Department of
Chemistry

Phone:  041-9203038
Email:  chemistry@gcuf.edu.pk

Programs Offered

1. BS Chemistry

2. MPhil (Analytical Chemistry ,Inorganic Chemistry,
Organic Chemistry, Physical Chemistry)

3. PhD Chemistry

Chairman: Prof. Dr. Khalid Mahmood Zia

Vision

To promote quality research in various branches of Chemistry.
To promote industrially viable research to strengthen university-
industry linkages. To provide students a healthy environment
based on curricular and co-curricular activities. To provide well-
groomed and highly trained individuals to the society.

Mission

Chemists are the pioneers of modern age. The mission of
the Department of Chemistry is to be a benchmark in the
“Knowledge Based Study & Value-Added Research”. The faculty
of the department enthusiastically endorses the slogan of the
university “Striving for the excellence”. The department aims to
stimulate high quality academic and research culture to enrich
the society with top class teachers, researchers, entrepreneurs
and above all the civilized citizens. The Department of
Chemistry is deeply engaged to produce highly qualified and
skilled chemists to establish liaison between the academia and
industry. We foresee a bright future of our chemists in all areas
of life where they deem fit to perform.

Introduction

The modern chemistry boomed and flourished in the era of 20th
century. It is renowned markedly as an era of modern chemistry.
The significant number of chemists (188) have consecrated
with the title of “Nobel laureates” all over the world. Their
contribution towards chemistry is deemed as “the greatest
benefit to humankind” since 1901 to present.

Now days, chemistry is dominating in each component of our
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lifestyle. The Department of Chemistry was established in
2002 with the emergence of Government College University
Faisalabad. It is located in Sir Syed block at New Campus. A wide
and attractive piece of landscape with spacious, ventilated,
lecture rooms and theater halls beaming with the natural light.
It is glorified with well-equipped general laboratories for all
the specializations offered by the department. More than 900
students of undergraduate, postgraduate and doctorate studies
are enrolled in the department. The curriculum of all offered
degrees is coherent under the guidelines of Higher Education
Commission (HEC), Pakistan. New courses are being developed
and offered persistently in order to acquaint our students with
the recent developments in the subject. The department aims
to launch our students to meet the national and international
challenges in the field of chemistry. Our graduates are catering
the requirements of industry, public and private research
sectors. They have been recognized as successful entrepreneurs.
The research activities are also flourishing in the department
with the large number of ongoing research projects funded
by the national and international funding agencies. Faculty
of department has won more than 25 competative research
projects worth 80 million PKR on their credit.

Faculty

Prof. Dr. Khalid Mahmood Zia

Professor / Chairman

PhD (Pakistan), BIMS (Australia)

Specialization: Physical Chemistry, Polymer Chemistry, Textile

Chemistry, Bionanocomposites




Prof. Dr. Muhammad Kaleem Khan Khosa

Professor

PhD (Pakistan), Post Doc. (UK)

Specialization: Material Chemistry , Organo Transition Metal
Chemistry

Prof. Dr. Abdullah ljaz Hussain

Professor

PhD (Pakistan), Post Doc. (Malaysia)

Specialization: Analytical Chemistry, Pharmaceuticals
&Nutraceuticals

Prof. Dr. Ameer Fawad Zahoor

Professor (Tenured)

PhD (Germany)

Specialization: Organic Synthesis, Drug Discovery

Prof. Dr. Nasir Rasool

Professor (Tenured)

PhD (Germany)

Specialization: Synthesis of Natural Products, Medicinal
Chemistry, Homogeneous Catalysis

Prof. Dr. Syed Ali Raza Naqvi

Professor (Tenured)

PhD (Pakistan)

Specialization: Bio-Analytica, Nuclear Medicine Chemistry

Prof. Dr. Matloob Ahmad

Professor (Tenured)

PhD (Pakistan)

Specialization: Organic Chemistry, Synthetic Organic chemistry,
Heterocyclic Compounds

Prof. Dr. Muhammad Asghar Jamal

Professor

PhD (Pakistan)

Specialization: Physical Chemistry, Solution Chemistry

Prof. Dr. Muhammad Zubair
Professor

PhD (Pakistan), Post Doc. (Canada)
Specialization: Organic Chemistry

Prof. Dr. Muhammad Ramzan Saeed Ashraf Janjua
Professor

PhD (China), Post Doc. (Portugal), MBA (PIMSAT)
Specialization: Physical Chemistry, Computational Chemistry

Prof. Dr. Shahzad Ali Shahid Chatha

Professor

PhD (Pakistan), Post Doc. (Canada)

Specialization: Analytical Chemistry / Natural Products /
Environmental / Material Chemistry

Prof. Dr. Asim Mansha

Professor (Tenured)

PhD (Austria), Post Doc. (Austria)

Specialization: Physical Chemistry / Computational Chemistry

Prof. Dr. Tanveer Hussain Bokhari

Professor (Tenured)

PhD (Pakistan), Post Doc. (USA)

Specialization: Inorganic Chemistry / Radiochemistry

Dr. Zulfigar Ali Khan

Associate Professor (Tenured)
PhD (UK), Post Doc. (Canada)
Specialization: Organic Chemistry

Dr. Muhammad Usman
Associate Professor (Tenured)
PhD (Pakistan)

Specialization: Physical Chemistry

Dr. Majid Muneer

Associate Professor (Tenured)

PhD (Pakistan), Post Doc (KSA)

Specialization: Physical Chemistry, Radiation Chemistry

Dr. Muhammad Saeed

Associate Professor (Tenured)

PhD (Pakistan)

Specialization: Physical Chemistry (Heterogeneous Catalysis)

Dr. Atta ul Haq

Associate Professor (Tenured)

PhD (Pakistan)

Specialization: Analytical Chemistry

Dr. Shazia Tabassum

Associate Professor

PhD (Pakistan)

Specialization: Organic Chemistry
Dr. Kulsoom Ghulam Ali

Associate Professor

PhD (Pakistan)

Specialization: Inorganic Chemistry
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Dr. Kiran Aftab

Associate Professor

PhD (Pakistan)

Specialization: Analytical Chemistry

Dr. Saima Rehman

Associate Professor

PhD (Pakistan)

Specialization: Physical Chemistry

Dr. Samreen Gul Khan

Associate Professor (TTS)

PhD (Pakistan)

Specialization: Analytical Chemistry

Dr. Fozia Anjum

Assistant Professor (TTS)

PhD (Pakistan)

Specialization: Analytical Chemistry

Dr. Nadia Akram

Assistant Professor (TTS)

PhD (Pakistan)

Specialization: Physical Chemistry (Polymer / Composite
materials / Soft matter)

Dr. Tahir Magbool

Assistant Professor

PhD (Pakistan)

Specialization: Organic Chemistry

Dr. Bushra Parveen

Assistant Professor

PhD (Pakistan)

Specialization: Inorganic Chemistry

Dr. Akber Ali

Assistant Professor (TTS)

PhD (Brazil)

Specialization: Synthetic Organic Chemistry

Dr. Zumaira Siddique

Assistant Professor (OPS)

PhD (Pakistan)

Specialization: Physical Chemistry
Dr. Faiz Ahmed

Assistant Professor (OPS)

PhD (Pakistan)

Specialization: Organic Chemistry




Dr. Ayesha Malik
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: CHM-403 | Principles of Environmental Chemistry 3(3-0) CHM-625 | Pharmaceutical Chemistry | 4(3-1)
Assistant Professor (OPS) - - - — - -
PhD (Pakistan) CHM-405 | Cheminformatics and Chemometrics 3(3-0) Specialization in Physical Chemistry
Specialization: Organic Chemistry PHY-322 | Fundamentals of Electricity and Magnetism 3(2-1) INT-631 Internship/ Field Experience 3(0-3)
UHQ-II Understanding of Holy Quran-II 1(0-1) CHM-631 | Advanced Reactions Kinetics 4(3-1)
Ms. Javeria Rehman S ter 4 CHM-633 | Ad d Spect in Physical Chemistry | 4(3-1)
Lecturer (On study Leave) emester g vanced Spectroscopy in Physical Chemistry
M.Phil (Pakistan) CHM-402 | Principles of Analytical Chemistry 4(3-1) CHM-635 | Material Chemistry 4(3-1)
Specialization: Analytical Chemistry GSC-321 | The Science of Global Challenges 3(2-1) Semester 8
BCH-303 | Essentials of Biochemistry-| 3(3-0) Specialization in Analytical Chemistry
Scheme Of StUd|eS BS ChemIStry CHM-404 | Principles of Industrial Chemistry 3(3-0) CHM-602 | Thermal Methods of Analysis 3(3-0)
CHM-406 | Principles of Green Chemistry 3(3-0) CHM-604 | Nuclear Analytical Techniques 3(3-0)
Semester 1
. - N ENT-422 Entrepreneurship 2(2-0) CHM-606 | Food and Drug Analysis 3(3-0)
CHM-301 | Principles of Inorganic Chemistry 4(3-1)
X X Semester 5 CHM-608 | Molecular Spectroscopy 3(3-0)
ENG-321 | Functional English 3(3-0)
. - . CHM-501 | Inorganic Chemistry - | 4(3-1) CHM-610 | Advanced Analytical Chemistry Lab 2(0-2)
ICT-321 Applications of Information & Communication | 3(3-0)
Technologies CHM-503 | Organic Chemistry - | 4(3-1) CAP-630 | Capstone Project 3(0-3)
MTH321/ | Algebra and Trigonometry/ 3(3-0) CHM-505 | Physical Chemistry - | 4(3-1) Specialization in Inorganic Chemistry
BOIS05 | Funchional Hislogy:| 3(3-0) CHM-507 | Analytical Chemistry - | 4(3-1) CHM-612 | X-ray Spectroscopy 3(3-0)
ISL-321 /[ Islamic Studies / 2(2-0) Semester 6 CHM-614 | Homogeneous Catalysis 3(3-0)
ETH-322 | Ethics *
CHM-502 | Inorganic Chemistry - Il 4(3-1) CHM-616 | Radioactivity and Nuclear Chemistry 3(3-0)
QTR-421 | Quantitative Reasoning-I 3(3-0)
- CHM-504 | Organic Chemistry - Il 43-1) CHM-618 | Magneto Chemistry 3(3-0)
UHQ-I Understanding of Holy Quran-I 1(0-1)
- - - - - CHM-506 | Physical Chemistry - Il 4(3-1) CHM-620 | Advanced Inorganic Chemistry Lab 2(0-2)
Students with pre-engineering background will take Functional - - -
Biology-l and students with premedical will take Algebra and CHM-508 | Analytical Chemistry - Il 4(3-1) CAP-630 | Capstone Project 3(0-3)
Trigonometry Semester 7 Specialization in Organic Chemistry
Semester 2 Specialization in Analytical Chemistry CHM-622 | Organic Polymers 3(3-0)
CHM-302 | Principles of Organic Chemistry 4(3-1) INT-631 Internship/ Field Experience 3(0-3) CHM-624 | Reactive Intermediates and Photochemistry | 3(3-0)
ENG-322 | Expository Writing 3(3-0) CHM-601 | Electroanalytical Techniques 4(3-1) CHM-626 | Disconnection Approach 3(3-0)
ICP-321 Ideology and Constitution of Pakistan 2(2-0) CHM-603 | Advanced Separation Techniques 4(3-1) CHM-628 | Organic Catalyst and Protective Group 3(3-0)
MTH-322 | Introduction to Calculus / 3(3-0) CHM-605 | Advanced Atomic Spectroscopy 4(3-1) CHM-632 | Advanced Organic Chemistry Lab 2(0-2)
Z0L-307 Functional Biology-II 3(2-1)
Specialization in Inorganic Chemistry CAP -630 | Capstone Project 3(0-3)
CHM-303 | Introduction to Nanochemistry 2(2-0)
INT-631 Internship/ Field Experience 3(0-3) Specialization in Physical Chemistry
CCE-421 | Civics and Community Engagement 2(2-0)
CHM-611 | Main Group Organometallic and Organic 4(3-1) CHM-634 | Group Theory and Solution Chemistry 3(3-0)
PST-321 Pakistan Studies 2(2-0) Reagents
CHM-636 | Statistical and Quantum Mechanics 3(3-0)
Students with pre-engineering background will take functional CHM-613 | Spectroscopic Methods in Inorganic 4(3-1) — -
Biology-Il and students with premedical will take Introduction to Chemistry CHM-638 | Nuclear and Radiation Chemistry 3(3-0)
Calculus . CHM-640 | Electrochemical Aspects of Solutions 3(3-0)
CHM-615 | Organo-Transition Metal Compounds 4(3-1)
Semester 3 . N - CHM-642 | Advanced Physical Chemistry Lab 2(0-2)
Specialization in Organic Chemistry
CHM-401 | Principles of Physical Chemistry 4(3-1) CAP -630 | capst Project 3(0-3
— - INT-631 Internship/ Field Experience 3(0-3) apstone Trojec (0e3)
QTR-422 | Quantitative Reasoning-II 3(3-0) - - - - *Religious Education / Ethics in lieu of Islamic Studies
CHM-621 | Spectroscopic Methods in Organic Chemistry | 4(3-1)
IRS-515 Introduction to International Relations 2(2-0)
CHM-623 | Rearrangements and Pericyclic Reactions 4(3-1)




Defeciency Courses For Brldgmg Zero Semester CHM-733 | Advanced Liquid Chromatography 3(3-0) CHM-772 | Symmetry Controlled Reactions 3(3-0)
CHM-421 Basic Analytical Chemistry 3(2-1) CHM-734 | Smart Structures: Analysis and Design 3(3-0) CHM-773 | Classics in Total Synthesis 3(3-0)
*MTH-321 Algebra and Trigonometry OR 3(3-0) CHM-735 | Mass Spectrometric Analysis 3(3-0) CHM-774 | Advanced Techniques for Polymerization 3(3-0)
BOT303 Functional Biology | CHM-736 | Advanced Emission Spectroscopy 3(3-0) Physical Chemistry
CHM-406 Industrial Chernistry 33-0) CHM-737 | Laser and Luminescence Spectroscopy 3(3-0) CHM-776 | Nanostructures and Nanomaterials 3(3-0)
cHM-403 Basic Environmental Chemistry 2iall CHM-738 | Analytical Aspects of NMR Spectroscopy 3(3-0) CHM-777 | Advanced Functional Materials 3(3-0)
cia2 Computer Applications and Web-l 33-0) CHM-739 | Radiopharmaceutical Analysis 3(3-0) CHM-778 | Renewable Resources - Chemistry and 3(3-0)
BCH-303 Essentials of Biochemistry-| 3(3-0) CHM-740 | Radio-Analytical Methods of Analysis 3(3-0) IS
*Students with botany and zoology combination will take Algebra CHM-741 | Modern Extraction Techniques 3(3-0) CHM-779 | Photovoltaic Materials and Solar Cells 3(3-0)
xigéﬁc;;z?(xm/t:kldfjr:légi:: ;/ii;ﬂ);c;mbination of - Physics and CHM-742 | Surfaces and Thin film Analysis 3(3-0) Sl Ponr.ner Mech.anochem.istry -0

CHM-743 | Modern Analysis for Process Industries 3(3-0) CHM-781 | Physical Chemistry of High Polymers 33-0)

M Ph || / Ph D Chem iStry CHM-744 | Techniques for Polymer Analysis 3(3-0) CHM-782 | Complex Extension of Quantum Chemistry 3(3-0)
Inorganic Chemistry CHM-745 | Environmental Impact of Chemical Industries | 3(3-0) CHM-783 | Blectrode Processes 33-0)
CHM-701 | Solid State Chemistry 3(3-0) CHM-746 | X-Rays Methods of Analysis 3(3-0) (Gl Fot || RIS S TENIES 3(3-0)
CHM-702 | Photochemical Reactions of Transition Metals | 3(3 —0) CHM-747 | Advanced Electrochemical Technigques 3(3-0) CHM 785 ] Principles of Molecular Spectroscopy 3(3-0)
CHM-703 | Applied Transition Metal Catalytic Chemistry | 3(3-0) CHM-748 | Advanced Electrophoretic Techniques 3(3-0) CHM786 | Photochemistry 33-0)
CHM-704 | Chemistry of Organometallic Compounds 3(3-0) CHM-749 | Forensic Chemistry 3(3-0) CHM 787 ] Solution Chemistry 33-0)
CHM-705 | Inorganic Electronic Spectroscopy 3(3-0) CHM-750 [ Automated Methods of Analysis 3(3-0) CHM 788 | Colloids and Surfactants 33-0)
CHM-706 | Kinetics and Mechanism of Inorganic | 330) Organic Chemistry CHM-789 | Theoretical and Computational Chemistry 3(3-0)

Reactions CHM-751 | Modern Trends in Organic Synthesis 3(3-0) CILAPIBL || sl Lo aenis Wil 3(3-0)
CHM-707 | Bio-Inorganic Chemistry 3(3-0) CHM-752 | Advanced Stereochemistry 3(3-0) CHM-791 | Heterogeneous Catalysis 3(3-0)
CHM-708 | Advanced Nano Chemistry 3(3-0) CHM-753 | Physico-organic Chemistry and Reaction 3(3-0) bR || WS CEEEE B E N el e 3(3-0)
CHM-709 | Applied Spectroscopy 3(3-0) Mechanism CHM-793 | Environmental Chemistry and Energy 3(3-0)
CHM-710 | Extractive Metallurgy 3(3-0) CHM-754 | Advanced Heterocycles-I 3(3-0) Conversions
CHM-711 | Metal Based Drugs 3(3-0) CHM-755 | Chemistry of Glycosides 3(3-0) ALY || SITECE Ee Ry Rl
CHM-712 | Medicinal Inorganic Chemistry 3(3-0) CHM-756 | Biosynthesis of Natural Products 3(3-0) CHM-795 | Solid State and Semiconductors 36-0)
CHM-713 | Advanced Thermal Analysis 33-0) CHM-757 | Advanced Nuclear Magnetic Resonance 3(3-0) CHM-796 | Thermodynamics and Statistical Mechanics 3(3-0)
CHM-714 | Metal Complexes in Cancer Chemotherapy 3(3-0) CHM-761 | Protective Groups in Organic Synthesis 3(3-0) CHM-757 Er;\(/iii;ohrlomnsntal Applications of High Energy 33-0)
CHM-715 ] Inorganic Cage Compounds 3(3-0) CHM:762 | Advanced Heterocycles I 33-0 CHM-798 | Instrumental Physical Chemistry 3(3-0)
CHM-716 | Inorganic Polymers 3(3-0) CHM-763 | Advanced Molecular Rearrangements 3(3-0) CHM-799 | Modern Trends in Symmetry and Group 33-0)
CHM-717 | Radiochemistry 3(3-0) CHM-764 | Chemistry of Nitrogenous Compounds 3(3-0) Theory
CHM-718 | Chemistry of Advanced Materials 3(3-0) CHM-765 | Advanced Mass Spectrometry 3(3-0) Mandatory Requirements for MPhil
CHM-719 | Diffraction Method of Anlysis 3(3-0) CHM-766 | Supramolecular Chemistry 3(3-0) UHQ-I Understanding of Holy Quran-| 1(0-1)
CHM-720 | Advanced Atmosparic Chemistry 3(3-0) CHM-767 | Chemistry of Drugs 3(3-0) UHQ-II Understanding of Holy Quran-I| 1(0-1)
CHM-721 | Modren Surface Catalysis & Kinetics 3(3-0) CHM-768 | Chelated Enolates in Organic Synthesis 3(3-0) STA-795 | Statistics for Research 3(2-1)
Analytical Chemistry CHM-769 | Cross Coupling Reactions 3(3-0) CHM-728 | Seminar (General) 1(0-1)
CHM-731 | Advanced Research Methodology 3(3-0) CHM-770 | Multi-component Reactions 3(3-0) CHM-729 | Seminar (Research) 1(0-1)
CHM-732 | Advanced Gas Chromatography 3(3-0) CHM-771 | Green Synthesis 3(3-0) CHM-730 | Thesis 6(0-6)
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*Ph.D students who have not studied the course “Statistics for
Research” in M.Phil will have to take this course as audit course as
mandatory requirement.

*Audit Course
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SCHEME OF STUDIES
FOR

BS DEGREE IN CHEMISTRY (SESSION 2025-2029)

Semester 1

Course Code Course Title Credit Hours
CHM-301 Principles of Inorganic Chemistry 4(3-1)
ENG-321 Functional English 3(3-0)

ICT-321 Applications of Information & Communication 3(2-1)
Technologies
*MTH-321/ Algebra and Trigonometry/ Or 3(3-0)/
*BOT-303 Functional Biology-I 3(3-0)
ISL-321 or Islamic Studies or 2(2-0)
/ETH-322 / Ethics
QTR-421 Quantitative Reasoning-I 3(3-0)
UHQ-I Understanding of Holy Quran-1 1(0-1)
Total 18
Students with Pre-Engineering background will take BOT-303 Functional Biology-1 and
students with Premedical will take MTH-321 Algebra and Trigonometry
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BS Chemistry

Semester 1

CHM-301 Principles of Inorganic Chemistry 4(3-1)
The periodic Law and Periodicity

Development of periodic table; Classification of elements based on s, p, d, and f orbitals, group
trends and periodic properties in s, p, d and f block elements i.e., atomic radii, ionic radii, ionization
potentials. Electron affinities, electronegativities and redox potential.
Chemical Bonding in Main Block Elements
Nature and types of chemical bonding, Lewis concepts, ionic, covalent, coordinate covalent bond;
Valence bond theory (VBT), Molecular orbital theory (MOT). Interpretation of shapes of inorganic
molecules on the basis of valence shell electron pair repulsion (VSEPR) theory and hybridization.
Acid and Bases
Concepts of acids and bases including soft and hard acid base concepts. Relative strengths of acids
and bases, significance of pH, pKa, pKb and buffers solutions. Theories of indicators; (acid base,
redox, adsorption). Solubility, solubility product, common ion effect and their industrial
applications.
Chemistry of the p-block Elements
General characteristics of the following group of p-block elements with reference to the aspects
given against each
Carbon and Silicon:
Group anomalies. Allotropic forms of carbon, fullerenes and their applications. Production of pure
silicon for solar energy and silicon chips, silicates and silicones and industrial applications.
Nitrogen and Phosphorus
Group anomalies. Preparation, structures, properties and the environmental role of oxides of
nitrogen. Industrial superphosphate fertilizers. Causes of fog and smog.
Oxygen and Sulfur
Group anomalies. Preparation, structure, properties and environmental role of oxides and oxyacids of
sulphur, manufacturing of sulphric acid and its reactions. Thionic acids and use of hypo in industry.
The Halogens
Anomalous behavior of fluorine. Industrial preparation of chlorine. Preparation, structures,
properties and uses of oxides, oxyacids of chlorine, interhalogens and pseudohalogens.
The Noble Gases
Preparation, properties, structures and uses of xenon fluorides; commercial uses of noble gases.
Practicals: Laboratory Ethics and Safety Measures:

Awareness about the toxic nature of chemicals and their handling, cleaning of glassware, safe
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laboratory operations.

Qualitative Analysis

Analysis of four ions (two cations and two anions) from mixture of salts.

Preparation and standardization of normal and molar solutions of HCI, NaOH an KMnOQa.

Quantitative analysis

Determination of total hardness of water using EDTA.

Estimation of magnesium using EDTA.

Estimation of copper (iodometrically).

Determinstion of ferricyanide using K1 solution

Determination of chloride by VVolhard and Mohr methods.

Estimation of chloride/bromide ions using adsorption (fluorescein) indicator.
Percentage determination of ferric ions in ferric alum using KMnOs solution.
Determination of purity of commercial potassium oxalate using KMnOs solution
Estimation of ferrous / ferric ions using K2Cr.O7 solution.

Percentage determination of barium in barium nitrate by gravimetric method.

Gravimetric determination of nickel.

Recommended Books

1. J. William, “Inorganic Chemistry, Theoretical and Practical: A Manual for Students in

advanced Classes”, Legare Street Press (2023).

w ~N

J. E. House Inorganic Chemistry 2" edition (2012).
F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bockhmann, “Basic Inorganic Chemistry”

2"4 Ed, John Wiley & Sons, USA (1987).

B

B. Douglas, D. McDaniel, J. Alexander, “Concepts and Models of Inorganic Chemistry” 3™

Ed, John Wiley & Sons, Inc. (1994).

o

J. W. Hill, R. H. Petrucci, “General Chemistry” 8" Ed, Prentice-Hall, Inc. (1996).

6. J. E. Huheey, “Inorganic Chemistry Principles of Structure and Reactivity” 2"! Ed, Harper
and Row Publishers (1978).

7. J.D. Lee, “Concise Inorganic Chemistry” 5" Ed, Chapman and Hall (1996).

8. G. L. Miessler, A. T. Donald, “Inorganic Chemistry” 2"l Ed., Prentice-Hall International,
Inc. (1991).

9. B. Moody, “Comparative Inorganic Chemistry” 3 Ed, Routledge, Chapman and Hall,
Inc. (1991).

10. D. F. Shriver, P.W. Atkins, C. H. Langford, “Inorganic Chemistry” Oxford University
Press USA (1994).
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ENG-321 Functional English 3(3-0)

M alaling

) . HIGHER EDUCATION COMMISSION
B W Government of Pakistan, Islamabad

W (Curriculum Division)

ENDORSEMENT OF THE COURSE DESIGN COMMITTEE

A meeting of & course design committee was held on 3-9 August 2023 in the Higher Educntion Conumission,
Lahore (Regional Office) to design courses of “Functioaal English™ and “Expusitory Writing" each of three
(03) credits, as part of the general education component of the HEC Undergraduate Education Palicy (V 1.1)

Fallowing members of the commiviee astended the meeting and developed the draft of the 1wo courses:

L

Dr. Mubammad Kivan Sangi, Professor & Dean, Faculty of Arts, University of Sindh, Jamshoro
2.

Dr. Nasir Abbas, Professor & Dean, Faculty of Languages and Literature, Lasbela University of Agricultare,
Water & Marine Sciences, Uthal, Lesbela

Dr. Rizwan Aklsar, Professor, Institute of English Studies, University of the Punjab, Lahore

Dr. Sajjad Ali Khan, Professor & Chairman, Government College University, Labore (for the course of
Functional English only)

Dr. Zulfiqar Ali Shah, Professor & Director, Institute of English Language & Literatare, Shah Abdul Latif
University, Khairpur

Dr. Aamna Khalid, Associate Professoe, Mushtaq Ahmad Gusmani School of Humanities and Social
Sciences, Lahore University of Management Sciences, Lahore

3.
4.

7. Dr. Umaima Kamnn, Associme Professor and Chairpersom, Department of English, Quaid-i-Azam
University, Islamabad

8. Dr. Arshad Mchmood Raja, Assistant Professor and In-charge, Depariment of English, Internations! iskamic
University, 1slamabad

Dr. Azhar Pervaiz, Assistant Professor, Depastment of English, University of Sargodha, Sargodha
10. Dr. Muhammad Akbar Sajid, Assistest Professor and Head, Department of English, Natsonal University of
Madern Languages, Multan Campus

1|, Dr. Saima Jabeun, Assistant Professor, Department of English Language and Literatuee, Government College
University, Lahare (for the course of Expasitoey Wrating oaly)

12. Mr. Mubammad Ali Baig, Deputy Director, Higher Education Commission, Islamabad
Following members of the committee could not atiend the meeting due 1o official / other commitments:

|. Dr. Farhana Wazir Khan, Professor, Department of English, University of Karachl, Karachi

2. Dr. Faria Saced Khan, Professor, Degartment of Engish Literature, University of Balochistan, Quettn
3. Dv Fatima Syeda, Professor & Chairperson, Department of English, Forman Christian College, Lahore
4. Dr. Humaira Aslam, Assocate Professor, Department of English, University of Peshawar, Peshawar

That after consultation and endorsement of the commities, the final drafis of the courses are hereby submisted 1o
the office of the Director Curriculum Divisics, HEC, Islamabod by us / the undersigasd og behaif\of the

committee for consideration of
m\ﬂ"' v (s A

Dr. Anmna Khalid TP Azhar Pervalz M
({Convener) (Co-Convener) ==

PLEASE NOTE:

1. The Curriculum Division, HEC may conduct an intemnal review of the drafl submitted by the commitiee snd
make necessary amendments as and when seeded, with or without sharing reasons of the same with the

commitiee.

The Curncelum Division, HEC may refer the dmft submitted by the comminies 10 other experts or a new

commities for review who may propase revisions / addalonal recommendations in the said draft.

2
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FUNCTIONAL ENGLISH

UGE Policy V 1.1 : General Education Course

Credits: 03

Pre-Requisite: Nil

Offering: Undergraduate Degrees (including Associate Degroes)
Placement: | -3 Semesters

Type: General Education

Fields: All

This course is designed 10 equip students with essential language skills for effective communication In |
diverse real-world soenarios. It focuses on developing proficiency in English language usage: word
choices, grammar and sentence structure. [n addition, the course will enable students to grasp nuanced |
messages and tailor their communication effectively through application of comprehersion and
analytical skills in listening and reading. Moreover, the course encompassss i range of practical
communication aspects including professional writing, public speaking, and everyday conversation. |
ensuring that students are equipped for bath academic and professional spheres, An integral pant of the
course is fostering a deeper understanding of the impact of language on diverse audiences. Students \
will leam to communicate inclusively and display a strong commitment 10 cultural awareness in their
language use. Additionally, the course will enable them 10 navigate the globalized worid with case and
efficacy, making a positive impact in their functional interactions,

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

1. Apply enhanced English communication skills through effective use of word choices, grammar
ard sentence structure

Comprehend a variety of literary ¢ non-literary wiitten and spoken Lexts in English

Effectively express information, ideas and opinions in written and spoken English

Recognize inter-cultural variations in the use of English language and to effectively adapt their |
communication style and content based on diverse cultural and social contexts.

=W

. Foundations of Functional English:
e Vocabulary building (contextual usage, synoayms, antoayms and idiomatic expeessions)
e Communicative grammar (subject-verb-agreement, verb fenses, Iragments, run-ons,
modifiers, articles, word classes, ¢i¢.)
e Word formation (affixation, compounding, clipping, back formation, etc.)
« Sentence structure (simple, compound, complex and compound-complex)
o Sound production and pronunciation
2. Comprehension and Analysis:
o Understanding purpose, audience and coelext
o Contextual interpretation (tones, binses, stercoty pes, assum ptions, inferences, €tc.)
o Reading strategies (skimming, scanning, SQ4R, critical reading, ete.)
o Active listening (overcoming listening barriers, focused listening, ¢tc.)
3. Effective Communication:
o Principles of communication (clarity, coherence, CONTISEnEess, COUITEOSIIESS, COITCCINSSS,
etc.)
e Structuring documents (introduction, body, conciusion and formatting)
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e Inclusivity in communication (gender-ncutral language, stercolypes, cross-cultural
communication, ¢t¢.)

Public speaking {overcoming stage fright, voice modulation amd body language)
Presentation skills (organization content, visual aids and engaging the audience)
informa! communication (small 1alk, networking and conversational skills)

Professional writing (business ¢ mails, memaos, reparts, [formnul Jetlers, €1<.)

SUGGESTED PRACTICAL ACTIVITIES (OPTIONAL)

As part of the overall learning requirements, students wilk also be exposed to relevant simulations, roke-
plays and real-life scenarios and will be required to apply skills acquired throughout the course in the
form of a final project.

SUGGESTED INSTRUCTIONAL / READING MATERIALS

"Understanding and Using English Grammar™ by Betty Schrampfer Azar.
"English Grammar in Use® by Raymond Murphy. ‘

ol

"The Blue Book of Grammar and Punctuation” by Jane Straus ‘
"English for Specific Purposes: A Leaming-Centered Approach” by Tom Hutchinson and Alan
Waters. ‘
“Cambridge English for Job-hunting” by Colm Downes. |
“Practical English Usage" by Michael Swan.

“Reading Literature and Writing Argument” by Missy James and Alan P, Merickel.
*"Improving Reading: Strategies, Resources, and Comman Core Connections” by Jerry Johns
and Susan Lenski.

*Comprehension: A Paradigm for Cognition® by Walter Kintsch. .

i

0 M3 0N 0N

o

10. "Communication Skills for Business Professionals® by J.P. Verma and Meenakshi Raman,
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ICT-321 Applications of Information & Communication Technologies 3(2-1)

&) - .
"IEC ! \.'}:/J: -'.i"'."/&
"= HIGHER EDUCATION COMMISSION

o S
i s e Government of Pakistan, Islamabad
ey e (Curriculum Division)

A mctng of 0 cowrse design comminee was Beld on 10 August 2023 = the Higher Educaton Commission,
Lasore (Regimal Offiee ) 1o design o three-crodes coune of "Applications of Infermatine and Communication
Technobagles™ as pant of 1he pencral alucatson component of the HEC Undergraduate Edocaton Policy (V 1.1%

Following members of the commilice attended the meeting and developed the draft of the course

L Dr Aasia Khaewm, Professor, Dp ot of Compater Sciemce, Forman Christan Colfege, Lshore

2. D Faisal Rinz, Prodessor, Depart=sent of Compater Science & Jaformatscn Technolozy, Mirpur Usevessity
of Science & Teheology, Mimpur

. Dv Humaira Afral, Professor, Depantment of Computer Science, Bahauddin Zakariys Universzy, Madun

4 Dr Samuna Rajper, Profosso, Instnate of Computer Science, Shah Abdul Latif Usaversity, Khairper

5. Dy Shahzad Sarwas, Profesor & Chuepenon, Depanmest of Ceerpuler Science, Vniversity of the Pungb,
Lahoe

6. D Huma Javed Assocute Professor, Epartment of Computer Science, Univenaty of Pestawar, Pedhamor

© Dr Mehamrad Rafi, Associaac Profossor & Head, Depactmens of Amificiad Intelligence and Duna Science,
National University of Computer and Exmerging Sciences, Karachi

% Dr Mumam AL Shah, Aseciate Professor, Departmene of Computer Sciencs, COMSATS University
Islrevabod

S Dy Nadeom Mahmood Assocuse Professor & Chanpersen, Deparncst of Comgrater Science, Universaty of
Karache Karachs

0. Dr Seemab Latif, Associane Prefessor, School of Electrical Engincerisg and Competer Science, National
Universaty of Scioncey & Tochmology, Islamssisas

[T Dr Shahid Hussam, Asseciate Professoe & Chaiperson, Dep of Comy Science, [ of
Husingss Admanitration, Karachs

12, Mr Mubammad Ak Baig, Deputy Diecior, Higher Education Comumissise, Ixkimabad

Followsng members of the cotunittos coald nat atkend the meetng due to official | sther commitments

I Dr. Muddasw Shabbar, Associste Professor & Chap Dep of Compater Scaence, ok 1
Technodogy University, Lahore

2 Dr Syad Sajjad Hussan Rizva, Associste Professor & Ihead, Robotses and Astifical Irzelligesce, Shahecd
Zulfigar Al Bhomo Instite of Sckence & Techeolugy, Kisacke

3 Dr Hushra Nacems, Aswcute Profesaor & Charperson, Balochstan Univeraty of Infoamation Technokogy,
Engmoering sad Mansgoemest Sciences, Quena

4 Dr Mshammad Hamad Az, Associate Professor, Syed Babar Al School of Scrnce and Esgineening.
Lahoee Universaty of Management Sciences, Lahore

Tharafier comultatcn snd endorsoment of the committee, e final drafl of the course is Beredy subusitted to the

office of the Dirske Curriculum Division, HEC, Islamabod by s / the und
for comaderanon of HEC

S

Dr. Shabzad Sarwar

(Comvomer)

PLEASE NOTE:

I The Covaculum Division, HEC may condect an moemal review of the dodt sube | by the and
make necessary amendments as and when neadad, with ¢ with haning of the saewe wiih the
ommtice

2. The Cumiculum Division, HEC may refer the deafl submined by the conuTItes 3 other experts or 4 rew
commeee for review who may propose reviaas / add | d: 10 the ssad drall
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AVPLICATIONS OF INFORMATION AND COMMUNICATION TECHNOLOGIES

UGE Policy V 1.1 : General Education Course

Credats: 05 1 hass Credies: 02, Lab Credats: 01)
Pre-Requisite: Nil

Offerimg: Undergraduate Degrees {mclading Assoaate Degrees)
Placement: | - 4 Semwsters

Type: CGenoral Education

Fiekds: AL

DESCRIFTION

This course 15 desigeed 10 provide stwedents with an exploratsom of the practical applications of
Infomation and Comimwencation Techaodogies (BC 1) and sofiware tools in vanous domains. Studems
will gam hands-on experience with o taesge of soltware applicatimns, learning how to leverage ICT w

salve daly e problens, enhanee peoductivity 2o imnovate tn different Hekis. Theough individua

| and interactve exercmses amd discussions. students mll develoo proficiency in wdilizing soltware for
| Comwmmcaton, creativity, and mote

COURSE LEARNING OUTCOMES

| By the end of thus course, students will be able 4

L Explam the fumdamental concepts. compomenls, snd soope of Informaton and Communicatyon
Technuloges (KT
Identafy wses of vanous [CT platforms and tools for defferent parposes
Apply ICT platforms and toods for differost purposes to addees basic needs in didterent
dowains of daily. acodemic. and professscnal life
4 Underssand the ethical aod legal comsideratsons m use of 1CT platformms amd tooks
PEVLEABUS RSy T S — e——
1. Intreduction to Imformation asd Communication Technologies:
o Cowponents of Information asd Communicotion Tochnologees (basics of hardware
softwae, ICT plattorms, netwocks, local and clond &sta storagoe etc.)
e Scope of Informaboo and Comnresscation Technologies (use of ICT s sducanocs
busincss, governancs, healtheare digatal eedia and entersaimnent, e )
o Emongng technologees wad future trends.
Bosic 1CT Productivity Teols:
o Effective use of populae sesech engines (e.g., Google, Bing, e3¢ ) to exploee Weeld Wide
Wels
Foemal commumeation rools and enguettes (Gmasl, Microsoft Oatlook, ewc.)
Micrasolt Office Suites {Waord, Excel, PowerPoant )
Google Woeckspace {Google Dees, Sheets, Slides)
o Dropbas (Cloud storage and fike sharing), Google Drive (Cloud storage with Goagle Docs
integravon) and Migrasoft OneDrive (Clowad stocage with Microsofl Office wiegration)
. I,\\';nulu' (Note-tuking and ongnizition applications) sad OneNote (Microsof's digital
notchook for captunag and organizng sdess ) |
e Video conferencimg (Google Mees, Microsoft Teans, Zoom, elc )
o Socisl media spplicaticns (Linkedin, Facebook, Tnstagram, ete,)
30 10T i Education:
o Warking with leaming management sysses (Moodle, Canvas, Google Classrcoms, ox.)
o Sources of eeling education courses {Coursera, aiX, Udemy, Khan Acadeany, o< )
o Interactive multsmedio snd virtual classcooms.

?d

L

Babrpd /
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4 101 bn et amd Well-beny:
o [health and fitness rockeng devices and applicsions (Google Fit, Samsung Health, Apple
Lcalth, Xraoom M Band, Runkeeper, cie.).
o Telemedicine and eoline health consuleations (OLADOC, Schat Kaham, Martam, ¢¢ )
1CT im Porsonal Fimanee amd Shopping:
o Oaline banking aned financial eaeagement tooks (JozeCash, Easypasa, Zong PayMax,
TLINK amd MNET, Keoon Wallet, o)
o E-camencrce platfooms {Dorse.pk, Telemart, Shophive, ¢ic)
6. Ihigital Citizemship aml OnSine Etiguetoe:
o Digaal whrvtity ancl anlane ceputatson
o Notgeetio and respectinl onlime commumioation
o Cyberbullymg and ondine harassment,
T, Eahical Considerations in Use of 1CT Phatforms and Tools:
o Imetlectual peoperty amt copynght issnes
o Epsuring ooigmality in content creation by avording plagsansm and unauthonzed wse of
‘ lonnation sources
o Content accuracy amd integrity {ensurmg that the content shared through [CT platforms is
free Fromn sisanformation, fake news, and manspulanon)

PRACTICAL REQUIREMENTS

| As part of the overall leaming requirements, the course will include

o

I Guded mtonals and excrcises 1o ansure that students are proficient in commaonly used sofware
applications such as wond processing softeare (e.g, Microsoft Word), presentation software
te.g., Microsoft PowerPoint), spreadshect software (¢ 2. Microsoft Exced) among such other
1als Studentss may be assigned practical tasks that require them 0 cresie documents, |
prosentations, and spreadshects ete.

2. Assigneng of tasks that invedve creating, managing, asd ceganizing files amd fodkders on bath
local wnd cloud storage systems. Stadents will practice fike nammg conventions, creating
directories. and using cloud storage solulions (e.g.. Google Drive, OneDnive)

3. The use of online leamning management systems (LMS) where studemts can access course
maderials, submit ssssgnments, patbicipaie s discussson forums, and take quizzes or1ests. This

1 will provide students with the practical expenience with anlise platforms consmonly used in

education and the warkplace.

SUGGESTED INSTRUCTIONALY READING MATERIALS:

|, "Discovenmyg Compmnters™ by Vermaat, Shatter, and Freund.
2. "GO wath Micresaft Office” Series by Gaskin, Vargss, aml McLellan.
3 "Explonng Microsefl Ollice” Series by Graver and Poalsy.

4. "Computing Essentials® by Morley and Parker

5 "Technodogy in Achion® by Evans, Martin, and Poatsy,

g d
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MTH-321 Algebra and Trigonometry 3(3-0)

(For Medical Students)

MTH-321 Algebra and Trigonometry 3(3-0)

Preliminaries: Real-number system, complex numbers, introduction to sets, set operations, functions,
types of functions. Matrices: Introduction to matrices, types, matrix inverse, determinants, system of
linear equations, Cramer’s rule. Quadratic Equations: Solution of quadratic equations, nature of roots off
a quadratic equations, equations reducible to quadratic equations, cube roots of unity, relation between
roots and coefficients of quadratic equations. Sequences and Series: Arithmetic progression, geometric
progression, harmonic progression. Binomial Theorem: Introduction to mathematical induction,
binomial theorem with rational and irrational indices. Trigonometry: Fundamentals of trigonometry,
trigonometric identities.

Recommended books:

1. Dolciani MP, Wooton W, Beckenback EF, Sharron S, Algebra 2 and Trigonometry, 1978, Houghton
& Mifflin,

2. Boston (suggested text) Kaufmann JE, College Algebra and Trigonometry, 1987, PWSKent Company,
Boston

3. Swokowski EW, Fundamentals of Algebra and Trigonometry (6th edition), 1986, PWS-Kent

Company, Boston.
4. N. Khalid Mathematics-1 Algebra and Trigonometry, Discover Mathematics Series, 3rd Edition, 2021.
OR

BOT-303 Functional Biology-I 3(3-0)

(For Non-medical Students)

BOT-303 Functional Biology-1 3(3-0)

(For Non-medical Students) Biological Methods; Principles of Cellular Life,Chemical Basis, Structure
and Function, Principles of Metabolism, Energy Acquisition, Principles of Inheritance, Mitosis and
Meiosis, Chromosomes, Observable Inheritance Patterns, DNA Structure and Function , RNA and
Proteins, Genes Genetic Engineering and Biotechnology, Biodiversity, Fundamental Concept of]
Biodiversity, One or two examples of each of the following from commonly found organism , Prions,
Viruses, Bacteria, Protistans, Algae, Fungi, Plants, Crops, Animals, Invertebrates, Vertebrates

Books Recommended

1. Roberts, M.M., Reiss and G.Monger. 2000. Advanced Biology, Nelson.

2. Starr, C, and R, Taggart, 2001. Biology: The Unity and Diversity of Life Brooks and Cole.

3. Campbell, N.A., J.B, Reece, L.G. Mitchell, M.R, Taylor. 2001. Biology: Concepts and Connections.

Prentice-Hall.
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ISL-321 Islamic Studies/ Ethics 2(2-0)

- s
oﬂ‘.f dﬁ:" ,-€| F:"Q
HIGHER EDUCATION COMMISSION

Government of Pakistan, Islamabad
(Curriculum Division)

A meeting of 8 course Jesipe commutioe wirs kel oo [ Avegreat 2000 10 the Mhgher Education Commissin, Laboce
(llcgu-ul Office) 1o design & bwo oodits anese of *Istamic Studies” it ol e poseral sdocation compamest of
#ie HEC Undargradiste Edecatson Policy (V 11)

Followmg members of 1he comestioc aromdod the mecting and doveloped the drall of the coane

I Do Qidla Ayaz, Chasessan, Comcil of Blintic hieology, blunabed

Dy Faweed Ud Din Tang, Professor. Depanment of Ishime Studos, Usiversity of Axnd Tamra asd Kashenir,

MureafSamabad

3. Do Movammad Abduflal, Professae ond Durooser, Shakh Zayod Islamic Coster, Univeraty of the Purgehy, Laboe:

4 Dr Zabid Al Zatedi, Trofessor ad Diesss, Fooulty of Isharic Stbies, University of Karachi, Karachi

5. Dy Zuw R, Professo and Ousintan, Departnest of Qurdnie Stades, Istamis Unevervity of Balawalpur,
Bahawalpur

£ Dy Haflz Andud Glung, Associne Profoisu and Claspewon, Depastesene of Religioos Studies, Pormus Christisn

Collepe, Lahoee

D Haliz Mot Saped. Avocuie Profcos, Department of leler faitk Snades, Foculty of Anabic and lalamc

Staubice, Allamua Igbad Open Unniversny, lobomahad

% Dr Havers Shakeel Shah, Assocute Profouce and Chosrporsons, Déparunest of isamic Thaught and Civieneon
University of Marsy ¢ and Tockeelogy, Labisee

9 D Zsens Abddin Arijo. Askeciste Profoser, lnvstuse of Islamic Sudes, Siah Abéul Latif Ureveruty, Kharput

10 By Auangreh Hancef, Axdstam Profssce, Muditag Almad Gamane Sehool of Hureanities and Socal Sciences,
Labare Unnverwty of Marsgemest Seienoes, Labore

M Dy Msharemad Forwend-Dia Shad, Assistast Professor, Dogarmmont of Igamic Sudios, Unmvenaty of Sangadba,
Sargodla

12 W Mehamenad Al Bag, Deputy Director, Higher Education Commission, tdamabad

Vodlowmg membzers ul the ¢ coeld oot antendd ths meeling die 1o afficial | other commtments:

1 Dr. Musammead Saleem Hewed, Professer and Den, Facalty of Islamec and Oviestd Suudies, Usivessity of

Poshavar, Pesbaner

Dy Sabheads Baz Melumoad, Profeoor and Chairpersont, Dopartmeet of Blasmic Stadies, Uriversity of

Bafochemtan, Gustls

3 Dy Mafiz Taj Afsar, Asseciste Prodessoe aed Deputy Dean, Faculty of Usiduddin, Iemational Istassic University,
Isbsrealad

& Dy Mifasmnad Faroog Halder, Associate Professor mnd Clapersos, Depantment of Ismiic Stadies, Governmeot
College Universaty, Lahoro

~

Thoe after enraulalion and endor of the wree, the Goad dealt of the comrso s herelry submingd 1 1he office
ol he Diescioe Curriculem Division, HEC, Idamabad by uc /) the undersipgned on badall of cormenimee for
conodzruan of HEC,

Dr. ig Avag Dy, Zahid Al Zahidi

(Corvener) (Colrmverer)

PLEASE NOTE:

1 The Curmoulien Divisian, HEC sy condwct an interaal review of fae &afl submenad by the commince snd make
seceakny ameedeents a5 and when needed, with ar withost sharing reisons of the same with the conates,

2. The Currulien Divisics, HEC say refer the drft subminiod by fee commings tn other experts of & xe coremilice
for sevierw wihn rtay propoes revissons | additienal recammendaticas in the sed drafl
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ISLAMIC STUDIES

UGE Poliey V 1.1 : Gemeral Education Course

Credins: 2

Pre-Requisite: Nl

(Mfering: Undergraduase Degrees Lincluding Assocate Degrees)

Placement: | -4 Scimesters

Type: Ceenerad Education

Faelddy: All

[UDESCRTP YN S ———— oo —— P o L s

|

ey coutne 18 desipned 1o provide students with o compedicrane ovearview of the fundamental aspects |

ol Ishaen s ehichs peactioes, Tustory amd snllueses v socioos. I will fawethiee Lnularze the students
with & solid Soumcotion s understanding Blam froes an o
this commye, stikents well have s enhanced understanding

demic and cubtural perspective. Thewugh |

of Klam's multifageted dimensions which |

|

will etable them o mavgnie complex discvssions sbout Bfams histonical asd cossemporary role,
toste g cogathy, respegt, and intermed dhalogue.

By the end of this comase, soalents will be able to

I Demomsinge cobancod knowlodge of Blanic fowdatcoal beliefs, peactices, histoncal
developmess, spoviiml vabues and ethical peincples

2 Describe basi sourees of Bilamee Love and their apphicatson i daiky hife
ldentafy and duscuss comernpwiey Ssues being faced by the Maslim world including social
chalienpes, gender rolos and waerfasch mteractions

SYLLARBUS

1. lotrodection to Islam:
o Detinmmon of Isliom and s one behefi
o The Haly Quran (meroduchion, revelation sl commiaton)
o Hadith ad Stmoah (oompilation, classificomon, and significeaece )
o Key theological concepts and thewes (Tawiud, Proplcthood, Aldussd cic )
1. Sirah of the Holy Prophet (Feace Be Upon Him) as Uswa-i-Havana:
o Lafe and legacy of the Holy Prophet PHUH.
o Dyvorse robes of the Holy Prophet PBUH (as an indivadaal, edocaor, peace maker, Jeader |
elc.)
L Islamic Histery and Civilization:
o Wark! betoee Islam
o The Rashedun Caliphate and expansion of [amic rule
o Comtnbuteon of Muslim scientists and phalosophiers in shaping world civibeation
4. blamic Jurisprudeace (Figh):
o Fusdamental sources of lslamic junsprudesce
o Pillars of Islam and thewr significamece
o Mujor schoals of Blusic jurspeudence
o  Significance and princphes of 1jtihed
5. Famély and Sacicty in Isbam:
o Stats and nghts of women o Islamec 1ccungs
o Mamage, lamily, sad gessder roles in Muoshim society
o Family structure and valoes m Mushon seciety
6. Il and the Moders Workl:
o Relevance of Islam m the modern workd (glotalization, challenges and prospects)
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o Llamophobea, interfath dialogue, and multiculturalism
Ishanue viewpomt towands socsa-<cultwal and rechnodogical changes

"The Five Milars of Eslam: A Joumey Through the Divine Acts of Worship® by Muhammad
Mustafa Al-Azami

|
“The Five Tillars of Iskam: A Foamewoek for [slamec Values and Character Building” by
Musharrad Hussane

“Towards Understanding Islam™ by Abul A’ Ia Mawduds,

“Istams Naasa ¢ Havat" by Khorshsd Ahnad.

“An Introductxon 1o Blamic Theology” by John Renand

“Blanue Civilization Foundations Belief & Principbes™ by Abul A’ la Mawdudi

“Woemen and Social Justice: An Islamec Paradigm” by Dr. Anis Al
“Istam: Tis Meanng and Message™ by Khurshid Ahmsd

Thas course 1s compulsoey for Muslun and optonad for non-Mushim undergraduaate students
Noea-Mushm students can opt for any course of at least the same or more cradits in subgects
woch as religious studies, ethics, theology, comparative religson, Christian ethics, etc. |
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QTR-421 Quantitative Reasoning-1  3(3-0)

HIGHER EDUCATION COMMISSION

2 OO Government of Pakistan, Islamabad

oy (Curriculum Division)

END ‘OURSE DESIGN COMMITTEE

9 ol s ,
gHEc 5 FE A A
et

A meeting of a course design committee was held on 2021 July 2023 in the Higher Education Commission,
Lahore (Regional Office) 1o design courses of “Quantitative Reasoning (1)" and "Quantitative Reasoning (11)”

cach of three (03) eredits, as part of the general education component of the HEC Undergraduate Education Policy
(V11)

Following members of the committee attended the meeting and developed the dralt of the two courses:

I Dr. Asif Ali Shaikh, Professor & Chairman, Department of Basic Sciences and Related Studies, Mehran
University of Engineering & Technology, Jamshoro

Dr. Muhammad Zubair Khan, Professor & Associate Dean, Faculty of Basic Sciences, Balochistan University
of Information Technolegy, Enginecring & Management Sciences, Quetta

De. Akbar Zada. Associate Professor, Department of Mathematics, University of Peshawar, Peshawar

4 Dr Asad Ullah, Associate Professor & Chainman. Department of Mathematical Sciences, Karakoram
Intemational University, Gilgit

Dr. Jamal Abdul Nasie, Associate Professor & Chairman, Department of Statistics, Govemment College
Umniversity, Lahore

6. Dr. Kalim Ul-Hag Tarig, Asscciate Professor, Department of Mathematics, Mirpur University of Science &
Technelogy. Mirpur

7 Dr.Naveed Ahmad, Associate Professor, School of Mathematics and Computer Science, Institute of Business
Administration, Karachi

& Dr. Rizwan Ul Haq, Associate Professor, Department of Mathematics, School of Natural Sciences, National
University of Sciences & Technology, Islamabad

% Dr. Saima Altaf. Associate Professor, Department of Statistics, Bahauddin Zakariya University, Multan

10, Dr, Shaheen Nazir, Associate Professor, Department of Mathematics, Sved Babar Ali School of Science and
Engineering, Lahore University of Management Sciences, Lahore

11 D Shakila Bashir, Associate Professor, Depantment of Statistics, Forman Christian College University.
Lahore

2 Mr Mubammad Ali Basg, Deputy Dicector, Higher Education Commission, Islamabad

)

Following members of the committee could not attend the mesting due 1o official / other engagements:

I De. Muhammad Akram, Professor & Chairman, Depaniment of Mathematics, University of the Punjab,
Lahore

Dr Nasir A6, Associate Professor & Chairman, Department of Mathematics & Statistics, Intermnational

Islamic University, Istamabad

3. Dr. Nargis Aslam Khan, Associate Prolessor, Departiment of Mathematics, Islamia University of Bahawalpur,
Bahawalpur

2

That after consultation and endorsement of the committee, the final drafts of the courses are hereby submitted 1o

the office of the Director Curriculum Division, HEC, Islamabnd by us / the undersigned gon behglf of the
committee for consideration of HEC,

Mo Ju

Dr. Naveed Almad \ De, Jamal Abdul Nasir

(Convener) (Ca-Convener)

PLEASE NOTE:

1. The Curnculum Division, HEC may conduct an internal review of the draft submitied by the committee and
make necessary amendments as and when needed, with or without sharing reasons of the same with the
committee

2. The Curriculum Division, HEC may refer the draft submitted by the commitiee 1o other experts or a new
commitice for review who may propose revisions / additional recommendations in the said drafl
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QUANTITATIVE REASONING ()

LGE Poliey ¥V 11 2 General Fdecation Course

Crodins ui

Fre Reguisite: o

Offerong! Cndergradunie Degrecs (mclnding Associane Degrees)
Flacement |« 4 Somesters

Typo Mandatory

ki Al

Lhemiuialivg

Reasoming (1) is o sroductonslevel usdergroduste courwe that focuses on The
furdarmesttals rebeiand b B0 quantdann e concepts and aalyss. The ocurse s desgaad to Bimsleenze
sdvety with the bomic concopts of mathematacs and statistics aed 30 develop 9w

" alitios o
LY BTG i g Inbormiatn

Throsgh & combirabion ol thooecis

racii Sariises, s Ccomwe

will also esabile students cultivale e ueantst e literoy and
prodibers

wolving Shills whibe effectively expasdisg ther academic dorxon and breadth of tnowle
o Ber specilac major | licld of stndy

COURSE LEARNING OUTCOMES

B b @ad ofF thils Qourse. stedents shall luwve

nedunermal suscricad Inencs 1o crubie thes work with nusbers, indersasd theor meanng
wid cod dits accungels,
p. iherstmndiog of

sndhancntal mathemabicad and stahistcal concopls

Tasic abslily b irderpuet et peeanted o various Soemats inchisding bt ot limiged 1o 1ahles
araphis. charts and ejeemonms eic

SYLLABUS

1. Numericsl Literae

o Number syswm and hasic anthneiic openaions

o Lnits usd Ther convenons, dencmanns, arem penioter and volume,

o Rates, mios, puopomioss amd poroeriages

o lypos s soweces of dara

o Maouremonl wales;

o Tadabar snd graghecal presestation of datx

o Quaiialive reasoning exercises usiog number bnowhodpe

1. Fundamostal Mathematicsd Concepls
o Hadon of grorotry (limes, asgles, cuckes polygmes ok |
* Sets ond their operaliins,

o Relatioos, fanchions, and thewr graphs
-

Expormets, lactoning and &
e A

s alpcboan expressons
clvaic and graplical oo of lmear ond quodrne oQuutioe

ind napmites
® LuartEn e rovaning exeromses wsitg Nmdimental matheran ical oncepts
& Fundameatal Simistiosd Concepls

o Population aed senplc
o Meaveres of ceronl wwedency, disperson sod (ets mlerpresstion;
.

Koks of courmag (nukgplicstive, permutation and combanation)
e Basic probabduy deory

Ptrodaction 1o raedom varsiles anl their prrdahiley Ssinbigatme

LMamissing naauinel g exarcines ssing fundamneotal statigticad COmepts.
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SUGGESTED INSTRUCTIONAL / READING MATERIALS

“Quantitative Reasommg Toolks for Today’s Infornssed Cotizen’ n Bernand | Madisca, Lynn
and Arthur Steen

“Quantieatonve Reasoning foe the Information Age™ b Bernand 1. Madiscn and David M
Bressoud

“Fundamenals of Mathematics™ by Wadk Ellix
“Quantititive Reasoning: Thinkimg m Numbers” by Ere Zashow

“Thinking Clearly with Data: A Guide to Quantitative Reasoning and Analysis™ by Ethan
Bueno de Mesquita and Anthoay Fowle

“Using aad Understanding Mathanatics: A Quantitative Reasaning Appeoach”™ by Benmett, J
OO Brgas, W. L, & Badstamenti, A.

“Discrete Mathemats s s Applications” by Kenneth H. Rasen
“Statistecs for Technology: A Course in Applied Statstics™ by Chatfiekd, C.

“Stanstes Unlocking the Power of Data™ by Robin H. Lock, Putti Frazer Lock, Kan Lock |
Mongin, and Enc F, Lock

/_}f .
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UHQ-I Understanding of Holy Quran-I 1(0-1)
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Semester 2

Course Code Course Title Credit Hours
CHM-302 Principles of Organic Chemistry 4(3-1)
ENG-322 Expository Writing 3(3-0)

ICP-321 Ideology and Constitution of Pakistan 2(2-0)
MTH-322/ Introduction to Calculus / 3(3-0)/
ZOL-307 Or 3(2-1)
Functional Biology-II

CHM-303 Introduction to Nanochemistry 2(2-0)

CCE-421 Civics and Community Engagement 2(2-0)

PST-321 Pakistan Studies 2(2-0)

Total 18

Students with Pre-Engineering background will take ZOL-307 Functional Biology-I1
and students with Premedical will take MTH-322 Introduction to Calculus

Semester 2
CHM-302 Principles of Organic Chemistry 4(3-1)
Basic concepts in chemical bonding
Localized and delocalized bonding. Concept of hybridization leading to bond angles, bond energies and
geometry of simple organic molecules; dipole moment; inductive effect; resonance, resonance energy,
rules of resonance, resonance effect, steric inhibition of resonance; hyperconjugation; tautomerism;
hydrogen bonding.
Nomenclature of organic compounds
Common and trivial name of organic compounds; and introduction to the systematic nomenclature of
mono and bi-functional organic compounds by IUPAC rules.
Aromatic Hydrocarbons
Aromatic Compounds Structure of benzene, aromaticity, electrophilic substitution including
orientation and reactivity, addition and oxidation reactions, preparation and reactivity of naphthalene.
Isomerism

Geometrical isomerism Determination of configuration of geometrical isomers, Z, E convention and
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cis- and trans- isomerism in compound containing two double bonds; Optical isomerism, optical
activity, chirality and optical activity, racemization and resolution of racemic mixture, R, S notation,
diasteroisomers. Conformational isomerism A brief introduction to conformation of ethane, n-butane
and cyclohexane.
Chemistry of the Hydroxyl Group and Ethers
Brief review of the physical properties, preparation and reactions of alcohols. Phenols acidity,
preparation and reactions, Ethers preparation, properties and reactions.
Chemistry of Carboxylic Acids and Their Derivatives
Physical properties of carboxylic acids, effect of substitution and structure on the strengths of acidity
of carboxylic acids. Preparation, properties and reactions of carboxylic acids and their derivatives i.e.
ester, amides, acid halides and acid anhydrides.
Practicals
Sixteen experiments shall be conducted based on the following techniques:
a. Melting and boiling point determination, Distillation, solvent extraction, crystallization.
b. Qualitative Organic Analysis
Systematic identification of organic compound (1 Compounds)
c. Preparation of Organic Compounds
Preparation of simple organic compound like iodoform, aspirin, acetanilide etc
Recommended Books
1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6™ Edition,
John Wiley & Sons, Inc. (2024).
2. G. M. Loudon, “Organic Chemistry”, 7th Ed., W.H. Freeman (2021).
3. G. R. Chatwal, “Reaction Mechanism and Reagents in Organic Chemistry”, 5th Ed., Himalaya
Publishing House (2019).
4. Jonathan Clayden, Nick Greeves, Stuart Warren “Organic Chemistry”, 2nd edition, OUP Oxford,
(2012).
5. J. March, “Advanced Organic Chemistry Reactions, Mechanisms and Structure” 6th Ed, John
Wiley & Sons (2007).
6. J. McMurry, “Organic Chemistry” 5th Ed, Thomson Asia Ltd; Singapore (2000).
7. S. H. Pine, J. B. Hendrickson, G. S. Hammond, “Organic Chemistry” 4th Ed, McGraw-Hill, Inc;
(1992).
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ENG-322 Expository Writing  3(3-0)

HEC AT W::f' .- ’.{l/."’ﬂ'
HIGHER EDUCATION COMMISSION

. N Government of Pakistan, Islamabad

Sy g (Curriculum Division)

URSE DESIGN COMMITTEE

A meeting of a course design commiitee was held on 8-9 August 2023 in the Higher Education Commission,
Lahore (Reglven! Office) o design courses of “Functional English™ and ¥ Expusitory Weiting" each of three
(03) credits, as part of the general education component of the HEC Undergraduate Education Poticy (V 1.1)

Folkowing members of the committee attended the meeting and developed the draft of the two cousses

1o De Mubamsmad Khan Sangy, Peofessor & Dean, Faculty of Arts, University of Singh, Jamshara

2. Dr.Nasir Abbas, Professoe & Dean, Faculty of Larguages and Literalure, Lasbela University of Agricultare,
Water & Manne Sciences, Uthal, Lesbela

3. Dr. Rizwan Akbar, Professoe, Institute of Eaglish Studies, University of the Punjab, Lahore

4. Dr. Sajind Ali Khan, Professor & Chairman, Govertment College University, Labare (for the course of
Furcticoal English only)

5. Dr, Zulfigar Ali Shah, Profsssor & Dievctor, Instiaune of English Langeage & Literatare, Shah Abdul Lauf
University, Khairpur

6. Dr. Asmna Khald, Associse Professor, Mushtsg Ahmad Germani Sekool of Humanities and Social

Sciences, Lahore University of Management Sciences, Lahare

Dr. Umaima Kamen, Assoslate Professor and Chalrperson, Department of English, Quaidi-Azam

Univessity, Islamabad

8. De Arshad Mchmood Rag, Assistant Professor and le-charge, Degartment of English, International lslamic
University, Islamabad

9. Dr. Azhar Pervaiz, Assistant Professor, Department of English, University of Sargodha, Sargodha

10, Dr. Muhammad Akbar Sajid, Assistant Professor and Head, Department of English, Natiomal Universaty of

Modern Languages, Multan Campus
. Dr. Saima Jebeen, Assistant Professor, Departmess of Englesh Laaguage and Literature, Government College
University, Labare (far the course of Expository Wriling only)
12. Mr. Mubammad Al Baig, Deputy Director, Higher Education Commission, Islamabad

Folkawing members of the committee could nol sttend the meeting due %o official / ccher commitments:

|. Dr. Farhana Wazir Kkan, Professor, Department of Eaglish, University of Kaenchi, Karachi

2. Dr. Faria Saeed Khan, Professor, Deparement of English Literature, University of Balochistan, Quetta
3. Dr. Fatima Syeda, Professor & Chalrperson, Department of English, Forman Christian College, Lahose
4. Dr. Humaira Aslam, Associale Professor, Deparment of English, University of Peshawar, Peshawn

That afier consultticn and endorsement of the committee, the final drafls of the courses are hereby submitted 10
the office of the Dirsctoe Curricubum Division, HEC, Ishimabad by ws / the wadessigaed of behalf\of the
committee for consideraticn of BEC.

D, Aamnn Khabid O Ahar Pervaiz
(Convener) (Co-Convenar)

PLEASE NOTE:

I, The Curriculum Divisica, HEC may canduct an intemal review of the draft submsitied by the comeittes and
make pecessary amendments as sad when seoded, with or without shaeing reasons of the saeme with the
commitiee.

2. The Curriculum Division, HEC may refer the drafl submitied by the committee to other experts or a new
commities for review who may propase revisions / edditional recommendations @ the said draft
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EXPOSITORY WRITING

UGE Policy V 1.1 : General Education Course

Credits: 03

Pre-Requisite: Functional English

Offering: Umndergraduate Degrees (including Assocsiale Degrees)
Plucement: 2 - 4 Semesters

Type: General Education

Fields: All

Expository Writing is a sequential undergraduate course aimed a4 refining writing skills tn vanous |
contexts, Building wpon the foundation of the pre<requisite course, Functional English, this course will !
enhance students’ abilities of producing clear, concise and cobierent written texts in English. The course |
will also enable students 1o dissect intricate ideas, 1o amalgamate information and to expeess their views
and opinions through well-organized essays. The students will further be able 10 refine their analylical
skills to substantiate their viewpoints using credible sources while adhering to established ethical
writing norms. Additionally, the course will highlight the significance of critical thinking enabling
students 10 produce onginal and engaging written texts,

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

I, Understand the essentials of the writing process imegrating pre<writing. drafling, edising and ‘
proof reading to produce well-stiruactured ¢ssays,

2. Demonstrate mastery of diverse expository types to address different purposes and audiences. \

3. Uphold ethical practices to maintain originality in expository writing.

1. Introduction to Expository Writing:
e Understanding expository writing (definition, types, purpose and applications)
e Characteristics of effective expositary writing (clarity, coherence and organization)
o Introduction 1o paragraph writing
2. The Writing Process:
e Pre-writing technigues (brainstorming, frec-writing, mind-mapping, listing, questicaing
and outlining etc.)
Drafting (three stage process of drafting techniques)
Revising and editing (¢nsuring correct grammar, clarity, coherence, conciseness ¢ic, )
Proof reading (fine-tuning of the dralt)
s Peer review and feedback (providing and receiving critique)
3. Essay Organization und Strocture:
o Intreduction and hook (engaging readers and introducing the topic)
¢ Thesis statement {crafling a clear and focused central idea)
s Body Paragraphs (topic sentences, supporting evidence and transitional devices)
o Conclusion (types of concluding parngraphs and leaving an impact)
¢ Ensuring cohesion and coherence (creating seamless connections between paragraphs)
4. Different Types of Expasitory Writing:
* Description

\
=k
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o  lllustration

o  Chssification

o Cause and effect (exploring causal relationships and outcomes)
o Process analysis (explaining step-by-step procedures)

o Comparative analysis (analyzing similarites and differcoces)
5. Writing for Specific Purposes and Audiences:

o Different types of purposes (to inform, to analyze, to persuade, 10 coremain eic,)

o Writing for ascademic audiences { foemality, objectivity, and academic conventions)

o Writing for peiblic audiences (engaging, Informative and persuasive language)

o Different tones and styles for specific purposis s adiences
6. Ethical Consilerntions:

o  Ensuring original writing (finding credsble sources, evaluating information etc.)
Proper citation and referencing (APA, MLA, or ather citation styles)
Integrating quotes and evidences (guoting, paraphmsing, and summarlzing)
Avoiding plagiarism (ethical considerations and best practices)

SUGGESTED PRACTICAL ACTIVITIES (OPTIONAL)

'

' As part of the overall Jeaming requirements, stodeots will b required 10 build & writing portfolio |

having 4 variety of expository wexts and peesent the same af the end of the course showaasing
proficiency in expository writing,

SUGGESTED INSTRUCTIONAL / READING MATERIALS

I, "The St. Martin's Guide 1o Writing" by Rise B, Axelrod and Charles R. Cooper.

2 “They Say / I Say; The Moves That Matter in Academic Writing” by Gerald Graff and Cathy

Blrkerstein

"Writing Analytically" by David Rosenwasser and Jitl Stephen.

"Sayle: Lessons kn Clasity and Grace" by Joseph M, Williams and Joseph Blaup.

"The Elements of Style” by William Struek Jr. and E.B. White.

"Good Reasons with Contemparary Arguments” by Lester Fagley and Jack Selzer

"Writing to Learn: How to Write - and Think - Clearly About Any Subject at All* by William

Zinsser.

& "The Norton Field Guide 1o Writing"* by Richard Bullock, Maureen Daly Goggin, and Francine
Weinberg,

9. "The Art of Styling Sentences® by Ann Longknife and K.D. Sullivan,

10, “Writing Today" by Richard Johnson-Sheehan and Charles Puire.

= 0NN B e
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ICP-321 Ideology and Constitution of Pakistan 2(2-0)

-

. CeitaS S ga)
Eg HIGHER EDUCATION COMMISSION

Government of Pakistan, Islamabad
- (Curriculum Division)

1)

A meeting of 2 course design committee was held oo I8 August 2023 an the Higher Education
Commissson, Islamabad 10 Sesopn a two-credits course of “Ideology asd Constitution of Pakistan™.
s it of the geosral ediwation compoexent of 1he HEC Under graduate Education Policy (V 1.1).

Followng mombers of the commaties attendad the mecting and developed the draft of the cousse:

1. Dr. Anis Ahmad, Vice Clancellor, Riphsh Intemaionsl University, Isfamabad

2. Dr. Qibia Ayar, Chairmane Council of Islamic Ideology, Bslamabad

3. Dr. Mabboob Hussain, rofessar & Chairperson, Depariment of History and Pakisuan Studses.

Lmiversity of the Panjab, | alwee

Dr. Navesd Abaned, Prolessor, Universty Law College, University of the Punjab, Latwwre

Dr. At Qadie, Associale Professor, Department of History, University of Peshawar, Pestawas

Dr. Mubamenad Shoaib Malik, Associate Professor and Head, Department of Pakistan Studies.

Natsona® University of Modem Languages, |sfamatad

Dr. Sami Raza, Associate Professor, Department of Imternational Relatioes, University of Peshawar.

Peshawar

& Dr. Sira; Abmed Sccowo, Associme Professor & Chairperson, Depanment of Pakisian Stodies.
Shan AbJul Latif Universay, Khawpur

O Dr. Shakila Noot Sindhu, Assistare Professor & Chairperson, Depariment of Political Science.
Forman Christian Coflege, Lahore

10. Dr. Erum MuzalTar, Assistast Professor & In.charge, Pakistan Study Cemer, University of Karachi,
Karache

11 Me Mubammad AR Baig, Deprey Durectoe, Higher Education Comamission, [starmabad

LTS

-

hat after consuluation and endorsemes of the committee, the final draft of the coursc is hereby
submitted to the office of the Director Crericulum Division, HEC, Eslamabad by us / the undersigned
an behalf of the commines fur consideration of HEC,

- 'x__.—-‘# A
—~— — e o 2
Dr. .\;I'm)’ Dr. Mahboob Hussas
{Convener) 2t (Co-Convoner)

PLEASE NOTE:

I The Curriculum Divisice, HEC may conduct an internal review of the draft submitted by the
commitice and make necessary amendments &5 and when neoded, with or withoss shareng reasons
of the same with the commitee.

Ihe Cursiculum Division, 1HEC may refer the draft submined by 1he commigies 1o other experts or
4 s commitiee for review who may progose revisions / additional recommendations in the sala
dranl,

"
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IDEOLOGY AND CONSTITUTION OF PAKISTAN

LGE Policy V L1 General Education Course

Credits: 02

Pre-Requisite: N

Offermmg: Undergraduate Degrees (inshakng Associme Degrees)
Placement: | « 4 Semesiers

Type: General Edocation

Faelds: All

Iiks cowrse is designed 1o provide stodents with a fundamental exploration of the Idectoyy and the

constmnion of Pakistas. The course focwses on the wsderiving principles, bebiefs, s aspiracions that

have bewn Instrumesaal in shagieg the creatioes and development of Pakistan as a sovervign stae

Morcovis, 1he cosrse will csaible students to understand the core provissons of the Constitution of the

Islamic Republic of Pakistan conceramg the fusdamental rights and responsibilities of Pakistani
| cutizens %o enable them Function m a socially resporsible manaer

[covmsLEARNING OUTEONES = _____________]

Hy the end of this course. studems will be able wo

Demonstre entanced knowledge of the basis of the ideology of Pukistan with special
reference %o the comaributions of the founding fathers of Pakistan.

Demonstrate fundamenal knowledge sboul the Constitnion of Pakistan 1973 and it evolution
with special reference % stale sriure

L xplaim aboul the guiding geincigles om rights and responsibilites of Pakistani citizens as |
coshriped in the Consttution of Pakistan 1973

1, Introduction to the Tdeology of Pakistan:
o Definnion aml significance of ideology.

o Historscal conest of the creation of Pukssan (with emphasis on socle-political. eeligiows. |
good qultural dyreamics of Brtsh India betwees | 85T till 1947) |

o  Contributions ol founding fathers of Pakstan in the freadom movement inchadieg but mx
Lmited to Alluma Mutammad lobal, Muhammad All Jinnah,, etc.

-

Contributions ol women and studonts in the froedom movement for separale homeland
for Msstims of Heitish India

2. Twe-Natioa Theery:
o Evolution of the Two-Nation Theory | Urdu-Hindi controversy, Partition of Bengal, Simla

Deputaticns 1906, Allama lqbal's Presidemind Address 1930, Co  Ministries 1937
Lahone Resolution 1940) ¢

e Roleof commuenalism and religiows diffcrences.
1 letreduction (o the Constatation of Pakistan:
e Dafiniticn and imsporiance of a constitution
o Idenlogical factors that shaped the Constitution{s) of Pakistan {Objectives Resolution
1Y)
o Overview of constitutionsd developesenms in Pakistan
4. Constitetion and State Siructure:
o Stucnre of Govemment [exevstive, legislotore, and jadiciary)
o Distribution of powers between federal and provincial governments.
o I18th Amendment and its impect on federsiies
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& Vandamental Rights, Principles of Policy and Responsibilities:
e Owverview of fundamental rights guaranteed 1o citizens by the Constitution of Pakistan
1975 (Anticies 8-28),
o Overview of Vrinciples of Pelicy (Artickes 29-40).
»  Responsibilities of the Pakistam citizens (Article 3).
6, Constitational Amendments:
e Procedurcs for amending the Constitution
e Notable constitotional amendiments and their implications.

SUGGESTED INSTRUCTIONAL / READING MATERIALS

L. " e Ide of Pukstan” by Stephen P. Cofen
2 “ldeology of Pakistan™ by Javed Igbal
3. he Struggle for Pakistan™ by LH. Qureshi.
8. Pakistan the Formative Prase™ by Khalid Bin Sayeed.
5. ~Pakistan: Political Ructs and Development™ by Safdar Mahmood
6. “ldeology of Pakistan™ by Sharif-ul-Mujahid.
“Ihe Struggle for Pakistan: A Mustim Homeland and Global Politics” by Ayesha Jalal.
£ “lienah, Pakistan und Islamic Identity: The Scarch for Saladin® by Akbar S. Ahmed
9. "The Making of Pakistan: A Stody in Natiealism™ by K K. Aziz.
10, ~Pakistan: A New History™ bry tan Talbot.
I, ~Pakistan in the Twenticth Century: A Political History™ by Lawrence Ziring.
12. " Fhe Constitution of Pakistan 1973", Original,
13, “Constitutional and Poltical Development of Pakistan” by Hamid Khan.
14, = I'he Partiament of Pakistan™ by Mahboob Hussain.
15, *Constitutiosss! Develogment in Pakistan * by G.W, Choudbury.
16, "Cosstitution-Making in Pakistan: The Dynamics of Political Order” by G.W. Choudbury.

= = g 2LASIN SO s 1
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MTH-322 Introduction to Calculus  3(3-0)
(For Medical Students)

Preliminaries: Real-number line, functions and their graphs, solution of equations involving
absolute values, inequalities. Limits and Continuity: Limit of a function, left-hand and right-hand
limits, continuity, continuous functions. Derivatives and their Applications: Differentiable
functions, differentiation of polynomial, rational and transcendental functions, derivatives.
Integration and Indefinite Integrals: Techniques of evaluating indefinite integrals, integration by
substitution, integration by parts.
RECOMMENDED BOOKS
1. Anton H, Bevens |, Davis S, Calculus: A New Horizon (8th edition), 2005, John Wiley,
New York.
2. Stewart J, Calculus (3rd edition), 1995, Brooks/Cole (suggested text).
Swokowski EW, Calculus and Analytic Geometry, 1983, PWS-Kent Company.
4. Boston Thomas GB, Finney AR, Calculus (11th edition), 2005, Addison-Wesley, Reading,
Ma, USA.
5. N. Khalid, M.K. Igbal, Mathematics-1l Introduction to Calculus, Discover Mathematics
Series, 2" Edition, 2021.

OR

ZOL-307 Functional Biology-11  3(2-1)
(For Non-medical Students)

Aims and Objectives

The Objectives of the courses are:

1. To teach about animals’ diversity adapted in different strategies’ for performance of their similar
functions through modifications in body parts in past and present times.

2. To impart understanding of diverse strategic structural adaptations in each of the functions of
integumentary, skeletal, muscular, nervous and sensory, endocrine, circulatory and respiratory
systems for effective survival in their specific conditions.

3. To understand the organ systems, their specialization and coordination with each other and
constantly changing internal and external environment, inside and outside the animal’s body.

4. To embrace the phenomena in basic structure of each system that determines its particular
function.

Course Learning Outcomes:

1. Acquire the concept that for the performance of a function for example exchange of respiratory
gases the different forms are adapted in t environments e.g. gills in aquatic and lungs in terrestrial

environment.
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2. Understand that diverse forms adapted to perform the same functions are because of the different
past and present conditions.

3. Solve of emergence of diversity of forms for the performance of similar function.

4. Analyze the requirements of diverse forms for the performance of similar function in their past
and present needs.

5. Evaluate the adaptations in forms for its efficiency in managing the function in differing
situations in the past and present times.

6. Demonstrate that a form is successfully adapted to perform a function adequately and
successfully.

Course Contents

1. Nutrition and Digestion

Evolution of nutrition; the metabolic fates of nutrients in heterotrophs; digestion; animal strategies
for getting and using food, diversity in digestive structures of invertebrates and vertebrates; the
mammalian digestive system:

2. Temperature and Body Fluid Regulation

Homeostasis and Temperature Regulation; The Impact of Temperature on Animal Life; Heat Gains
and Losses; Temperature Regulation in Invertebrates, Invertebrate and Vertebrate Excretory
Systems; How Vertebrates Achieve Osmoregulation; Vertebrate Kidney Variations; Mechanism in
Metanephric Kidney Functions.

3. Reproduction and Development

Asexual reproduction in invertebrates; advantages and disadvantages of asexual reproduction;
sexual reproduction in invertebrates; advantages and disadvantages of sexual reproduction; sexual
reproduction in vertebrates; reproductive strategies; examples of reproduction among various
Vvertebrate classes.

4. Protection, Support, and Movement

Protection: the integumentary system of invertebrates and vertebrates; movement and support: the
skeletal system of invertebrates and vertebrates; movement: non-muscular movement; an
introduction to animal muscles; the muscular system of invertebrates and vertebrates.

5. Communication

Neurons: structure and function; neuron communication: introductory accounts of resting
membrane potential, action potential (nerve impulse) and transmission of the action potential
between cells. Sensory reception of invertebrates and vertebrates. Chemical messengers: hormones
chemistry; and their feedback systems; mechanisms of hormone action; Hormones with principal
function of invertebrates and vertebrates.

6. Circulation, Immunity and Gas Exchange

Internal transport and circulatory systems in invertebrates and transport systems in vertebrates;
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Immunity: nonspecific defenses, the immune response; gas exchange: respiratory surfaces;
invertebrate and vertebrate respiratory systems: cutaneous exchange, gills, lungs, and lung
ventilation; human respiratory system: gas transport.

Practical’s

1. Study of excretory system in an invertebrate and a vertebrate representative (Model).

2. Study of male reproductive system in an invertebrate and a vertebrate representative (Dissection
and Model).

3. Study of female reproductive system in an invertebrate and a vertebrate representative
(Dissection).

4. Study of preserved advanced stages of avian and mammalian development for amniotic
membranes and placenta (performance/Model).

5. Model study of insect chitin, fish scale, amphibian skin, reptilian scales, feathers and mammalian
skin.

6. Study and notes of skeleton of Labeo, Rana tigrina, Varanus, fowl and rabbit alongwith models.
7. Study of nervous system of earthworm and a fish.

8. Study of endocrine system in an insect and a rabbit.

0. Study of heart, principal arteries and veins in a representative vertebrate (dissection of
representative fish/mammals).

Books Recommended

1. Miller, S.A. and Harley, J.B. ZOOLOGY, 10th Edition (International), 2016. Singapore:
McGraw Hill.

2. Hickman, C.P., Roberts, L.S. and Larson, A. INTEGRATED PRINCIPLES OF ZOOLOGY,
17th Edition (International), 2017. Singapore: McGraw Hill.

3. Pechenik, J.A. BIOLOGY OF INVERTEBRATES, 4th Edition (International), 2000. Singapore:
McGraw Hill.

4. Kent, G.C. and Miller, S. COMPARATIVE ANATOMY OF VERTEBRATES. 2001. New
York: McGraw Hill.

5. Campbell, N.A. BIOLOGY, 6th Edition. 2002. Menlo Park, California: Benjamin/Cummings
Publishing Company, Inc.

CHM-303 Introduction to Nanochemistry  2(2-0)
Nanochemistry, Current trends in micro to nanoscale analysis, Classification of
nanomaterials, Fundamental physical and chemical properties of nanomaterials, Methods for
synthesis and characterization (XRD, SEM, TEM, EDX, Electro-optical characterization etc.).
Green nanomaterials and nanotechnology, Fabrication and applications of nanomaterials,
nanocomposites, separation science, catalysis, nano-optics and electronics, drug discovery and

delivery.
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Recommended Books

1. Al-Noor, T. & H. Rhayma, Mazin & Hussein, Khairy. (2017). Introduction to Nano-
chemistry and Nano-materials. ISBN: 978-620-2-34432-6, Noor Publishing, Mauritius.

2. The Physics and Chemistry of NanoSolids by Frank J. Owens and Charles P. Poole Jr,

Wiley- Interscience, 2008.
3. Roduner, E. (2006) Nanoscopic Materials: Size Dependent Phenomena, Royal

Society of Chemistry

4. Rajangam, K., Behanna, H. A., Hui, M. J., Han, X. Q., Hulvat, J. F., Lomasney, J. W.,
Stupp, S. I. (2006) Nano Lett., 6 (9), 2086-90.

5. Mnyusiwalla, A., Daar, A. S., Singer, P. A. (2003) Nanotechnology, 14 (3), R9-R13.
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CCE-421 Civics and Community Engagement 2(2-0)

: 5 ad & %
- MK H A 4
-5 HIGHER EDUCATION COMMISSION

R i Government of Pakistan, Islamabad
W (Curriculum Division)

. 'RSE DESIGN COMD )

A meeting of o corese design commitiee was held on S Segtamber 2003 in the Higher Education Commission,
Regional Officg, Lahore 10 desin 2 two-crodes coung of “Ci les aml Communaly Fagagemont” as port of the
renernl edocation compoetont of the HEC Undergralue Edocataon Policy (V 1.1)

Folkrwing members of the commitice atiended se mecting mul doveloped the deafi of e course

I Dr. Asit Naveed Ranjra, Professoe & Clisinpensos. Depariment of Socisd Week, The Fskimis Ulniversity of

Bahawalper, Babaroalpor

Dr. Mumaaz AN Baloch, Professor, Department of Socal Work, University of Balochissan, Qees

Dr. Navead Ahmed, Profissor, Useversity Law College, University of the Punjab. Lahoee

Dr. Asmat Am, Associte Professor & Charperson. Department of Miss Commusacation, University of
Karachi, Karachi

Dr. Farasat Rasool, Associane Professor, School of Mot & Miss Comssunbeation, Beaconbouse National
Universey, Laboee

6. Dv. Fiohan Hanif Siddigi. Associne Professor, School of Politics & Muemational Relations. Quald-l-Azam
Usiversity. Islamabad

7. Dr. Fowrs Gham, Associne Professor & Chaimperson, Deparamont of Political Sciosce, Government Collepe
Liniveraty, Lahore
& Dr. Nalla Ussaes Saddiges, Asociate Professoc & Chaiperson. Dapartinemt of Sociodogy, Usoversity of
Kaeachi, Kurnchs
9. Dv. Shakey! Ahmed. Assockne Profesor & Head, Dxparsment of Sockl Work, Universty of Peshawar,
Peshawar
10, Dy. Usnie Lails, Asvociate Professor, Department of Governnent & Pablic Palicy, Naticoad University of
Stwences and Tochnology, Istamabad
1 Dr. Amen Jaffer, Assisiant Professorn, Mueshitag Ahmad Gunmani School of Himanines and Social Scemces
Larore University of Mansgement Sciences, Lahore
2. Dyv. Nogasda Kiran, Assistant Professor, Deparment of Milosophy & latodociplnay Stades. Bahaeddn
Zakanys University, Multan
13, Or. Queah-ml-Aln, Assitare Professor & Chairperson, Deparunent of Publc Admunistaition, University of
Koth Azad Jamnme & Keshme, Koeli
14. Dv. Shaksla Noor Sindhu, Assissat Professor & Charperson, Depaminent of Puliticsd Science, Forman
Christian College, Labore
15 Mr. Mubammad All Balg, Deputy Direcsor, Higher Education Commission, dsbymabod

i

-

That after cossuliation sed endonement of the commitize. the final draft of the course is herehy subemitied o the

office of Be Dirvcior Curriculim Divisios, HEC, Mslmabad by 15 the indersignod an belulf of $ve commines
for corsderation of HEC.

Wl

=
D, Shakila Noor Sisdbu Or. Fachan Hanif Salduge
(Convener) (O Convomer)
PLEASE NOTE:

1. The Curriculsm Division. HEC may condact sn mterzal review of the diaft submined by fie comminiee and
meke necessary amendments 25 md wien seodad, with or withowt sharing reseors of fie same with e
COMmmRTee.

2. The Comculuss Division, HEC sy refer the drafl subimised by the committoe (0 0fher cxpers of 4 new
commies for review who may peopoie revadors / additicnal recommendations ia the sabd daft
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CIVICS AND COMMUNITY ENGAGEMENT

UGE Policy V 1.1 : General Education Course

Credits: oz

Pre-Requisite: Nil

Offering: Undergradugie Degroes (lecluding Associate Degrees)
Placement: | - 4 Semesters

Type: General Education

Ficlds: Al

1 This covese bs designed 10 pravide students with fundasental knowledpe aboot civies, citizenship, and
comemunily engagement. In this course, the students will laarn about the essenials of civil society,
government, civic resporsibilities, inclusivity, and effective ways to participae in shaping the socicly
which will help them appdy theoretical knowledge 1o the real-woeld situations 1o make 2 positive impact
on their communities,

By the end of this course, studerts will be able 1o

1. Demoestrate fundanental understanding of civics, povernment, citizenship and civil seciety
2. Understand the ¢oexept of community and recognize the significance of community

| engagemeont for individuals and grovps
3. Recognize the importance of diversity sad inchusivity foe seciefal barmoey and peaceful co-
exastence.

1. Civies and Citizenship:
o  Concepts ol ¢ivies, citeenship, and civic engagement
e Foundations of modern society and cilizenship
e Types of citizenship: active, panticipatory, digieal, ete,
2. State, Governmeat and Civil Society:
e Structure and functions of governmene in Pakistan.
e The rolstionshép between democracy and <ivil society
e  Right to voee and impoetance of polilical panticipstion snd representation.
3. Rights and Respounsibilities:
o Overview of fundamental rights and Iiberties of gitizens under Coostitation of Pakistan
1973,
Civic responsibilities and duties.,
Ethical comsideralions n civie engagement (accountability, non-vielence, peaceful
dialogue, civility, etc.)
4. Community Eagagement:
e Comcept, nature and characleristics of community.
o Commumity development and social cobesion
e Approsches (o effective commamity engagement
o Case studies of successful commumity drives inltiatives,
Advocacy and Actlylsm:

e Public discourse and public opinion,
* Role of advocscy in addressing social issues.
e Social acthon movements,
6, Digital Citizenship and Technology:
¢ The use of digisal placfoems for ¢ivic engagement.
o Cyber ethics and responsible use of social media

i

Page 31 of 92



PST-321 Pakistan Studies 2(2-0)

PARKISTAN STUDIES
UGE POLICY V L1 : GENERAL EDUCATION COURSE

Credin a2

Pre-Reqguisioe: Nl

Offering: | .xktgln hate Daogroes
Placement: 1 - & Scmestors

Type: General Fdacation
Fickds: Al

DESCRIFTION

Phes course a dossgndd 1o peaside shindots nnh o comppechencive exploration ol Pakistan’s
whentily, spanming goograplieeal, histoncal, and cultum! dimenssons. It delves into the diverse
landscapes, ancient civalizations. and rich celtural henitage that defime Pakistan, Morcover, it
cxamings the <ocio=culturad ond politicad tmsloenimines m Pukistn oser ome including
democrane tramsitions and military interventions. The aum of this course s to inculcate in
students a maancod undorstasding of Pakistan’s past, present, and potential future erajoectonics,

coabling them w onnically evalaaie the compliex dynamics shapunyg the satson’s development

COURSE LEARNING OUTCOMES

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

. Have enhanced kmowdedge of the poographacal, historxal. and political aspects of |

Pakistan
-  Understand the society and culture of Pakistan.
3, Understand and explain the socwo-economic developments in Pakistan I
4. Explore contemporary 1ssues and challenges faced by Pakistan and their implications

tor the fulure

SYLLABUS

I, Istroduction to Pakislan:
e  Geographical locatoe and significance.
o Historcal background: Ancent civilizations in the region
o, Fauvtors leading to the creation of Pakistan
2, Political History of Pakistan:
e Formative phase
o Military milerventioss and dessocring transitions
3, Geography «f Fakistan
o Physiography Moumsns, placoe, placass, desens, valleys and coassal areas.
o [Rver systems: Indus River smd ws inibulacics
o Climane regloes of Pakistan,
4, Sexivty and Culturc of Pakistan:
o Socio-cultural divenity
o Lasguages and literature of Pakistan
Econemic Develogpment of Fakistan:
ire uod industnal sectors of Pakistan

w
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6. Contemporary [ssucs:
o Foeergn eelations of Pakastan.
Secunty challenges: terroosm, extecmisi, and regional conllicts.,

.
o Lovoranmental probsiems and sustsinabée development (SDCs).
o Mok and social clange

SUGGESTED INSTRUCTIONAL / READING MATERIALS

L Dol of Pakistan® by Stanley Wolpen
L L "The Sole Spokesman: Sinnah, the Mustim League, and the Demand [or Pakistan® by
Awvesha Jall
3 The stoogple fon Pakestun® by Eshitig Fusaom Qureshi
4. "Pakistan, the Formative Mase, 1857-1945° by Khalid B, Sayeed ,
5. "Pakistan Studics: A Book of Readings” by Sikandar Hayat
6. *Constwtional and Political History of Pakistan® by Hamid Khan
7. "Trek 1o Pakistan™ by Ahmad Saced and Kh. Mansur Sarwar
8 "Pukestan: A Modem History" by lan Takbot l
Y "Poliues i Pakastam: The Nature and Direction of Change” by Khalid B. Savead
10, "Physical Geography of Pakistan™ by Umar Jabangir |
1. A Geography of Pakistan: Eavirosment. People, and Economy® by Fazle Karim Khan
12, "Pakistan’s Foreign Policy: An Histoncal Analysis” by S. M. Burke
13, "Separatism in East Pakistan™ by Rezwan Ullah Kokab
14. "Being Pakastani: Socicty, Culture and the Arts™ by Raza Rumi ‘
15, "Pakistan’s Cultumal Heritage: Socio-Economic and Tochnologscal Aspects™ adited by
Abdul Jabbar Khan I
| 16. "Language and Poluics in Pakistan” by Tang Ralman
7. "Sociology” by Horton and Hunt |

18, "Pakistun 1 the Twentieth Century: A Political Histoey” by Lawrence Ziring
19. “Economic Development of Pakistan® by Ishrat Husain

¥ b
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o Digital divides nnd disparities (access, wsage, sociocconamic, Qeagraphic, exc.) and their

NPICES o St zenship
T Diversily, Inclusion amd Social Justice:

o Understanding diversity in soeicty (ethodc, outtural, econamic, political ¢te.)

o Youth, women and minoritics' cogagemont in socl development

¢ Addressing social smequalitios and injustices in Pokistan,

o Promofing inclusive cilinessbin and equal rights for socital karmony and peacefial co-
existence,

SUGGESTED PRACTICAL ACTIVITIES (OFTIONAL)

As part of the overall leaming requisements, the course may have oe ar a combination af the following
practical activitics:

I, Consmunity Storvieling: Students can cotiect and share stories [rom commassty members,
his could be done threugh oral histories, inforviws, of multimedia presentitions that capture
the lived experiences and perspectives of diverso mdividiaks,

2. Community Event Planming: Stwdents can ceganize 3 community event or warkshop (hat
addressus 2 specific isve or fosters community interaction. This could be 2 health faie,
environmental cheamp, cultwal festival, or educational workshop,

3. Service-Learning: Students can collaborate with a locsl noapeofit anganization ce community
group. They can nctively contribute by voluntoering their time aod skills 1o address a particular
coanmunity need, such as tutoring, mentoring, or supparting vulnerable populitsads.

4, CuMwral Exchange Activities: Studeots can organize  cultuesl exchange evert that oetebrates
the diversity within the community, This could inchads food tastings, perfoemances, and
peesentations thit prossoee cross-<ulturad uederstanding

SUGGESTED INSTRUCTIONAL ! READING MATERIALS

1, *Civics Today: Cilizership, Econcmics, & You" by MoGraw-Hill Education.

2, "Cltizenship in Diverse Socseties” by Will Kymlicka and Wayne Norwan,

3, “Esgaging Youth in Civic Life" by James Youniss and Peter L evins,

4, "Digital Citizenship in Action: Empowering Students fo Engage i Online Comenunities™ by

Kristen Mattscn,

$. "Globalization and Citizershig: In the Pursuit of a Cosmopolitan Education” by Geaham Pike
and David Selby.

6. *Community Engagement; Priaciples, Strategies, and Practices® by Becky J. Feldpausch and
Susan M. Omilian,

7. *Creating Social Change: A Bhweprind for a Better Woeld” by Matthew Clarke and Marie- |

Monlque Steckel - ‘]
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Semester 3

Course Code|Course Title Credit Hours
CHM-401 Principles of Physical Chemistry 43-1)
QTR-422 Quantitative Reasoning-II 3(3-0)
IRS-515 Introduction to International Relations 2(2-0)
CHM-403 Principles of Environmental Chemistry 33-0)
CHM-405 Cheminformatics and Chemometrics 3(3-0)
PHY-322 Fundamentals of Electricity and Magnetism 3(2-1)
UHQ-II Understanding of Holy Quran-Ii 1(0-1)

Total 18
Semester 3

CHM-401 Principles of Physical Chemistry 4(3-1)

Chemical Thermodynamics

Laws of thermodynamics and their applications, thermochemistry, calorimetry, heat capacities
and their dependence on temperature, pressure and volume, reversible and non-reversible
processes, spontaneous and non-spontaneous processes, relations of entropy and Gibbs free
energy with equilibrium constant, Gibbs Helmholtz equation, Clausius-Clapeyron equation, van®t
Hoff equation.

Solutions

Physical properties of liquids, surface tension, viscosity refractive index, dipole moment etc. and
their applications, brief account of interactions among the molecules in liquids, ideal and non- ideal
solutions, Raoult™s law and its applications, lowering of vapor pressure, elevation of boiling point,
depression of freezing point, osmotic pressure, vapor pressure of non-ideal solutions and Henry*'s
law.

Chemical Kinetics

The rates of reactions, zero, first and second reactions with same and different initial
concentrations, half-lives of reactions, experiment techniques for rate determination and
methods for determination of order of reaction (integration, half-life, initial rate and graphical

methods), Arrhenius equation.
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CHM-401 Lab

1. Determination of viscosity and parachor values of liquids.

2. Determination of percent composition of liquid solutions by viscometer.

3. Determination of refractive index and molar refractivity.

4. Determination of percent composition of liquid solutions by refractive index measurement.

5. Determination of molecular weight of a compound by elevation of boiling point (ebullioscopic
method)

6. Determination of molecular weight of a compound by lowering of freezing point (cryoscopic
method).

7. Determination of heat of solution by solubility method.

8. Determination of heat of neutralization of an acid with a base.

9. Determination of strength of NaOH by titrating against HCI.

10. Determination of association factor of benzoic acid.

Recommended Books

1. Peter Atkins, Julio De Paula and James Keeler, “Atkin“s Physical Chemistry” 12" edition,
Oxford University Press, 2023.

2. Robert J. Silbey, Robert A. Alberty, George A. Papadantonakis, Moungi G. Bawendi, “Physical
Chemistry” 5" edition, 2022, Wiley publisher.

3. Andreas Hofmann, “Physical Chemistry Essentials” 1% edition, Springer, 2018.
4. Kaith J. Laidler, John H. Meiser, Bryan C. Sanctuary “Physical Chemistry” 4" edition, Brooks
Cole publisher, 2006.

5. Ira N. Levine, “Physical Chemistry” 6" edition, Mc Graw Hill, 2009.

6. Ananya Ganguly, “Fundamentals of Physical Chemistry” Pearson Education India, 2011.

7. Barrow, M. G. “Physical Chemistry” 6™ edition, Mc Graw Hill, 2000.

5. Thomas Engel, Philip Reid, Physical Chemistry, 3" Edition, 2012, Pearson, publisher.
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QTR-422 Qualitative Reasoning-11  3(3-0)

QUANTITATIVE REASONING (1)

UGE Poder N 11 s Geaeral Bilucation Course

Credate: 03

Pre-Roguisite: Quanninative Rewsanng (1)

ONSering: Usdergrmdone Degrecs O hdmg Avsocone Degrees)
Macemont: Y - & Soncsiers

Fypw: Mandeon

Fielis: A

raanirtative Ieasonninmg (00 15 0 sogecaiial sl profsie coune thedt focusas an logical semating

wipported wah mathonabical and stalistical concepts and modeling / ans
packanty wilh anx

s LoCRndues o aquip

yircad sholls s Critical (himboerg odilines rocosawy to rervigaie the complesities of
e mieders workd The coune 1 destenod o Hetnilianae fudeats wih the quantfative consepes wnd
bechigees roguimed o urberpret snd soalvee surer el St ond %0 incelcrie an abdity is stedents ths
logical temaonay o constrct amd evalivne opaoonls, wWeady faitces, wnl thiek syswermarxally
Keeping fe proveqeesite conre of Qeantititine Reawnimg (1) @5 i1s base, this course will erable
stideres further their aianttaove. owscal xed eritical rausaning ahilithes 2o comglement their speaitic
oo ekt of auds

My the end of tis coune. vhadents duall kave

nderstandmg of lopc and logical measiming

vk ostoeid g of Dask Quenmninative inedke liag e sal yses

o Logiond reasoniag shotis ond abilewes o app by Sz 10 solve Quuaasiinatn ¢ gy lems and evalsalc
WRNITR IS

I Akility o gntcalh ovpluae quesetitative indoemalion 0 diphe evideine borad decinons
prough appropniate compatationad tonls

I Lo, Legiead und € ralicad Roeasaning

o Jetrodection s unpaniance of ligic,

o Inductive dodoctive and abdictove apprioosches of roasonn g

o roposmeere anparmonls yalid isvalsd L bl connmect ey, trath tabrkes and propositomal
cevalonees

e | RN STRFUFTSI
Vean Deggromis

o Prodhcargs and ippanlihices,

o Ouamiinntive oo s g ovrsises uweg bogical seascning concepms and techmigues

Mathomdicad ModoBag and Asalvses

o Istroddsctam b datcnmmste models

v

o st ol Hoow Disctinms Ko 1w b bz s scaloaombdd sttt s,
Modetig with e sydan of Hinow agestons and o solabons;

Elormgetaey ngrodsatioe o deniva@ives w mathomatical modeling.

- .9

Litezar aned expemiernial gooweh and decay medely

¢ Unemtitative resvonieg excroses 45ieg imafaratical modeling
L Statstical Modeling amd Analyws

o lrotrodisd 100 %0 peobubiliste masked

e BBivarimn ssadhvso, wcanes plots

l'. ” > _]ﬂlx

v
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e Sanple Imew regression mode! and coergbytion aralyses
o Hasws of estimation and confidence mioeval

o Testing of hypothesis (20051, 1test)

e Substical inference m decision making,

Ld

QUantin e reasoning exaelses using statistical modelng

SUGGESTED INSTRUCTIONAL { READING MATERIALS

“Using and Usdorvtamdimg Mathematicn: A Quasttititive Ressoning Appeoach™ by Bemsen, J
O, Boggs WL & Badalunenti, A.
Descrete Mthesratics and s Applicstion” by Kenseth H Rosen
“Dincrte Matherrantios wal Applicatans”™ by Susanma S Epp
Applhiod Mathemancs for Busarcss, Eoonomics mmd Social Scences” ty Frank S Budnkk
“Elanoney Statistics: A Step by Step Apgroach™ by Allas Bluman
O UImrodeciory Statistics” By Prese S Moen
“Apphed Sunsical Modeling” by Salvanwe Heboaes

£ “Rarmoms SAT by Sharvos Wener Groen, M A and [ra K. Waoll
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IRS- 515 Introduction to International Relations 2(2-0)

Subject: Principles of International Relations
Course Code: IRS-515
Credit Hours: 2(2-0)

Course Objectives:

The course aims:
To highlight the significance and introduce the fundamentals of the
Discipline of International Relations to the students.
To help understand the nature of the discipline.
To highlight the scope of International Relations as an independent
discipline.
Course Learning Outcomes:
Upon successful completion of this course, the students will be able to:
e Acquire the basic knowledge of international relations and understand
e the concepts of basic methodologies to interpret international events.
e Solve, analyze and evaluate the problems using critical thinking while
e observing different multi-view political phenomenon.
Course Contents:
1. Meaning, Scope and significance of International Relations
2. Evolution and Development of International Relations
3. Theoretical Basis of International Relations
Realism
Liberalism
National Interest
Foreign Policy
Concept of Power and Balance of Power
Globalization and International Relations
Importance of Non- State Actors in International Relations
The Concept of War and Peace in International Relations
Recommended Books:

2O 00N OV h i

Publishers, 2016)

Cambridge University Press, 2017)

YV

States: Rowman & Littlefield Publishers.

(London, Rutledge, 2018)

Y

University Press, 2020)

Joshua Goldstine, International Relation (Washington DC: Pearson Education, 2020)
Kaufman, J. P. (2022). Introduction to International Relations: Theory and Practice. United

> Karen A. Mingst, and McKibben, Essentials of International Relations (London: Oxford

> Richard Devetak and Jim George, An Introduction to International Relations (Cambridge:

» Martin Griffiths, and Terry O’. Callaghan, International Relations: The Key Concepts

Paul Wilkinson, International Relations: A Very Short Introduction (Oxford: Oxford
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CHM-405  Cheminformatics and Chemometrics 3(3-0)
1. Cheminformtics: (1 Credit Hours weight)

Scope of computer in Chemistry, MS Office (word, excel, power point), Chemistry-based
calculations and plotting graphs and curves, Internet browsing for literature survey using different
search engines, applications and practice of software/programs CHEMDRAW, MATHTYPE,
MENDELEY and ENDNOTE to be used for chemistry research and manuscript writing

2. Chemometrics (2 Credit Hours weight)

Basic Chemical Data Operation:

Basic concept and scope of Statistics in chemical sciences, Descriptive and Inferential Statistics,
Population, Sample, Observations, Data, Discrete and continuous variables, Errors of measurement,
Significant figures, Rounding of data (Numbers), Sources of data, Collection of primary and
secondary data, Editing of Data.

Sampling and Sampling Distributions of Chemical Process:

Sample design and sampling frame, Bias, Sampling and non-sampling errors, Sampling with and
without replacement, Probability and non-probability sampling, Sampling distributions for single
mean and proportion, Difference of means and proportions.

Hypothesis Testing for Chemical Analysis:

Statistical Data Treatment and Evaluation Hypothesis Testing, Statistical problem, Statistical Aids
to hypothesis testing, Null and alternative hypothesis, Confidence interval and range, Levels of
significance, Acceptance and rejection regions, General procedure for testing of hypothesis.
Recommended Books
1. Matthias Otto, 2017, Chemometrics: Statistics and Computer Application in Analytical
Chemistry, 3" Eds. Wiley-VCH Verlag GmbH & Co.
2. Robert de Levie, 2004, How to use Excel in Analytical Chemistry and in General
Scientific Data Analysis, Cambridge University Press, UK.
3. Chaudhary, S.M., 2000, Introduction to Statistical Theory: Part-1 lImi Kitab Khana Lahore.
4. Chaudhary, S.M., 2000, Introduction to Statistical Theory: Part-11 limi Kitab Khana
Lahore.
5. Xiaoli Chu, Yue Huang, Yong-Huan Yun, Xihui Bian, 2022, Chemometric Methods
in Analytical Spectroscopy Technology, Springer Nature.
6. Richard G. Brereton, 2018, Chemometrics: Data Driven Extraction for Science, Wiley &
Sons.
7. Matthias Otto, 2017. Chemometrics: Statistics and Computer Application in Analytical
Chemistry, 3rd Eds. Wiley-VCH Verlag GmbH & Co.
8. Robert de Levie, 2004, How to use Excel in Analytical Chemistry and in General Scientific
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Data Analysis, Cambridge University Press, UK.

9. Johann Gasreiger, Thomas Engel, 2003, Cheminformatics: A Text book, John Wiley &
Sons.

10. Thomas Engel, John Gasteiger, 2018, Cheminformatics: Basic Concept and Method, John
Wiley & Sons.

11. Thomas Engel, John Gasteiger, 2018, Applied Cheminformatics: Achievements and Future
Opportunities, John Wiley & Sons.

12. Leonard J. Ledger, 2023, Microsoft Office 365 for Beginners, Computers.

13. Abha Agrawal, Majid Rasouli, 2019, EndNote 1-2-3 Easy, Springer.

14. Jacques Raubenheimer, 2014, Mendely: Crowd-Sourced Referenceand Citation Management

in the Information Era, True Insight Publisher.

CHM-403 Principles of Environmental Chemistry 3(3-0)

Course Objectives

Students will be able to acquire knowledge and develop understanding about the fundamental
principles of environmental chemistry and different types of pollutions. Such information will be
useful in studying and solving pollution related issues and experiments in the laboratory.

Course Contents

Atmospheric Pollution: The atmosphere, composition, temperature and pressure profile, role of free
radicals in the atmosphere, temperature inversion and photochemical smog, particulate matter in the
atmosphere, Industrial pollutants, atmospheric aerosols, acid-rain major sources, mechanism,
control measures and effects on buildings and vegetation, global warming, major greenhouse gases,
mechanism, control measures and global impact, stratospheric ozone, ozone hole, CFCs, ozone
protection, biological consequences of ozone depletion. Water pollution source and their treatment,
eutrophication, detergents and phosphates in water, water quality criteria, water purification:
primary, secondary and advanced treatment. Heavy metals contamination of soil, bio-accumulation
of heavy metals, organic matter in soil, macro and micronutrients in soil, ion- exchange in soil, soil
pH and nutrients availability.

Recommended Books

1. Baird, C. and Cann, M., Environmental Chemistry, 5 th ed., W. H. Freeman & Company,
(2012).

2. Dara, S. S. and Mihsra, D. D., A Text Book of Environmental Chemistry and Pollution Control,
9th ed., S. Chand & Co. Ltd., (2004).

3. Singhi, R. and Singh, V., Green Chemistry for Environmental Remediation, John-Willey &
Sons, Inc., (2011).
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4. Holloway, A. M. and Wayne, R. P., Atmospheric Chemistry, 1 st ed., Royal Society of
Chemistry, (2010).

5. Vaclavikova, M., Vitale, K., Gallios, G. P. and Ivanicova, L. Water Treatment Technologies for
Removal of High Toxicity Pollutants, Springer link, UK, (2010).

6. Manahan, S. E., Environmental Chemistry, 9 th ed., CRC press, Taylor & Francis group, USA,
(2009).

7. Girard, J. E., Principles of Environmental Chemistry, 2 nd ed., Jones and Bartlett publishers,
(2010).

Harrison, R. M., Monks, P., Farmer, J. G., Graham, M. C., Mora, S. J., Pulford, 1. and Hulsal, C.,
Principles of Environmental Chemistry, 1 st ed., Royal Society of Chemistry, (2007).

9. Matalack, A., Introduction to Green Chemistry, 2 nd ed., CRC press, Taylor & Francis group,
USA, (2010).

10.  Wright, J., Environmental Chemistry, Routledge Taylor & Francis group, (2003).

PHY-322 Fundamentals of Electricity and Magnetism  3(2-1)

Electric charges, Conductor, Insulators, Coulomb*s law, Electric field, Electric field intensity, Flux
of electric field, Gauss®s law and applications, Potential energy, Electric potential energy, Electric
potential, Capacitor, Capacitance, Capacitors in series and parallel, Energy storage in an electric
field, Electric current, Electromotive force, Motion of charge particles in electrical and magnetic
fields, Analysis of circuits, Resistors in series and parallel, Energy transferred in an electric circuit,
Magnetic force on a moving charge, Magnetic force on a current carrying wire, Ampere”s law,
Faraday law of induction, Lenz*s law, Motional emf, Generator and motors, Induced electric fields,
Visible light, Speed of light, Reflection and refraction of light waves, Double refraction, Polarization
by scattering, Total internal reflection, Diffraction, Single slit diffraction, Diffraction grating, X-ray
diffraction, Polarization, Types of polarization,

1. To study the behavior of RLC series circuit and determination of its resonance frequency.

2. To study the behavior of RLC Parallel circuit and determination of its resonance frequency.

3. Calibration of a voltmeter by a potentiometer.

4. Calibration of an ammeter by a potentiometer.

5. To determine the high resistance by Neon flash lamp and a capacitor.

Recommended Books:

1. Halliday, Resnick and Walker, 2011, Fundamental Physics, 9th Ed. Ed, John Wiley and Sons
Inc. New York.

2. Young and Freedman, 2010 University Physics 12th edition.
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3. Halliday, Resnick and Krane, 2002. Physics Vol. I & Il, 5th Ed, John Wiley and Sons Inc.

New York.

4. Sears, Zemansky and Young, 2000, University Physics, 8th Ed, Addison-Wesley. Reading
(MA) USA.

UHQ-I1 Understanding of Holy Quran-11  1(0-1)
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Semester 4

Course Code Course Title Credit Hours
CHM-402 Principles of Analytical Chemistry 4(3-1)
GSC-321 The Science of Global Challenges 3(2-1)
BCH-303 Essentials of Biochemistry-I 3(3-0)
CHM-404 Principles of Industrial Chemistry 3(3-0)
CHM-406 Principles of Green Chemistry 3(3-0)
ENT-422 Entrepreneurship 2(2-0)

Total 18
Semester 4

CHM-402  Principles of Analytical Chemistry 4(3-1)

Introduction: Analytical chemistry and analysis, Application of analytical chemistry in other
disciplines of sciences, Qualitative and quantitative analysis, Classification of analytical techniques,
Steps of a typical chemical analysis.

Data handling/Statistical Analysis: Analytical concepts of errors, precision, accuracy (sources,
control and applications), arithmetic mean, median, mode, absolute error, relative errors, relative
accuracy, standard deviation, coefficient of variation and variance, confidence limits, confidence
interval, student t-test, F-test and Q test.

Laboratory Tools: Specification, applications and handling of various glassware used in analytical
laboratory, Specifications and grades of chemicals and reagents, Expression of quantities and
concentrations.

Good Laboratory Practice/Quality Assurance and Quality Control: Concept of good laboratory
practice, quality assurance, quality control and quality assessment and their elaboration with
examples and application; Validation of analytical method; Laboratory accreditation, electronic
record and electronic signatures.

Solvent Extraction:

Principle, distribution coefficient (Kd) and distribution ratio (D), factors affecting the extraction

efficiency, types, and practical applications of solvent extraction in chemical analysis.
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Practicals

1. Laboratory materials, reagents, and safety measures,

2. Calibration of volumetric glassware,

3. Preparation and standardization of reagents and solutions,

4. Solvent extraction of organic compounds

5. Single step and multiple batch solvent extraction and comparison of efficiency

Books Recommended:

1.

Gary D. Christian, Purnendu H Dasgupta &amp; Hevin A Achug, 2021. Analytical
Chemistry. 7 th Eds. John Wiley and Sons, New York.

Douglas A. Skoog, Donald M. West, F. James Holler &amp; Stanley R. Crouch,
2022. Fundamentals of Analytical Chemistry. 10 th Eds. Harcout College Publishers.
Harvey, D., 2000. Modern Analytical Chemistry, 1 st Eds. McGraw-Hill, USA.

F.W. Fifield & amp; D. Kealey, 2000. Principles and Practice of Analytical Chemistry, 5
th Eds. Blackwell Science Ltd. UK.

Douglas A. Skoog, F. James Holler &amp; Stanley R. Crouch, 2022. Principles of
instrumental Analysis, 5 th Eds. Harcout College Publishers.

Daniel C. Harris, 2021. Quantitative Chemical Analysis, 9" Eds. W. H. Freeman & amp;
Company.

Reilley, C. 1993. Laboratory Manual of Analytical Chemistry. Allyn &amp; Bacon, London.
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GSC- 321

The Science of Global Challenges  3(3-0)

Higher Education

Commission

The Science of Global Challenges
(Model Course)

Copyright © 2021 @ Higher Education Commission.
All Right Reserved.
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COURSE DESCRIPTION:

our world has seen a massive transformation in the past 200 years, The progress that we see
sround ourselves is largely owed to the advancement in Scientific knowledge that has enabled
us to hamess Nature’s resources in a multitude of ways. This progress however has come at a
great cost, including a threat to our own existence. Through this course, we will discuss some
of the core challenges mankind is facing, the scientific reasoning behind all these challenges
and the actions that must be taken to create a future free of these problems. The three main
arcas we will focus on include Climate Change, The Energy Crisis and the survival of humanity
in the wake of deadly viruses and infectious diseases.

Towards the end the students will get to see the complex relationship between Science,
Technology and our Socicty and some future directions that promise a safer future for all of us.

COURSE OUTCOMES:.

Through successful completion of this course, students will be able to:

1. Explain the scientific principles that help understand the key challenges we are facing
today

2. Describe natural systems modulating the Earth's climate, articulate causes and
consequences of anthropogenic climate change, and discuss measures to curb global
greenhouse gas emissions.

3. Differentiate between rencwable and nonrencwable systems

4. Explain the working princig.:les of vanous renewable systems and devices including
solar photovoltaics, wind mills, hydro power, geo thermal and bio energy

5. Explain the working principle of key biological ideas including viruses and diseases,
evolution by natural and artificial selection

6. Demonstrate an understanding of the deep connection between science, technology and
society "
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COURSE OUTLINE/WEEKLY BREAKDOWN

Time
Module Name (weeks) Goal Topics
3 Introduction to  some key
advancements we have made in the
last 200 years and the associated
Overview and Overview of the course | challenges that are manifesting
Framing of the | and the key challenges | themselves in the form of Climate
course that will be tackled. Crisis, the over reliance on fossil
fuels and mass extinction of
Various species.
The goal of this module | ¢  Intro and Framing
is for students to|® What's the greenhouse effect?
understand bow several | ® Challenges and risks of climate
different natural | change
processes interact to | ® Geologic History and Planetary
prodyce the dynamic Processes
system that is the Earth's [ »  Oceans: How do ocean currents
climate. It will discuss regulate global climate
how human actions have [ e«  Atmosphere: How do large
Challenge  1: disturbed these natural |  scale wind pattems affect
Climate Change | 4 | ygems  which is|  global climate
resulting in  rapid |« Ecosystems: Climate constrain
climatic change globally. ecosystems and ecosystems
The module ends with a impact global climate
focus on how we build | ¢  Projections of future climate
and use models to predict | ¢ Measuring anthropogenic
future changes in climate climate change
at various spatial and |4 What are GCMs? Carbon
temporal scales emission scenarios
o  Sustainability
This module  will
introduce Vanous
methods of hamessing [ * Science of Energy: Forms of
energy through Energy, Encrgy Conversion
rencwable systems, | ® Sustainability of Energy
Working of various Systems
rencwable systems | »  Working of renewable devices.
including Solar How do solar cells operate?
: Photovoltaics, ~ Wind Photoelectric effect, intro to
Challenge 2: 3 | Mills, Hydro Power, semiconductors and band gaps,
Encrgy Bio Fnergy, Geo! Wind energy, Wind mills,
Thermal  Energy and Physics of a generator
Tidal and Wave Energy | ¢  Encrgy quantification - Energy
will be introduced. needs, available resources,
A contextual study of renewable vs nonrencwable,
renewables for Pakistan challenges of current practices,
will also be studies to see | o Future of Energy
the future of Energy in
b this region
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Challenge 3:
Human survival
and infectious
discase

Understanding how
infection originate and
how - human  body
responds to them, what
happens if the body fails
to fight them

What are infectious discases.
Types of infectious discases
History of Germs, Vaccines
and Discases

Evolution by Natural and
Antificial Selection

Why are viruses crossing
species barrier?

Anti-biotic resistance

Human physiological limits
Changing interactions and new
diseases

| Science,
Txhno‘m:
and Society

An introduction 10 how
Science, Technology and
Society intersect

Complex web of science,
politics and social systems
Development of Science in
certain areas, Role of Wars
Scientific Funding
Technological Progress and
Ethical Constraints

Human experiences as Data

| The Future of
Science:
Nanotechnology
&
 Biotechnology

A discussion of some

emerging  technologies | o
which arc scen as ale

revolution in the ficld of
science including nano-
technology and bio-
technology

Nanotechnology and its future
applications in  Medicine,
Food, Computational Systems,
Energy

Biotechnology

Future of foods: Agricultural
production, consumption and
nutrition

Genetic Modification:
CRISPR, Gene Therapy
Exobiology — Life and humans
outside of Earth
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BCH-303 Essentials of Biochemistry-I 3(3-0)

Course Objective:

This course will provide:

e Fundamental postulates in Biochemistry

e Understanding of classification, structures, characteristics, and biological functions of vital
macromolecules

Learning Outcome:

After studying the course, the students will be able to:

e Understand the scope of biochemistry

e Understand biochemical basis of life

e Acquire basic knowledge of biomolecules

Course outlines:

e A general introduction to the science of Biochemistry, Importance, scope, and history of
Biochemistry

e Review of the diversity and ecology of the living world

e Structure, functions, and brief classification of prokaryotes, Cellular architecture of prokaryotes
and eukaryotes

e Physical properties, structure and importance of H>O, pH, and buffer

e Distinctive properties of carbon and other elements found in biomolecules

e Classification, structure, characterization, and biological functions of following vital
macromolecules

Carbohydrates:

Definition and classification, chemistry, physical and chemical properties of various classes of]
carbohydrates. Biological structure and function of homo- and hetero polysaccharides, function
of starch, glycogen, and cell wall polysaccharides.

Lipids:

Definition and classification of lipids. Chemistry and biological important fatty acids, waxes,
glycerides, phospholipids, sphingolipids, glycolipids, sterols, and prostaglandins

Significance of lipids in biological membranes and transport mechanism

Proteins:

Chemistry and classification of Amino acids, Physical and chemical properties of amino acids.
Biological significance of amino acids, peptides. Proteins; their classification, properties and
biological significance, primary, secondary, tertiary, and quaternary structure of proteins.
Denaturation of proteins.

Nucleic Acids:
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Chemical composition of nucleic acids. Structure and biological significance of nucleic acids.
Chemical synthesis of oligonucleotides. Nucleic acids hydrolysis. Isolation and separation of
nucleic acids. Introduction to recombinant DNA technology.

Enzymes:

Introduction to enzymes, Nomenclature and classification, Isoenzymes, coenzymes and role of
cofactors, Structure of enzyme; active site and regulatory sites, Enzyme Inhibition and types of|
inhibition.

Recommended Books:

e Lehninger, David L. Nelson; Michael M, “Principles of Biochemistry”, Worth Publisher, New
York, (2021).

e Lippincott Illustrated Reviews: “Biochemistry 8" edition”, Emine Ercikan Abali, Susan D.
Cline (2021).

e Harper’s Biochemistry, 30" Ed, (2018).

e Textbook of Biochemistry with Clinical Correlations, 7" Ed, (2010).

e Voet,D. and Voet J.G., “Biochemistry”, John Willey & Sons, New York, 4" Ed (2010).

CHM-404 Principles of Industrial Chemistry 3(3-0)
Fundamentals of Chemical Industry

Basic principles and parameters for industrial plant unit operations and unit processes.
Chemical Industries

Raw materials, flow sheet diagrams and unit operations and unit processes of sulphuric acid,
oxalic acid, caustic soda and washing soda, fertilizer industry, sugar industry, cement industry,
textile, polymer and petroleum processes, copper and iron metallurgy.

Recommended Books
1. Sharma, J., Ndi., Applied Industrial Chemistry, Arise publishers & Distributors, (2012).

2. Vermani, O. P. and Narula, A. K., Applied Chemistry; Theory and Practice, New
Age International Pvt. Ltd. Publishers, (2008).

3. Hede, P. D., Bier. S.P., Inorganic and Applied Chemistry, Ventus publishing app., (2007).

4. Kent, J. A., Riegel's Handbook of Industrial Chemistry, 10th ed., Kluwer Academic/
Plenum Publishers (2003).

5. Heaton, A., An introduction to Industrial Chemistry, 3rd Ed., Chapman & Hall (1996).
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CHM-406 Principles of Green Chemistry 3(3-0)
Course Overview
Green chemistry is the utilization of principles that reduces or eliminates the use or generation
of hazardous substances in the design, manufacture and application of chemical products. This
course will introduce the principles and fundamental concepts of green chemistry and provide
examples of commercial applications of green Chemistry.
Outlines
Introduction of green Chemistry, principles and environmental impact of green Chemistry.
Overview of periodic table for the relative abundance and toxicity of elements. Chemical hazards
and safety. Balancing equations, stoichiometry and classes of reactions to understand high and low
atom economy and energy-efficient reactions. Energy sources and fuels from biomass including
the replacement of fossil fuels with renewable wind and solar energy. Examples of traditional
synthesis verses green synthesis.
Recommended Books
. 1. A Textbook of Green Chemistry, 2021, Edition: First, Techno World, ISBN: 978-93-92145-
03-
2. Green Chemistry, Fundamentals and Applications, Hard ISBN: 9781926895437,
Paperback ISBN: 978-1-77463-269-7, E-Book ISBN: 9781466578265, Pages: 396pp.
3. Lancaster, M. Green Chemistry: An Introductory Text, Third Edition; RSC Publishing;
2016. ISBN: 978-1-78262-294-9
4. Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University
Press, Oxford; 1998. ISBN: 0-19-850234-6.
5. Baird, C.; Cann, M. Environmental Chemistry, Fifth Edition; W. H. Freeman and
Company, New York; 2012. ISBN-13: 978-1-4292-7704-4. (Toxicology, Chapters 13-1.
6. Manahan, S. E. Environmental Chemistry, Eighth Edition; CRC Press, 2005. ISBN: 1-
56670-633-5. (Toxicology, Chapters 22-23).
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ENT-422 Entrepreneurship 2(2-0)

S g

HIGHER EDUCATION COMMISSION

Government of Pakistan, Islamabad
(Curriculum Division)

A meeting of 5 cowss design commilten was held on 15 Juse 2023 in the Higher Education
Commission, Islamabad 10 design a two-crodid course on “Enreprencunhip”

Followirg members of the comminiee stended e meetiag In person and developed the first draft of
he Couse.

1. Dr. Hamid Rafig Khattak, CEO, MANTECH&ARC, Iylamsbad (Convener)

2. Dr. Shabid Mansocor Haskesd, Se, Joint Director lsstrectional Design, Natiosal Institute of Banking

& Firance, Islhimabad (Member)

Me. Owais Azjum, CEQ, Emumba, Islamabad (Member)

Dr. Muhammad Shujast Mubarsk, Desn (CBM), Institie of Business Managemant, Karachi

Member)

5. Dr. Parah Naz Balg, Chairgerson Department of Marketing, Irstibute of Business Admisstnnion,
Karachs (Membaer)

6. Dr. Saleem Gul, IMSclences, Peshawar (Meomber) )

7. Dr. Tasneem Fatima, Associste Profsor, Depertment of Dusimess Admisistation, [ntermatiosal
Islaemic Unéiversity, Islamatad (Member)

£ Dr. Saod Hassam, Assistant Professer (AUSOM), Air Univessity, Islamabad (Member)

9. Ms. Mubammad All Baig, Deputy Direstor, Higher Education Commission, Islamabed (Secretary)

sy

Following membees of the committee, in sdditica w the adove, atteaded the subsequent caline meetings
10 review and revise the draft of the course:

|, De. Sara Ssend Khurrem, CED, Sehat Kahani, Kaeachi (Mestber)

2. Mr. Ayub Zakeei, CEO, Zakeel Group, Peshawar (Member)

3. Mr. Mansoor Lashari, CEQ, Bargtox, Labore (Member)

4. Dy Faiza Ali, Asseciate Professor (SDSB), Lakare University of Managemen! Sciences, Lahore
(Member)

That after comsultation aad endoesement of Be commumes, the final drall of B coune is heseby
submitted 1o the offics of the Director Curriculum Divison, HEC, Islamabod by the undersigned being
conveser of the commities kad o |ts behald for considerstion

Dr, Hamid Pafiq Khatixk Dated: 2008 2023
[{

PLEASE NOTE:

1. The Cumiculum Divisica, HEC say conduct en intemel review of the drast sobasitred by the coamninee

end make necoiaary amendments as and when needed, with or witiout sharing reasocs of the sane with
the comumines.

2. The Curiculem Diviston, HEC may refar the draft sebmitted by the comenitice o ather experts or 4 new
commomes for review who may propose revisions / additicnsl recomuendations in the said deaft.
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ENTREPRENEURSHIP
UGE Policy V L1 ; General Edecation Course

Credits: 02

Offering: Undergradante Degrees (includmg Associane Degrees)
Placement: 1 « 4 Semesters

Type: Mandstory

Fields: All

This course is designed wo proescee entreprencurial spimt and cutlock smong students, encouraging |
them o think critlcally, Idestify opportunities, and trnsform their ideas ino seecessful ventures. It
alms a1 Imparting them with the requishe knowledge, skills, abdlilics, enabling them 10 seize the
identified opportunities for initiating ventures and saccussful navigating the challenges that come with
starting » business and managing it. The course covers topics relevunt to entreprencarship incloding |
setting up and initiation of business, market ressarch, vpportwsity ldemification, business planming.
finsescial Tieeacy for mamaging finances und sxcuring fusding, marketing and sales, eam bealding wnd
oV etion

By the end of this course, stadems shall have:

Knowledge of fundamemal entreprencurial concepts, skills and process

Understanding om differest persomal, socal and fimncial  sspedts  sssocimed  with

entrepremeurial activities

1. Basic understanding of regulatoey requiretn ents 10 st up kn envcrpeise in Pakistan, with special
emphasis on export businesses;

4. Ability 1o apply knowiedge, skills and competencies acquired in the couwrse to develop a

feasibie business plae

l
ry
2.

SYLLARBUS

. latrodection to Eatreproncurship:
o  Defimition and cancepe of entrepeencurship.
¢  Why 10 became an entrepreneur?
¢ Entrepeerwurial process,
¢ Rode of entrepeencurship in ecomomic development.
2, Esmtreprencurisl Skills:
¢ Characteristics and gualities of successful emtreprencurs (including stories of succusses and
failures).
o Arcas of essential entroproncurial sKill and sbality such as creative and critical thinkong,
innovation and risk taking abilstics clc
3. Opportunity Recogaition and Idea Generation:
e Opportunity idemification, evaluation and exploluatice
e Innovative idea generation techniques for entreprencurial ventures.
4. Marketing and Sales
o Target marke! identification and segmentation;
¢ Four P's of Marketing,
o Developing n marketing strategy.
* Branding.

Page 54 of 92



S Financial Literacy:
Basic concepts of Income, savings and investments.
Baslc concepts of assets, Babilities and oquity
Basic concepts of reversar and expenses
Overview of cash-flowms,
Overview of banking products including Islamic modes of financing.
o  Sources of funding for startups (angel firsncing, debt financing, equity financing etc.),
6. Team Bullding for Startups:
o  Characieristics and leares of effective keams,
o Tean bealding and effective leadership foe startups. ‘
7. Regulatory Requiremsents to Establish Enterpriscs in Pakistan: ‘
o  Types of enterprises (eg., sok peoprictorship; partnership; peivate limined companies |
ee,)
Intelbecsual peoperty rights and progection.
* Regulatory requirements to register an emerprise in Pakistan, with special emphasis cn |
export firms.,
¢  Twation and fimncal reporting obligatioe

SUGGESTED PRACTICAL ACTIVITIES (OPFTIONAL)
\
As part of the overall leaming requimements, Stodents shall be msked with creating and presenting 4
compeehensive business plan ot the end of @ course for & hypothetical or real business ides. This ‘
practical exercise shall alkow them 10 apply the knowledge. skills and competencies acquires In the |
course to develop 3 feasible business plan,

SLGGESTED INSTRUCTIONAL

READING MATERIALS

I. “"Emtreprencurshipe Successfully Lasnichang New Vestares™ by Brace R. Baringer and R
Duane Lreland.

2. "Estreprencurshipc Theory, Process, and Practice” by Denakd F. Kuratko,

3. "New Venture Crestion: Estrepeeacurship foe the 215t Cemtuny™ by Jeffry A, Timmons,
Stepien Spanelli Jr, and Rob Adams.

4. "Ersreprencarshipe A Real-Woeld Appecach™ by Rboada Abeass

$. “The Lean Suarup: How Today's Emreprencurs Use Coalmuos Innovation 1o Creste
Radically Successfil Businesszs® by Eric Ries

f, “Effectus! Emreprencurship” by Stuart Read, Saras Samsvathy, Nack Dew, Robert Wilthank,
and Arme-Valére Ohlsson.
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Semester 5

Course Code Course Title Credit Hours
CHM-501 Inorganic Chemistry - | 4(3-1)
CHM-503 Organic Chemistry - | 4(3-1)
CHM-505 Physical Chemistry - | 4(3-1)
CHM-507 Analytical Chemistry - | 4(3-1)

Total 16

CHM-501 Inorganic Chemistry-1 4(3-1)
1. BONDING MODELS FOR NON TRANSITIION ELEMENTS
(a) Covalent bond. VSEPR model followed by VBT for prediction of geometries of molecules and ions
containing sigma bonds as well as pi bonds. MOT for homonuclear and heteronuclear diatomic molecules.
(b) Metallic bond. Band theory to describe conductors, insulators and semiconductors.
(c) 3center 4 electrons bond, 3 center 2 electrons bond, bent bond, H bonding.
2. CHEMISTRY OF COORDINATION COMPOUNDS
Nomenclature, theories of bonding (Werners theory, Sigwick theory, Chain theory, VBT, CFT, LFT).
Stereochemistry of coordination compounds, Coordination geometries (CN 2 6). Preparation of coordination
compounds Stability of coordination compounds. Spectrochemical series. Application of coordination
compounds in Chemistry, life and industry.
3. LANTHANIDES AND ACTINIDES
Historical survey, occurrence, separation and preparation. Oxidation states, magnetic properties of
Lanthanides and Actinides. Lanthanides contraction. Applications and uses of elements and their compounds.
CHM-501 Practicals
1. Separation of cations by paper chromatography: (Pb?*Cd?*,Cu?*Co?*Ni?"Ag'*)
2. Preparation And Characteristation of Complex Compounds:
(i) Sodium Cobaltinitrate (ii)Potassium trioxalato aluminate (iii) Ammonium Nicke Il Sulphate (iv) Hexa
aqua Chromium 111 chloride).
3. Complexometric Titration (Any four) Cu?*/ Ni?*;Ca?* /Ba?"Au?" /Pb*"'Cd?*/Zn?*;Ni?* IMg?*;Ca®" /Zn?*
Recommended Books
1. G. J. Leigh, N. Winterton, “Modern Coordination Chemistry” The Royal Society of
Chemistry (2021).
2. Birgit Weber, “Coordination Chemistry Basics and Current Trends” Springer spectrum (2023).
3. E. Disha, “Chemical Bonding” 2nd Edition, American Chemical Society, (2019).
4.P. Atkins, L. Jones, “Chemical Principles” 2" Ed, Freeman and Company (2002).
5.J. E. Brady, J. R. Holum, “Chemistry-The Study of Matter and Its Changes™ 3™ Ed, John Wiley and Sons,
Inc. (2000).
6. G. L. Miessler, A. T. Donald, “Inorganic Chemistry”” 2" Ed, Prentice-Hall International, Inc. (1991).
7. D.F. Shriver, P.W. Atkins, C. H. Langford, “Inorganic Chemistry”. 2™ Ed, Oxford University Press. USA
(1994).
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CHM-503 Organic Chemistry-1 4(31)
Acids and Bases
Concepts of acids and bases; scale of acidity and basicity; pka values; predicting acids/basis
reactions from pKa values; the effect of structure on the strengths of acids and bases, field effects,
resonance effects, steric effects, hydrogen bonding effects and hybridization effects, the effect of
the medium on the strengths of acids and bases; the Hammett and Tafts equations, applications
and limitations.
Stereochemistry
Introduction; optical isomerism; optical activity, chirality, symmetry elements and optical
inactivity, relative and absolute configuration, R, S notation, methods of determining
configuration. Racemic mixtures and their resolution, asymmetric synthesis, optical activity in
biphenyls, alkenes and spiro compounds, stereospecific and stereoselective reactions; Geometrical
isomerism. Determination of configuration of geometrical isomers, Z, E, conventions cis-and trans-
isomerism in cyclic systems; Conformational isomerism conformational analysis of
monosubstituted cyclohexanes, disubstituted cyclohexanes and decalin systems.
Oxidation Reduction Reactions:
a)Oxidation: Introduction. Oxidation of saturated, olefinic and aromatic compounds. System
containing oxygen and nitrogen compounds.
b) Reduction: Introduction. Reduction of cycloalkanes, olefins, alkynes and aromatic rings.
Hydrogenolysis. Reduction of systems containing oxygen and nitrogen compounds.
CHM-503 Practicals
Purification Techniques: Fractional distillation, fractional distillation under reduced pressure
and fractional crystallization
Mixture Analysis: Analysis of two component mixture.
Books Recommended:
David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6" Edition,
John Wiley & Sons, Inc. (2024)
Felix A. Carroll, Perspectives on Structure and Mechanism in Organic Chemistry, 3rd Edition,
John Wiley & Sons, Inc. (2023).
Christine K. F., Hermann, T. C. Morrill, R. L. Shriner, R. C. Fuson, The Systematic Identification
of Organic Compounds, Set, 9th Edition, John Wiley & Sons, Inc. (2023).
P. Sykes, “A Guide Book to Mechanism in Organic Chemistry”, Creative Media Partners,
LLC (2021).
G. M. Loudon, “Organic Chemistry”, 7th Ed., W.H. Freeman (2021).

P. Y. Bruice, Organic Chemistry, 8" Edition, Pearson. (2016).
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https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Christine%2BK.%2BF.%2BHermann&pq=%2B%2B
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Terence%2BC.%2BMorrill&pq=%2B%2B
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Ralph%2BL.%2BShriner&pq=%2B%2B
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Reynold%2BC.%2BFuson&pq=%2B%2B

7. Jonathan Clayden, Nick Greeves, Stuart Warren “Organic Chemistry”, 2nd edition, OUP Oxford,
(2012).

8. A. L. Vogel, “Elementary Practical Organic Chemistry Part I1l: Quantitative Organic Analysis”,
2" Ed., Longman Group Ltd (2011).

CHM-505 Physical Chemistry-1 4(3-1)

Quantum Chemistry

Black body radiation, photoelectric effect, wave and particle nature of matter, de Broglie’s equation,
Heisenberg’s uncertainty principle, wave functions, Eigen functions and eigenvalues, Hamiltonian
operator, Schrédinger wave equation, Particle in one dimensional box, Particle in three dimensional box,
Quantum numbers, wave functions for hydrogen-like atomic orbitals.

Kinetic molecular theory of Gases

Postulates of Kinetic Molecular theory of gases, Equation of states, ideal and real gases, the virial equation
and the van der Waals equation for real gases, critical phenomena and critical constants, Maxwell
distribution of molecular speeds, average speeds, calculation of molecular speeds, binary collisions,
effusion and mean free paths, Maxwell- Boltzmann’s law of energy distribution.

Chemical and Phase Equilibrium

General equilibrium expressions, reaction quotients, examples of equilibrium reactions in solid, liquid
and gas phases, extent of reactions and equilibrium constants, effect of temperature and pressure on the
equilibrium constants/compositions, Le-Chatelier’s principle.

Gibbs phase rule, Phase diagrams of one component and two component systems, Gibbs energy and the
phase diagram of a substance, location of phase boundaries, binary phase diagrams and lever rule.
CHM-505 Lab

1. Equilibrium constant of the K1 + I, = Kl3 reaction

Kinetics of saponification of ethyl acetate

Acid catalyzed hydrolysis of sucrose

Determination of heat of solution by solubility method

Study of the charge transfer complex formation between iodine and benzene

Determination of activation energy for the acid catalyzed hydrolysis of ethyl acetate

Determination of partial molar volumes

Determination of partition coefficient of a substance in two immiscible liquids

Determination of molecular formula of copper-ammonia complex by partition coefficient method

10 Dissociation of trichloroacetic acid-Kinetics method

Recommended Books

1. Silbey, R. J., Alberty, R. A., Papadantonakis, G. A., & Bawendi, M. G. (2022). Physical Chemistry.
John Wiley & Sons.

2. Atkins, P. W., De Paula, J., & Keeler, J. 12" edition, (2023). Atkins' Physical Chemistry. Oxford
University press.

3. Mortimer, R. G., & Blinder, S. M. (2023). Mathematics for Physical Chemistry. Elsevier.

4. Atkins, P. (2024). Concepts in Physical Chemistry. Royal Society of Chemistry.

5. Jang, S. J. (2023). Quantum Mechanics for Chemistry. Springer.

6. Garland, C. W., Nibler, J. W., & Shoemaker, D. P. (2009). Experiments in Physical Chemistry.

7

8

B

© oo N Ok~ WD

. Castner Jr, E. W. (2005). Modern Spectroscopy, (J. Michael hollas).
. D. W. Ball, “Physical Chemistry” 1 st Ed, Brooks/Cole Co. Inc. (Latest Edition).
. R. Stephen, S. A. Rice, J. Ross, “Physical Chemistry” 2nd Ed., Oxford University Press, USA (2000).

Page 58 of 92



CHM-507 Analytical Chemistry-I 4(3-1)

Analytical processes: Accuracy of analytical processes such as weighing, volume measurements,
precipitation, washing, filtration, and ignition. Sample and Sampling: Samples and their types,
Sampling plan, Sampling of solid, liquid and gases.

lonic Equilibria in Solutions: Activity and activity coefficients, Hydrogen ion activity and pH for
weak acids and bases, Determination of pKa and pKb value, common ion effect and its industrial
applications. Buffer its composition and mechanism and buffer capacity. Stability and formation
constants of complexes, methods for their determination.

Separation Techniques:

Introduction and principle of chromatographic separations, classification and nomenclature of
chromatographic techniques, Principle, theory and applications of column chromatography and
planer chromatography (paper, thin-layer, and ion-exchange chromatography).

Practicals

1. Practical elaboration of weighing, precipitation, washing, filtration, and ignition though
experiments

2. Separation and identification of metal ions and biomolecules by paper chromatography,

thin layer chromatography (TLC) and instant TLC etc.

3. Separation of mixture of organic and inorganic compounds by chromatography methods

Books Recommended

1. Gary D. Christian, Purnendu H Dasgupta &amp; Hevin A Achug, 2021. Analytical Chemistry.
7 th Eds. John Wiley and Sons, New York

2. Douglas A. Skoog, Donald M. West, F. James Holler &amp; Stanley R. Crouch, 2022.
Fundamentals of Analytical Chemistry. 10 th Eds. Harcout College Publishers.

3. Harvey, D., 2000. Modern Analytical Chemistry, 1 st Eds. McGraw-Hill, USA.

4. F.W. Fifield &amp; D. Kealey, 2000. Principles and Practice of Analytical Chemistry, 5 th Eds.
Blackwell Science Ltd. UK.

5. Douglas A. Skoog, F. James Holler &amp; Stanley R. Crouch, 2022. Principles of
Instrumental Analysis, 5 th Eds. Harcout College Publishers.

6. Daniel C. Harris, 2021. Quantitative Chemical Analysis, 9 th Eds. W. H. Freeman &amp;
Company.

8. Reilley, C. 1993. Laboratory Manual of Analytical Chemistry. Allyn &amp; Bacon, London.
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Semester 6

Course Code Course Title Credit Hours
CHM-502 Inorganic Chemistry - II 4(3-1)
CHM-504 Organic Chemistry - II 43-1)
CHM-506 Physical Chemistry — II 43-1)
CHM-508 Analytical Chemistry - I 43-1)
Total 16
Semester 6
CHM-502 Inorganic Chemistry-II 4(3-1)
1. Chemistry of Non-Aqueous Solvents

Classification of solvents. Type of reactions in non-aqueous solvents. Physical and chemical properties
of solvents. Study of reactions in liquid NH3, HF, SO, BrFz, CH3COOH and HCN. Reactions in molten
salt system.

2. Pi-Acceptor Ligands

Class of ligands. Metal carbonyls, molecular structure, localized bonding (EAN rule, 18 electron rule).
Delocalized bonding, spectroscopic evidence of bonding situation. Chemical properties of metal-
carbonyls (carbonylate anions, carbonyl hydrides and carbonyl halides). Metal nitrosyls and their
derivatives. Applications of metal carbonyls and their derivatives to catalysis and organic synthesis.

3. Kinetics and mechanism of inorganic reactions

Rate law, Stationary state approximation, Labile and inert complexes. Mechanism of substitution
reactions in octahedral complexes (hydrolysis reactions, anation reactions, reactions of substituted ligand
and redox reactions). Thermodynamic and Kinetic stability. Half life.

CHM- 502 Practicals

1. Estimation of Anions (Any four)

Chloride/Phospate; Chloride/Nitrate; Bromide/Nitrate; lodide/Nitrate; Borate/

Acetate; Oxalate/ Chloride; Sulphate/Phosphate

2. K103 Titrations (Any two)

3. Gravimetric Estimations:

Estimations of Ba?*; Oxalate ions.

Books Recommended:
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1. A. K.Thakur, Dr. K. Jha. & Dr. K. K. Jha, “Inorganic Chemistry”, Books clinic Publishing (2023).
2. R. D. Madan, “Satya Prakash’s Modern Inorganic Chemistry” S Chand & Company Limited (2019).
3. P.J. Dyson, J. S. Mcindoe, “Transition Metal Carbonyl Cluster Chemistry”, CRC Press (2019).

4. M. Dalal, “A Textbook of Inorganic Chemistry”, 1% Edition, Dalal Institute, Haryana, India (2017).
5. V.E. Rudi, D.H. Colin, “Inorganic Reaction Mechanisms: Advances in Inorganic Chemistry”
Elsevier Science (2017).

6. A. K. Holliday, A. G. Massey, R. Robert, H. M. N. H. Irving and L. A. K. Staveley “Non Aqueous

Solvents in Inorganic Chemistry”, Elsevier Science (2013).

7. A. Smiljko, “Chemical Kinetics and Inorganic Reaction Mechanisms”, 2" Edition, Springer New
York, NY (2012).

8. Y.Mido, S.Taguchi, Chemistry in Aqueous and Non-aqueous Solvents, Discovery Publishing House
(2001).

9. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bockhmann, “Advanced Inorganic Chemistry” 6
Ed, John Wiley & Sons, Inc.USA (1999).

CHM-504  Organic Chemistry-II 4(3-1)

Aliphatic nucleophilic substitution and Elimination reactions

Aliphatic nucleophilic substitution reactions Mechanisms and study of Sn1, Sn2, Sn1, Sn2, mechanism;
neighbouring group participation, intra molecular displacement by neighbouring oxygen, nitrogen,
sulphur and halogen; The effects of the substrate structure, entering group, leaving group and reaction
medium on the mechanisms and rates of substitution reactions.

Elimination Reactions. Mechanisms study of E1, E1cB and E2 mechanisms; attacking base, leaving
group and the reaction medium on the rates and mechanisms of elimination reactions; competition
between elimination and substitution reactions.

Aromatic Substitution reactions

Electrophilic substitution Aromaticity; mechanisms of substitution; orientation sulfonation, Friedel-
Crafts reactions, diazo-coupling, formylation and carboxylation.

Nucleophilic substitution. Mechanisms-Study of SyAr, Sn1 and benzyne mechanisms; The effects of
substrate structure, leaving group and the attacking nucleophile on the rates of substitution reactions.
Named Organic Reactions

Cannizzaro reaction, Perkin reaction, Michael reaction, Claisen-Schmidt reaction, Darzens Glycidic
Ester reaction, Stobbe reaction, Mannich reaction, Wittig reaction, Ene reaction and Reformatsky
reaction, Diels-Alder reaction.

CHM-504 Practicals

Organic Synthesis at least four experiments involving two step synthesis

Estimation of Amide and Carboxyl groups, Phenol and other functional groups.

Determination of Saponification value and acid value in oil.
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Recommended Books

1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6 Edition, John
Wiley & Sons, Inc. (2024).

2. Felix A. Carroll, Perspectives on Structure and Mechanism in Organic Chemistry, 3rd Edition, John
Wiley & Sons, Inc. (2023).

3. J. March, “Advanced Organic Chemistry Reactions, Mechanisms and Structure”, 8th Ed, John Wiley
& Sons, Inc; USA (2019).

4. K.S. Tewari and N. K. Vishnoi, A Textbook of Organic Chemistry, 5th edition, Vikas (2017)
5. P.Y. Bruice, Organic Chemistry, 8! Edition, Pearson. (2016).

6. Christine K. F., Hermann, T. C. Morrill, R. L. Shriner, R. C. Fuson, The Systematic Identification
of Organic Compounds, Set, 9th Edition, John Wiley & Sons, Inc. (2023)

7.A. L. Vogel, “Elementary Practical Organic Chemistry Part III: Quantitative
Organic Analysis”, 2nd Ed., Longman Group Ltd (2011).

CHM-506  Physical Chemistry Il 4(3-1)
Electrochemistry
lons in solution, measurement of conductance and Kohlrausch’s law, mobility of ions and transport
number, activity and activity coefficient, ionic strength, Debye-Hiickel theory, Redox reactions,
spontaneous reactions, electrochemical cells, standard electrode potentials, liquid junction potential,
electrochemical series, Nernst’s equation, thermodynamic of redox reactions, measurement of pH and
pKa, electrolytic cells, potentiometry, reference and indicator electrodes, voltammetry, fuel cells,
corrosion and its prevention.
Surface Chemistry
Interfaces, Gibbs surface excess, capillary action, adsorption and adsorption isotherms, Freundlich and
Langmuir adsorption isotherms, catalysis, colloids, emulsions and their industrial applications.
Nuclear Chemistry
Atomic nucleus, nuclides, nuclear stability, modes of decay, nuclear energetics, nuclear models
(shell and liquid drop model), fusion and fission, non - spontaneous nuclear processes, nuclear reactors.
Practicals

1. Determination of molecular weight of a polymer by viscosity method

Precipitation value of electrolytes

Measurement of IR spectra of simple compound and their interpretation

Determination of dipole moment of an organic liquid

2
3
4. Measurement of cyclic voltammogram of an organic compound and its interpretation
5
6. Study of the adsorption isotherms of acetic acid charcoal system

7

Verification of Beer-Lambert Law
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8. Determination of percentage composition of KMnQO4 or K>Cr.O7 or any other colored compound
in a given solution by spectroscopy

9. Stoichiometry of a complex in solution by jobs method

10. Evaluation of pKa value of indicator by spectrometric method.
Recommended Books
1. Atkins, P. Paula, J. D. and James Keeler. Atkin’s Physical Chemistry, 11th ed., Oxford University
Press, (2018).
2. Somorjai, G. A. and Li, Y., Introduction to Surface Chemistry and Catalysis, 2nd ed., John-Wiley &
Sons, Inc., (2010).
3. Vertes, A., Nagy, S., Klencsar, Z. Lovas G. R. and Rosch F, Handbook of Nuclear Chemistry. Volume
1: Basics of Nuclear Science, 2" ed., Springer, (2010).
4. Loveland, W., Morrisey, D. J. and Seaborg, G. T., Modern Nuclear Chemistry, John-Wiley & Sons,
Inc., (2006).
5. J. Albery, “Electrode Kinetics”, 2nd Ed, Clarendon, Oxford, (2001).
6. H. Yidirim Erbil, Surface Chemistry of Solid and Liquid Interfaces, 1% Edition, Blackwell publishing
(2006).
7. O. M. J. Bockris, A. K. N. Reddy, “Modern Electrochemistry” 2nd Ed, Vol. I and 2, Plenum Press,
New York, USA (2002).

CHM-508  Analytical Chemistry-I1 4(3-1)

Electromagnetic Radiations: Basic concept and classification parameters/characteristics (energy,
frequency, wavelength and wave number) of electromagnetic radiation and their interaction with matter,
Nature of electromagnetic radiation (Wave theory and Quantum theory).

Spectroscopy: Introduction to spectroscopy, Classification of spectroscopic techniques based on
different parameters (Atomic & molecular and absorption & emissions spectroscopic techniques),
Principals of spectroscopic techniques, Lambert-Beer’s Law and its applications and limitations,
Common instrumental components and nomenclature of instruments.

UV/Vis Spectroscopy: Basic concept, Molecular energy levels and transitions, Characteristics of
absorption (position and intensity of absorption) and effects of solvent and conjugation, auxochrome,
chromophore along with the nomenclature of spectral shifts. Instrumentation: Sources of light (lamp and
lasers), monochromators, photomultiplier tubes, diode array detectors, signal processor (charged coupled
devices) and readout devices and Single and double beam spectrophotometers, Applications of UV/Vis
spectroscopy in science and daily life.

Photometry: Atomic energy levels and electronic transitions, Emission spectrum, Absorption spectrum,
Principle of Photometry, Flame sources and prospects in analysis, Instrumentation of Flame Photometer,
Salient interferences and corrections, Calibration, Sample preparation and analysis, Applications of
Flame Photometry in science and daily life.
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Practicals:
1. Determination of Amax of different colored solutions (Potassium permanganate, Iron sulfate etc.)
UV/Visible Spectroscopy.
2. Identification of different organic compounds using UV/Visible Spectroscopy
3. Determination of unknown sample concentration using calibration graphs by UV/Visible
Spectroscopy
4. Determination of iron (I1) by in food samples using UV/Visible Spectroscopy
5. Determination of minerals (Sodium/Potassium) in tap water and food samples using Flame
photometer
6. Determination of Calcium in chalk sample using Flame photometer
7. Visit of Hi-Tech Lab and practical demonstration of available spectroscopic techniques
Reference Books
1. Christian, G.D. Analytical Chemistry, 7" Eds., John-Wiley & Sons, New York (2014).
2. Harris, D.C. Quantitative Chemical Analysis, 8" Eds., W. H. Freeman and Company, New York,
(2011).
3. Skoog, D. A., West, P.M., Holler, F.J. and Crouch, S. R., Fundamentals of Analytical Chemistry,
9" Eds., Cengage Learning, (2013).
4. Braun, R.D. Introduction to Instrumental Analysis, International student Edition, (1985).
5. Harvey, D. Modern Analytical Chemistry, Revised Eds. The McGraw Hill Companies, Inc. USA
(2008).

Summer Semester (after 6™ semester)

Supervisors will be allocated to the students, who will then commence INT-630 — Internship/Field Experience
(to be enrolled in the 7th semester) and CAP-630 — Capstone Project (to be enrolled in the 8th semester). The
students will complete their internship during the summer semester, and the viva voce will be conducted in
Semester 7; therefore, the course enrollment for the internship will take place in Semester 7. Accordingly, the

CAP-630 — Capstone Project will be enrolled in the 8th semester.

Course Code Course Title Credit Hours To be enrolled in
INT-631 Internship/ Field Experience 3(0-3) 7th
CAP-630 Capstone Project 3(0-3) 8"
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Semester 7 (Specialization in Analytical Chemistry)

Course Code Course Title Credit Hours
INT-631 Internship/ Field Experience 3(0-3)
CHM-601 Electroanalytical Techniques 4(3-1)
CHM-603 Advanced Separation Techniques 4(3-1)
CHM-605 Advanced Atomic Spectroscopy 4(3-1)
Total 15
Semester 7
Specialization in Analytical Chemistry
INT-631 Internship/ Field Experience 3(0-3)

(to be completed in Summer Semester)

CHM-601 Electroanalytical Techniques  4(3-1)

Introduction: Electrochemistry, Electrochemical cells, Standard cell potential, Indicator electrode,
Reference electrodes, Classification of electroanalytical methods, Bulk method, Interfacial
methods, static methods, dynamic methods

Potentiometric method of analysis: Potentiometric measurements, Indicator electrodes, Metallic
indicator electrode, Membrane indicator electrode, working of potentiometer and its application
including pH measurements, ion selective electrode systems, ion exchange membrane electrode,
solid state membrane electrodes and bio-membrane electrodes, potentiometric titrations.
Application of potentiometric methods in automations.

Coulometry and Electrogravimetry: Basic electrochemistry, principle, instrumentation of
coulometry, principle, instrumentation of electrogravimetry, consequences of electrogravimetry,
Ohmic drop, activation over potential, concentration and gas polarization, basic difference and
merits/demerits of coulometry and electrogravimetry.

Practical’s:

Determine the pKa values for given samples of weak acids/amino acids by potentiometric method.
Determine the quality of given sample of water through conductometric titrations.
Determine the unknown soda ash through pH titration.

Determination of Total Dissolved Solids in a given water sample through electrical conductivity
measurement

Determination of minerals contents of fruits juices by measuring specific conductance.
Potentiometric Titration of Ferrous lons With Standard Potassium Dichromate Solution.
Reference Books:

1. Bard, Allen J. (Editor). "Electroanalytical Chemistry: A Series of Advances: Volume 30." CRC
Press, 2022.

2. Bard, Allen J., Faulkner, Larry R., and Zoski, Cynthia G. "Electrochemical Methods:
Fundamentals and Applications.”" 3 Edition, Wiley, 2018.
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3. Zhong, Ziyi, and Huang, Chuanjing (Editors). "Modern Electroanalytical Techniques.” Springer,
2021.Christian, G.D. Analytical Chemistry, 6th ed., John-Wiley & Sons, New York, (2004).

4. Harris, D.C. Quantitative Chemical Analysis, 8th ed., W. H. Freeman and Company, New York,
(2011).

5. Skoog, D. A., West, P.M., Holler, F.J. and Crouch, S. R., Fundamentals of Analytical Chemistry,
o ed., Cengage Learning, (2013).

6. Christian, G.D. Analytical Chemistry, 6th ed., John-Wiley & Sons, New York, (2004).

7. Singla, N., Kaur, N., Kohil, K. Practical Manual of Analytical Chemistry, BSP Books. ISSN
9789389974072 (2020).

8. Hanif, M.A. Hussain, A.l. (2022). Chemistry in the Lab. International Scientific Organization.
ISBN: 978-969-23074-1-3.

CHM-603 Advanced Separation techniques 4(3-1)

Theoretical consideration: Distribution ratio and separation, retention and equilibrium, efficiency
of separation, band broadening, Van-Deemter equation and its significance in evaluating column
efficiency. Classifications of column chromatography.

Gas Chromatography (GC): Principle, instrumentation (sample injection modes, columns,
choices of stationary phases, detectors), sample preparations, separation process, temperature
programming, identification and quantification (normalization of peak areas) and its applications.
Liquid Chromatography (LC): Principle and theory of LC, modes of LC, High performance LC
(HPLC), instrumentation, solvent delivery systems, injectors (sample loading procedures), columns
with choice of stationary phases, detectors) sample preparation, method development, applications
with emphasis on pharmaceutical and petrochemical industry.

Supercritical Fluid Chromatography (SFC): Principle, supercritical fluids, instrumentation,
separation process, applications in industrial Sectors.

Electrophoresis: Theory and principle of Electrophoresis, Types of Electrophoresis (Paper & Gel
Electrophoresis), Capillary Electrophoresis (CE), Separation Procedure (mobility, electro-osmotic
flow separation), Instrumentation and applications.

Practicals

Separation of dyes using column/paper/thin layer chromatography.

Separation of sugars using paper chromatography.

Separation of amino acids using paper/ thin layer chromatography.

Separation of phytochemicals of plant sample using 2D thin layer chromatography
Separation of hydrocarbons using GC/HPLC.

Determination of charge on different pharmaceutical and biological samples using
electrophoresis

7. Separation of protein components from biological sample using gel electrophoresis
Reference Books:

1. Christian, G.D. Analytical Chemistry, 7th Ed., John-Wiley & Sons, New York, (2014).

Edited by Jack Cazes by Ewing’s Analytical Instrumentation Handbook. Marcel Dekker, Inc.,

Cimarron Road, Monticello, New York 12701, U.S.A. (2005).

2. Mikkelsen, S. R. and Corton, E. Bioanalytical Chemistry, 2nd ed. Wiley, Inc., Hoboken, New

Jersey, USA (2016).

3. Harvey, D. Modern Analytical Chemistry, 1st Ed, McGraw-Hill, USA, (2000).

4. Skoog, D. A., West, P.M., Holler, F.J. and Crouch, S. R., Fundamentals of Analytical
Chemistry, 10th ed., Cengage Learning, (2021).

5. Patnaik, P. Dean’s Analytical Chemistry Handbook, 2nd Ed. McGraw-Hill, USA.

6. F. W. Fifield, David Kealey. Principles and Practice of Analytical Chemistry, 5th Edition
(2000), USA, Wiley.

ouhkowdE
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7. Hanif, M.A. Hussain, A.l. (2022). Chemistry in the Lab. International Scientific Organization.
ISBN: 978-969-23074-1-3.

8. Leo M. L. Nollet. Handbook of Food Analysis: Physical characterization and nutrient analysis.
CRC Press, Technology & Engineering, New York USA, 2004.

CHM-605 Advanced Atomic Spectroscopy  4(3-1)
Atomic Absorption Spectrophotometry: principle of atomic absorption spectrophotometry,
concentration dependence of absorption, quantitative methodology, instrumentation for atomic
absorption spectrophotometry, radiation sources, atomizers, flames, graphite furnaces and
electrochemical atomizers, wavelength selectors, detectors, handling background absorption,
interferences in atomic absorption spectrophotometry, sample handling in atomic absorption
spectrophotometry, applications of atomic absorption spectrophotometry.
Atomic Emission Spectrophotometry: Introduction, principle of atomic emission spectrometry,
atomic emission spectrometry using plasma sources, plasma and its characteristics, inductively
plasma, direct current plasma, microwave induced plasma, choice of argon as plasma gas,
instrumentation for ICP-MS.
Atomic Fluorescence Spectrometry: Origin of atomic fluorescence, atomic fluorescence
spectrum, types of atomic fluorescence transitions, principle of atomic fluorescence spectrometry,
fluorescence intensity and analyte concentration, instrumentation for atomic fluorescence
spectrometry, applications of atomic absorption spectrophotometry, interferences, merits and
limitations.
Practicals
1 Determination of lithium/sodium/potassium/calcium ions in the given solution by flame
photometer using calibration curve method.
2. Determination of calcium in tap water/milk/chalk sample using flame photometer.
3. Determination of heavy metals (Pb, Ca, Fe, Cd) in tap water/food sample using atomic absorption
photometer.
4. Determination of lead in sewage sludge/plant leaves by atomic absorption spectrophotometric
method.
5. Sample preparation for flame photometric and atomic absorption spectrophotometric analyses.
6. Quantitative estimation of zinc (Zn) and iron (Fe) in multivitamin tablets by atomic absorption
spectroscopy.
7. Quantification of phosphorus (P) and sulfur (S) in fertilizers by atomic emission spectroscopy.
8. Detection of magnesium (Mg), iron (Fe) and copper (Cu) in biological fluids using inductively
coupled plasma-atomic emission spectroscopy.
Reference Books:
1. Christian, G.D. Analytical Chemistry, 6th ed., John-Wiley & Sons, New York, (2004).
2. Harris, D.C. Quantitative Chemical Analysis, 8th ed., W. H. Freeman and Company, New
York, (2011).
3. Skoog, D. A., West, P.M., Holler, F.J. and Crouch, S. R., Fundamentals of Analytical
Chemistry, 9" ed., Cengage Learning, (2013).
4. Braun, R.D. Introduction to instrumental Analysis, International student Edition, (1985).
5. De Loos-Vollebregt, Margaretha T.C., and De Galan, Louis. "Atomic and Molecular
Spectroscopy: Basic Concepts and Applications.” CRC Press, 2019.
6. Hieftje, Gary M., and Rindfleisch, James A. "Atomic Spectroscopy: Introduction to the
Theory of Hyperfine Structure.” Academic Press, 2021.
7. Sneddon, Jocelyn. "Atomic Spectroscopy: An Introduction to the Theory of Hyperfine
Structure." CRC Press, 2023.
8. West, Philip W. "Atomic Spectroscopy: Principles and Applications." Oxford University
Press, 2020.
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9. Jackson, Ronald S. "Atomic Absorption and Atomic Fluorescence Spectrometry.” Wiley,
2018.

10. Hanif, M.A. Hussain, A.l. (2022). Chemistry in the Lab. International Scientific
Organization.

11. Reddy, A.V.R., Swain, K.K. Venkatesh, K. Asscaition of Environmental Analytical
Chemistry of India. Analytical Division, Bhabha Atomic Research Centre, Mumbai (2021),
ISBN: 978-969-23074-1-3.

12. David E. Newton, Forensic Chemistry, United States of America, (2007).
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Semester 7 (Specialization in Inorganic Chemistry)

Course Code Course Title Credit Hours

INT-631 Internship/ Field Experience 3(0-3)
Main Group Organometallic and Organic Reagents 4(3-1)

CHM-611
Spectroscopic Methods in Inorganic Chemistr 4(3-1
CHM-613 P P : Y 1)
CHM-615 Organo-Transition Metal Compounds 4(3-1)

Total 15
Semester 7

Specialization in Inorganic Chemistry

INT-631 Internship/ Field Experience 3(0-3)
(to be completed in Summer Semester)

CHM-611 Main Group Organometallic and Organic Reagents 4(3-1)

Main Group Organometallic Reagents

Introduction, Preparation, classes of necleophilic organometallic reagents organo-Li, S, Sc, Si, B, Sn,
Sb and Zn in organic synthesis, control side reaction (Enolization vs. nuelecophilic addition,
substitution vs. elimination, selectively among functional griops via organometallic reagents
Organic reagents in inorganic Analysis

Type of reagents, their specific nature and methods of applications with specific examples,
Complexometric and gravimetric methods involving various reagents, chelates and chelate effect.
Practicals

8-Hydroxyquinoline Al (111) and Fe (111)

Salicylaldoxime: Ni (11) in the presence of Cu (Il)

Anthranilic acid: Co (1) and Zn (I1)

Micro determination of Cr(l11) by Di-phenyllecarbazide.

Determination of Fe (I1) by 1-10 Phenanthroline.

Determination of nitrites by complexometry

e Determination of percentage composition of copper, zinc and nickel in alloy.
Recommended Books:

1. R. D. Madan, “Satya Prakash’s Modern Inorganic Chemistry” S Chand & Company Limited
(2019).

2. B. L. Shaw & N. L. Tucker, “Organo-Transition Metal compounds and Related Aspects of
Homogeneous Catalysis”, Pergamon Press (2016).

3. J. E. Huheey, “Inorganic Chemistry Principles of Structure and Reactivity” 2" Ed., Harper and
Row Publishers (1978).

4. Zavis Holzbecher, Martin Kral, L. Divis, Handbook of Organic Reagents in Inorganic Analysis
(Series in Analytical Chemistry) (1976).
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5. C. R. Dillard, D. E. Goldberg, “Chemistry, Reactions, Structure and Properties” Colliers-
Macmillan Limited, London, UK (1971).
6. A. K. Holliday,A. G. Massey, “Inorganic Chemistry in Non-Aqueous Solvents”, 6" Ed.,
Pergamon Press. (1985).
7. M. P. Frederick, “Practical Methods of Inorganic Chemistry”, Creative Media Partners, LLC
(2015).
8. G. Svehla, B. Sivasankar, “Vogels Qualitative Inorganic Analysis”, 7" Edition, Pearson Education,
India (2012).
9.J. Mendham, R.C. Denney, J.D. Barnes, and M. Thomas, Vogel’s Textbook of Quantitative chemical
Analysis, 61 ed., Pearson Education Ltd. (2000).

CHM-613 Spectroscopic Methods in Inorganic Chemistry 4(3-1)
Physical methods of analysis in Inorganic Chemistry, NMR, IR, UV Spectroscopy, Basic Principles,
Instrumentation and Applications.
UV Spectroscopy: Origin of UV-Visible spectroscopy, electronic transitions and nature of electronic
spectrum, probability of interaction, allowed transition and forbidden transition, transitions involving
d or f electrons, charge transfer transitions, chromophore and auxochrome instrumentation and
applications
IR Spectroscopy: Infra red absorption process, Bond properties and absorption trends, modes of
vibrations, instrumentation, examining infrared spectra of inorganic and organic compounds.
NMR Spectroscopy: Nuclear spin states, Nuclar magnetic moments, absorption of energy,chemical
environment and chemical shift, tetramethyl silane reference, instrumentation, spectrum and
application using spin active nuclei *H, *3C, °F and 3!P.Practicals

e Spectrophotometric determination of Pb?* using solvent extraction.

e Spectrophotometric determination of NOs!" in water.

e Spectrophotometric determination of aspirin, phenacetin and caeffiene (APC) tablets using
solvent extraction.
Spectrophotometric determination transition metal complexes.
Water quality evaluation by measurement of physicochemical parameters in drinking water.
Determination of strength of NaCl given solution by AgNO3 using Fluorescein as indicator.
Determination of % age purity of KBr using Fluoresceine as indicator.

e Determination of % composition of mixture of KI & KNOs3 using Eoscein as indicator.
Recommended Books:

1.A.K.Bhuyan, Fundamental concepts of molecular Spectroscopy, 1% edition (2023).

2.W.H. Rankin, Norbert Mitzel, Carole Morrison, “Structural Methods in molecular inorganic
Chemistry”Willy (2013).

3.C.N.R. Rao, John R. Ferrao “Spectroscopy in inorganic Chemistry, Volume-I1 (2012).

4.Alan K. Brisdon, Inorganic Spectroscopic Methods (Oxford Chemistry Primers), 1% edition (1998).
5. E.A.V. Ebsworth, David W. H. Rankin, Stephen Cradock , Structural Methods in Inorganic
Chemistry, Second Edition 2nd Edition (1991).

6. A. Douglas, F. Skoog, J. Holler, A. T. Neuman “Principles of Instrumental Analysis”,5th Ed,
Saunders College Publishing, New York, USA (1997).

7.E. A. V. Ebsworth, D. W. H. Rankin, S. Cradock, "Structural Methods in Inorganic Chemistry,"
2nd Ed., Blackwell, (1987).

8. G. D. Christian, Analytical Chemistry, 6™ ed., John Wiley (2003).

9.G. Raj, Advanced Practical Inorganic Chemistry, 7" edition, Krishna Parkashan Media (P) Ltd.
(2005). Bassette, J., Denney, G.H. and Mendham, J., Vogel’s Textbook of Quantitative Inorganic
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Analysis Including Elementary Instrumental Analysis’’ English Language Book Society, 4th
Edition. 1981.

CHM-615 Organo-Transition Metal Compounds 4(3-1)

Introduction, Cluster Compounds: Nomenclature and Structural Patterns, Metal Carbonyl Type
Clusters, Anionic, Hydrido, Larger and Superlarge Carbonyl Clusters, Non-Carbonyl Clusters,
Heteroatom in Clusters, Electron Counting Rules (TEC, Wades rule, Capping). Metal to Carbon
Single, Double and Triple bonds; Acyls, Alkylidene and Alkalidyne Complexes, Bonding to Olefins,
Polyolefins, Allyl, Alkyne and Arene Complexes.

Practicals

Preparation and characterization of chrome alum and chrome red.

Preparation and analysis of ferric ammonium sulphateFe2(SO4)s.(NH4)2S04.24H,0
Synthesis and characterization of inorganic compounds [Ni(NHz3)e]Cl2], [Cu(NHz3)4SO4].H20]
Preparation and estimation of, dipyridine (1) nitrate [(CsHsN)21]"NOs".

Preparation of inorganic compounds and characterization of [Cobalttrisethylenediamine]ls.
Titration of strong acid and weak acid with a strong base.

Precipitation titration involving AgNOs and KCI.

Determination of K1, K2 and K3 for HsPO4

Determination of chloride in the presence of iodide and evaluation of Agl and AgCl
Estimation of available chlorine in bleaching powder.

Recommended Books

1. G.J. Leigh, N. Winterton, “Modern Coordination Chemistry” The Royal Society of Chemistry
(2021).

2. S. G. Davies, “Organotransition Metal Chemistry Applications to Organic Synthesis” Pergamon
Press (2016).

3. R. H. Crabtree, “The Organometallic Chemistry of the Transition Metal”, John Wiley & Sons,
Inc. (2014).

4. G. L. Miessler, A. T. Donald, “Inorganic Chemistry”, 5™ Ed., Prentice Hall International, USA
(2013).

5. G. R. Chatwal, “Organotransition Metal Chemistry”, Himalaya Publishing House (2010).

6. B.Douglas, D. McDaniel, J. Alexander, Concepts and Models of Inorganic Chemistry, 3™ Edition,
Johan Wiley and Sons (2006).

7. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bochmann, “Advanced Inorganic Chemistry”, 6
Edition, John Wiley and Sons (2003).

8. M. Schlosser, “Organometallics in Synthesis: A Manual”, John Wiley & Sons, Inc. (2001).

9. W.W. Porterfield, Inorganic Chemistry, A Unified Approach, 2" Edition, Elsevier (1993).
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10. Vogel, A. 1., “’A Textbook of Micro and Semi-micro Qualitative Inorganic Analysis’’ Longman
Green & Co. 1995.

11. Fritz, J. S. and Schenk, G. H., “’Quantitative Analytical Chemistry’’, Allyn and Bacon Inc., 4th
Edition, 1979.

12.Pass. G and Sutcliffe H., “Practical Inorganic Chemistry”. Van Nostrand Reinhold Company.
1972.

13.J. William, “Inorganic Chemistry, Theoretical and Practical: A Manual for Students in Advanced
Classes”, Legare Street Press (2023).
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Semester 7 (Specialization in Organic Chemistry)

Course Code Course Title Credit Hours

INT-631 Internship/ Field Experience 3(0-3)
Spectroscopic Methods in Organic Chemistr 4(3-1

CHM-621 P P J Y (3-1)
CHM-623 Rearrangements and Pericyclic Reactions 4(3-1)
CHM-625 Pharmaceutical Chemistry 4(3-1)

Total 15
Semester 7
Specialization in Organic Chemistry
INT-631 Internship/ Field Experience 3(0-3)

(to be completed in Summer Semester)

CHM-621 Spectroscopic Methods in Organic Chemistry 4(3-1)
@ Introduction
Electromagnetic radiations. Wavelength, frequency, wave number and energy of electromagnetic radiations and
their interconversion. Electromagnetic spectrum. Interaction transitions and spectral regions. Relaxation of the
excited molecules.
(b) Ultraviolet/Visible Spectroscopy:
Introduction, Electronic transitions and absorption of electromagnetic radiations, Intensities of absorption, Beer-
Lambert Law and its applications, Instrumentation and sample handling, The chromophore, Absorption by
conjugated systems, Woodward fieser rules for conjugated dienes and unsaturated carbonyl systems, Absorption
by aromatic compounds, Application of UV/Vis spectroscopy.
(c) Infrared Spectroscopy:
Introduction, Vibrational modes and absorption frequencies, Hooks Law, Instrumentation and sample handling,
Interpretation of Infrared spectra, Characteristic absorptions frequencies of some common functional groups,
Applications of Infrared spectroscopy.
(d) Nuclear Magnetic Resonance:
Introduction, Spin flipping Nuclear Precession and absorption of electromagnetic radiation, Spin relaxation, The
Chemical shift and integration curve, Molecular structure and chemical shifts, Instrumentation and Sample
handling, Spin splitting and coupling constants. Interpretation of NMR spectra.
(e) Mass spectrometry:
Introduction, Basic Principle, Instrumentation (theory and operation) The mass spectrum, Modes of
Fragmentation of various organic molecules. Applications of mass spectrometry determination of molecular
weight, molecular formula and molecular structure. Interpretation of mass spectra.
Practicals:
e Spectral interpretation (UV, FT-IR, *H -NMR, *C-NMR, MS) of:

1. Benzoic Acid
Ethyl Benzoate
Diethyl Ether
Benzamide
Dibenzal acetone

gk~ own
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6. Acetanilide
7. Acetyl Salicylic acid
8. 4-amino benzaldehyde.

Recommended Books:

e George S. Zweifel, Michael H. Nantz, Peter Somfai, Modern Organic Synthesis: An Introduction, 2nd
Edition, John Wiley and Sons, (2017).

e K. L. Ivanov (Editor), P. K. Madhu (Editor), G. Rajalakshmi (Editor), Two-Dimensional (2D) NMR
Methods, John Wiley & Sons, Inc. (2023)

e S. A Richards, J. C. Hollerton, Essential Practical NMR for Organic Chemistry, 2nd Edition, John Wiley
& Sons, Inc. (2022)

e Atta-ur-Rahman, M. I. Choudhary, Atia-tul-Wahab, Solving Problems with NMR Spectroscopy, 2™
Edition, Elsevier Inc. (2016)

e J. W. Akitt, B. E. Mann, Nmr And Chemistry — An Introduction To Modern Nmr Spectroscopy (4th Ed.).
Taylor and Francis group. (2017)

e H. E. Duckworth, R. C. Barber, V.S. Barber, V.S. Venkatasubramanian “Mass Spectroscopy”, 2" Ed.,
Cambridge University Press, London, UK (1996)

e W. Kemp, “Organic Spectroscopy”, 3" Ed., Macmillan, London, USA (1991)

o B.S.Fumiss, A. J. [lannaford, P.W.G. Smith, A. R. Tatchell “Vogel’s Practical Organic Chemistry”, Sth
Ed, Addition Wesley Longman, Harlow, England (1989).

CHM-623  Rearrangements and Pericyclic Reactions 4(3 —1)
Classification of rearrangement, Pinacol Pinacolon rearrangement, Benzil benzilic acid rearrangement, R.A
involving Diazomethane, Favorski R.A, Hofman R.A. Schmidt R.A, Lossen R.A, Bayer Villiger, R.A, benzidine
R.A, Fries R.A. Sigma tropic R.A.
Migration of carbon, Cope rearrangement, Claisen rearrangement benzidine rearrangement. [1,3] H, [1,5], [1,7]
H, [1,9] H migration.
Pericyclic Reactions
Conrotatory and Disrotatory motion of orbital, electrocyclic reactions, thermal cyclization, Photochemical
cyclization, Hofman rule, Fukui Theory of Frontier orbitals.
Introduction to cycloaddition reactions. Supraficial and Antanafacial addition Woodward Hofman Rule. Frontier
theory and mobius huckle theory for (2 + 2) and (2 + 4) thermal and photochemical cycloaddition reaction.
Practicals:

e Synthesis of benzoic acid from benzil

e Synthesis of phenyl — azo — B-nephthol

e Preparation of benzylated compound (Benzylation of Phenol)

e Synthesis of anthranilic acid

e Synthesis of Methyl Orange

e Synthesis of di-benzal acetone

o Preparation of Benzilidine Anniline

e Synthesis of isoamyl benzoate

Recommended Books
e Paul H. Schudder, Electron Flow in Organic Chemistry: A Decision-Based Guide to Organic
Mechanisms, 3rd Edition, John Wiley and Sons, (2023).
e J. Clayden, N. Greeve, S. Warren, P. Wothers, “Organic Chemistry”, 2" Ed., Oxford University
Press, USA (2012).
e F. L. Ansari, R. Qureshi and M. L. Qureshi “Electrocyclic Reactions — from Fundamentals to
Research”, 1%t Ed., John Wiley and Sons, (1999).

d
e R. O. C. Norman “Principles of Organic Synthesis”, Blackie Academic & Professional, 3r Ed. (1993).
o Laurie S. Starkey, Introduction to Strategies for Organic Synthesis, 2nd Edition, John Wiley and Sons,
(2018).
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https://chemistry.com.pk/books/nmr-and-chemistry-an-introduction-to-modern-nmr-spectroscopy-4e/
https://chemistry.com.pk/books/nmr-and-chemistry-an-introduction-to-modern-nmr-spectroscopy-4e/
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e George S. Zweifel, Michael H. Nantz, Peter Somfai, Modern Organic Synthesis: An Introduction, 2nd
Edition, John Wiley and Sons, (2017).

CHM-625 Pharmaceutical Chemistry  4(3-1)
Alkolids
Introduction, occurrence, function of alkaloids in plants, Classification, Nomenclature, Pharmaceutical
Applications, Isolation, Qualitative Test and General Properties, General Method of Structure Determination.
Morphines, Nicotine, Quinine.
Drugs
Introduction, Sources, Route of administration, Metabolites and mechanism of drug action. Sulfonamide,
antipyretics, analagesic, barbiturates, antibiotics, their general synthesis and structure activity relationship.
Practicals:

e Synthesis of Aspirin

e Synthesis of Paracetamol

e Synthesis of Caffeine

e Isolation of Nicotine

e Synthesis of Methyl Salicylate

e Isolation of i-buprufen from commercially available tablets

e Synthesis of benzene sulfonamides

e Synthesis of isoamyl benzoate

Recommended Books

V. Alagarsamy, Pharmaceutical Organic Chemistry, BSP Books (2020)

C. Rostron and J. Barber, Pharmaceutical Chemistry 2nd Edition, Oxford (2021)

D. Cairns, Essentials of Pharmaceutical Chemistry 4th Edition, Pharmaceutical Press (2012)

D. Kumar and A. K. Jangra, Pharmaceutical Chemistry, V. M. BOOKS (2022)

K. G. Bothara and S. Y. Gabhe, Pharmaceutical Organic Chemistry, Nirali Prakashan (2019).

D. G. Watson, Pharmaceutical Chemistry 1st Edition, Churchill Livingstone (2011).

D. W. Mayo, R.M. Pike, D. C. Forbes, Microscale Organic Laboratory: With Multistep and Multiscale

Syntheses, 7th Edition. John Wiley and Sons, (2023).

8. Stéphane Caron (Editor), Practical Synthetic Organic Chemistry: Reactions, Principles, and Techniques, 2nd
Edition, John Wiley and Sons, (2020).

No ok~ wbdE
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Semester 7 (Specialization in Physical Chemistry)

Course Code Course Title Credit Hours
INT-631 Internship/ Field Experience 3(0-3)
CHM-631 Advanced Reactions Kinetics 4(3-1)
Advanced Spectroscopy in Physical Chemistr 4(3-1
CHM.633 p py y y (3-1)
CHM-635 Material Chemistry 4(3-1)
Total 15
Semester 7
Specialization in Physical Chemistry
INT-631 Internship/ Field Experience 3(0-3)

(to be completed in Summer Semester)

CHM-631 Advanced Reactions Kinetics  4(3-1)

Chemical Reactions
Third order reactions with same and different initial concentration of reactants, Advanced theories of
unimolecular reactions, Chain and non-chain complex reactions, opposing reactions, parallel reactions,
consecutive reactions, Fast reactions, Experimental techniques for measurement of fast reaction kinetics.

Photochemical Reactions
Laws of photochemistry, photochemical reactions in gas phase and in solutions, quantum vyields, flash
photolysis, photosensitization, radiative and non- radiative photophysical processes, photoluminescence and
guenching, photochemical reaction kinetics.

Interfacial Phenomena
Thermodynamics of adsorption, adsorption at liquid surfaces or solutions, surface tension and surfactants,
catalytic reactions of gases on solid phase, interfacial kinetics, Langmuir Hinshelwood mechanism, Eiley-
Rideal Mechanism, kinetics of enzyme catalyzed reactions.

Practicals
1. Kinetic study of enzyme catalysed reactions.
2. Determination of energy of activation for acid hydrolysis of ethyl acetate.
3. Determination of kinetics of saponification of ethyl acetate with sodium hydroxide.
4. Acid catalyzed hydrolysis of sucrose for determination of rate constant for first order reaction.
5. Determination of rate constant and order of reaction between hydrogen peroxide and hydroiodic acid.
6. Determination of adsorption parameters using Langmuir adsorption isotherm of acetic acid on charcoal.
7. Determination of adsorption of oxalic acid on charcoal and prove the validity of Freundlich adsorption
isotherm.
8. Investigation of the order of reaction and velocity constant for the inversion of cane sugar in the presence of
an acid by polarimetry.
9. Preparation of Buffer solutions of required pH.
Recommended Books:
1. S. Asperger, “Chemical Kinetics and Inorganic Reaction Mechanisms” 3rd Ed., Springer Verlag (2012).

2.J. H. Espenson, “Chemical Kinetics and Reaction Mechanism “an Ed., McGraw Hill London, UK (2002).
3. D. C. Neckers, G. von, B. Unau, W. S. Jenks,“Advances in Photochemistry”, Vol. 27, John Wiley & Sons,
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Inc. USA (2002).

4. Peter Atkins, Julio De Paula and James Keeler, “Atkin’s Physical Chemistry” 12" edition, Oxford
University Press, 2023.

5.K.J. Laidler, John. Meiser, Bryanc. Sanctuary “Physical Chemistry ” 4™ Ed., Brooks Cole Publisher (2006).
6. Garland, C. W., Nibler, J. W., & Shoemaker, D. P. (2009). Experiments in physical chemistry.

7. C.W. Garland, JW. Nibler and DP Shoemaker, Experiments in Physiacl Chemistry, Mc Grawhill, 7th
edition (1996).

CHM-633 Advanced Spectroscopy in Physical Chemistry 4(3-1)

Molecular Spectroscopy

Interactions of electromagnetic radiations with matter, Jablonski diagram, UV-Visible spectroscopy,
microwave and infrared spectroscopy, rotational, rotational and vibrational spectra of diatomic and polyatomic
molecules, Raman spectroscopy

Spin Resonance Spectroscopy

Principles of magnetic resonance. Nuclear magnetic resonance (NMR) spectroscopy. Coupling phenomenon in
simple (AXn) and complex systems. Relaxation mechanisms and their applications. Dynamic NMR.
Applications in structure elucidation. Electron spin resonance spectroscopy (ESR). Principles and applications
of ESR.

Practicals

. Verify Beer’s Lambert’s Law for the given solution.

. Determination of percentage composition of KMnQ, / K2Cr,Oy in a given solution by spectroscopy.
. Evaluation of pKa value of indicator by spectrometric method

. Interpretation of IR and NMR spectra.

. Measurement of IR spectra of simple compound and their interpretation

. Interpretation of Raman spectra

. NMR spectra of simple compound and their interpretation.

Recommended Books:

1. Peter F. Bernath, Spectra of Atoms and Molecules, 4th Edition, Oxford University Press (2020).

2. Raul SanMartin, Maria Teresa Herrero, Structure Determination By Spectroscopic Methods A Practical
Approach. 1% Ed. Taylor and Fracis group. (2021).

3.J. D. Graybal, “Molecular Spectroscopy,” McGraw-Hill, New York, USA (1988).

4. C.N. Banwell, “Molecular Spectroscopy” 4" edition Tata-Mc Gra Hill Publishing Company, USA, 1994,

5. G. M. Barrow, “Introduction to Molecular Spectroscopy,” 2nd Ed, McGraw-Hill, New York, USA (1962).
6. Pavia, D.L., Lampman, G. M., Kriz, G.S., & Vyvyan. J/ A. (2014). Introduction to spectroscopy. Fourth
Edition (Cengage Learning).

7. A. Findly’s Practical Physical Chemistry, Longmann, London (1972).

8. LP Gold, L. Gold, Physical Chemistry Laboratory, Primis Publishers (1997) ISB: 0072902698.

9. Garland, C. W., Nibler, J. W., & Shoemaker, D. P. (2009). Experiments in Physical Chemistry.

~NOoO OBk WN -~

CHM-635 Material Chemistry  4(3-1)

Physical Chemistry of Macromolecules
Introduction, Molecular forces and chemical bonding in macromolecules, configurations and conformation of
polymer chains, theories of polymer solutions, spectroscopic analysis, thermal and mechanical analysis,
polymer rheology.
Solid State
Introduction, Attractive forces, properties of solids, crystal structure, crystal defects, crystallography, theories
of bonding, packing of atoms in metals.
Modern Materials
Composite materials, advance printing materials, Al assisted material design, bio sensors, chromogenic
materials, ultralight materials, superconductors, conducting polymers, Bullet proof polymers, edible plastics,
smart materials, nano materials.
Note: At least 06 experiments are to be performed.

1. Synthesis of Nanomaterials by precipitation method.

2. Green Synthesis of Nanomaterials by appropriate method.

3. Fabrication of polymers by approaching modern techniques.

4. Determination of molecular weight of given sample of polymer viscometrically.
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5. Phase determination of polymers and crystalline solids through XRD.
6. Determination of particle size by employing Debye Scherrer equation on X-ray diffractogram.
7. Evaluation of thermal stability of polymers by TGA (Polyethylene, Poly vinyl chloride, Poly vinyl
alcohol etc.
8. Experimental verification of thermosetting of plastics.
9. Evaluation of Mechanical behavior of macromolecules by DMA (thin films)
10. Experimental verification of Hildebrand theory of solubility of polymers.
Recommended Books:

1. West, A. R. (2022). Solid state chemistry and its applications. John Wiley & Sons.

2. Hofmann, P. (2022). Solid state physics: an introduction. John Wiley & Sons.

3. Holgate, S. A. (2021). Understanding solid state physics. cRc Press.

4. Snoke, D. W. (2020). Solid state physics: Essential concepts. Cambridge University Press.

5. Anthony West “Basic Solid-State Chemistry”” John Wiley and sons, 1988, USA.

6. RobertJ. Young, “Introduction to polymers” Capmann and Hall, 1981, USA.

7. Joel R. Fried “Polymer Science and Technology “Prentice Hall PTR. 1995. USA.

8. Fred W. Billmeyer “Text of Polymer Science” Wiley Interscience Publications, John Wiley and sons,
1984, USA.

9. Peter Atkins, Physical chemistry, 121 edition, Oxford University Press, 2022.

10. Harry R. Allcock, “Introduction to Materials Chemistry”, 2nd Edition, Wiley, 2019

11. Bradley D. Fahlman, Materials Chemistry, 3 Edition, Springer, 2018.

12. T P Radhakrishnan, “Core Concepts for a Course on Materials Chemistry” RSC London, 2022.

13. Garland, C. W., Nibler, J. W., & Shoemaker, D. P. (2009). Experiments in Physical Chemistry.

14. James, A. M., Prichard, F. E., Practical Physical Chemistry, 3rd ed., Longman Group Limited, New
York, (1974).

15. A. Findly’s Practical Physical Chemistry, Longmann, London (1972).

16. Viswanathan, B., P.S. Raghava, Practical Physical Chemistry, (2005), Viva books Private Limited. New
Dehli.

17. S. K. Sharma, Handbook of Materials Characterization, Springer International Publishing AG, part of
Springer Nature (2018).
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Semester 8 (Specialization in Analytical Chemistry)

Course Code Course Title Credit Hours
CHM-602 Thermal Methods of Analysis 3(3-0)
CHM-604 Nuclear Analytical Techniques 3(3-0)
CHM-606 Food and Drug Analysis 3(3-0)
CHM-608 Molecular Spectroscopy 3(3-0)
CHM-610 Advanced Analytical Chemistry Lab 2(0-2)
CAP-630 Capstone Project 3(0-3)

Total 17
Semester 8

Specialization in Analytical Chemistry

CHM-602 Thermal Methods of Analysis 3(3-0)

Introduction to thermal methods

Historical development, definitions, classification, computer and thermal methods, factors affecting thermal

analysis results, simultaneous and complementary techniques.

Thermogravimetry (TG): introduction, historical background, instrumentation, kinetics of reactions, controlled

rate TGA and high resolution TGA, applications.

Differential thermal analysis (DTA) and differential scanning calorimetry (DSC): introduction, definitions,

instrumentation, classification of DSC, heat flux DSC, power compensated DSC, specialist DSC systems i.e.

pressure DSC, photo-calorimetric DSC, modulated DSC, applications.

Thermomechanical, dynamic mechanical and associated methods: introduction, principles,

Thermomechanical analysis: definition, instrumentation, applications, Dynamic mechanical analysis: definition,

instrumentation, applications, Dielectric thermal analysis: definition, instrumentation, applications. Thermally

stimulated current analysis and relaxation map analysis: definition, instrumentation, applications.

Simultaneous techniques and product analysis: introduction, principles, instrumentations, simultaneous TG-

DTA and TG-DSC, Evolved gas analysis, detection and identification of evolved gases, infrared and simultaneous

TA-infrared, infrared product analysis, thermomicroscopy, applications.

Reference Books

1. Peter J. Haines, Thermal Methods of Analysis Principles, Applications and Problems, First Edition, Springer
Science + Business Media Dordrecht.

2. Michael E. Brown, Introduction to Thermal Analysis Techniques and Applications, Kluwer Academic
Publishers New York, Boston, Dordrecht, London, Moscow.
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3. Patrick K. Gallagher (Series editor) and Stephen Z.D. Cheng (edited), Handbook of Thermal Analysis and
Calorimetry, Volume 3, Applications to Polymers and Plastics, Elsevier Science B.V. The Netherlands.

4. Wesley WM. Wendandt, Thermal Analysis, third edition, A Wiley-Interscience Publication, John Wiley &
Sons

5. Douglas A. Skoog, F. James Holler, Stanley R. Crouch, Principles of Instrumental Analysis, Seventh Edition,
Cengage Learning 20 Channel Center Street Boston, MA 02210 USA.

CHM-604 Nuclear Analytical Techniques 3(3-0)
Introduction to Nuclear Science, Stability of Nucleus, Binding Energy, Mode of Radionuclide decay, Production
of nuclear radiation and its characteristics. Nuclear Analytical Techniques, Classification, Radiation Detection
and Measurement Instruments (Gas filled and Scintillation detectors), Neutron Activation Analysis (Types &
Applications), Radiochemical Method of Analysis (RMA) including Radiometric Titration and Isotope Dilution
Methods of Analysis (IDMA), Radiation Safety, Applications of Radioisotope Detecting Instruments in Medical,
Environment, Agriculture and Industries.
Reference Books
1. Saha, G. B. Fundamentals of Nuclear Pharmacy, 6" Ed. Springer New York Heidelberg, Dordrecht London,
(2010).
2. F. W. Fifield, David Kealey. Principles and Practice of Analytical Chemistry, 5th Edition (2000), USA,
Wiley.
3. J. Tolgyessy, T. Braun, M. Kyr§ and H. Freiser by Isotope Dilution Analysis: International Series of
Monographs in Analytical Chemistry, 1% ed, Elsevier Science, USA, (2013).
4. V.S. Ramachandran, J.J. Beaudoin Handbook of Analytical Techniques in Concrete Science and Technology,
Principle, Technique and Applications. William Andrew Publishing. Norwich, New Yourk, USA, 2001.
5. Brune, D.; Forkman, B.; Persson, B. Nuclear analytical chemistry, Chartwell-BrattLtd., Bromley, England,
United States, 1984.
6. R Cornelis, J Caruso, H Crews, K Heumann Handbook of elemental speciation Il: species in the environment,
food, medicine and occupational Health. Wiley Online Library, England, 2005.

CHM-606 Food and Drug Analysis 3(3-0)
Introduction to food analysis, food gradients and nutritional values, sampling of food, general methods of analysis.
Analysis of Food Contaminants, Residues, and Chemical Constituents of Concern, Analysis of milk, butter, wheat
flour, meat, beverages, tea, coca, honey and soft drinks.
Pharmaceuticals: Classification of drugs, Test for analysis of different pharmaceuticals, Toxicology and Drug
Testing: Alcohol and the Human Body, Testing for Blood Alcohol Concentration, Testing for Drugs, Testing for
Poisons,
Forensics: History and scope of forensic Science, forensic ethics, forensic toxicology. Classification and analysis
of narcotics & dangerous drugs, examination of crime scene evidences, fingerprinting, skeletal material to provide
scientific opinion for legal.
Reference Books:
1. Yolanda Pic6, Chemical Analysis of Food: Techniques and Applications Academic Press, ELSEVIER,
Spain, 2012.
2. Leo M. L. Nollet. Handbook of Food Analysis: Physical characterization and nutrient analysis.CRC Press,
Technology & Engineering, New Yourk USA, 2004.
3. David E. Newton, Forensic Chemistry, United States of America, (2007).
4. Houck, Max M., and Siegel, Jay A. "Fundamentals of Forensic Science.”" Academic Press, 2020.
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5. Bell, Suzanne. "Forensic Chemistry." Wiley, 2021.

6. Strano-Rossi, Sabina, and Mastroianni, Marco. "Forensic Chemistry: Fundamentals and Applications.”
Springer, 2019.

7. Nielsen, S. Suzanne. "Food Analysis." Springer, 2021.

8. Belitz, H.-D., W. Grosch, and P. Schieberle. "Food Chemistry." Springer, 2013.

9. Jackson, Ronald S. "Modern Food Analysis." Academic Press, 2019.

CHM- 608 Molecular Spectroscopy 3(3-0)

Introduction: Basics of Molecular Spectroscopy and Mass Spectrometry, Rotational Spectroscopy and Transition
Rules

IR Spectroscopy: Principles, basic theory of IR spectroscopy, sample preparations, instrumentation (Sources of
radiations, signal processors and detectors), Dispersive and nondispersive IR spectroscopy.

Raman Spectroscopy: Basic theory, Selection rule and comparison with IR, Raman Instrumentation.
Applications of IR and Raman spectroscopy in research & development and quality control processes.

Nuclear Magnetic Resonance Spectroscopy, Overview of the Physical Basis of NMR Spectroscopy, Theory of
NMR, Instrumentation, Magnet Systems, NMR Probes, RF Generation and Signal Detection, Magnetic Field
Gradients, Computer Systems, General Experimental Aspects associated with Obtaining and Analysing Spectra,
Data Analysis and Interpretation, Spectral Processing, Manual Data Interpretation, Analytical Applications
Mass Spectrometry: Basic Theory and Instrumentation, Classification and Types of lonization Methods, Types
of Mass Analyzers (e.g. Quadrupole, Time-of-Flight, lon-Trap Mass Spectrometer etc), Method Development
and Interpretation of Mass Spectrum, Fragmentations and Identification Peaks, Nitrogen Rule, Rule of 13 etc.
Analytical Applications of MS.

Reference Books:

1. Roger S. Macomber, (2018) “A Complete Introduction of Modern NMR Spectroscopy”A Wiley Interscience
Publication, ISBN 0-471-15736-8.

2. Jack Cazes. "The Analytical Instrumentation Handbook”. (2005). 3rd Edition, Marcel Dekker, U.S.A.

3. Frank Settle. “Handbook of Instrumental Techniques for Analytical Chemistry”. (1997). A Simon and Schuster
Company, Prentice-Hall, Inc. NJ (USA).

4. Douglas A. Skoog, Donald M. West, F. James Holler & Stanley R. Crouch, 2022. Fundamentals of Analytical
Chemistry. 10 th Eds. Harcout College Publishers.

5. Harvey, D., 2000. Modern Analytical Chemistry, 1 st Eds. McGraw-Hill, USA. 4. F.W. Fifield & D.
Kealey, 2000. Principles and Practice of Analytical Chemistry, 5 th Eds.

CHM- 610 Advanced Analytical Chemistry Lab 2(0-2)

The experiments may be set making use of the following instruments depending upon their availability. The
instructor should consult the “Journal of Chemical Education” for the innovative designing of experiments.
Special experiments may also be designed for which a specimen list of instruments/techniques is given below.
Column chromatography, Gas Chromatography, HPLC, Capillary Electrophoresis. IR and MS,
Thermogravimetry, Differential Thermal Analyzer, Differential Scanning Calorimetry, Differential Photo-
Calorimetry, Evolved Gas Analyzer, Thermo-mechanical Analyzer.

Experiments

Separation of hydrocarbons using GC/HPLC.

Analysis of Fatty acid methyl esters using GC

Analysis of phenolic acids using HPLC

Spectrophotometric determination of Iron in soil.
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IR analysis and identification of human body stones
To record and characterization of IR spectra of at least one organic compounds.
Mass spectrometry of mineral oil samples.
Determination of iron in foods products spectrophotometrically.
Qualitative and Quantitative Analysis of Fruit juices for Vitamin C using HPLC.
Enzymatic determination of Glucose in Blood.
Separation of dyes using column chromatography.
Identification of fingerprints by chemical test.
Analysis of Analgesics using HPLC.
Test for analysis of drugs.
To determine lead in sewage sludge by atomic absorption spectrophotometer.
Identification of fingerprints by powder test.
To record and characterization of IR spectra of at least 1organic compounds.
Gas Chromatographic analysis of drugs and poison.
Analysis of milk, beverages, and meat.
Analysis of polymer samples on TGA
Analysis of sample on XRD
Reference Books:
1. Yolanda Pic6, Chemical Analysis of Food: Techniques and Applications Academic Press, ELSEVIER,
Spain, 2012.
2. Leo M. L. Nollet. Handbook of Food Analysis: Physical characterization and nutrient analysis. CRC Press,
Technology & Engineering, New York USA, 2004.
3. David E. Newton, Forensic Chemistry, United States of America, (2007).

CHM-630 Capstone Project  3(0-3)
As per HEC Guidelines
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Semester 8 (Specialization in Inorganic Chemistry)

Course Code Course Title Credit Hours
CHM-612 X-ray Spectroscopy 3(3-0)
CHM-614 Homogeneous Catalysis 3(3-0)
CHM-616 Radioactivity and Nuclear Chemistry 3(3-0)
CHM-618 Magneto Chemistry 3(3-0)
CHM-620 Advanced Inorganic Chemistry Lab 2(0-2)
CAP-630 Capstone Project 3(0-3)

Total 17
Semester 8

Specialization in Inorganic Chemistry

CHM-612 X-ray Spectroscopy  3(3-0)

Introduction, Lattice and unit cell, geometry of crystals, crystal systems, primitive and non primitive cells, Lattice
direction and planes crystal shapes Dimensional relationship, Braggs equation, reciprocal lattice, experimental
methods of single & multicrystal (power) analysis, diffraction and diffractrometer, identification and
applications.

Recommended Books:

1. Cosmiso Bambi, Jiachen Jiang, “High-Resolution X-ray Spectroscopy, Instrumentation, Data Analysis,
and Science, Springer (2023).

2. Jun Kawai, “X-Ray Spectroscopy for Chemical State Analysis” 1st ed. Springer, (2023).

3. Stephen P Cramer, X-Ray Synchrotron Radiations: Fundamental and Applications”, Springer International
Publishing 1% Ed. (2020).

4. S.Prakash, G. D. Tuli, S. K. Basu, R. D. Madan, “Advanced Inorganic Chemistry” Vol.I (1997).

CHM-614 Homogenous Catalysis 3(3-0)

Reaction of CO and hydrogen Hydroformylation, reductive carbonylation, reduction of CO by hydrogen,
synthesis of water gas and shift reactions. Carbonylation reaction Synthesis of methanol and methyl acetate,
adipic ester, other carbonylation and decarbonylation reactions. Catalytic addition of molecules to C-C multiple
bondsHomogeneous hydrogenation, and hydrocylation and hydrocynation.

Recommended Books:
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1. L. Gonsalvi, “Homogenous Catalysis and Mechanisms in Water and Biphasic Media”, MDPI Switzerland
(2019)

2. B. L. Shaw & N. 1. Tucker, “Organo-Transition Metal compounds and Related Aspects of Homogeneous
Catalysis”, Pergamon Press (2016).

3. S. Bhaduri, M. Doble, “Homogeneous Catalysis: Mechanisms and Industrial Applications”, 2" Edition,
Wiley (2014)

4 M. Christopher, “Homogenous Transition-Metal Catalysis: A General Art”, Springer Netherlands (2012)

5 L. Kollar, “Modern Carbonylation Methods”, Wiley-VCH Verlag GmbH & Co. KGaA (2008)

6. P. W.N. M. van Leeuwen & P.W. N. M. Leeuwen, “Homogeneous catalysis” Kluwer Academic Publishers
(2004)

7. G. L. Miessler, D. A. Tarr, “Inorganic chemistry” 2" Ed., Prentice Hall International, USA (1998).

8. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bockhmann, “Advanced Inorganic

Chemistry” 6" Ed, John Wiley & Sons, Inc.USA (1999).

CHM-616 Radioactivity and Nuclear Chemistry 3(3-0)

Fundamentals and applied aspects of Radioactivity and nuclear chemistry. Trans-Uranium elements; Natural and
artificial radioactivity, methods for isotope production, nuclear reactions; mass spectrograph, astam mass
spectrograph, The structure of the nucleus; nuclear stability and radioactive decay; types, characteristics and
detection of radioactive Particles; laws of radioactive decay; the interaction of radiation with matter including
radiological health hazards; processing of the nuclear materials. accelerators of charged particles, applications of
radioisotopes.

Recommended Books

1.F. Rosch, Nuclear and Radiochemistry, Volume | &Il (2023).

2. A. Vértes, S. Nagy, Z. Klencsér, Rezso Gyorgy Lovas, Frank Rosch,Handbook of Nuclear Chemistry: Vol. 1:
Basics of Nuclear 2" Edition, Springer (2010).

3 J. Hofstader, Nuclear Chemistry, published by Larsen and keller education (2022).

4.G. Choppin, Jan R., J. Liljenzin Radiochemistry and Nuclear Chemistry, 3" edition (2002).

5. G. R. Choppin, J. Rydber, “Theory and Applications”, 1* Ed., Pergamon (1980).

6. H. J. Arnikan, “Essentials of Nuclear Chemistry”, 4th Ed, (1990).
7. B. G. Harvey, “Nuclear Physics and Chemistry”, Prentice-Hall Inc., (1990).
8. I. I. Naqvi, “Radiochemistry”, McGraw Hill, USA (1990).

CHM-618 Magneto Chemistry 3(3-0)
Theory of magnetism, diamagnetism, paramagnetism, ferro-, ferri- and antiferromagnetism, magnetic
susceptibility, magnetic moments, Faraday’s & Gouy’s methods,orgital contribution to magnetic moment,

Russell-Sanders coupling scheme, derivation of term symbols of for pl- p6 and dl - d10 systems, pigeon holes
diagram, effect of temperature on magnetic properties of complexes. Magnetic moment of lengthanise.
Recommended Books:

1. Péttgen, Rainer, Jistel, Thomas and Strassert, Cristian A. Applied Inorganic Chemistry Volume 1-3, De
Gruyter, (2022).

2. B. Douglas, D. McDaniel, J. Alexander, “Concepts of Models of Inorganic Chemistry”, 3rd Ed, John Wiley
& Sons Inc., (.1994).

3. J. E. Huheey, E. A. Keiter, R. L. Keiter, “Inorganic Chemistry: Principles of Structure and Reactivity”, 4™
Ed., Harper & Row, New York, USA (2001).
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4. K. M. Mackay, R. A. Mackay, W. Henderson, “Introduction to Modern Inorganic ~Chemistry”, 5th Ed,
Stanley Thomas Publisher Ltd. (1996).
5. G. L. Miessler, A. T. Donald, “Inorganic Chemistry”, 2" Ed., Prentice Hall International, 1991.

CHM-620 Advanced Inorganic Chemistry Lab 2(0-2)
Preparation of at least six compounds/organometallic compounds and characterization by IR and UV
spectrophotometer to the subject of availability of facilities, Spectroscopic determination of some metal ions,
Estimation of different metals in food, tap water and brass etc. By atomic absorption spectrometer/flame
photometer/UV/Visible spectrophotometer, subject to the availability of facilities.
Recommended books:
1. J. William, “Inorganic Chemistry, Theoretical and Practical: A Manual for Students in Advanced Classes”,
Legare Street Press (2023)
2. Bassette, J., Denney, G.H. and Mendham, J., Vogel’s Textbook of Quantitative Inorganic Analysis Including
Elementary Instrumental Analysis >> English Language Book Society, 4" Edition .1981.
3. Vogel, A. L., “’A Textbook of Micro and Semi-micro Qualitative Inorganic Analysis *> Longman Green &
Co. 1995.
4. Fritz, J. S. and Schenk, G. H., *’Quantitative Analytical Chemistry’’, Allyn and Bacon Inc., 4™ Edition, 1979.
5. Pass. G and Sutcliffe. H., “’Practical Inorganic Chemistry . Van Nostrand Reinhold Company. 1972.

CHM-630 Capstone Project  3(0-3)
As per HEC guidelines
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Semester 8 (Specialization in Organic Chemistry)

Course Code Course Title Credit Hours
CHM-622 Organic Polymers 3(3-0)
CHM-624 Reactive Intermediates and Photochemistry 3(3-0)
CHM-626 Disconnection Approach 3(3-0)
CHM-628 Organic Catalyst and Protective Group 3(3-0)
CHM-632 Advanced Organic Chemistry Lab 2(0-2)
CAP-630 Capstone Project 3(0-3)

Total 17
Semester 8

Specialization in Organic Chemistry

CHM-622  Organic Polymers  3(3-0)
Introduction to polymer chemistry. Step-growth polymerization, free radical addition polymerization, ionic
polymerization; stereochemistry polymers; polymerization using Ziegler-Ziegler-Niegler-Natta catalyst. Stereo-
regulation and conformation of polymers. Moleculars weight determination. Structure property relation.
Reactions of synthetic polymers; polymers degradation and stability with special emphasis on thermal and photo-
degradation.
Recommended Books:
1. Sodagudi Francis Xavier (Editor), Thermoplastic Polymer Composites: Processing, Properties,
Performance, Applications and Recyclability, Johan Wiley & Sons, (2022).
2. A. Gandini, T.M. Lacerda, Furan Polymers and their Reactions, Johan Wiley & Sons, (2023).
3. J. R. Fried “Polymer Science & Technology”, Prentice Hall, Inc. (1995).
4. W. Fred, B. Meyer “Text Book of Polymer Science”, 3rd Ed. Johan Wiley & Sons, (1992).
5. Joel R. Fried “Polymer Science & Technology”, Prentice Hall, Inc. (1995).
6. L. H Sperling “Introduction to Physical Polymer Sciences”, 2nd Ed., John Wiley & Sons, USA
(1990).

CHM-624 Reactive Intermediates and Photochemistry 3(3 —-0)

Nomerclature, Preparation, Reaction of Carbene. Nintrene: Nomenclature, Preparation, Reactions, Preparation,
Reaction. Arynes: Preparation, Reactions.

Photochemistry:

Introduction, Principles, Difference between thermal and photochemical reaction, laws of photochemistry,
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guantum vyield, inter system crossing, jablonski diagram, Photofregmentation, Norish type | and Il reaction.
Photoreduction, Pateno Buchi Reaction. Reactivity of keton, photochemistry of olefins. Pinerization reaction.
Recommended Books:

1. Felix A. Carroll, Perspectives on Structure and Mechanism in Organic Chemistry, 3rd Edition, John Wiley

& Sons, Inc. (2023).

2. P. Sykes, “A Guide Book to Mechanism in Organic Chemistry”, Creative Media Partners, LLC

(2021).

3. Maya Shankar Singh, Reactive Intermediates in Organic Chemistry: Structure, Mechanism, and Reactions,

John Wiley & Sons, Inc. (2014).

4. P.Y. Bruice, Organic Chemistry, 8" Edition, Pearson. (2016).

5. Jonathan Clayden, Nick Greeves, Stuart Warren “Organic Chemistry”, 2nd edition, OUP Oxford, (2012).

6. A. L. Vogel, “Elementary Practical Organic Chemistry Part Ill: Quantitative Organic Analysis”, 2nd

Ed., Longman Group Ltd (2011).

CHM - 626 Disconnection Approach 3(3-0)

The Disconnection Approach

Basic Principles: Synthesis of Aromatic Compounds, One Group: C — X Disconnections, Strategy II:

Chemoselectivity, Two Group C — X Disconnections, Strategy V: Stereoselectivity A, One Group C — C

Disconnections 1l: Carbonyl Compounds, Strategy VI: Regioselectivity, Two Group Disconnections IlI: 1,3-

Difunctionalized Compounds and o,B-unsaturated Carbonyl Compounds, Two Group Disconnections 11 1,5-

Difunctionalized Compounds, Michael Addition and Robinson Annelation, Two Group Disconnections IV: 1,2-

Difunctionalized Compounds, Strategy XIII: Introduction to Ring Synthesis. Saturated Heterocycles, Three

Membered Rings, Strategy XV: Use of Ketenes in Synthesis, Six-membered Rings

Recommended Books:

1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6™ Edition, John Wiley &
Sons, Inc. (2024).

2. Felix A. Carroll, Perspectives on Structure and Mechanism in Organic Chemistry, 3rd Edition, John
Wiley & Sons, Inc. (2023)

3. P. Sykes, “A Guide Book to Mechanism in Organic Chemistry”, Creative Media Partners, LLC
(2021).

4. G. M. Loudon, “Organic Chemistry”, 7th Ed., W.H. Freeman (2021).

5. P. Y. Bruice, Organic Chemistry, 8™ Edition, Pearson. (2016).

6. Jonathan Clayden, Nick Greeves, Stuart Warren “Organic Chemistry”, 2nd edition, OUP Oxford,
(2012).

7. A. L. Vogel, “Elementary Practical Organic Chemistry Part III: Quantitative Organic Analysis”, 2nd
Ed., Longman Group Ltd (2011).

CHM-628  Organic Catalyst and Protective Group 3(3-0)

Homogeneous and heterogeneous catalysis, Acid Catalysis, Base Catalysis, Metal ion catalysis,
Hydrogenation, Asymmetric hydrogenation, Hydroboration and Hydrocyanation of olefins,
Transformation of alkenes and alkynes i.e. polymerization, metathesis, dimerization and oligomerization
and olefin isomerization, oxidation of olefins using catalysts, Metal complexes and Quaternary
ammonium compounds in organic synthesis. Protecting Groups for alcohols, aldehydes, carboxylic acid
and amines
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Recommended Books:

1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6™ Edition, John
Wiley & Sons, Inc. (2024).

2. Felix A. Carroll, Perspectives on Structure and Mechanism in Organic Chemistry, 3rd Edition, John
Wiley & Sons, Inc. (2023).

3. P. Sykes, “A Guide Book to Mechanism in Organic Chemistry”, Creative Media Partners, LLC
(2021).

4. G. M. Loudon, “Organic Chemistry”, 7th Ed., W.H. Freeman (2021).

5. P. Y. Bruice, Organic Chemistry, 8™ Edition, Pearson. (2016).

6. Jonathan Clayden, Nick Greeves, Stuart Warren “Organic Chemistry”, 2nd edition, OUP Oxford,
(2012).

7.A. L. Vogel, “Elementary Practical Organic Chemistry Part III: Quantitative
Organic Analysis”, 2nd Ed., Longman Group Ltd (2011).

CHM-632 Advanced Organic Chemistry Lab 2(0-2)
The experiments may be arranged as per choice/requirement of instructor but should be designed from following
categories;
Synthesis of the organic compounds involving multi step synthesis using various synthetic methods. Synthesis of
five or six membered heterocyclic compounds. Synthesis of targeted molecules; Anthranilic Acid. Benzilic acid,
p-nitro aniline, Phenacetin and Acridon.
Recommended Books:
1- D. W. Mayo, R.M. Pike, D. C. Forbes, Microscale Organic Laboratory: With Multistep and Multiscale
Syntheses, 7th Edition. John Wiley and Sons, (2023).
2- Stéphane Caron (Editor), Practical Synthetic Organic Chemistry: Reactions, Principles, and Techniques,
2nd Edition, John Wiley and Sons, (2020).
3- Laurie S. Starkey, Introduction to Strategies for Organic Synthesis, 2nd Edition, John Wiley and Sons,
(2018).
4- George S. Zweifel, Michael H. Nantz, Peter Somfai, Modern Organic Synthesis: An Introduction, 2nd
Edition, John Wiley and Sons, (2017).
5- B. S. Fumiss, A. J. Ilannaford, P.W.G. Smith, A. R. Tatchell “Vogel’s Practical Organic Chemistry”, 5th
Ed, Addition Wesley Longman, Harlow, England (1989).

CHM-630 Capstone Project  3(0-3)
As per HEC guidelines
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Semester 8 (Physical Chemistry)

Course Code Course Title Credit Hours
CHM-634 Group Theory and Solution Chemistry 3(3-0)
CHM-636 Statistical and Quantum Mechanics 3(3-0)
CHM-638 Nuclear and Radiation Chemistry 3(3-0)
CHM-640 Electrochemical Aspects of Solutions 3(3-0)
CHM-642 Advanced Physical Chemistry Lab 2(0-2)
CAP-630 Capstone Project 3(0-3)

Total 17
Semester 8

Specialization in Physical Chemistry

CHM-634 Group Theory and Solution Chemistry 3(3-0)

Symmetry and Group Theory

Symmetry operations, symmetry elements, Classes of symmetry, Group Algebra. Point groups. Character
table and representation, Group theory application in Chemistry

Chemistry of Solution

Physicochemical characteristics of solvents. Solute-solvent interaction, salvation of ions, preferential
salvation. Thermodynamic methods for study of solutions

Biophysical Chemistry

Principles of biophysical chemistry; thermodynamic aspect of simple molecules, macromolecules, lipids and
biological membranes; nucleic acids and proteins; enzyme kinetics and catalysis; experimental techniques to
study biophysical phenomenon.

Recommended Books

1. F. A. Cotton, “Chemical Applications of Groups Theory”, Wiley India Publishers (2003).

2. A. Mohammad, “Application of Symmetry and Group Theory in Chemistry” University Grants
Commission, Islamabad, (1984).

3. Alan Vincent “Molecular Symmetry and Group Theory” John Wiley & sons, (2001).

4. Robert J. S., Alberty, R. A., Robert J. S. and Moungi G. B. “Physical Chemistry ”. 5" Edition, John Wiley
and Sons, (2022).

5. P. W. Atkins, “Physical Chemistry” 11t Ed, W. H. Freeman and co. New York, (2018).
6. K. J. Laidler, Johnh. Meiser, Bryanc. Sanctuary “Physical Chemistry” 4" Ed., Brooks Cole Publisher

h
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(2006).
7. Robert G. Mortimer. “Physical Chemistry” 3rd Edition, Elsevier Academic Press, UK (2008).

CHM-636 Statistical and Quantum Mechanics  3(3-0)
Quantum Chemistry
Particle in three dimensional box, Degeneracy, Quantum Tunneling, The variation Method, The perturbation
method, Solution of hydrogen atom by variation method, solution of helium atom by variation and
perturbation method, Slater type Orbitals, Electronic configurations and spectroscopic states, Vibrating
systems, Quantum mechanical harmonic Oscillators
Statistical Mechanics
The Boltzmann distribution law, Maxwell velocity and Barometric distribution as special case of Boltzmann
distribution law, The partition function and statistical thermodynamics, The translational, vibrational and
rotational partition functions, The law of equipartition energies, Partition function with the excited electronic
states, Thermodynamic preliminaries, The equilibrium constant from the partition constant
Computational Chemistry
Concept of potential energy surface, Born-Oppenheimer approximation, Geometry optimization, Stationary
points, Transition states, Calculation of force field, Introduction to molecular mechanics, Ab initio
calculations, Semi-empirical methods, Density Functional Calculations.
Recommended Books
John P. Lowe, Kirk A Peterson, “Quantum Chemistry ” 3" Ed., Elsevier (2005).
James E. House, “Fundamentals of Quantum Chemistry” 2" Ed., Elsevier (2004).
Ira N. Levine, “Quantum Chemistry” 7" Ed., Pearson (2014).
Saegjoo J. Jang, “Quantum Mechanics for Chemistry” 1% Ed, Springer (2023).
Benjamin Widom, “Statistical Mechanics A concise introduction for chemists 1% Ed., Cambridge
UniversityPress (2002).
6. Biman Bagchi, “Statistical Mechanics for Chemistry and Material Science” 1 Ed., Routledge Taylor
& Francis Group. (2019).
7. Errol G. Lewars, “Computational Chemistry, Introduction to the Theory and Applications of
Molecular and Quantum Mechanics ” 1% Ed., Springer, (2003).
Jerry Harvey, “Computational Chemistry” 1 Ed. Oxford University Press (2018).

akrwbdeE

CHM-638 Nuclear and Radiation Chemistry  3(3-0)
Nuclear Chemistry
Nuclear systematic, sources of nuclear instability, nuclear energetics, nuclear fission and fusion. Nuclear
rectors, applications of nuclear reactions.
Nuclear Techniques
Nuclear track detectors, Etchings, Kinetics and mechanism of track etching. Nuclear materials.
Radiation Chemistry
Tracers. Radiation Chemistry, theoretical aspects. Various models. Kinetic studies of radiolytic processes.
Dosimetry (physical and chemical). Radiation chemical yields. Dose and dose rate effects on primary and
secondary products. Steady state and pulse radiolysis techniques. Radiolytic studies of gaseous, water,
aqueous and organic systems. Radiology.
Recommended Books:
1. G-Chopin, J. Redberg and C. Ekberg. “Radiochemistry and Nuclear Chemistry”. 4™ edition. Acedemic
Press USA. (2013)
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2. W. D. Loveland, D.J. Morrossery and G. T. Deaborg. “Modern Nuclear Chemistry”. 3" Edition. Willey
Interscience USA. (2020).

3. G. Friedlander, J. W. Kennedy, “Nuclear and Radiochemistry”, 3rd Ed. John Wiley & Sons, New York,
USA (1981).

4. G. R. Choppin, J. Rayberg “Nuclear Chemistry Theory and Applications”, 1st Ed., Pergaman Press,
Oxford, USA (1998).

5. F. Aziz, M. A. J. Rodgers, “Radiation Chemistry Principles and Application” Ed., VCH Publishers, Inc,
(1987).

6. R. Gregory, Choppin, J. Rayberg “Nuclear Chemistry Theory and Applications”1st Ed., Pergaman Press,
Oxford, USA (1998).

7. R.J. Wood & J. W. T. Spinks. “Introduction to Radiation Chemistry” 3rd Edition. Wiley-Interscience
(1990).

CHM-640 Electrochemical Aspects of Solutions  3(3-0)

Electrochemistry of Solution

Interconversion of concentration units, Thermodynamics of solution formation, Molar and equivalent
conductance, ionic strength, Theories of electrolytes (Farady’s laws of electrolytes, Arrhenius theory of
electrolytes, Kohlrausch law, Ostawald dilution law, Debye Huckel Theory) Fugacity, activity, activity
coefficient, Debye Huckel limiting law ,Nernst equation, lon association, Effect of ion association on pH of
acids, pH of strong and weak acids, pH of polyprotic acids, Degree of dissociation of electrolytes in solution,
Abnormal colligative properties of electrolytes, Transport Properties, interfacial phenomena, electrode
kinetics, mechanism of electrode reactions, Butlar VVolmer equation, cyclic voltammetry and its applications
Colloidal Solution

Colloids, classification, preparation of colloidal solution, coagulation, flocculation, peptisation, Dialysis,
Electrophoresis, Zeta potential, Solutions of Surfactants.

Recommended Books

1. Arrhenius, S. (2023). Theories of solution. In Scientific and Medical Knowledge Production, 1796-
1918 (pp. 190-192). Routledge.

2. Steed, J. W., & Atwood, J. L. (2022). Supramolecular chemistry. John Wiley & Sons.

3. Bard, A. J., Faulkner, L. R., & White, H. S. (2022). Electrochemical methods: fundamentals and
applications. John Wiley & Sons.

4. Newman, J., & Balsara, N. P. (2021). Electrochemical systems. John Wiley & Sons.

5. Safety, L. B. (2022). Electrochemical Power Sources: Fundamentals, Systems, and Applications.

6. Orest Popovyich & Reginald Tomkins, Non Aqueous Solution chemistry, John Wiley, 1981, USA.

7. Keith J. Laidler, John H. Meiser, Bryan C. Sanctuary, Physical Chemistry, Boston: Houghton Mifflin,
c2003.

Rosen, M. J. Surfactants and Inerfacial Phenomenon, 4" edition, 2012, Wiley Interscience, USA.

CHM-642 Advanced Physical Chemistry Lab 2(0-2)

NB: At least eight experiments should be performed from following list subjected to availability
of apparatus and chemicals.

1. Determination of Equivalent and molar conductance of aqueous and non-aqueous solutions of
different electrolytes.

2. Determination of partial molar volumes and excess molar volumes for binary and ternary
systems.
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3. Purification of the given commercial solvent using pertinent methods of separation (distillation,
fractional distillation, reflux).

4. Verification of Kohlraush’s law.

5. Verification of Ostwald’s Dilution law.

6. Verification of Debyle-Huckel Limiting law.

7. Determination of heat of solutions of selected compounds by solubility methods in aqueous and
non-agqueous media.

8. Determination of critical micelle concentration of selected surfactants in aqueous and non-
aqueous media by surface tension and conductivity.

9. Determination of free energy of micellization of selected surfactants in aqueous and non-
aqueous media by surface tension and conductivity.

10. Determination of equivalence point of acid-base titration by electrical conductivity.

11. Determination of degree of dissociation of weak electrolytes.

12. Determination of pKa values of acids and indictaors.

13. Preparation of colloidal solution and determination of precipitation value of colloidal solution by using
monovalent, bivalent and trivalent cations

14. Determination of apparent molar volume of different sample solutions

15. Calculation of partial molar volume by graphical method.

Recommended Books

1. Garland, C. W., Nibler, J. W., & Shoemaker, D. P. (2009). Experiments in physical chemistry.

2. James, A. M., Prichard, F. E., Practical Physical Chemistry, 3rd ed., Longman Group Limited,
New York, (1974).

3. A. Findly’s Practical Physical Chemistry, Longmann, London (1972).

4. L.P Gold, L. Gold, Physical Chemistry Laboratory, Primis Publishers (1997) ISB: 0072902698.
5. B. Viswanathan, P.S. Raghava, Practical Physical Chemistry, (2005), Viva books Private Limited.
New Dehli.

16. 6. C.W. Garland, J.W. Nibler and DP Shoemaker, Experiments in Physiacl Chemistry, Mc
Grawhill, 7th edition (1996).

CHM-630 Capstone Project 3(0-3)
As per HEC guidelines
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