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CHAPTER 1 Single Component System 
 
1.1 Thermodynamic Behaviour of Gases 
1.1.1 Equation of state of a gas  
1.1.2 Specific heats of gases 
1.1.3 Calculation of changes in thermodynamic properties of gases 
1.1.4 Fugacity 
         1.1.4.1 Determination of fugacity from equation of state of a gas 
1.1.4.2 Graphical method for calculation of fugacity  
         1.1.4.3 Variation of fugacity with temperature 
1.1.5 Statistical thermodynamic of gases 
1.1.5.1 Thermodynamic function of a monatomic ideal gas 
1.1.5.2 Statistical thermodynamic interpretation of specific heats of perfect  
diatomic gases: 
1.2 Thermodynamics of Solids 
   1.2.1 Statistical thermodynamics of solids  
1.3 Thermodynamics of Liquids 
1.4 Phase Equilibrium in Single Component System 
   1.4.1 Stability criteria of a phase 
1.4.2 Criteria for two phases to be in equilibrium 
1.4.3 Fugacity of solids and liquids 
1.4.4 Vapour pressure of condensed phase and its variation with temperature 
1.4.4.1 Trouton’s Rule 
         1.4.4.2 Variation of equilibrium vapour pressure with total pressure 
1.4.5 Solid-liquid equilibria 
         1.4.5.1 Variation of melting point with pressure  
1.4.5.2 Richard’s rule 
1.4.6 Phase transformations in solid state 
1.4.7 Graphical representation of phase equilibria 
1.4.7.1. Equilibrium diagram for sulphur 
                   1.4.7.2 Equilibrium diagram for H2O 
1.5 Questions 
 
CHAPTER 2 Multi Component Systems (General Treatment) 
 
2.1 Partial Molar Properties 
2.2 Chemical Potential  
2.3 The Phase Rule 
2.4 Important Relationships involving Chemical Potentials 
   2.4.1 Gibbs-Duhem equations 
2.5 Questions  
 
CHAPTER 3Single Phase Multi-Component Systems-Solutions 
 
3.1 Mixtures of Gases 
   3.1.1 Statistical thermodynamics of mixtures of gases 
3.2 Solutions  
   3.2.1 Terminolgy 
3.2.1.1 Relationship between activity and other properties of solutions 
3.2.1.2 Raoult’s law and Ideal solutions 
3.2.1.3 Non-ideal solutions and excess thermodynamic properties 



                  3.2.1.3.1 Dilute solutions and Henry’s law  
   3.2.2 Standard states and allied relationships: 
   3.2.3 Calculation of thermodynamic properties of solutions from experimentally  
determinable data  
          3.2.3.1 Calculation of partial molar properties from integral properties 
3.2.3.2 Calculation of integral and partial molar properties from knowledge of the  
partial molar property of one of the components: 
3.2.3.3 Calculation of thermodynamic properties from a knowledge of the ratio of  
activities of components in binary systems: 
         3.2.3.4 Empirical analytical representation of experimental thermodynamic data on  
solutions 
                  3.2.3.4.1. Polynomial Form 
                  3.2.3.4.2. Wilson’s method 
                  3.2.3.4.3. Wagner’s method  
   3.2.4 Interpretation of behaviour of solutions-Thermodynamic models: 
         3.2.4.1 Classical thermodynamic Models: 
                  3.2.4.1.1 Ideal associated solution model involving one associated  
complex only: 
                  3.2.4.1.2 Ideal associated solution model involving more than one complex: 
3.2.4.2. Statistical thermodynamic analysis of solutions: 
                   3.2.4.2.1. Regular solution model: 
                   3.2.4.2.2 Quasi-chemical theory 
                   3.2.4.2.3. Solution of components of different sizes: 
3.3 Questions  
 
CHAPTER 4 Phase Equilibria in Multi-Component Systems 
 
4.1 Phase Stability Criteria in Multicomponent Systems – Stability Functions: 
4.2 Vapour-Solution Equilibria 
4.2.1 Calculation of vapour pressure of binary solutions at a given temperature: 
   4.2.2. Calculation of boiling and condensation points of binary solutions: 
   4.2.3. Phase diagram: 
4.2.3.1. Lever rule: 
         4.2.3.2. Konovalov’s first rule: 
4.2.4. Azeotropy: 
         4.2.4.1. Positive and Negtaiveazeotropes: 
         4.2.4.2. Konovalvo’s second rule: 
   4.2.5. Condensation and boiling of immiscible liquids: 
   4.2.6 Phase diagram for partially soluble liquids: 
4.3 Phase equilibria in condensed systems 
   4.3.1 Critical phenomenon in liquid state: 
   4.3.2 Monotectic reaction: 
   4.3.3 Syntectic reaction 
4.3.4 Isomorphous systems 
   4.3.5 Eutectic reaction 
   4.3.6 Peritectic reaction 
  4.3.7 Complex systems 
  4.3.8 Eutectoid reaction 
4.3.9 Peritectoid reaction 
4.4 Derivation of Free Energy 
4.5 Questions 
 
CHAPTER 5Chemical Equilibria 



 
5.1 Concept of Chemical Equilibrium 
5.2 Law of Chemical Equilibrium, the Equilibrium Constant: 
5.2.1 Variation of equilibrium constant with temperature-Vant Hoff equation: 
5.2.2. Variation of equilibrium constant with pressure: 
5.3 Direction of Chemical Change; Van’t Hoff Reaction-Isotherms 
5.4 Gaseous Phase Chemical Reactions 
5.4.1. Thermodynamics of the reaction 2H2 + O2 = 2H2 O.  
5.4.2 Thermodynamics of the reaction 
5.4.3 Thermodynamics of the reaction between CO and H2O 
5.4.4 Thermodynamics of the reaction N2 + 3H2 = 2NH3: 
5.4.5 Thermodynamics of other common gaseous phase reactions 
5.5 Reactions Involving a Gas and a Condensed Phase 
5.5.1 Oxidation of Carbon, the Boudouard reaction  
5.5.2 Solubility of gases in condensed phases 
5.5.2.1 Effect of temperature on solubility of gases 
5.6 Reactions Involving Two Pure Condensed Phases and a Gaseous Phase 
5.6.1 Decomposition of Carbonates 
5.6.2. Oxidation-Reduction equilibria in metals and their oxides 
5.6.3 Metal-Metal halide reactions: 
5.6.4 Successive reactions involving condensed phases and a gaseous phase in packed  
columns or beds 
5.7 Reactions in condensed Phases 
5.7.1 Solvent extraction  
5.7.1.1. Multiple Cross-Current Extraction 
5.7.1.2 Counter-current extraction 
5.8 Statistical Thermodynamics of Chemical Reactions 
5.9 Questions  
 
CHAPTER 6Electrolytes and Electrochemical Processes 
 
6.1 Aqueous Electrolytes 
6.1.1. Mean activity of coefficients for electrolytes 
6.2 Molten Electrolytes 
6.2.1 Slags: 
6.3 Solid Electrolytes 
6.4 Criteria for Equilibrium in Electrochemical Processes 
6.5 Emf Cells  
6.5.1 Single electrode potential: 
6.5.1.1 Classification of electrodes: 
6.5.1.2 Standard electrode potentials and e.m.f. series 
6.5.2 Concentration cells: 
6.5.2.1 Concentration cells with solid electrolytes: 
6.5.3 Application of e.m.f. cells 
6.6 Slag-Metal Reactions: 
6.7 Questions 
 
CHAPTER 7 Surface and Interfacial Phenomenon 
 
7.1 Surface Energy and Surface Tension-General Treatment 
7.2 Surface Tension of Liquids 
7.3 Surface Tension of Solids 
   7.3.1 Surface Tension of Metals: 



7.4 Interfaces 
   7.4.1 Grain Boundaries 
   7.4.2 Phase Boundaries 
7.4.3 Electrified Interfaces 
7.5 Shapes of Surfaces and Interfaces 
7.6 Questions 
 
CHAPTER 8 Conventional Experimental Techniques 
 
8.1 Densitometry  
   8.1.1 Archimedean method 
8.1.2 Pycnometric method: 
8.1.3 Dilatometric method 
   8.1.4 X-Ray Diffraction method 
   8.1.5 Calculation of other Functions from Density Data 
8.2 Calorimetry 
8.2.1 Isoperibol Calorimeters: 
8.2.2 Isothermal Calorimeters: 
   8.2.3 Adiabatic Calorimeters: 
   8.2.4 Constant-heat-flow type calorimeters: 
   8.2.5 Surfaces of error: 
8.3 Vapour Pressure Techniques 
8.3.1 Direct methods: 
   8.3.2 Indirect methods 
         8.3.2.1 Knudsen Effusion Method 
         8.3.2.2 Langmuir Technique: 
8.4 Chemical Equilibria Technique 
   8.4.1 Preparation of Gaseous Mixture: 
8.4.2 Equilibration techniques: 
         8.4.2.1 Open circuit technique: 
         8.4.2.2 Closed Circuit Technique: 
8.4.3.3 Static atmosphere technique: 
8.5 Electromotive Force Method 
   8.5.1 Aqueous electrolyte cells: 
   8.5.2 Molten salt electrolyte cells: 
8.5.3 Solid electrolyte cells: 
8.6 Surface Tension Measurements  
   8.6.1 Surface Tension Measurement of Liquids 
         8.6.1.1 Sessile Drop Method  
         8.6.1.2 Pendant Drop Method 
         8.6.1.3 Drop-Weight Method  
         8.6.1.4 Maximum Bubble Pressure Method 
   8.6.2 Surface energies of solids 
         8.6.2.1 Zero-Creep method 
         8.6.2.2 Polyphaseequilibria technique 
         8.6.2.3 Controlled cleavage method 
8.7 Questions 


