmental risk assessment

· Describe the procedures and frameworks in evaluating  risk assessment
Course Content
1.  Environmental Toxicology
1.1 A Brief history of and organizations in environmental toxicology 

1.2 Interactions and Connections of Environmental Toxicology to the Management of   

      Ecological Systems 
1.3 Toxic chemicals in the environment 
2. A Framework for Environmental Toxicology
2.1 Classical viewpoint for classifying toxicological effects 

2.1.1 Chemical/Physical–Chemical Characteristics 

2.1.2 Bioaccumulation/Biotransformation/Biodegradation 

2.1.3 Receptor and the mode of action 

2.1.4 Biochemical and molecular effects 

2.1.5 Physiological and behavioral effects 

2.1.6 Population parameters 

3. Methods of Toxicity Testing and Evaluation
3.1 The dose-response curve 

3.1.1 Thresholds and hormesis 

3.2 Standard methods  

3.3 Classification of toxicity tests 

3.4 Design parameters for single-species toxicity tests 

3.5 Guidelines for multispecies toxicity tests  

4.  Routes of Exposure and Modes of Action 

4.1 The damage process

4.2 Atmospheric pollutants and plants 

4.3 Mechanisms of action 

4.3.1 Disruption or destruction of cellular structure 

4.3.2 Direct chemical combination with a cellular constituent 

4.3.3 Effect on enzymes 

4.5 Range of chemicals that cause endocrine disruption 

5. Inorganic Gaseous Pollutants Toxicity in the Environment

5. 1 Sulfur oxides 
5.1.1 Sources of SO2 
5.1.2 Characteristics of SO2 
5.1.3 Effects on plants 
5.1.4 Effect on animals 

5.1.5 Effect on humans 

5.2 Nitrogen oxides (NOx) 

5.2.1 Forms and formation of nitrogen oxides 

5.2.2 Major reactive n species in the troposphere 

5.2.4 Effects on humans and animals 

5.2.4.1 Physiological effects 

5.2.4.2 Biochemical effects 

5.3.5 Biochemical effects 

5.4 Carbon monoxide 

5.4.1 Formation of CO 

5.4.2 Toxicological effects 

5.4.3 Mechanism of action 

5.4.4 Human exposure to CO 


6.  Heavy Metal toxicity in the environment

6.1 Lead 
6.1.1 Emission  

6.1.2 Toxicity  

6.1.3 Emission control and other measures  
6.1.4 Biochemical effects of lead 

6.2 Cadmium 
6.2.1 Emission  

6.2.2 Toxicity  

6.2.3 Emission control and other measures  
6.2.4 Biochemical effects of Cadmium
6.3 Mercury 

6. 3.1 Biochemical effects of mercury and Toxic effect 
6.3.2 Biological methylation: amplification in food chain
6.4.3. Redial measures

6.4 Arsenic 

6.4.1 Biochemical effects of Arsenic 

6.4.2 Transformation 

6.5. Chromium 

6.5.1 Sources 

6.5.2 Toxicity 

6.6. Ecosystem flow of metals: Bioaccumulation and Biomagnifications

7. Organic Pollutants in the Environment 

7.1 Introduction 

7.2 Classification of organic pollutants in the environment 

7.3 Aplication potential 

7.4 Limitation of agrochemicals used in the environment

7.5 Toxicology of major organic pollutants 

7.6 Environmental impacts of pesticides 

7. Bioaccumulation, and Biomagnifications of persistence organic pollutants (POPs)

7.8 Case study: DDT in the environment 

7.9. Mitigation 
8.  Biotransformation, Detoxification, and Biodegradation of Environmental 

     pollutants 
8.1 Introduction 

8.2 Metabolism of environmental chemicals: biotransformation 

8.2.1 Types of biotransformation 

8.2.2 Mechanisms of biotransformation 

8.2.3 Consequence of biotransformation

8.3 Microbial degradation 

8.4 Bioremediation
9. Environmental Risk Assessment 

9.1 Basics of risk assessment 
9.2 principles and methodologies for risk assessments

9.3 Risk evaluation 

9.3.1 Hazard identification 

9.3 .2 Exposure assessment 

9.3 3 Risk characterization 

9.4 Case studies in risk assessment

9.5 Public perception of risk 

9.6 Risk communication 
Mode of Delivery 
· Lecture 

· Group discussion and/or assignment 

· Demonstration of experimental facts (Discussion of experimental results) 

Mode of Assessment 
· Mid-term exam (20%) 

· Presentations (30%) 
· Final exam (50%) 
References 
1. Wayne G. Introduction to Environmental Toxicology: Impacts of Chemicals Upon Ecological Systems, 3rd edit., CRC Press LLC, UK, 2005.

2. S.C. Santra. Environmental Science, New central Book Agency PLtd, Dhaulagiri, Sankrall, Howrah, 2001

3. A. K. DE.  Enviromental Chemistry, 5th edition, New Age International PLC,New Delhi,  2005
4. Casarett and Doull’s, Toxicology the Basic Science of Poisons, 7th Edit, McGraw-Hill Companies, USA, 2008.

5. David D. W., Environmental Toxicology, Cambridge University Press, England, 2002.

6. Williams, et al., Principles of Toxicology Environmental and Industrial Applications, 2nd edit., New York, 2000.

7. S. E. Manahan, Fundamentals of Environmental Chemistry, Boca Raton: CRC Press LLC, Florida, 2001

8. Rand, G. M., Fundamentals of aquatic toxicology: effects, environmental fate, and risk assessment, 2nd edit., CRC Press, USA, 1995.

9.  E. Lichtfouse, J. Schwarzbauer, D. Robert, Environmental Chemistry Green    Chemistry and Pollutants in Ecosystems, springer, Germany, 2005
10. Williams, et al., Principles of Toxicology Environmental and Industrial Applications, 2nd edit., New York, 2000.
11.  Truhaut, R. Ecotoxicology general survey of its aim, methods, and prospects, New York, 1975
12.  A. K. DE.  Enviromental Chemistry, 5th edition, New Age International PLC,New Delhi, 2005
13.  United Nations Environment Programme, Global Chemicals Outlook for the     Management of Chemicals, 2012,
14. 14. Hayes, K.R., Review of Ecological Risk Assessment Methodologies, Centre for Research on Introduced Marine Pests, Technical Report Number 13, CSIRO Division of Marine Research, 1997.
4.  Aquatic Chemistry
Course Title: 


Aquatic Chemistry
Course Code: 

Chem 666
Credit Hours: 

2

ECTS:
 


5
Contact Hours: 
 
Lec. Hr / Week

Course description 
Deals with chemical, physical, and microbial processes determining distribution and fate of chemicals in the aquatic systems. Principles of chemical equilibria and calculation of species distribution , complication equilibria, preference of metals for ligands, acid-base reactions, proton energy level, acid neutralization capacity (ANC), solubility equilibria , Oxidation-reduction reactions , phase transformations of pollutants, introduction to heterogeneous systems, adsorption, sorbent-motivated (Solid-liquid partitioning , absorption and volatilization, rate of chemical and biological transformation of pollutants, Reaction Order, contaminant half-lives, biotransformation. River pollution, lakes and reservoirs pollution, pollutant loading and primary interactions, eutrophication , trophic nature, chemical factors and nutrient levels in lakes, forms of phosphorus, nitrogen and Carbon, determination of trophic state, interaction with sediment, sources of groundwater pollution, groundwater contaminants, contaminant transport mechanisms, contaminant fate processes, abiotic processes, biotic processes.
Learning Outcomes
Upon completion of this Course the students will be able to:

· Defined he aquatic chemistry 
· Explain the hydrological cycles 
· Differential the different phase transformations in the aquatic system

· Explain the common chemical reactions in aquatic ecosystem
· Explain water pollution and its controlling methods 
· Explain chemical speciation of heavy metals in the aquatic environment
· Explain the common types of ground water contaminants
· Inorganic nutrients and their impacts  in the aquatic ecosystem

· Explain the common contaminant transport mechanisms in the aquatic  ecosystem
Course content
1. Fundamentals of Aquatic Chemistry
1.1 Introduction to Aquatic Chemistry
1.2 water resources: the hydrological cycle

1.3 The unique properties of water

1.4 The Characteristics of Bodies of Water

2. Chemical reactions in the aquatic environment 
2.1 Complexation of natural water 
2.2 Acid-base reactions 
2.3 : Alkalinity, Acidity, CO2 , pH
2.4 Solubility equilibria  
2.5 Oxidation-reduction reactions 
3.  Phase transformations of pollutants
3.1 Introduction to heterogeneous systems
3.2  Adsorption
3.3 Sorbent-motivated (Solid-liquid partitioning 
3.4 Absorption and volatilization
3.5  Rate of chemical and biological transformation of pollutants
3.6 Reaction Order
3.7 Contaminant half-lives 
3.8 Biotransformation
4. Water pollution 
4.1 Introduction 
4.2 Groundwater pollution 
4.2.1 Sources of groundwater pollution
4.2.2 Groundwater contaminants
4.2.3 Interaction with sediment

4.3 Surface water pollution 
4.3.1 River pollution 
4.3.2 Lakes and reservoirs pollution 
4.4 Natural water pollutants 
4.5  Causes of water quality degradation 
4.6 Pollutant loading and primary interactions
4.7 Nutrients 
4.7.1 Inorganic Carbon 
4.7.2 Phosphorus 

4.7.3 Nitrogen
4.8 Eutrophication 
4.9 Trophic nature and  determination of trophic state 
4.10 Chemical factors and nutrient levels in lakes 
4.11 Water pollution control 
5.  Chemical Speciation of heavy Metals in the aquatic environment
5.1 Copper
5.2 Lead
5.3 Mercury
5.4 Arsenic 
5.5 Selenium
5.6 Chromium
6. Contaminant Transport Mechanisms in the Aquatic  Ecosystem
6.1 Contaminant fate processes
6.2 Abiotic processes 
6.3 Biotic processes
Mode of Delivery 
· Lecture 

· Group discussion and/or assignment 

· Demonstration of experimental facts (Discussion of experimental results) 

Mode of Assessment 
· Mid-term exam (20%) 

· Presentations (30%) 
· Final exam (50%) 
References 
1. Francous, M.M., Janel, M.  Principles and application of aquatic chemistry, 1993
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10. E. Lichtfouse, J. Schwarzbauer, D. Robert, Environmental Chemistry Green Chemistry and Pollutants in Ecosystems, springer, Germany, 2005
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13. Ian Colbeck, Environmental Chemistry of Aerosols, Blackwell Publishing Ltd, London 2008.

14. E. R. Weiner, Applications of Environmental Chemistry, Lewis Publishers, London, 2000

5. Water Quality and wastewater Management
Course Title: 


Water Quality and wastewater Management 
Course Code: 

Chem 661
Credit Hours: 

2

ECTS: 


4
Contact Hours: 

2 Lec. Hr / Week

Course Description 

With dramatic increases in urban density and industrialization since World War II has come intensive pressure on the quality of surface and ground water resources around the world. a continually increasing level of attention has been directed to protecting the quality of the Nation's water resources from a wide variety of point and non-point sources of pollution. With the current Clean Water Act reauthorization deliberations underway in the congress, attention to water quality problems across the country undoubtedly will increase even further. This course examines the nature of point and non-point sources of surface and ground water pollution and examines the statutory, regulatory and institutional framework controlling water quality management activities in the countries. It explains current approaches to water quality protection and enhancement and reviews the role of treatment processes in water quality management. Specific topics covered in the course include common and critical water pollution parameters, their indicators, sources, and causes and effects, water law and regulations, the need to protect water resources, wastewater characterization, Physicochemical treatment processes  (Ion exchange, membrane separation, adsorption, chemical oxidation, catalytic transformation, chemical precipitation, neutralization), Biological treatment processes: Environmental and process factors, kinetics under various circumstances; microbiological degradation of organic compounds, nitrogen compounds and phosphate; anaerobic fermentation and sulphate reduction; the possibilities for application to industrial, municipal and agricultural wastewaters and waste slurries such as liquid manure and sewage sludge; the principles and application of  anaerobic and aerobic processes,

Learning Outcomes
Upon completion of this Course the students will be able to:

· Explain the nature of point and non-point sources of surface and ground water pollution and examines the statutory.

· explains current approaches to water quality protection and enhancement and reviews the role of treatment processes in water quality management
· explain the different water quality parameters 

· Discus the different water treatment technologies 

· Explain the application and treatment of wastewater 

· Demonstrate the  principles and application of  anaerobic and aerobic processes,
Course Content
1. Introduction to Water Quality Management

1.1 Introductions

1.2 Overview of water quality management

1.3  Components of hydrologic systems

1.4 Water law and regulations 

2. Status and Trends of Water Quality

2.1 Overview of water quality
2.2 Water quality characteristic and standards 

2.2.1 Introduction
2.2.2 Physical characteristics 
2.2.3 Chemical characteristics 

2.2.4 Microbiological characteristics
2.2.5 Sanitary surveying
3. Sources and Effects of Water Pollution I

3.1 History of water pollution

3.2  Toxic metals and other Inorganic pollutants

3.3 Organic pollutants

4. Sources and Effects of Water Pollution II
4.1 Nutrients
4.1.1 Nitrogen 

4.1.2 Phosphorus 

4.1.3 Carbon 
4.2  Microorganisms

4.3  Thermal effects

5. Statutory and Regulatory Approaches to Water Quality Management

5.1 Wastewater characteristics

5.2 Wastewater collection facilities

5.3 Wastewater pretreatment
6. Physical and Chemical Water  Treatment Processes:  Primary, Secondary and Tertiary Treatment Technologies
6.1 Disinfection

6.2  Ion exchange 
6.3 Defluoridation 
6.4  Membrane separation,

6.5  Ozonation
6.6  Adsorption

6.7  Advanced chemical oxidation 

6.8  Catalytic transformation 

6.9  Chemical precipitation,

6.10  Neutralization
6.11  Electrocoagulation 
7.  Biological treatment processes
7.1  Environmental and process factors, 

7.2  kinetics under various circumstances; 

7.3  Microbiological degradation of organic compounds, 

7.4  Nitrogen and phosphorus compounds

7.5  Anaerobic fermentation and sulphate reduction; 

8. Application of Wastewater 

8.1  Industrial

8.2  Municipal and agricultural wastewaters 

8.3  Waste slurries 

8.4  Principles and application of anaerobic and aerobic processes
Mode of Delivery 
· Lecture 

· Group discussion and/or assignment 

· Demonstration of experimental facts (Discussion of experimental results) 

Mode of Assessment 
· Mid-term exam (20%) 

· Presentations (30%) 
· Final exam (50%) 
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6. Practical Environmental Chemical Analysis
Course Title:  

Practical Environmental Chemical Analysis

Course Code: 

Chem 763

Credit Hours: 

2

ECTS: 


5

Contact Hours: 

6 Lec. Hr / Week

Course Description 
Practical/laboratory courses will include: Field Work ( in situ water quality parameter measurements, different environmental sample collections, preservations); Physico-chemical and Biological Water Quality Analyses Methods for different water quality parameters (pH, EC, TDS, TSS, DO, total alkalinity, nutrients, organic and inorganic pollutants, biomass, bacteriological analyses); Gravimetric Methods,  Volumetric titration, Chromatography Methods: Gas chromatography (GC), gas chromatography (GCMS), high performance liquid chromatography (HPLC), liquid column mass spectrometry (LCMS); Electrochemical Methods: Amperometry, cyclic voltammeter, pulse methods, chropotentiometry, stripping techniques, Spectroscopic Methods: Atomic absorption spectrometry (AAS) methods, ultraviolet, infrared, NMR (both 1H and 13C, Interpretation), and florescence, inductively coupled plasma/atomic emission spectrometry (ICP/AES), Mass spectrometry /inductively coupled plasma (ICP/MS) methods; Water and Waste Water Treatment Technologies: Electrocoagulation, Defluoridation, Disinfections, Membrane filtration, Precipitation, Biosand Filter.
Learning Outcomes
Upon completion of this practical Course the students will be able to:

· Differential the different environmental sampling techniques
· Explain the different sample  preparation procedures for  environmental sample analyses
· Apply the different environmental sample extraction techniques
· Explain the different chemical instrumental methods and their corresponding environmental applications are briefly described with respect to spectroscopic, chromatography, mass spectroscopy and electrochemical methods.
· Explain the different environmental sample collection and preservation techniques
· Know how to measure different in situ water quality parameters
· Distinguish  the physico-chemical and biological water quality analyses methods 

· Explain the different methods of environmental sample analyses techniques 

· Demonstrate  the different water and wastewater treatment technologies 

Course Content
1. Field work for Environmental Sampling: Purpose, Design, strategy and Techniques 

1.1 Importance of environmental sampling 

1.2 Sampling design and strategy

1.3 Sampling techniques for air, water, soil and biological samples

1.4 Collection and Preservation of different environmental samples

2. Classical environmental chemical analyses methods 

2.1 Gravimetric Methods
2.2 Volumetric titration
3. Physico-chemical and Biological Water Quality Analyses Methods 

3.1 Physical water quality analyses methods

3.2 Chemical water quality analyses methods

3.3 Biological analyses method 

4. Environmental Sample Analyses Methods 
4.1 Spectroscopic methods

4.1.1 UV-Visible and FTIR spectroscopic methods in environmental analysis

4.1.2 Atomic spectroscopy methods in environmental analysis
4.1.3 ICPMS methods in environmental analysis
4.2 Chromatographic Methods for Environmental Analysis

4.2.1 High performance liquid Chromatography (HPLC) 
4.2.2 Gas Chromatography (GC) 

4.2.3 Gas Chromatography-Mass Spectroscopy (GC-MS) 
4.2.4 ICP/MS
4.3 Electrochemical Methods for Environmental Analysis

4.3.1 Potentiometric analyses 

4.3.2 Voltammetric 

4.3.3  Striping techniques 

4.3.4 Ion-selective electrodes  
5. Water and Waste Water Treatment Technologies
5.1 Electrocoagulation 
5.2 Defluoridation
5.3  Disinfections
5.4 Membrane filtration 
5.5 Precipitation 
5.6 Biosand Filter
Mode of Delivery 
· Field work

· Laboratory work 
· Group discussions 

· Demonstration of experimental findings 

Mode of Assessment 
· Laboratory and Field work reports : (45 %) 
· Presentation: (25 %)
· Final exam: (30  %)
References 
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7. S. E. Manahan, Fundamentals of Environmental Chemistry, Boca Raton: CRC Press LLC, Florida, 2001
8. E. R. Weiner, Applications of Environmental Chemistry, Lewis Publishers, London , 2000 
9. J. Wang, Analytical Electrochemistry, 2nd Ed., Wiley – VCH, 2000. 
1.5 Common Courses to all streams
 1. Seminar I 
Course Title: 

Seminar I      

Course Code: 

Chem 612
Credit Hours:


1

ECTS:                                           3
Contact Hours:


2 Lec. Hr / Week 
Course Description 

The purpose of this course is to help students develop the necessary skills to communicate their knowledge to their colleagues and the public at large. It would entail organizing the content, oral delivery and proper write-up of a particular finding or research results. The skills required to do this will be discussed and practiced by writing a seminar paper and by defending in a seminar.
2. Seminar II 
Course Title: 

Seminar II      

Course Code: 

Chem 713
Credit Hours:


1

ECTS:                                           3
Contact Hours:


2 Lec. Hr / Week 
Course Description 

Preparation of a project is a skill that has to be learned and practiced. The do's and don’t's of project preparations will be discussed and oral defense of the projects practiced. Each student will then be required to prepare a project which he/she will defend in a seminar.  
3. Methods of Research and Scientific Writing 
Course Title: 

Methods of Research and Scientific Writing
      Course Code: 


Chem 711
Credit Hours:


2

ECTS:                                           5
Contact Hours:


2 Lec. Hr / Week 
Course Description
This course mainly focus on Research, Proposal development, Research problems, Review of Literature, Research objectives, Research hypothesis, Research methods, Work plan, budget preparation, outline of a scientific paper, Reporting, and Presenting a Scientific paper.
Learning Outcomes

Upon completion of this Course the students will be able to:

· Understand and explain the differences in the behavior of research and proposals 

· Able to understand how to develop a research proposal 

· Able to correlate the dependent and independent variables

· Apply the theoretical knowledge in quantitative and qualitative researches

· Understand how to write and  present a scientific paper
Course Content

1. Introduction

1.1. The Concept of Research 

1.2. Sources of Knowledge 

1.3. Definition and Purposes of Research 

1.4. Philosophy and Characteristics of Research 

1.5.  Types of Research 
2. Research and Research Proposal 
2.1. Research Proposal 

2.2. Process in Research Proposal Development 

2.3. Components of Research Proposal 

2.4. Process in Conducting Research 

2.5. The Research Processes 

2.6. Research Ethics 

2.7. Codes and Policies for Research Ethics 

2.8. Grammatical and tense errors in writing a scientific proposal and paper

3. The Research Problem 
3.1. What is a research problem? 

3.2. Formulating the problem statement & justification of the problem 

3.3. Importance of stating and defining a problem 

3.4. Information included in the statement of problem 

3.5. Writing statement  of problem 

4. Review of Literature 
4.1. Why is a review of literature important? 

4.2. Resources used to consult for the literature review 

4.3. Methods of citation in preparation of a literature review 

5. Formulation of a Research Objective 
5.1. Research objectives 

5.2. Types of research objective 


5.1.1. General objective 


5.1.2. Specific objectives 

5.3. Why should research objectives be developed? 

5.4. When should the objectives be developed? 

5.5. What are the characteristics of good objectives? 

5.6. How should objectives be stated? 

6. Research Hypotheses 
6.1. What is a research hypothesis? 

6.2. Stating research hypotheses 

7. Materials and Methods 
7.1. Variables  and their selection for particular study 

7.2. Research methods or techniques 

7.3. Sampling  and Sample size determination 

7.4. Data collection and Analysis Plan 

7.5.  Ethical considerations in data collection and analysis 

8. Work or Implementation Plan 
8.1. Work plan 

8.2. Use of work plan 

8.3. Components of a work plan 

8.4. Ways of presenting a work plan 

9. Budget Preparation 
9.1. The importance of budget preparation 

9.2.  The preparation of a budget 

9.3. The budget format and justification 

10. Outline of a Scientific Paper 
10.1. Title

10.2. Abstract/Summary

10.3. Introduction

10.4. Literature Review

10.5. Materials and Methods

10.6. Results

10.7. Discussion

10.8. Conclusion and Recommendations

10.9. Reference

11. Reporting and Presenting a Scientific paper

11.1. Seminar  vs. research paper writing

11.2. Writing a Scientific Report 
11.3. Reporting Research Findings 
11.4. Presentation of a Scientific paper
Mode of Delivery

· Lecture
· Group discussion and/or assignment
· Collaborative Learning (Presentation/

Assignment/Seminar/Demonstration)
Mode of Assessment
· Mid-term exam (30%

· Assignments (40%)
· Final exam (30%)
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4. Thesis  
Course Title: 

Thesis  
      Course Code: 


Chem 715
Credit Hours:


6
ECTS:                                           30
  Course Description 
Research project will be selected by students in topics which are of particular interest to them in consultation with their supervisors approved by the Department. Students carry out experiments under the supervision of research teaching staff according to an original research theme. Students spend one year on experiments for research and obtain new knowledge and skills as they plan and carry out investigations and experiments. Projects can also be executed in collaboration with other concerned institutions. Their experiments will be summed up in a thesis and defended.
2. ASSESSMENT STRATEGIES


Instructors, following the grading system of the Graduate Studies Program, assign grades on the basis of their evaluation of the academic performance of each student enrolled in their courses. At the end of the semester, the grades are reported to the Registrar's Office.  A thesis that is defended and accepted may be rated as “Excellent”, “Very Good”, “Good” or “Satisfactory”. A rejected thesis shall be rated “Fail”. The following assessment processes shall be followed:
I.  Course Work
   

i) Mid Semester Examination



ii) Final Examination



iii) Assignment, Group work, Presentation

II. Practical Courses



i) Laboratory and Field Reports



ii) Practical Examinations



iii) Written Examinations
III. Seminars and Thesis



i) Quality of the paper presented



ii) Way of presentation



iii) Defending the work presented
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