SEMESTER 111

11.1.7. Course Code: DSC 7: ANALYTICAL CHEMISTRY 3

{AC3)
Course Title: Quantitative Methods of Analysis
Total C'redits: 04 (Credits: Theoryv-02, Practical-02)

(Total Lectures: Theory- 30, Practical-60)

Db jectives: The mnain objective of this couwrse i to make stodents acqguire knowledge about the
basic prnciples underlying gravimetric and volumetric analysis, diftferent bypes of tirtion
curves, equilibiis principles and environmental analysis

Learning (dutcomes:
= By the end of this course, stiklents will be able ta:

+  Know the concept of volumetric and gravimetric analysis and deducing the conversion
factor for detenmination

¢ Understand the varions fitrahion corves

= Stability of complexes

o Enow and analyze vanous pollutants present m enviroment.

Unifi 1: Gravimeirle Analysis

Requisites of precipitation, Mucleation, precipitation, and growth of precipitates; Particle size
and flteralnhty of precipitates, Factors fluencing  precipitation, Co-preciptabion, post-
precipilation. Super saturmtion, digestion, precipitation from homogeneons solution, washing
of precipitate and 1gnition of precipitate, Brief idea about method of filtration and drymmg of
precipitate, Use of reagents used in gravimetry {(8-hvdroxy quinolineg (oxine) and dimethyl
glyorxime (DM

(Lechures: (9)
Unki 2: Basic principles underlying thirimeiric analysis.

*  Acid-base: pH of stromg and weak acid solutions. Buffer solutiens. Henderson
equations. Preparation of acidic ad basie buiffers. Relative strength ofacids and bases
from Ky and Ky values. Neutralisanon-titration curve, theory of indicators, choice of
incicators.

«  Theory of redox indicators: Principle and detection of equivalence point by visual &
potentiometric methods

«  Precipitation titrations Argentometric tittations, indicators for precipitation titrations
involving silver mitrate- Yolhard's method.. Mohr's method, Adsorption indicators.

« Complexometric titvations: Stability of complexes, mtration wvelving EDTA:
direct, back, displacement and indirect detemmuinations,.  Metal ion indicators amd
charactenistics. Apphcation-detenmmination of hardness of water

*  Problems based on Utronetne analves.
(Lectures: 12}
Unit 3: Introduction to Environmental Analysis

¢«  Environmental analvsis of water: colour, odour, taste, conductivity, dissolved solids,
hardness, DO, COD, BOD, chlonides, sulphates, nitrates and phosphates

«  Environmental analysiz of an: Sampling, panticulate matter, gaseous pollutanis-SOn,
MNOx, COx, and orgame pollutants

#  Environmental analyvsis of industrial effluents-estimation of toxic metals Hg, Cd, Ph,
As, radiocheiical wastes

{Lectures: 09)
PRACTICALS (Credits: 02, Laboratory Periods: 60}

1. Detemmmation of the pks of a weak acid by potentiometrie and pH metne tittations,



2. Determination of the strength of the given fermc chlonde solution by tirating 1t against
EDTA.

3. Estimation of chlonde i water by precipitation method.

4. Estmation of amount of nickel presemt in  given solution  as
Bis{dimethy lglyoximato jmckel(IT) ‘Alumumum as oxinate,

3, Dmaw the absorbance curve of bromophenol blue using a colorimeter,

6. Determination of the composition of the Fe**-salicylic acid vomplex in solution by
Job's method (Plar curve using exeal alsa),

7. Determination of the formmla of the chelate formed between iron (T17) and Tiron

8. Determumation of dissolved oxygen (DO} biological oxygen demand (BOD),/chemical
oxygen demand (COD) (e ar feast two warer samples from different sources)
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Teaching Learning Process:

» Conventional chalk and board teaching

*  Visit chemical industries to et information about the technologies and environmental
poellution from imndustrial effluents.

o ICT enabled classes.

= Power point presentations.
Interactive sessions, Debate,

Assessment Methods:
*  Class Tests al Peniodic Intervals.
* Written assignment (5) / Presentation by individual students
* Ind semester University Theory and Practical Examination

Keywords: Gravimetric  analysis, Volumetnc analysis, Centnfugation methods,
Environmental analysis, Industnal effluents, Wastewater analvsis.
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11.1.8. Course Code: DSCE: CHEMISTRY -3 (C3)

Course Title: CHEMICAL ENERGETICS AND EQUILIBRIA
Total Credits: 04 (Credits: Theory-02, Practical-02)
(Total Lectures: Theory- 30, Practical-60)

Objectives: The objective of this paper is to develop basic understanding of the chemical
energetics, laws of thermodynamics and ionie equilibrinm. It provides basic understanding of
the behaviour of electrolyvtes and ther solutions. The students wall also leam about the
properties of ideal and real gases and deviation from ideal behaviour.

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

+ Understand the laws of thermodynamics, thermochemistry and equilibria.

« Understand concept of pH and its effect on the vanous plvsical and chemical properties
of the compounds.

s Use the concepts leamt to predict feasibility of chemieal reactions and to study the
behaviour of reactions in equalibrinm.

Unit 1: Chemlcal Energetics
Review of Intensive and extensive vanables, state and path functions, isolated, closed and
open systems, concept of heat, Q, work, W, infernal energy, U, and enthalpy, H,

First law

Concept of heat, (), work, W, internal energy, U, and statement of first law; enthalpy, H,
relation between heat capacities. Joule Thompson Porous Plug experiment, Namre of Joule
Thompson coefficient, calculations of Q, W, AU and AH for reversible, irreversible and
free expansion of ideal gases under 1sothenmal conditions,

Thermochemistry

Enthalpy of reactions: standard states; enthalpy of nenfralization, enthalpy of hydration,
enthalpy of formation and enthalpy of combustion and its applications, boud dissociation
energy and bond enthalpy; effect of temperature (Kirchhoft™s equations) on enthalpy of
reactions

Second Law

Concept of entropy; staternent of the second law of thermodynamics. Caleulation of entropy
change for reversible processes and irreversible processes (for ideal gases). Free Energy
Functions: Gibbs and Helmholtz energy; vanation of 5, G, A with T, ¥V, P; Free energy
change and spontaneity (for ideal gases), Gibbs-Helmholtz equation.

Third Law
Statement of thivd law, mmattainalaliny of absolute zero, calenlation of absolute entropy of
molecules, concept of residual entropy, calenlation of absaluie entropy of solid, liquid and
BASES.

{(Lectures: 14)
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Unit 2: Chemical Equilibrium
Critenia of thermodynamic equilibrium, chemieal equilibrium in ideal gases. Thermodynanue
derivation of relation between Gibbs free energy of reaction and reaction quotient. Equilibrium
constants and thewr qualitabive dependence on T, P and concentration (Le Chatelier's
principle). Free energy ol mixing and spontancity,

(Lechmes; (4)
Unit 3: Tonic Equilibria
Strong, moderate and weak electrolytes. degree of womzation, factors affecting degree of
ionization, Ostwald’s dilution law, onization constant and 1onie product of water, iomzation
of weak acids amd bases, pH scale, commaon 1on effect, salt hydrolyvsis-caleulation of hydrolysis
constant, degree of hvdrolysis and pH for different salis. Buffer solutions, Henderson-
Hasselbach equation. Sodubnlity and solubilaty product of sparingly soluble salts — applications
of solubility produet prineiple.

{Lectures: 12)

PRACTICALS (Craedits :02, Laboratory Periods: 60)

Chemical Energetics:
1. Detenmination of heat eapacity of calorimeter.

2. Determimation of enthalpy of neutralization of hydrochlorie acid with sodium
hydroxide.

Deetermination of the enthalpy of ionization of ethanoie acid.
Deeternuination of basicity of a dibasie acid by thermochemacal methaod.

Determination of mtegral enthalpy of salution of salts {KNOs or WILCL).

B Wb R g

Determimation of enthalpy ol hydration of copper sulphate.

Tonic equilibria;

7. Preparation of buffer solutions: (1) Sodium acetate-acelic acid or (11} Ammoenimm
chloride-ammonium  acetate. Measurement of the pH of buffer selubions and
comparison of the values with theoretical values

#. Study the effect of addition of HCVNaOH on pH of the buffer solutions (acetic acid, and
sodimm acetate).

9. pH metric titration of (1) strong acid with strong base, (i1) weak acid with strong base
REFERENCES:
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McGraw Hill Education.

# Puri, B, B, Sharma, L. B and Pathania M. 5. (2020), Principles of Physical
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Chemstry, Vishal Publisiing Cao,

Practical:
« Khosla, B. D, Garg, V. C.; Gulati, A, (2015}, Semor Practical Physical Chemistry,
B Chand & Co.
» Kapoor, K. L. (2019), A Textbook of Physical Chemistry, Vol 7, 1" Edition,
MeGiraw Hill Education.

s Batra, 5. K., Kapoor, V and Gulan, 5 (2017} 1" Edition, Experiments in Physical
Chemistry, Book Age series.

Additional Resources:

¢ Ndahan B. H(2013), Umversity Chenustry, Marosa.
e Barrow, G. M. (2006), Physical Chemistry. 511 Edition, MeGraw Hill.

Teaching Learning Process:
«  Conventional chalk and board teaching,
o Class mteractions and discussions
« Power point presentation on important topics.

Assessment Methods:
& Class Tests at Periodic Intervals.
= Written assignment (s) / Presentation by individual students
+ Lnd semester University Theory and Practical Examination

Keywords: Chemical Thermodynamics, First law, Second law, Third law, Spontaneity
of reaction, Equilibnum, buffers.



