
ChemE 2200 – Chemical Thermodynamics Lecture 7

Defining Question:
What criteria must be satisfied for any chemical 
process?

Reading for Thermodynamics Lecture 11:
McQuarrie & Simon, Chapter 21.9, 22.1-22.3

Reading for Today’s Lecture:
McQuarrie & Simon, Chapter 21.1-21.5, 21.7.

Today:
Analysis with combined 1st and 2nd Laws.
The 3rd Law of Thermodynamics.
Analysis of a Partial Separator



Career Guidance Mondays
12:20-1:10 p.m.

165 Olin
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1st Prelim
Tuesday, March 11, 7:30 – 9:30 p.m.

245 Olin Hall
Covers –

Atomic Orbitals
Molecular Orbitals
Atomic and Molecular Spectroscopy
Electrons in Solids
Classical Thermodynamics through 1st Law

Covers –
Lectures through 1st half of Monday, 2/24 (Lecture T4)
Homework through Homework 5
Calculation Sessions through Calculation Session 5

You may use a hand-written, double-sided reference sheet.
Reference sheets will be submitted with the Prelim.

Reference sheets will be returned Wednesday, March 12.



Team
Competition
Wednesday
March 12:
“How well
Do you know
Your peers?”
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Combined Results from the 1st & 2nd Laws – U(T,V) and S(T,V)

1st Law:   dU  qrev  wrev wrev  PdV

T
qdS revnd :Law2 

 qrev  TdS

 dU  TdS  PdV for reversible processes with PV work

Write the total differential for U  U(T,V)

Solve for dS
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We need to calculate S to predict spontaneity for isolated systems.

To calculate S, we need equations in terms of
measurable, controllable quantities – P, V, T, and N.
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Combined Results from the 1st & 2nd Laws – U(T,V) and S(T,V)
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Write the total differential for S  S(T,V).
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For an isolated ideal gas with CV independent of T.

From the previous slide
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 dH  (TdS  PdV)   PdV  VdP

Combined Results from the 1st & 2nd Laws – H(T,P) and S(T,P)
dH  d(U + PV)

Substitute   dU  TdS  PdV

 dU  PdV  VdP for reversible processes

dH  TdS  VdP for reversible processes

Write the total differential for H  H(T,P)

Solve for dS

Write the total differential for S  S(T,P)
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Combined Results from the 1st & 2nd Laws – H(T,P) and S(T,P)
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For an ideal gas,

From the previous slide
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For an isolated ideal gas with CP independent of T.

Useful equations from the previous slide:
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Combined Results from the 1st & 2nd Laws

For an ideal gas,
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How Entropy Changes with Temperature
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To calculate an absolute S, we need to know S at 0K …



The 3rd Law of Thermodynamics: S(0K)  0 for a perfect crystal.

Calculate the absolute entropy for a gas at temperature T at 1 atm.
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Calculating Enthalpy and Entropy for a Pure Substance: Benzene

Figures 19.6, 19.7, and 21.2 from McQuarrie & Simon
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Example Calculation – from Prelim 2, 2024
An inventor claims to have a device that separates

a 50/50 gas mixture of A + B into two gases: 
(1) a gas with 20. mol% A and 80. mol% B and
(2) a gas with 80. mol% A and 20. mol% B.  

Is the inventor’s device viable?
You must specify your criterion(ia) and justify your conclusion.

The input is 2.00 mol/min of a mixture with
50. mol% A and 50. mol% B at 3.00 atm and 298 K.
The two output streams are at 1.00 atm and 298 K.

You may assume mixtures of A and B are ideal diatomic gases.

Ignore the internal mechanism of the device.
State any additional assumptions.

No heat is delivered to the device.  No work is done on the gas. 



Analysis of a Partial Separator
Is the inventor’s device viable?

You must specify your criterion(ia) and justify your conclusion.

Criteria:

1.  Must satisfy the 1st Law of Thermodynamics.

2.  Must satisfy the 2nd Law of Thermodynamics.

Assume steady state. Sketch an equivalent unit.

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K isothermal

expansion

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K

separator



Partial Separator – 1st Law Analysis

1st Law Analysis of isothermal expander: q = 0 and w = 0.

Temperature is constant  Uexpansion  0

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K isothermal

expansion

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K

separator

1st Law Analysis of separator: q = 0 and w = 0.

Temperature is constant  Useparation  0

Overall process:  q = 0 and w = 0.

 Uoverall  q +  w  0

 Uoverall  Uexpansion +  Useparation  0



Partial Separator – 2nd Law Analysis

isothermal
expansion

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

separator

1.00 mol/min A
1 atm, 298 K

1.00 mol/min B
1 atm, 298 K

4:1 splitter

1:4 splitter

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K
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Partial Separator – 2nd Law Analysis, cont’d

isothermal
expansion

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

separator

1.00 mol/min A
1 atm, 298 K

1.00 mol/min B
1 atm, 298 K

4:1 splitter

1:4 splitter

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K
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Calculate S for the reversible unmixing of 50/50 A+B to pure A and pure B.

S is the reverse of mixing pure A and pure B to form a 50/50 mixture. 



Partial Separator – 2nd Law Analysis, cont’d

isothermal
expansion

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

separator

1.00 mol/min A
1 atm, 298 K

1.00 mol/min B
1 atm, 298 K

4:1 splitter

1:4 splitter

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K

Calculate S for the reversible mixing
of 0.2 mol/min of pure A and 0.8 mol/min of pure B to form 20/80 A+B.  
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Partial Separator – 2nd Law Analysis, cont’d

isothermal
expansion

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

separator

1.00 mol/min A
1 atm, 298 K

1.00 mol/min B
1 atm, 298 K

4:1 splitter

1:4 splitter

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K

Calculate S for the reversible mixing
of 0.8 mol/min of pure A and 0.2 mol/min of pure B to form 80/20 A+B.  
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Partial Separator – 2nd Law Analysis of Total Process

isothermal
expansion

1.00 mol/min A
1.00 mol/min B
3 atm, 298 K

1.00 mol/min A
1.00 mol/min B
1 atm, 298 K

separator

1.00 mol/min A
1 atm, 298 K

1.00 mol/min B
1 atm, 298 K

4:1 splitter

1:4 splitter

0.80 mol/min A
0.20 mol/min B
1 atm, 298 K

0.20 mol/min A
0.80 mol/min B
1 atm, 298 K

2 mixing1 mixingunmixingexpansionprocess SSSSS 

minJ/K16.416.453.1127.18 

minJ/K1.15process S

Because Sprocess  0, process is spontaneous.


