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Semester IV 
---------------------------------------------------------------------------------------------------------------- 

CHE- RC/HG-4016:  CHEMISTRY4  
SOLUTIONS, PHASE EQUILIBRIUM, CONDUCTANCE, 

ELECTROCHEMISTRY & FUNCTIONAL GROUP ORGANIC 
CHEMISTRY 

(Credits: Theory-04, Lab-02) 
Theory: 60 Lectures 

 
Course Objective: This course may be divided into two broad parts-physical and organic 
chemistry.  In 1st part of this course students will be introduced to solutions, phase 
equilibrium and electrochemistry. The 2nd part contains carboxylic acid and derivatives, 
amines and diazonium salt and biochemistry. 

Learning Outcome: After completion of this course the students learn solutions, phase rule 
and its application in specific cases, basics of conductance and electrochemistry. Students 
will also learn some important topics of organic and biochemistry- carboxylic acids, amines, 
amino acids, peptides, proteins and carbohydrates.  

 
 
Section A: Physical Chemistry-2 (30 Lectures) 
 
Solutions 
Thermodynamics of ideal solutions  

 non-ideal solutions. Vapour pressure-composition and 
temperaturecomposition 
curves of ideal and non-ideal solutions. Distillation of solutions. Lever rule. 
Azeotropes. Partial miscibility of liquids: Critical solution temperature; effect of impurity on 
partial miscibility of liquids. Immiscibility of liquids- Principle of steam distillation. Nernst 
distribution law and its applications, solvent extraction. 
 
Phase Equilibrium 
Phases, components and degrees of freedom of a system, criteria of phase equilibrium. Gibbs 
Phase Rule and its thermodynamic derivation. Derivation of Clausius  Clapeyron equation 
and its importance in phase equilibria. Phase diagrams of one-component systems (water and 
sulphur) and two component systems involving eutectics, congruent and incongruent melting 
points (lead-silver, FeCl3-H2O and Na-K only). 
 
Conductance 
Conductivity, equivalent and molar conductivity and their variation with dilution for weak 
and strong electrolytes. Kohlrausch law of independent migration of ions. 

Transference number and its experimental determination using Hittorf and Moving boundary 
methods. Ionic mobility. Applications of conductance measurements: determination of degree 
of ionization of weak electrolyte, solubility and solubility products of sparingly soluble salts, 
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ionic product of water, hydrolysis constant of a salt. Conductometric titrations (only 
acidbase). 
 
 
Electrochemistry 
Reversible and irreversible cells. Concept of EMF of a cell. Measurement of EMF of a cell. 
Nernst equation and its importance. Types of electrodes. Standard electrode potential. 
Electrochemical series. Thermodynamics of a reversible cell, calculation of thermodynamic 

G H S from EMF data. 
 
Calculation of equilibrium constant from EMF data. Concentration cells with transference 
and without transference. Liquid junction potential and salt bridge. 
 
pH determination using hydrogen electrode and quinhydrone electrode. 
 
Potentiometric titrations -qualitative treatment (acid-base and oxidation-reduction only). 
 
Section B: Organic Chemistry-3 (30 Lectures) 
Functional group approach for the following reactions (preparations & reactions) to be 
studied in context to their structure. 
 
Carboxylic acids and their derivatives 
 
Carboxylic acids (aliphatic and aromatic) 
 
Preparation: Acidic and Alkaline hydrolysis of esters. 
 
Reactions: Hell  Vohlard - Zelinsky Reaction. 
 
Carboxylic acid derivatives (aliphatic): (Upto 5 carbons) 
 
Preparation: Acid chlorides, Anhydrides, Esters and Amides from acids and their 
interconversion. 
 
Reactions: Comparative study of nucleophilicity of acyl derivatives. Reformatsky 
Reaction,Perkin condensation. 

(6 Lectures) 
Amines and Diazonium Salts 
 
Amines (Aliphatic and Aromatic): (Upto 5 carbons) 
 
Preparation: from alkyl halides,  
reaction. 
 
Reactions: Hofmann vs. Saytzeff elimination, Carbylamine test, Hinsberg test, with HNO2, 
Schotten  Baumann Reaction. Electrophilic substitution (case aniline): nitration, 
bromination, sulphonation. 
 
Diazonium salts: Preparation: from aromatic amines. 
Reactions: conversion to benzene, phenol, dyes. 
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(6 Lectures) 
Amino Acids, Peptides and Proteins: 
 
Preparation of Amino Acids:  
Zwitterion, Isoelectric point and Electrophoresis. 
 
Reactions of Amino acids: ester of COOH group, acetylation of NH2 group, complexation 
with Cu2+ ions, ninhydrin test. 
 
Overview of Primary, Secondary, Tertiary and Quaternary Structure of proteins. 
Determination of Primary structure of Peptides by degradation Edmann degradation 
(Nterminal) and C terminal (thiohydantoin and with carboxypeptidase enzyme). Synthesis of 
simple peptides (upto dipeptides) by N-protection (t-butyloxycarbonyl and phthaloyl) & 
Cactivating groups and Merrifield solid-phase synthesis. 

(10 Lectures) 
Carbohydrates: Classification, and General Properties, Glucose and Fructose (open chain 
and cyclic structure), Determination of configuration of monosaccharides, absolute 
configuration of Glucose and Fructose, Mutarotation, ascending and descending in 
monosaccharides. Structure of disacharrides (sucrose, cellobiose, maltose, lactose) and 
polysacharrides (starch and cellulose) excluding their structure elucidation. 
(8 Lectures) 
 
Recommended Books: 

1. G. M. Barrow: Physical Chemistry Tata McGraw-- Hill (2007). 
2. G. W. Castellan: Physical Chemistry 4th Ed. Narosa (2004). 
3. J. C. Kotz, P. M. Treichel, J. R. Townsend, General Chemistry, Cengage Learning 

India Pvt. Ltd.: New Delhi (2009). 
4. B. H. Mahan: University Chemistry, 3rd Edn. Narosa (1998). 
5. R. H. Petrucci, General Chemistry, 5th Edn., Macmillan Publishing Co.: New York 

(1985). 
6. Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. 

Ltd. (Pearson Education). 
7. Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education). 
8. Finar, I. L. Organic Chemistry (Volume 2), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education). 
9. Nelson, D. L. & Cox, M. M. emistry 7th Ed., W. H. 

Freeman. 
10. Berg, J. M., Tymoczko, J. L. & Stryer, L. Biochemistry 7th Ed., W. H. Freeman 

----------------------------------------------------------------------------------------------------------- 

LAB: CHEMISTRY4 
 SOLUTIONS, PHASE EQUILIBRIUM, CONDUCTANCE, ELECTROCHEMISTRY 

& FUNCTIONAL ORGANIC CHEMISTR-II 
60 Lectures 

Section A: Physical Chemistry 
 
Distribution 
Study of the equilibrium of one of the following reactions by the distribution method:
I2(aq) + I-(aq)  I3

-(aq) 
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Cu2+(aq) + xNH3(aq)  [Cu(NH3)x]2+ 
 
Phase equilibria 
a) Construction of the phase diagram of a binary system (simple eutectic) using 
cooling curves. 
b) Determination of the critical solution temperature and composition of the phenol 
water system and study of the effect of impurities on it. 
c) Study of the variation of mutual solubility temperature with concentration for the 
phenol water system and determination of the critical solubility temperature. 
 
Conductance 
IV. Determination of cell constant 
V. Determination of equivalent conductance, degree of dissociation and dissociation 
constant of a weak acid. 
VI. Perform the following conductometric titrations: 
v. Strong acid vs. strong base 
vi. Weak acid vs. strong base 
 
Potentiometry 
Perform the following potentiometric titrations: 
v. Strong acid vs. strong base 
vi. Weak acid vs. strong base 
vii. Potassium dichromate vs. Mohr's salt 
 
Section B: Organic Chemistry 
 
I Systematic Qualitative Organic Analysis of Organic Compounds possessing 
monofunctional groups (-COOH, phenolic, aldehydic, ketonic, amide, nitro, amines) and 
preparation of one derivative. 
 
II 

1. Separation of amino acids by paper chromatography 
2. Determination of the concentration of glycine solution by formylation method. 
3. Titration curve of glycine 
4. Action of salivary amylase on starch 
5. Effect of temperature on the action of salivary amylase on starch. 
6. Determination of the saponification value of an oil/fat. 
7. Determination of the iodine value of an oil/fat 
8. Differentiation between a reducing/nonreducing sugar. 
9. Extraction of DNA from onion/ cauliflower 

 
Recommended Books: 

1. A.I. Vogel: Textbook of Practical Organic Chemistry, Prentice Hall, 5th Edn. 
2. F. G. Mann & B. C. Saunders: Practical Organic Chemistry, Orient Longman, 1960. 
3. B.D. Khosla: Senior Practical Physical Chemistry, R. Chand & Co. 
4. Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry, 

Universities Press. 
----------------------------------------------------------------------------------------------------------- 
----------------------------------------------------------------------------------------------------------- 
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