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CH 320: APPLIED PHASE AND CHEMICAL EQUILIBRIA 
Fall 2011 

 
Department:  Chemical and Biomolecular Engineering 

Catalog Data:  CH320 Applied Phase and Chemical Equilibria 

Thermodynamics of solutions. Fugacities, activities, phase equilibria, reaction equilibria, 
and flash calculations. 

Pre-requisites: CH210 and CH220 

Course Type: Required 

Textbook: Introductory Chemical Engineering Thermodynamics 
  J. Richard Elliott and Carl T. Lira 

Other Required Materials: None 

Instructor:  Sitaraman Krishnan (CAMP 229, 268-6661, skrishna@clarkson.edu) 

Office Hours: Tuesday 2–4 p.m., Thursday 1–2 p.m., Friday 10 a.m.–12 p.m., or by appointment. 

Course Objectives: 

1. To explore the thermodynamics concepts of phase equilibrium in pure systems, and in multi-
component mixtures. 

2. To show that in a single-component system at chemical equilibrium, the Gibbs energy of each 
phase must be equal. 

3. To derive equations relating saturation pressure and temperature. 
4. To introduce partial molar property and to show how any thermodynamic property of a 

mixture is related to the partial molar properties of the components of the mixture. 
5. To define chemical potential, and to show that in a multi-component system at chemical 

equilibrium, the chemical potential of a particular component of the mixture must be the same 
in each phase; and that the equality of chemical potentials applies to all the components in the 
system. 

6. To introduce fugacity, fugacity coefficient, activity, activity coefficient, the Lewis/Randall 
rule, and the Henry’s law. 

7. To write the general expression for vapor–liquid equilibrium, and make simplifying 
assumptions to derive the familiar Raoult’s law; to define the K-value. 

8. To define excess Gibbs energy, and to show how mathematical models for excess Gibbs 
energy, can be used to obtain activity coefficients of the components of a solution. Determine 
parameters in activity coefficient models from experimental data. 

9. To construct phase diagrams for binary systems in vapor–liquid, liquid–liquid, and solid–
liquid equilibria, correcting for non-ideal behavior in the vapor, or liquid phases using 
fugacity coefficients and activity coefficients. Use equations of state to quantify deviations 
from ideality in the vapor phase. 

10. Perform bubble-point and dew-point calculations and model single equilibrium stage 
operations (e.g. isothermal flash). 
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11. To determine equilibrium composition for a system with a single chemical reaction given the 
reaction stoichiometry, temperature, and pressure. Solve for the extent of reaction by 
minimization of the Gibbs energy. Define the equilibrium constant. 

12. To use thermochemical data to determine the equilibrium constant for a chemical reaction at 
any given temperature. 

Learning Outcomes: 

After completion of this course, a student will be able to: 
1. Understand chemical potential, and the analogous concept of fugacity. 
2. Determine fugacity coefficients, activity coefficients, K-values, and other thermodynamic 

properties of mixtures. 
3. Recognize different kinds of vapor–liquid, liquid–liquid, and solid–liquid phase diagrams. 
4. Analyze experimental equilibrium data and simulate the same with appropriate models. 
5. Calculate phase compositions for real mixtures at equilibrium using an equation-of-state for 

the gas phase and an activity coefficient model for the liquid phase. Understand molecular 
interaction phenomena that form the bases of the models. 

6. Use predictive activity coefficient models such as UNIFAC for phase equilibria calculations. 
7. Design equilibrium separation processes, such as flash distillation, and liquid–liquid 

extraction. 
8. Determine the effects of temperature and pressure on the equilibrium composition in a 

chemical reaction. 

Evaluation Methods: 

1. Hour Exams:  50 % two exams, during the weeks of Sep 19 and Oct 17;  
open textbook 

2. Final Exam:  40 % the week of Dec 12; open textbook 
3. Homework & Attendance:  10 % 

Policies:  

Attendance: Attendance is required at all classes. 
Homework: Homework will be collected at the beginning of the class on the due date. Late 
homework will not be accepted.  
For problems involving the use of MATLAB, please attach printouts of MATLAB codes along 
with the solutions. 
Cooperative learning is encouraged. If you collaborate on homework assignments, remember that 
each student is accountable for the learning that is expected to take place in the assignment, and 
must be able to outline a solution to the problem independently. 
Exams: Two hour exams will be conducted. A final exam will be scheduled during finals week. 
You will be allowed to use the course textbook and a calculator during the exams. 

Course Outline: 

1. Departure functions (Unit II, Chapter 7) 
2. Phase equilibria in pure component systems (Chapter 8) 

a. Gibbs energy and criteria for equilibrium  
b. Vapor–liquid equilibrium 
c. Fugacity and fugacity coefficient (calculations) 
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3. Phase equilibria in mixtures (Unit III, Chapter 9) 
a. Partial molar property 
b. Chemical potential 
c. Equality of fugacities as equilibrium criteria 
d. Activity, activity coefficient 
e. Ideal solutions 
f. Vapor–liquid equilibrium (VLE) calculations using ideal solution approximation 
g. K-ratios 

4. Phase equilibria (VLE) in mixtures using equations of state (Chapter 10) 
a. Mixing rules 
b. Bubble and dew point calculations 
c. Flash calculations 
d. Azeotropes 

5. Phase equilibria in non-ideal mixtures—cont’d. (Chapter 11) 
a. Excess properties 
b. Excess Gibbs energy 
c. Activity coefficients as derivatives of partial molar excess Gibbs energy 
d. Determination of excess Gibbs energy from experimental data 
e. Activity models for non-ideal liquid mixtures: Margules, van Laar, Wilson, UNIQUAC, 

UNIFAC, Flory, etc. 
f. Determining parameters of models for excess Gibbs energy from experimental data: the 

use of Excel or MATLAB for fitting model parameters 
g. Bubble and dew point calculations 
h. Liquid–liquid equilibria (LLE) (Chapter 12) and solid–liquid equilibria (SLE) (Chapter 

13); solubility equation for crystalline solids 
6. Reacting systems (Unit IV, Sections 14.1–14.7, 14.10, 14.11) 

a. Stoichiometric coefficients 
b. Standard state Gibbs energy of reaction 
c. Equilibrium constant 
d. Reaction equilibria for ideal (gas) solutions 
e. Temperature and pressure effects 
f. Electrolyte thermodynamics 
g. Reversible reactions involving solids 

7. Special Topics (subject to availability of lecture time) 
Introduction to statistical thermodynamics: the Boltzmann factor, molecular partition 
function, entropy 

8. Review 

Class Time: MW 4–5:15 p.m., 244 Rowley Lab (Aug 29 & 31; Sep 5, 7, 12, 14, 19, 21, 26 & 28; 
Oct 5, 10, 12, 17, 19, 24, 26 & 31; Nov 2, 7, 9, 14, 16, 21, 28 & 30; Dec 5 & 7) 

Contribution: 3 credits of engineering science 

Prepared by: S. Krishnan, skrishna@clarkson.edu 




