








































































Semester V  Reaction Dynamics (3L-0T-1P) 
 

Unit Content Contact 
Hrs 

Unit I: 
Kinetics I 

Order and molecularity of reactions. Rate laws and rate equations 
for zero, P): their 
derivations, graphical representations and examples. Expressing 
the rate laws in terms of volume and pressure of reactants. 
Experimental determination of order of reactions (half-life 
method and initial rate method). Temperature dependence of 
reaction rate, energy of activation (its connection to Gibbs free 
energy). Arrhenius equation, energy of activation. Pre-
exponential Factor and failure of Arrhenius Equation.  

 9 

Unit II: 
Kinetics II 

Difference between equilibrium and steady state. Limiting 
reagents, rate-determining step and steady-state approximation  
explanation with suitable examples (eg. dissociation of HBr and 
acetaldehyde). Opposing reactions, consecutive reactions and 
parallel reactions (with examples and explanation of kinetic and 
thermodynamic control of products; all steps first order). Idea on 
explosive reactions. Enzyme catalysis: Derivation of Michaelis-
Menten equation and interpretation of Lineweaver-Burk Plots. 
Eadie- Hofstee plot. Turn-over number. Oscillating reactions. 

 14 

Unit III: 
Reaction 
Dynamics  

Collision theory (detailed treatment). Modeling the 
Preexponential factor. Sphere of influence and collision cross 
section, Equivalence between Arrhenius and Collision theory. 
Failure of Collision theory. Physical interpretation of reaction co-
ordinates and potential energy surfaces. Activated complex 
theory (detailed treatment). Thermodyamic formulation and 
derivation of Eyring equation. Evaluation of Arrhenius pre-
exponential factor from transition state theory. Common 
examples where transition states have been experimentally 
identified or predicted. 
Chemically and Diffusion controlled reactions with examples. 
Primary and secondary salt effects with examples. 
Derivation of Bronsted-Bjerrum Equation and its graphical 
representation. Lindemann and Hinshelwood theory of 
unimolecular reaction and graphical representation. 
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Laboratory 
experiments 
 

1. Determine the rate constant of the acid catalyzed hydrolysis 
of methyl acetate. 

2. Determine the rate constant of saponification of ethyl 
acetate. 

3. Determine the activation energy of the hydrolysis of 
methyl acetate catalyzed by hydrochloric acid. 
4. Verify the Freundlich isotherm for the adsorption of oxalic 
acid on activated charcoal. 

5. Verify the Langmuir isotherm for the adsorption of acetic 
acid on activated charcoal. 

Determine the critical micelle concentration of a surface-active 
agent by surface tension measurements. 

6. Study the kinetics of the Iodide-persulphate reaction by 
Initial rate method. 

7. Theory and computer aided linear curve-fitting techniques 
(eg. first order kinetics using least squares) and evaluation of 
errors and standard deviations. 

30 

Text Books: 
1.  Physical Chemistry, Atkins, de Paula and Keeler 

2. Chemical Kinetics and Reaction Dynamics, Paul L. Houston 

Reference books: 
1. A Textbook of Physical Chemistry, K. L. Kapoor, Volume V, Macmillan 
2. Principles of Physical Chemistry, Puri, Sharma, Pathania, 48th edition, Vishal 

Publication. 
3. Physical Chemistry: P C Rakshit 
4. Physical Chemistry: A Molecular Approach by McQuarrie and Simon 
5. Chemical Kinetics by Kaith J Laidler, McGraw-Hill 

 

 
 
 
 
 

 


































