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BCY-151/152: ENGINEERING CHEMISTRY 
 

L T P   C 
3 0 2 4 

 

 
 

OBJECTIVE: 
The  objective  of  this  course  is  to  make  students  learn  the  laboratory  skills  needed  to  design  safe 
conduction  of  reactions  and  experiments  in  Chemistry.  The  student  will  acquire  a  foundation  of 
Chemistry to enable them to understand and critically interpret the primary research in Chemistry. 

 

 
Course outcome 
On the successful completion of the course, students will be able to 

 
CO1 Interpret UV-Visible and IR-Spectra Understand, Analyze 
CO2 Describe reaction rates for reactions of various orders Understand, Apply, Analyze 
CO3 Understand  different  aspects  of  corrosion  and 

thermodynamic view of electrochemical processes, reversible 
and irreversible cells 

Understand, Apply 

CO4 Understand  the  stereochemistry of molecules and identify
organic reactions on the basis of their mechanism 

Remember, Apply, Analyze

CO5 Distinguish  between different polymeric structures,  classify 
polymers,  and  analyze  the  polymerization  mechanism  and 
use of polymers in different walks of life. Knowledge of 
conductivity of polymer, biodegradable polymers and fibre 
reinforced plastics. Acquire knowledge about water and 
treatment of municipal water 

Understand, Apply, Evaluate, 
Create 

 

 
Chemistry 

BCY151/ 
152 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1 3 3 1 3 2 - 2 - - - - 3 
CO2 3 3 1 3 2 - 2 - - - - 3 
CO3 3 3 1 3 2 - 2 - - - - 3 
CO4 3 3 1 3 2 - 2 - - - - 3 
CO5 3 3 1 3 2 - 2 - - - - 3 

Average 3 3 1 3 2 - 2 - - - - 3
1: Slight (Low)  2: Moderate (Medium)  3: Substantial (High)  If there is no correlation put “-”. 

 
SYLLABUS 

Module I 

(i)  Bonding:  CFT,  Electronic  Spectra  and  Ligands  (strong  and  weak  field),  Phosphorescence  and 
Fluorescence,  Jablonski  diagram,  hydrogen  bonding  and  their  effect  on  physical  properties,  Metallic 
bonds, Classification and Applications of Liquid crystals, Band Theory of Solids and superconductors. 

(Lectures: 7-8) 
(ii) Spectroscopy: Basic Principles, Instrumentation and Applications of UV-VIS and IR Spectroscopy. 

(Lectures: 5-6) 
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Module II 
(i) Chemical Kinetics: Second order reactions. Determination  of order, Fast and slow reaction, steady 
state approximation, Temperature effect, Concept of Activated Complex/Transition State: Energy of 
activation, Potential energy surface, Theories of reaction rate: Collision and Transition State theories in 
terms of enzyme catalysis. 
 
Module III 

(Lectures: 4-5) 

 

(i)  Electrochemistry: Dry and fuel cells, electrochemical cell, Solar cells, Disensitized cell, Photovoltaic 
cell. 

(Lectures: 3-4) 
(ii)  Environmental  Chemistry:    Air  and  Water  Pollution,  analysis  of  gaseous  effluents  oxides  of 
Nitrogen, oxides of Sulphur  and H2S, chemical analysis of effluents liquid streams, BOD, COD, control 
of pollution, Depletion of ozone layer. 
 
Module IV 

(Lectures: 5-6) 

 

(ii) Stereochemistry: Stereoisomerism of organic compounds containing one & two chiral centers. 
Enantiomers & Diastereomers, E-Z nomenclature, R-S configuration, Atropisomerism, and Optical 
isomerism in Allenes, biphenyl and Spiranes, Circular Dichroism. 

(Lectures: 5-6) 
(i) Reaction Mechanism: Inductive, Electromeric and Mesomeric effects. Study of reaction intermediates 
(Carbanion, carbocation, carbene, nitrene and benzyne). Mechanism of  nucleophilic and electrophilic 
substitution reactions. Mechanism and application of following reactions: 

 

a)   Suzuki-Miyaura Cross coupling reaction 
b)   Fries and Photo-Fries Rearrangement 
c)   Wagner- Meerweir Rearrangement 
d)   Umpolung Reactions 
e)   Reaction of vision 

 
Module V 

 
 
 
 
 

 
(Lectures: 4-5) 

 

(i) Polymers: Introduction and their classifications, types of polymerization, Free radical, anionic and 
cationic  polymerization,  Preparation,  Rheological  properties  and  uses  of  some  common  polymers. 
Synthetic Polymers (carbon framework, silicon framework, fluorinated polymer), Conducting and 
Biodegradable polymers. 

(Lectures: 4-5) 
(ii) Water Analysis: Introduction; Hardness of Water- cause, types, units, Disadvantages  of using hard 
water  for  domestic  and  industrial  purposes,  Softening  of  hard  water,    Chemical  analysis  of  Water- 
estimation of free chlorine, total alkalinity, hardness, Numerical based on determination of hardness. 

(Lectures: 4-5) 
 
List of Experiments: 

 
1.   Determination of alkalinity in given water sample. 

a.  Sodium Carbonate & Sodium Bicarbonate 
b.   Sodium Carbonate & Sodium Hydroxide 

2.   Determination of temporary and permanent hardness in water sample using EDTA as standard 
solution. 

3.   Determination of Chloride content of water by Mohr’s Method. 
4.   Determination of Chlorine content in Bleaching powder. 
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5.   Determination  of strength  of supplied  Ferrous  Ammonium  Sulphate  (FAS)  solution  in using 
external, internal indicators. 

6.   Determination of viscosity of a given liquid by Ostwald’s viscometer. 
7.   Determination of surface tension of a given liquid by Stalagmometer. 
8.   pH determination of given sample. 
9.   Determination of iron content of water by Mohr’s Method. 
10. Determination of Dissociation constant of weak acids by conductometric Titration. 

 
 
Reference Books: 

1.   Advance Organic Chemistry by Jerry March, Third Edition Wiley Eastern Limited, New Delhi. 
2.   Organic Chemistry by Morrision & Boyd, Allyn and Bacon, Inc. Boston. 
3.   Physical Chemistry by Puri, Sharma & Pathania, Peter Atkins & Julio de Paula, Arun Bahl, B.S. 

Bahl & G.D.Tuli. 
4.   Textbook of Physical Chemistry by S. Glasstone, Macmillan and Co. Ltd., London. 
5.   Chemical Kinetics and Reaction Dynamics by Puri, Sharma & Pathania. 
6.   Principles of Polymerization by George Odian. 
7.   Polymer Science by V. R. Gowarikar, N. V. Vishwanathan and J. Shridhar, Wiley Eastern Ltd., 

New Delhi. 
8.   Principles of Instrumental Analysis by Douglas and Skoog, Saunder College Publishing Co., New 

York. 
9.  Engineering Chemistry by Jain & Jain, Dhanpat Rai Publication Co., New Delhi. 
10. Application of Absorption Spectroscopy of Organic Compounds by John R. Dyer, Prentice Hall 

of India Pvt. Ltd., New Delhi. 
11. Spectroscopy of Organic Compounds by P.S. Kalsi, Y.R. Sharma. 
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BCY-252: MODERN ANALYTICAL TECHNIQUES 
 

L T P   C 
3 0 3 4 

 
 

OBJECTIVE: 
The objective of this course is to make the students aware of the modern instrumental techniques, the 
principles underlying them and their applications in the characterization of materials. 

 

Course outcome 
On the successful completion of the course, students will be able to 

 
CO1 Interpret Raman and IR–Spectra for characterization of

materials. 
Understand, Apply, Analyze 

CO2 Interpret  NMR,  Mass  and ESR–Spectra for
characterization of materials. 

Understand, Apply, Analyze

CO3 To analyze the conductivity to determine the concentration of
solution and i-E characteristics of the samples. 

Understand, Apply 

CO4 Analytical separation carried out by Chromatography in
a multi-component system. 

Remember, Apply, Analyze 

CO5 Elucidation   of   the   Thermal   Stability   of   different 
molecules  and  their  Characterization  on  the  basis  of
their thermal stability and Glass Transition Temperature 
of  Polymers.  Determine  the  specific  heat,  heat  of 
reaction,  Melting  point  &  boiling  point.  Check  the 
purity of drugs, crystallization and fusion of polymeric 
materials. 

Understand, Apply, Evaluate, 
Create 

CO6 To  develop  experimental  skills  to  perform,  monitor  and 
manipulate the reactions. 

Understand, Evaluate, Analyze 

 
Chemistry 

BCY252 PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1 3 3 2 3 2 - 1 - - - - 3 
CO2 3 3 2 3 2 - 1 - - - - 3 
CO3 3 3 2 3 2 - 1 - - - - 3 
CO4 3 3 2 3 2 - 1 - - - - 3 
CO5 3 3 2 3 2 - 1 - - - - 3 
CO6 3 3 3 3 2 2 2 2 1 2 - 3 

Average 3 3 2.17 3 2 0.33 1.17 0.33 0.17 0.33 - 3 
1: Slight (Low)  2: Moderate (Medium)  3: Substantial (High)  If there is no correlation put “-”. 

 
SYLLABUS 

 
Module I 

 

(i) Infrared Spectroscopy: Introduction, Principle, Instrumentation, mechanics of measurements, 
Selection rules, fundamental vibration modes, Factors  influencing   the  Band  Position and 
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intensities,  some  characteristics  frequencies  and  co-relation  of  IR  spectra  with  molecular 
structures, effect  of  Hydrogen  Bonding on vibrational frequencies. 

(Lectures: 6-7) 
(ii) Raman Spectroscopy: Introduction theory of Raman Spectroscopy, Mechanism of Raman 
and Rayleigh scattering, Rule of Mutual Exclusion, correlation with the molecular structure, 
difference between Raman and IR spectra, Resonance Raman effect, Application of Raman 
Spectroscopy. 
 
Module II 

(Lectures: 4-5) 

 

(i) Nuclear Magnetic Resonance Spectroscopy: Introduction, basic principles, mechanics of 
measurements,  chemical  shift,  band  multiplets,  spin-spin  splitting,  shielding and deshielding 
effect, spin-spin coupling and coupling constant (J), some characteristics of NMR positions, 
Application in elucidation of molecular structure, , Elementary idea of NOE, DEPT NMR, C13

 

NMR, P31NMR, F19NMR. 
(Lectures: 4-5) 

(ii) Mass Spectroscopy: Introduction, basic principles, instrumentation, fragmentation patterns, 
nitrogen rule, Mc Lafferty Rearrangement, interpretation of mass spectra and applications. 

(Lectures: 3-4) 
(iii)   ESR   (Electron   Spin   Resonance)   -   Basic   Principles   and   Magnetic   Interactions, 
Instrumentation and Applications. 
 
Module III 

(Lectures: 2-3) 

 

(i) Potentiometry and Conductometry: General principles, reference and indicator electrodes, 
potentiometric and conductometric titrations. 

(Lectures: 3-4) 
Polarography: Basic principle, dropping mercury electrode (DME), half wave potential, 
polarographic currents and applications. 

(Lectures: 3-4) 
 
Module IV 
 
(i) Chromatographic methods: Introduction to Chromatographic methods: TLC, Column and 
Gas chromatography, Principles, Instrumentation, GC column, Detectors and stationary phases 
and applications, hyphenated techniques (GC-MS). 

(Lectures: 4-5) 
Liquid  Chromatography  LC/HPLC,  Column  efficiency  in  LC,  Detectors,  Instrumentation, 
Partition/Adsorption/Ion Exchange Chromatography 

(Lectures: 4-5) 
 
Module V 
 
(i) Thermal Methods of Analysis: Thermogravimetric analysis, differential thermal analysis and 
differential scanning calorimetry and applications. 

(Lectures: 4-5) 
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CHEMISTRY LAB 

List of Experiments: 

1.   Estimation of vitamin C in commercial soft drink / Glucon D. 
2.   Determine  the  strength  of  oxalic  acid  conductometrically  using  sodium  hydroxide 

solution. 
3.  Separation of amino acids by thin layer chromatography. 
4.   Determination of Rf value of Methyl Orange and Phenolphthalein using paper/ thin layer 

chromatography. 
5.  Separation of metal ions by paper/thin layer chromatography. 
6.   Determine the adsorption isotherm of oxalic acid/acetic acid on activated charcoal and 

verify the Freundlich adsorption isotherm. 
7.   Determine the rate constant (K) of hydrolysis of ethyl acetate catalyzed by HCL. 
8.   Prepare p-nitro acetanilide from acetanilide and find its percentage yield. 
9.   Determine the viscosity and percentage composition of the given liquid using Ostwald’s 

viscometer. 
10. Determine the strength of given glucose solution by titration against Fehling’s solution. 
11. Evaluation of Dissociation Constant k for a weak acid using conductometry. 
12. Elution of chemicals by Column Chromatography. 
13. Elution of genomic DNA from plants suspension. 
14. Estimation of Phosphoric acid from coca cola. 

 

 
 

Reference Books: 
1.   Instrumental Analysis, Douglas A. Skoog, F. James Holler & Stanley R. Crouch. 
2.   Instrumental Methods of Analysis, Willard, Merit and Dean. 
3.   Handbook of Instrumental Techniques for Analytical Chemistry Ronald A. Hites, Indian 

University, School of Public and Environmental Affairs and Department of Chemistry. 
4.   Applications of absorption spectroscopy of organic compounds, John R. Dyer. 
5.   Instrumental Methods Analysis, B. K. Sharma. 
6.   Text book of Quantitative Inorganic Analysis, A. I. Vogel. 
7.   Spectroscopy  of  Organic  Compounds  by P.S.  Kalsi,  Y.R.  Sharma,  Robert  M.  Silverstein  & 

Francis X. Webster. 


