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Programs O9ered
1.� BS�Chemistry� � � � �
2.� MPhil�(AnalyƟcal�Chemistry�,Inorganic�Chemistry, 

Organic�Chemistry,�Physical�Chemistry)��
3.� PhD�Chemistry

Chairman: Prof. Dr. Khalid Mahmood Zia

Department of

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

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�acƟviƟes.�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�enthusiasƟcally�endorses� the�slogan�of� the�
university�“Striving�for�the�excellence”.��The�department�aims�to�
sƟmulate�high�quality�academic�and�research�culture�to�enrich�
the�society�with�top�class�teachers,�researchers,�entrepreneurs�
and� above� all� the� civilized� ciƟzens.� The� Department� of�
Chemistry� is� deeply� engaged� to� produce� highly� qualiĮed� 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�Įt�to�perform.

Introduction

The�modern�chemistry�boomed�and�Ňourished�in�the�era�of�20th�
century.�It�is�renowned�markedly�as�an�era�of�modern�chemistry.�
The� signiĮcant� number� of� chemists� (188)� have� consecrated�
with� the� Ɵtle� of� “Nobel� laureates”� all� over� the� world.� Their�
contribuƟon� towards� chemistry� is� deemed� as� “the� greatest�
beneĮt�to�humankind”�since�1901�to�present.
Now�days,� chemistry� is�dominaƟng� in�each�component�of�our�

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� aƩracƟve� piece� of� landscape� with� spacious,� venƟlated,�
lecture�rooms�and�theater�halls�beaming�with�the�natural�light.�
It� is� gloriĮed� with� well-equipped� general� laboratories� for� all�
the�specializaƟons�oīered�by�the�department.�More�than�900�
students�of�undergraduate,�postgraduate�and�doctorate�studies�
are� enrolled� in� the� department.� The� curriculum�of� all� oīered�
degrees� is� coherent� under� the� guidelines� of�Higher� EducaƟon�
Commission�(HEC),�Pakistan.�New�courses�are�being�developed�
and�oīered�persistently�in�order�to�acquaint�our�students�with�
the�recent�developments� in�the�subject.�The�department�aims�
to� launch�our�students� to�meet�the�naƟonal�and� internaƟonal�
challenges�in�the�Įeld�of�chemistry.�Our�graduates�are�catering�
the� requirements� of� industry,� public� and� private� research�
sectors.�They�have�been�recognized�as�successful�entrepreneurs.�
The� research� acƟviƟes� are� also� Ňourishing� in� the� department�
with� the� large� number� of� ongoing� research� projects� funded�
by� the� naƟonal� and� internaƟonal� funding� agencies.� Faculty�
of� department� has� won� more� than� 25� competaƟve� research�
projects�worth�80�million�PKR�on�their�credit.

Faculty
Prof. Dr. Khalid Mahmood Zia
Professor�/�Chairman�
PhD�(Pakistan),�BIMS�(Australia)�
SpecializaƟon:�Physical�Chemistry,�Polymer�Chemistry,�TexƟle�
Chemistry,�Bionanocomposites
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Prof. Dr. Muhammad Kaleem Khan Khosa
Professor
PhD�(Pakistan),�Post�Doc.�(UK)�
SpecializaƟon:�Material�Chemistry�,�Organo�TransiƟon�Metal�
Chemistry

Prof. Dr. Abdullah Ijaz Hussain
Professor
PhD�(Pakistan),�Post�Doc.�(Malaysia)�
SpecializaƟon:�AnalyƟcal�Chemistry,�PharmaceuƟcals�
&NutraceuƟcals

Prof. Dr. Ameer Fawad Zahoor
Professor�(Tenured)
PhD�(Germany)� �
SpecializaƟon:�Organic�Synthesis,�Drug�Discovery

Prof. Dr. Nasir Rasool
Professor�(Tenured)
PhD�(Germany)��
SpecializaƟon:�Synthesis�of�Natural�Products,�Medicinal�
Chemistry,�Homogeneous�Catalysis

Prof. Dr. Syed Ali Raza Naqvi
Professor�(Tenured)
PhD�(Pakistan)�
SpecializaƟon:�Bio-AnalyƟca,�Nuclear�Medicine�Chemistry

Prof. Dr. Matloob Ahmad 
Professor�(Tenured)
PhD�(Pakistan)�
SpecializaƟon:�Organic�Chemistry,�SyntheƟc�Organic�chemistry,�
Heterocyclic�Compounds

Prof.�Dr.�Muhammad�Asghar�Jamal
Professor
PhD�(Pakistan)� �
SpecializaƟon:�Physical�Chemistry,�SoluƟon�Chemistry

Prof. Dr. Muhammad Zubair
Professor
PhD�(Pakistan),�Post�Doc.�(Canada)�
SpecializaƟon:�Organic�Chemistry

Prof. Dr. Muhammad Ramzan Saeed Ashraf Janjua
Professor
PhD�(China),�Post�Doc.�(Portugal),�MBA�(PIMSAT)�
SpecializaƟon:�Physical�Chemistry,�ComputaƟonal�Chemistry

Prof. Dr. Shahzad Ali Shahid Chatha
Professor
PhD�(Pakistan),�Post�Doc.�(Canada)�
SpecializaƟon:�AnalyƟcal�Chemistry�/�Natural�Products�/
Environmental�/�Material�Chemistry

Prof. Dr. Asim Mansha
Professor�(Tenured)
PhD�(Austria),�Post�Doc.�(Austria)�
SpecializaƟon:�Physical�Chemistry�/�ComputaƟonal�Chemistry

Prof. Dr. Tanveer Hussain Bokhari
Professor�(Tenured)
PhD�(Pakistan),�Post�Doc.�(USA)�
SpecializaƟon:�Inorganic�Chemistry�/�Radiochemistry�

Dr.�ZulĮqar�Ali�Khan�
Associate�Professor�(Tenured)
PhD�(UK),�Post�Doc.�(Canada)�
SpecializaƟon:�Organic�Chemistry

Dr. Muhammad Usman
Associate�Professor�(Tenured)
PhD�(Pakistan)
SpecializaƟon:�Physical�Chemistry

Dr. Majid Muneer
Associate�Professor�(Tenured)
PhD�(Pakistan),�Post�Doc�(KSA)
SpecializaƟon:�Physical�Chemistry,�RadiaƟon�Chemistry

Dr. Muhammad Saeed
Associate�Professor�(Tenured)
PhD�(Pakistan)
SpecializaƟon:�Physical�Chemistry�(Heterogeneous�Catalysis)

Dr.�AƩa�ul�Haq
Associate�Professor�(Tenured)
PhD�(Pakistan)
SpecializaƟon:�AnalyƟcal�Chemistry

Dr. Shazia Tabassum
Associate�Professor
PhD�(Pakistan)
SpecializaƟon:�Organic�Chemistry
Dr. Kulsoom Ghulam Ali
Associate�Professor
PhD�(Pakistan)
SpecializaƟon:�Inorganic�Chemistry

Dr.�Kiran�AŌab
Associate�Professor
PhD�(Pakistan)
SpecializaƟon:�AnalyƟcal�Chemistry

Dr. Saima Rehman
Associate�Professor
PhD�(Pakistan)
SpecializaƟon:�Physical�Chemistry

Dr. Samreen Gul Khan
Associate�Professor�(TTS)
PhD�(Pakistan)
SpecializaƟon:�AnalyƟcal�Chemistry

Dr. Fozia Anjum
Assistant�Professor�(TTS)
PhD�(Pakistan)
SpecializaƟon:�AnalyƟcal�Chemistry

Dr. Nadia Akram
Assistant�Professor�(TTS)
PhD�(Pakistan)
SpecializaƟon:�Physical�Chemistry�(Polymer�/�Composite�
materials�/�SoŌ�maƩer)

Dr. Tahir Maqbool
Assistant�Professor
PhD�(Pakistan)�
SpecializaƟon:�Organic�Chemistry�

Dr. Bushra Parveen
Assistant�Professor
PhD�(Pakistan)
SpecializaƟon:�Inorganic�Chemistry

Dr. Akber Ali
Assistant�Professor�(TTS)
PhD�(Brazil)�
SpecializaƟon:�SyntheƟc�Organic�Chemistry

Dr. Zumaira Siddique
Assistant�Professor�(OPS)
PhD�(Pakistan)
SpecializaƟon:�Physical�Chemistry
Dr. Faiz Ahmed
Assistant�Professor�(OPS)
PhD�(Pakistan)�
SpecializaƟon:�Organic�Chemistry
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Dr. Ayesha Malik
Assistant�Professor�(OPS)
PhD�(Pakistan)
SpecializaƟon:�Organic�Chemistry

Ms. Javeria Rehman
Lecturer�(On�study�Leave)
M.Phil�(Pakistan)
SpecializaƟon:�AnalyƟcal�Chemistry

Scheme of Studies BS Chemistry
Semester 1

CHM-301 Principles�of�Inorganic�Chemistry 4(3�-�1)

ENG-321 FuncƟonal�English 3(3�–�0)

ICT-321 ApplicaƟons�of�InformaƟon�&�CommunicaƟon�
Technologies

3(3–�0)

MTH321/
BOT-303

Algebra�and�Trigonometry/
FuncƟonal�Biology-I

3(3�–0)
3(3�–�0)

ISL-321�/
ETH-322

Islamic�Studies�/�
Ethics�*

2(2�–�0)

QTR-421 QuanƟtaƟve�Reasoning-I 3(3-0)

UHQ-I Understanding��of�Holy�Quran-I 1(0-1)

Students�with�pre-engineering�background�will�take�FuncƟonal�
Biology-I�and�students�with�premedical�will�take�Algebra�and�
Trigonometry

Semester 2

CHM-302 Principles�of�Organic�Chemistry 4(3�–�1)

ENG-322 Expository�WriƟng 3(3�–�0)

ICP-321 Ideology�and�ConsƟtuƟon�of�Pakistan 2(2�–�0)

MTH-322
ZOL-307

IntroducƟon�to�Calculus�/
FuncƟonal�Biology-II

3(3�–�0)
3(2�–�1)

CHM-303 IntroducƟon�to�Nanochemistry 2(2-0)

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

PST-321 Pakistan�Studies 2(2�–�0)

Students�with�pre-engineering�background�will�take�funcƟonal�
Biology-II�and�students�with�premedical�will�take�IntroducƟon�to�
Calculus

Semester 3

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

QTR-422 QuanƟtaƟve�Reasoning-II 3(3-0)

IRS-515 IntroducƟon�to�InternaƟonal�RelaƟons 2(2-0)

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

CHM-405 CheminformaƟcs�and�Chemometrics 3(3-0)

 PHY-322 Fundamentals�of�Electricity�and�MagneƟsm���������������� 3(2–1)

UHQ-II Understanding�of�Holy�Quran-II 1(0–1)

Semester 4

CHM-402 Principles�of�AnalyƟcal�Chemistry 4(3�–�1)

GSC-321 The�Science�of�Global�Challenges 3(2-1)

BCH-303 EssenƟals�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)

Semester 5

CHM-501 Inorganic�Chemistry�-�I�� 4(3�–�1)

CHM-503 Organic�Chemistry�-�I����������� 4(3�–�1)

CHM-505 Physical�Chemistry�-�I����������������������� 4(3�–�1)

CHM-507 AnalyƟcal�Chemistry�-�I 4(3�–�1)

Semester 6

CHM-502 Inorganic�Chemistry�-�II�� 4(3�–�1)

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

CHM-506 Physical�Chemistry�-�II����������������������� 4(3�–�1)

CHM-508 AnalyƟcal�Chemistry�-�II 4(3�–�1)

Semester 7

SpecializaƟon�in�AnalyƟcal�Chemistry�

INT-631 Internship/�Field�Experience 3(0–3)

CHM-601 ElectroanalyƟcal�Techniques� 4(3–1)

CHM-603 �Advanced�SeparaƟon�Techniques 4(3–1)

CHM-605 Advanced�Atomic�Spectroscopy 4(3–1)

SpecializaƟon�in�Inorganic�Chemistry

INT-631 Internship/�Field�Experience 3(0–3)

CHM-611 Main�Group�Organometallic�and�Organic�
Reagents�

4(3–1)

CHM-613 Spectroscopic�Methods�in�Inorganic�
Chemistry

4(3–1)

CHM-615 Organo-TransiƟon�Metal�Compounds 4(3–1)

SpecializaƟon�in�Organic�Chemistry

INT-631 Internship/�Field�Experience 3(0–3)

CHM-621 Spectroscopic�Methods�in�Organic�Chemistry� 4(3–1)

CHM-623 Rearrangements�and�Pericyclic�ReacƟons�� 4(3–1)

CHM-625 PharmaceuƟcal�Chemistry 4(3–1)

SpecializaƟon�in�Physical�Chemistry���

INT-631 Internship/�Field�Experience 3(0–3)

CHM-631 Advanced�ReacƟons�KineƟcs 4(3–1)

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

CHM-635 Material�Chemistry 4(3–1)

Semester 8

SpecializaƟon�in�AnalyƟcal�Chemistry

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

CHM-604 Nuclear�AnalyƟcal�Techniques 3(3�–�0)

CHM-606 Food�and�Drug�Analysis 3(3�–�0)

CHM-608 Molecular�Spectroscopy 3(3�–�0)

CHM-610 Advanced�AnalyƟcal�Chemistry�Lab 2(0�–�2)

CAP-630 Capstone�Project 3(0-3)

SpecializaƟon�in�Inorganic�Chemistry

CHM-612 X-ray�Spectroscopy 3(3�–�0)

CHM-614 Homogeneous�Catalysis� 3(3�–�0)

CHM-616 RadioacƟvity�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)

SpecializaƟon�in�Organic�Chemistry

CHM-622 Organic�Polymers 3(3�–�0)

CHM-624 ReacƟve�Intermediates�and�Photochemistry 3(3�–�0)

CHM-626 �DisconnecƟon�Approach 3(3�–�0)

CHM-628 Organic�Catalyst�and�ProtecƟve�Group 3(3�–�0)

CHM-632 Advanced�Organic�Chemistry�Lab 2(0�–�2)

CAP�-630 Capstone�Project 3(0-3)

SpecializaƟon�in�Physical�Chemistry

CHM-634 Group�Theory�and��SoluƟon�Chemistry�� 3(3�–�0)

CHM-636 StaƟsƟcal�and�Quantum�Mechanics� 3(3�–�0)

CHM-638 Nuclear�and�RadiaƟon�Chemistry 3(3�–�0)

CHM-640 Electrochemical�Aspects�of�SoluƟons 3(3�–�0)

CHM-642 Advanced�Physical�Chemistry�Lab 2(0�–�2)

CAP�-630 Capstone�Project 3(0-3)

*Religious�EducaƟon�/�Ethics�in�lieu�of�Islamic�Studies
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Defeciency Courses For Bridging Zero Semester
CHM-421 Basic�AnalyƟcal�Chemistry 3(2�–�1)

*MTH-321�
BOT-303

Algebra�and�Trigonometry�OR 
FuncƟonal�Biology-I�����������������������

3(3�–�0)

CHM-406 Industrial�Chemistry������������� 3(3�–�0)

CHM-403 Basic�Environmental�Chemistry 3(3-0)

CSI-422 Computer�ApplicaƟons�and�Web-II 3(3�–�0)

BCH-303 EssenƟals�of�Biochemistry-I� 3(3-0)

*Students�with� botany� and� zoology� combinaƟon�will� take� � Algebra�
and�Trigonometry� �and� �students�with�combinaƟon�of� � �Physics�and�
MathemaƟcs��will�take��funcƟonal�Biology

MPhil / PhD Chemistry
Inorganic�Chemistry

CHM-701 Solid�State�Chemistry 3(3�–�0)

CHM-702 Photochemical�ReacƟons�of�TransiƟon�Metals 3(3�–�0)

CHM-703 Applied�TransiƟon�Metal�CatalyƟc�Chemistry 3(3�–�0)

CHM-704 Chemistry�of�Organometallic�Compounds 3(3�–�0)

CHM-705 Inorganic�Electronic�Spectroscopy 3(3�–�0)

CHM-706 KineƟcs� and� Mechanism� of� Inorganic�
ReacƟons

3(3�–�0)

CHM-707 Bio-Inorganic�Chemistry� 3(3�–�0)

CHM-708 Advanced�Nano�Chemistry 3(3�–�0)

CHM-709 Applied�Spectroscopy 3(3�–�0)

CHM-710 ExtracƟve�Metallurgy 3(3�–�0)

CHM-711 Metal�Based�Drugs 3(3�–�0)

CHM-712 Medicinal�Inorganic�Chemistry 3(3�–�0)

CHM-713 Advanced�Thermal�Analysis 3(3�–�0)

CHM-714 Metal�Complexes�in�Cancer�Chemotherapy 3(3�–�0)

CHM-715 Inorganic�Cage�Compounds 3(3�–�0)

CHM-716 Inorganic�Polymers 3(3�–�0)

CHM-717 Radiochemistry 3(3�–�0)

CHM-718 Chemistry�of�Advanced�Materials 3(3�–�0)

CHM-719 DiīracƟon�Method�of�Anlysis 3(3�–�0)

CHM-720 Advanced�Atmosparic�Chemistry 3(3�–�0)

CHM-721 Modren�Surface�Catalysis�&�KineƟcs 3(3�–�0)

AnalyƟcal�Chemistry

CHM-731 Advanced�Research�Methodology 3(3�–�0)

CHM-732 Advanced�Gas�Chromatography 3(3�–�0)

CHM-733 Advanced�Liquid�Chromatography 3(3�–�0)

CHM-734 Smart�Structures:�Analysis�and�Design 3(3�–�0)

CHM-735 Mass�Spectrometric�Analysis 3(3�–�0)

CHM-736 Advanced�Emission�Spectroscopy 3(3�–�0)

CHM-737 Laser�and�Luminescence�Spectroscopy 3(3�–�0)

CHM-738 AnalyƟcal�Aspects�of�NMR�Spectroscopy 3(3�–�0)

CHM-739 RadiopharmaceuƟcal�Analysis 3(3�–�0)

CHM-740 Radio-AnalyƟcal�Methods�of�Analysis 3(3�–�0)

CHM-741 Modern�ExtracƟon�Techniques 3(3�–�0)

CHM-742 Surfaces�and�Thin�Įlm�Analysis 3(3�–�0)

CHM-743 Modern�Analysis�for�Process�Industries 3(3�–�0)

CHM-744 Techniques�for�Polymer�Analysis 3(3�–�0)

CHM-745 Environmental�Impact�of�Chemical�Industries 3(3�–�0)

CHM-746 X-Rays�Methods�of�Analysis 3(3�–�0)

CHM-747 Advanced�Electrochemical�Techniques 3(3�–�0)

CHM-748 Advanced�ElectrophoreƟc�Techniques 3(3�–�0)

CHM-749 Forensic�Chemistry 3(3�–�0)

CHM-750 Automated�Methods�of�Analysis 3(3�–�0)

Organic�Chemistry

CHM-751 Modern�Trends�in�Organic�Synthesis 3(3�–�0)

CHM-752 Advanced�Stereochemistry 3(3�–�0)

CHM-753 Physico-organic�Chemistry�and�ReacƟon�
Mechanism

3(3�–�0)

CHM-754 Advanced�Heterocycles-I� 3(3�–�0)

CHM-755 Chemistry�of�Glycosides 3(3�–�0)

CHM-756 Biosynthesis�of�Natural�Products 3(3�–�0)

CHM-757 Advanced�Nuclear�MagneƟc�Resonance� 3(3�–�0)

CHM-761 ProtecƟve�Groups�in�Organic�Synthesis 3(3�–�0)

CHM-762�������������������������������������� Advanced�Heterocycles�-II 3(3�–�0)

CHM-763������������������������� Advanced�Molecular�Rearrangements 3(3�–�0)

CHM-764�������������������������������������� Chemistry�of�Nitrogenous�Compounds 3(3�–�0)

CHM-765������������������������������������� Advanced�Mass�Spectrometry 3(3�–�0)

CHM-766�������������������������������������� Supramolecular�Chemistry 3(3�–�0)

CHM-767�������������������������������������� Chemistry�of�Drugs 3(3�–�0)

CHM-768�������������������������������������� Chelated�Enolates�in�Organic�Synthesis 3(3�–�0)

CHM-769�������������������������������������� Cross�Coupling�ReacƟons 3(3�–�0)

CHM-770��� MulƟ-component�ReacƟons 3(3�–�0)

CHM-771 Green�Synthesis 3(3�–�0)

CHM-772 Symmetry�Controlled�ReacƟons 3(3�–�0)

CHM-773�������������������������������������� Classics�in�Total�Synthesis 3(3�–�0)

CHM-774 Advanced�Techniques�for�PolymerizaƟon 3(3�–�0)

Physical Chemistry

CHM-776 Nanostructures�and�Nanomaterials 3(3�–�0)

CHM-777 Advanced�FuncƟonal�Materials 3(3�–�0)

CHM-778 Renewable�Resources�-�Chemistry�and�
Technology

3(3�–�0)

CHM-779 Photovoltaic�Materials�and�Solar�Cells 3(3�–�0)

CHM-780 Polymer�Mechanochemistry 3(3�–�0)

CHM-781 Physical�Chemistry�of�High�Polymers 3(3�–�0)

CHM-782 Complex�Extension�of�Quantum�Chemistry 3(3�–�0)

CHM-783 Electrode�Processes 3(3�–�0)

CHM-784 MagneƟc�Spin�Dynamics 3(3�–�0)

CHM-785 Principles�of��Molecular�Spectroscopy 3(3�–�0)

CHM-786 Photochemistry 3(3�–�0)

CHM-787 SoluƟon�Chemistry 3(3�–�0)

CHM-788 Colloids�and�Surfactants 3(3�–�0)

CHM-789 TheoreƟcal�and�ComputaƟonal�Chemistry 3(3�–�0)

CHM-790 Advanced�Composite�Materials 3(3�–�0)

CHM-791 Heterogeneous�Catalysis 3(3�–�0)

CHM-792 Modern�Aspects�of�Chemical�KineƟcs 3(3�–�0)

CHM-793 Environmental�Chemistry�and�Energy�
Conversions

3(3�–�0)

CHM-794 Surface�Chemistry 3(3�–�0)

CHM-795 Solid�State�and�Semiconductors 3(3�–�0)

CHM-796 Thermodynamics�and�StaƟsƟcal�Mechanics 3(3�–�0)

CHM-797 Environmental�ApplicaƟons�of�High�Energy�
RadiaƟons

3(3�–�0)

CHM-798 Instrumental�Physical�Chemistry 3(3�–�0)

CHM-799 Modern�Trends�in�Symmetry�and�Group�
Theory�

3(3�–�0)

Mandatory Requirements for MPhil 

UHQ-I Understanding�of�Holy�Quran-I 1(0-1)

UHQ-II Understanding�of�Holy�Quran-II 1(0-1)

STA-795 StaƟsƟcs�for�Research 3(2-1)

CHM-728 Seminar�(General) 1(0�–1)

CHM-729 Seminar�(Research) 1(0�–1)

CHM-730 Thesis� 6(0�–6)
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Mandatory Requirements for PhD

UHQ-I Understanding�of�Holy�Quran-I 1(0-1)

UHQ-II Understanding�of�Holy�Quran-II 1(0-1)

*STA-795 StaƟsƟcs�for�Research 3(2-1)

CHM-758 Seminar�(General) 1(0�–1)

CHM-759 Seminar�(Research) 1(0�–1)

CHM-760 Thesis�

*Ph.D�students�who�have�not�studied�the�course�“StaƟsƟcs�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 

Technologies 

3(2– 1) 

*MTH-321/ 

*BOT-303 

Algebra and Trigonometry/ Or 

Functional Biology-I 

3(3 – 0)/ 

3(3 – 0) 

ISL-321 or 

/ETH-322 

Islamic Studies or  

/ Ethics 

2(2 – 0) 

QTR-421 Quantitative Reasoning-I 3(3-0) 

UHQ-I Understanding of Holy Quran-I 1(0-1) 

 Total 18 

Students with Pre-Engineering background will take BOT-303 Functional Biology-I 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. 

1. Qualitative Analysis 

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

2. Preparation and standardization of normal and molar solutions of HCl, NaOH an KMnO4. 

3. Quantitative analysis 

• Determination of total hardness of water using EDTA. 

• Estimation of magnesium using EDTA. 

• Estimation of copper (iodometrically). 

• Determinstion of ferricyanide using KI solution 

• Determination of chloride by Volhard and Mohr methods. 

• Estimation of chloride/bromide ions using adsorption (fluorescein) indicator. 

• Percentage determination of ferric ions in ferric alum using KMnO4 solution. 

• Determination of purity of commercial potassium oxalate using KMnO4 solution 

• Estimation of ferrous / ferric ions using K2Cr2O7 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). 

2. J. E. House Inorganic Chemistry 2nd edition (2012). 

3. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bockhmann, “Basic Inorganic Chemistry” 

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

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

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

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

6. J. E. Huheey, “Inorganic Chemistry Principles of Structure and Reactivity” 2nd Ed, Harper 

and Row Publishers (1978). 

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

8. G. L. Miessler, A. T. Donald, “Inorganic Chemistry” 2nd Ed., Prentice-Hall International, 

Inc. (1991). 

9. B. Moody, “Comparative Inorganic Chemistry” 3rd 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) 
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ICT-321 Applications of Information & Communication Technologies 3(2-1) 
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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 of 

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-I 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-I 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) 
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QTR-421 Quantitative Reasoning-I 3(3-0) 
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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/ 

ZOL-307 

Introduction to Calculus / 

Or 

Functional Biology-II 

3(3 – 0)/ 

3(2 – 1) 

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-II 

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, 6th 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) 
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 ICP-321 Ideology and Constitution of Pakistan 2(2-0) 
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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 I, Davis S, Calculus: A New Horizon (8th edition), 2005, John Wiley, 

New York.  

2. Stewart J, Calculus (3rd edition), 1995, Brooks/Cole (suggested text).  

3. 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. Iqbal, Mathematics-II Introduction to Calculus, Discover Mathematics 

Series, 2nd Edition, 2021. 

OR 

ZOL-307 Functional Biology-II    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 

vertebrate 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.  

9. 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) 
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PST-321 Pakistan Studies 2(2-0) 
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Semester 3 

 

Course Code Course Title Credit Hours 

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

QTR-422 Quantitative Reasoning-II 3(3-0) 

IRS-515 Introduction to International Relations 
2(2-0) 

CHM-403 
Principles of Environmental Chemistry 

3(3 – 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 HCl. 

10. Determination of association factor of benzoic acid. 

Recommended Books 

1. Peter Atkins, Julio De Paula and James Keeler, “Atkin‟s Physical Chemistry” 12th edition, 

Oxford University Press, 2023. 

2. Robert J. Silbey, Robert A. Alberty, George A. Papadantonakis, Moungi G. Bawendi, “Physical 

Chemistry” 5th edition, 2022, Wiley publisher. 

3. Andreas Hofmann, “Physical Chemistry Essentials” 1st edition, Springer, 2018. 

4. Kaith J. Laidler, John H. Meiser, Bryan C. Sanctuary “Physical Chemistry” 4th edition, Brooks 

Cole publisher, 2006. 

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

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

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

5. Thomas Engel, Philip Reid, Physical Chemistry, 3rd Edition, 2012, Pearson, publisher. 
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QTR-422 Qualitative Reasoning-II 3(3-0) 
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IRS- 515 Introduction to International Relations 2(2-0) 
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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, 3rd 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-I Ilmi Kitab Khana Lahore. 

4. Chaudhary, S.M., 2000, Introduction to Statistical Theory: Part-II Ilmi 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 Reference and 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 

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

(2012). 

4. 2. Dara, S. S. and Mihsra, D. D., A Text Book of Environmental Chemistry and Pollution Control, 

9th ed., S. Chand & Co. Ltd., (2004). 

5. 3. Singhi, R. and Singh, V., Green Chemistry for Environmental Remediation, John-Willey & 

Sons, Inc., (2011). 
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6. 4. Holloway, A. M. and Wayne, R. P., Atmospheric Chemistry, 1 st ed., Royal Society of 

Chemistry, (2010). 

7. 5. Vaclavikova, M., Vitale, K., Gallios, G. P. and Ivanicova, L. Water Treatment Technologies for 

Removal of High Toxicity Pollutants, Springer link, UK, (2010). 

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

(2009). 

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

(2010). 

8. Harrison, R. M., Monks, P., Farmer, J. G., Graham, M. C., Mora, S. J., Pulford, I. and Hulsal, C., 

Principles of Environmental Chemistry, 1 st ed., Royal Society of Chemistry, (2007). 

9. 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 & II, 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-II Understanding of Holy Quran-II    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. 

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, 9th Eds. W. H. Freeman & amp; 

Company. 

7. 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) 
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BCH-303                        Essentials of Biochemistry-I           3(3-0)  

Course Objective: 

This course will provide: 

 Fundamental postulates in Biochemistry 

 Understanding of classification, structures, characteristics, and biological functions of vital 

macromolecules 

Learning Outcome: 

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

 Understand the scope of biochemistry 

 Understand biochemical basis of life 

 Acquire basic knowledge of biomolecules 

Course outlines: 

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

Biochemistry 

 Review of the diversity and ecology of the living world 

 Structure, functions, and brief classification of prokaryotes, Cellular architecture of prokaryotes 

and eukaryotes 

 Physical properties, structure and importance of H2O, pH, and buffer 

 Distinctive properties of carbon and other elements found in biomolecules 

 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: 

 Lehninger, David L. Nelson; Michael M, “Principles of Biochemistry”, Worth Publisher, New 

York, (2021). 

 Lippincott Illustrated Reviews: “Biochemistry 8th edition”, Emine Ercikan Abali, Susan D. 

Cline (2021). 

 Harper’s Biochemistry, 30th Ed, (2018). 

 Textbook of Biochemistry with Clinical Correlations, 7th Ed, (2010). 

 Voet,D. and Voet J.G., “Biochemistry”, John Willey & Sons, New York, 4th 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. 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). 

 

  



 

Page 53 of 92  

ENT-422 Entrepreneurship 2(2-0)  
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Semester 5 

 

Course Code Course Title Credit Hours 

CHM-501 Inorganic Chemistry - I 4(3 – 1) 

CHM-503 Organic Chemistry - I 4(3 – 1) 

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

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

 Total 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

CHM-501 Inorganic Chemistry-I   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)   3 center 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: (Pb2+,Cd2+,Cu2+,Co2+,Ni2+,Ag1+) 

2. Preparation And Characteristation of Complex Compounds: 

(i) Sodium Cobaltinitrate (ii)Potassium trioxalato aluminate (iii) Ammonium Nicke II Sulphate (iv) Hexa 

aqua Chromium III chloride). 

3. Complexometric Titration (Any four) Cu2+/ Ni2+;Ca2+ /Ba2+;Au2+ /Pb2+;Cd2+/Zn2+;Ni2+ /Mg2+;Ca2+ /Zn2+ 

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” 2nd Ed, Freeman and Company (2002).  

5. J. E. Brady, J. R.  Holum, “Chemistry-The Study of Matter and Its Changes” 3rd Ed, John Wiley and Sons, 

Inc. (2000). 

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

7. D. F. Shriver, P.W. Atkins, C. H. Langford, “Inorganic Chemistry”. 2nd Ed, Oxford University Press. USA 

(1994).  



 

Page 57 of 92  

CHM-503 Organic Chemistry-I 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: 

1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6th 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. 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). 

4. P. Sykes, “A Guide Book to Mechanism in Organic Chemistry”, Creative Media Partners, 

LLC (2021). 

5. G. M. Loudon, “Organic Chemistry”, 7th Ed., W.H. Freeman (2021). 

6. P. Y. Bruice, Organic Chemistry, 8th Edition, Pearson. (2016). 

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

(2012). 

8. A. L. Vogel, “Elementary Practical Organic Chemistry Part III: Quantitative Organic Analysis”, 

2nd Ed., Longman Group Ltd (2011). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHM-505  Physical Chemistry-I  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, Schrödinger 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 KI + I2 = Kl3 reaction 

2. Kinetics of saponification of ethyl acetate 

3. Acid catalyzed hydrolysis of sucrose 

4. Determination of heat of solution by solubility method 

5. Study of the charge transfer complex formation between iodine and benzene 

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

7. Determination of partial molar volumes 

8. Determination of partition coefficient of a substance in two immiscible liquids 

9. 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. 12th 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. Castner Jr, E. W. (2005). Modern Spectroscopy, (J. Michael hollas). 

8. D. W. Ball, “Physical Chemistry” 1 st Ed, Brooks/Cole Co. Inc. (Latest Edition).  

B. R. Stephen, S. A. Rice, J. Ross,“Physical Chemistry” 2nd Ed., Oxford University Press, USA (2000).  



 

Page 59 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.  

Ionic 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 4(3 – 1) 

CHM-506 Physical Chemistry – II 4(3 – 1) 

CHM-508 Analytical Chemistry - II 4(3 – 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, SO2, BrF3, 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; Iodide/Nitrate; Borate/ 

Acetate; Oxalate/ Chloride; Sulphate/Phosphate 

2.        KIO3 Titrations (Any two) 

3.        Gravimetric Estimations: 

Estimations of Ba2+; 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”, 1st 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”, 2nd 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” 6th 

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 SNAr, 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. 

https://www.google.com.pk/search?tbo=p&tbm=bks&q=bibliogroup:%22Advances+in+Inorganic+Chemistry%22&source=gbs_metadata_r&cad=2
https://www.everand.com/author/295984599/A-K-Holliday
https://www.everand.com/author/320951994/A-G-Massey
https://www.everand.com/author/342577750/H-M-N-H-Irving
https://www.everand.com/author/341953004/L-A-K-Staveley
https://www.google.com.pk/search?tbo=p&tbm=bks&q=inauthor:%22Y.+Mido%22&source=gbs_metadata_r&cad=4
https://www.google.com.pk/search?tbo=p&tbm=bks&q=inauthor:%22S.+Taguchi%22&source=gbs_metadata_r&cad=4
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Recommended Books 

1.  David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6th 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, 8th 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 II  4(3-1) 

Electrochemistry 

Ions in solution, measurement of conductance and Kohlrausch’s law, mobility of ions and transport 

number, activity and activity coefficient, ionic strength, Debye-Hückel 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 

2. Precipitation value of electrolytes 

3. Measurement of IR spectra of simple compound and their interpretation 

4. Measurement of cyclic voltammogram of an organic compound and its interpretation 

5. Determination of dipole moment of an organic liquid 

6. Study of the adsorption isotherms of acetic acid charcoal system 

7. Verification of Beer-Lambert Law  

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Christine+K.+F.+Hermann&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Terence+C.+Morrill&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Ralph+L.+Shriner&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Reynold+C.+Fuson&pq=++
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8. Determination of percentage composition of KMnO4 or K2Cr2O7 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, 2nd 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, 1st 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-II 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.    

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Erbil%2C+H+Yidirim
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Summer Semester (after 6th 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) 8th  

 

 

 

 

Practicals: 

1. Determination of λmax 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 (II) 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, 7th Eds., John-Wiley & Sons, New York (2014). 

2. Harris, D.C. Quantitative Chemical Analysis, 8th 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, 

9th 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). 
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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 Ions 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." 3rd 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, 

9th 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.I. (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 

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

2. Separation of sugars using paper chromatography.  

3. Separation of amino acids using paper/ thin layer chromatography. 

4. Separation of phytochemicals of plant sample using 2D thin layer chromatography  

5. Separation of hydrocarbons using GC/HPLC.  

6. 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. 



 

Page 67 of 92  

7. Hanif, M.A. Hussain, A.I. (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, 9th 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.I. (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) 

CHM-611 
Main Group Organometallic and Organic Reagents 

 

4(3–1) 

CHM-613 
Spectroscopic Methods in Inorganic Chemistry 

 

4(3–1) 

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 AI (III) and Fe (III) 

 Salicylaldoxime: Ni (II) in the presence of Cu (II) 

 Anthranilic acid: Co (II) and Zn (II) 

 Micro determination of Cr(III) by Di-phenyllecarbazide. 

 Determination of Fe (II) by 1-10 Phenanthroline. 

 Determination of nitrites by complexometry  

 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. I. 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” 2nd 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). 

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Zavis+Holzbecher&text=Zavis+Holzbecher&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Martin+Kral&text=Martin+Kral&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=L.+Divis&text=L.+Divis&sort=relevancerank&search-alias=books
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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”, 6th 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”, 7th Edition, Pearson Education, 

India (2012). 

9. J. Mendham, R.C. Denney, J.D. Barnes, and M. Thomas, Vogel’s Textbook of Quantitative chemical 

Analysis, 6th 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 1H, 13C, 19F and 31P.Practicals 

 Spectrophotometric determination of Pb2+ using solvent extraction. 

 Spectrophotometric determination of NO3
1- in water. 

 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. 

 Determination of % composition of mixture of KI & KNO3 using Eoscein as indicator. 

Recommended Books: 

1.A.K.Bhuyan, Fundamental concepts of molecular Spectroscopy, 1st 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-II (2012). 

4.Alan K. Brisdon, Inorganic Spectroscopic Methods (Oxford Chemistry Primers), 1st 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, 6th ed., John Wiley (2003). 

9.G. Raj, Advanced Practical Inorganic Chemistry, 7th edition, Krishna Parkashan Media (P) Ltd.  

(2005). Bassette, J., Denney, G.H. and Mendham, J., Vogel’s Textbook of Quantitative Inorganic 

https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Svehla+%2F+Sivasankar&search-alias=stripbooks
https://www.amazon.com/E-A-V-Ebsworth/e/B001KIEZPM/ref=dp_byline_cont_book_1
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=David+W.+H.+Rankin&text=David+W.+H.+Rankin&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Stephen+Cradock&text=Stephen+Cradock&sort=relevancerank&search-alias=books
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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)3.(NH4)2SO4.24H2O 

 Synthesis and characterization of inorganic compounds [Ni(NH3)6]Cl2], [Cu(NH3)4SO4].H2O] 

 Preparation and estimation of, dipyridine (I) nitrate [(C5H5N)2I]
+NO3

-. 

 Preparation of inorganic compounds and characterization of [Cobalttrisethylenediamine]I3. 

 Titration of strong acid and weak acid with a strong base. 

 Precipitation titration involving AgNO3 and KCI. 

 Determination of K1, K2 and K3 for H3PO4 

 Determination of chloride in the presence of iodide and evaluation  of AgI 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”, 5th 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, 3rd Edition, 

Johan Wiley and Sons (2006). 

7. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bochmann, “Advanced Inorganic Chemistry”, 6th 

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, 2nd Edition, Elsevier (1993). 
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10. Vogel, A. I., ‘’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) 

CHM-621 
Spectroscopic Methods in Organic Chemistry 

 

4(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) 

(a)        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: 

 Spectral interpretation (UV, FT-IR, 1H -NMR, 13C-NMR, MS) of: 

1. Benzoic Acid 

2. Ethyl Benzoate 

3. Diethyl Ether 

4. Benzamide 

5. Dibenzal acetone 



 

Page 74 of 92  

6. Acetanilide 

7. Acetyl Salicylic acid 

8. 4-amino benzaldehyde. 

Recommended Books: 

 George S. Zweifel, Michael H. Nantz, Peter Somfai, Modern Organic Synthesis: An Introduction, 2nd 

Edition, John Wiley and Sons, (2017). 

 K. L. Ivanov (Editor), P. K. Madhu (Editor), G. Rajalakshmi (Editor), Two-Dimensional (2D) NMR 

Methods, John Wiley & Sons, Inc. (2023) 

 S. A. Richards, J. C. Hollerton, Essential Practical NMR for Organic Chemistry, 2nd Edition, John Wiley 

& Sons, Inc. (2022) 

 Atta-ur-Rahman, M. I. Choudhary, Atia-tul-Wahab, Solving Problems with NMR Spectroscopy, 2nd 

Edition, Elsevier Inc. (2016) 

 J. W. Akitt, B. E. Mann, Nmr And Chemistry – An Introduction To Modern Nmr Spectroscopy (4th Ed.). 

Taylor and Francis group. (2017) 

 H. E. Duckworth, R. C. Barber, V.S. Barber, V.S. Venkatasubramanian “Mass Spectroscopy”, 2nd Ed., 

Cambridge University Press, London, UK (1996) 

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

 B. S. Fumiss, A. J. IIannaford, P.W.G. Smith, A. R. Tatchell “Vogel’s Practical Organic Chemistry”, 5th 

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: 

 Synthesis of benzoic acid from benzil 

 Synthesis of phenyl – azo – β-nephthol 

 Preparation of benzylated compound (Benzylation of Phenol) 

 Synthesis of anthranilic acid 

 Synthesis of Methyl Orange 

 Synthesis of di-benzal acetone 

 Preparation of Benzilidine Anniline 

 Synthesis of isoamyl benzoate  

Recommended Books 

 Paul H. Schudder, Electron Flow in Organic Chemistry: A Decision-Based Guide to Organic 

Mechanisms, 3rd Edition, John Wiley and Sons, (2023). 

 J. Clayden, N. Greeve, S. Warren, P. Wothers, “Organic Chemistry”, 2nd Ed., Oxford University 

Press, USA (2012). 

 F. L. Ansari, R. Qureshi and M. L. Qureshi “Electrocyclic Reactions – from Fundamentals to 

Research”, 1st Ed., John Wiley and Sons, (1999). 

 R. O. C. Norman “Principles of Organic Synthesis”, Blackie Academic & Professional, 3
rd 

Ed. (1993). 

 Laurie S. Starkey, Introduction to Strategies for Organic Synthesis, 2nd Edition, John Wiley and Sons, 

(2018). 

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=George+S.+Zweifel&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Michael+H.+Nantz&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Peter+Somfai&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=K.+L.+Ivanov&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=P.+K.+Madhu&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=G.+Rajalakshmi&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=S.+A.+Richards&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=J.+C.+Hollerton&pq=++
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/
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Laurie+S.+Starkey&pq=++
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 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: 

 Synthesis of Aspirin 

 Synthesis of Paracetamol 

 Synthesis of Caffeine 

 Isolation of Nicotine 

 Synthesis of Methyl Salicylate 

 Isolation of i-buprufen from commercially available tablets 

 Synthesis of benzene sulfonamides  

 Synthesis of isoamyl benzoate  

Recommended Books 

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

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

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

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

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

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

7. 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). 

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=George+S.+Zweifel&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Michael+H.+Nantz&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Peter+Somfai&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Dana+W.+Mayo&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Ronald+M.+Pike&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=David+C.+Forbes&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=St%26eacute%3Bphane+Caron&pq=++
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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) 

CHM-633 
Advanced Spectroscopy in Physical Chemistry 

 

4(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 yields, flash 

photolysis, photosensitization, radiative and non- radiative photophysical processes, photoluminescence and 

quenching, 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 “2
nd   

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” 12th edition, Oxford 

University Press, 2023. 

5. K. J. Laidler, John. Meiser, Bryanc. Sanctuary “Physical Chemistry” 4th Ed., Brooks Cole Publisher (2006). 

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

7. C.W. Garland, J.W. 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 

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

2.  Determination of percentage composition of KMnO4 / K2Cr2O7 in a given solution by spectroscopy.   

3. Evaluation of pKa value of indicator by spectrometric method 

4. Interpretation of IR and NMR spectra. 

5. Measurement of IR spectra of simple compound and their interpretation 

6. Interpretation of Raman spectra 

7. 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. 1st Ed. Taylor and Fracis group. (2021). 

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

4. C.N. Banwell, “Molecular Spectroscopy” 4th 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.  

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, AI 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.  Robert J. 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, 12th edition, Oxford University Press, 2022. 

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

11. Bradley D. Fahlman, Materials Chemistry, 3rd 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, 6th 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. Tölgyessy, T. Braun, M. Kyrš and H. Freiser by Isotope Dilution Analysis: International Series of 

Monographs in Analytical Chemistry, 1st 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 II: 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 Picó, 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 Ionization Methods, Types 

of Mass Analyzers (e.g.  Quadrupole, Time-of-Flight, Ion-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 Picó, 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 1st 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. I. 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”, 2nd 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” 2nd Ed., Prentice Hall International, USA (1998). 

8.  F. A. Cotton, G. Wilkinson, C. A.  Murillo, M. Bockhmann, “Advanced Inorganic 

Chemistry” 6th 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 I &II (2023). 

2. A. Vértes, S. Nagy, Z. Klencsár, Rezso György Lovas, Frank Rösch,Handbook of Nuclear Chemistry: Vol. 1: 

Basics of Nuclear 2nd 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, 3rd edition (2002).  

5. G. R. Choppin, J. Rydber, “Theory and Applications”, 1st Ed., Pergamon (1980). 

6. H. J. Arnikan, “Essentials of Nuclear Chemistry”, 4
th 

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 p
1 

- p
6 

and d
1 

- d
10 

systems, pigeon holes 

diagram, effect of temperature on magnetic properties of complexes. Magnetic moment of lengthanise. 

Recommended Books: 

1. Pöttgen, Rainer, Jüstel, 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”, 3
rd 

Ed, John Wiley 

& Sons Inc., (.1994). 

3. J. E. Huheey, E. A. Keiter, R. L. Keiter, “Inorganic Chemistry: Principles of Structure and Reactivity”, 4th 

Ed., Harper & Row, New York, USA (2001). 

https://www.barnesandnoble.com/s/%22Attila%20Vértes%22;jsessionid=768A42DE771C05318907E92B732F6691.prodny_store01-atgap01?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Sándor%20Nagy%22;jsessionid=768A42DE771C05318907E92B732F6691.prodny_store01-atgap01?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Zoltán%20Klencsár%22;jsessionid=768A42DE771C05318907E92B732F6691.prodny_store01-atgap01?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Rezso%20György%20Lovas%22;jsessionid=768A42DE771C05318907E92B732F6691.prodny_store01-atgap01?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
https://www.barnesandnoble.com/s/%22Frank%20Rösch%22;jsessionid=768A42DE771C05318907E92B732F6691.prodny_store01-atgap01?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
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4. K. M. Mackay, R. A.  Mackay, W. Henderson, “Introduction to Modern Inorganic   Chemistry”, 5
th Ed, 

Stanley Thomas Publisher Ltd. (1996).  

5. G. L. Miessler, A. T. Donald, “Inorganic Chemistry”, 2nd 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, 4th Edition .1981. 

3. Vogel, A. I., ‘’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., 4th 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  



 

Page 86 of 92  

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, 

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Sodagudi+Francis+Xavier&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Alessandro++Gandini&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Talita+M.+Lacerda&pq=++
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quantum yield, inter system crossing, jablonski diagram, Photofregmentation, Norish type I and II 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, 8th 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 III: 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 II: Carbonyl Compounds, Strategy VI: Regioselectivity, Two Group Disconnections II: 1,3-

Difunctionalized Compounds and α,β-unsaturated Carbonyl Compounds, Two Group Disconnections III: 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, 6th 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, 8th 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  

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Maya+Shankar+Singh&pq=++
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Recommended Books: 

1. David R. Klein, Organic Chemistry as a Second Language: First Semester Topics, 6th 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, 8th 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. IIannaford, 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  

https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Dana+W.+Mayo&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Ronald+M.+Pike&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=David+C.+Forbes&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=St%26eacute%3Bphane+Caron&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Laurie+S.+Starkey&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=George+S.+Zweifel&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Michael+H.+Nantz&pq=++
https://www.wiley.com/en-us/search?filters%5Bauthor%5D=Peter+Somfai&pq=++
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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”. 5th Edition, John Wiley 

and Sons, (2022). 

5. P. W. Atkins, “Physical Chemistry” 11
th 

Ed, W. H. Freeman and co. New York, (2018). 

6.   K. J. Laidler, Johnh. Meiser, Bryanc. Sanctuary “Physical Chemistry” 4th Ed., Brooks Cole Publisher 



 

Page 90 of 92  

(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 

1. John P. Lowe, Kirk A Peterson, “Quantum Chemistry” 3rd Ed., Elsevier (2005). 

2. James E. House, “Fundamentals of Quantum Chemistry” 2nd Ed., Elsevier (2004). 

3. Ira N. Levine, “Quantum Chemistry” 7th Ed., Pearson (2014). 

4. Saegjoo J. Jang, “Quantum Mechanics for Chemistry” 1st Ed, Springer (2023). 

5. Benjamin Widom, “Statistical Mechanics A concise introduction for chemists”1st Ed., Cambridge 

University Press (2002).  

6. Biman Bagchi, “Statistical Mechanics for Chemistry and Material Science” 1st Ed., Routledge Taylor 

& Francis Group. (2019). 

7. Errol G. Lewars, “Computational Chemistry, Introduction to the Theory and Applications of 

Molecular and Quantum Mechanics” 1st Ed., Springer, (2003). 

Jerry Harvey, “Computational Chemistry” 1st Ed. Oxford University Press (2018). 

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”. 4th edition. Acedemic 

Press USA. (2013) 



 

Page 91 of 92  

2. W. D. Loveland, D.J. Morrossery and G. T. Deaborg. “Modern Nuclear Chemistry”. 3rd 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, Ion 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 Volmer 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, 4th 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.  

http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Keith+J.+Laidler&search-alias=books&field-author=Keith+J.+Laidler&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=John+H.+Meiser&search-alias=books&field-author=John+H.+Meiser&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Bryan+C.+Sanctuary&search-alias=books&field-author=Bryan+C.+Sanctuary&sort=relevancerank
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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-aqueous 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 

 

 


