10.213 Chemical and Biological Thermodynamics | Quiz lll | Problem 1 Solution

May 1, 2008

Problem 1 (15 points total)

A pure gas is held at 50 bar and 300 K. The compressibility factor is measured to be 0.85. Using
only this available data, calculate as accurately as possible the fugacity of the gas. Clearly show
your logic.

Problem 1 Solution
The compressibility factor is defined as

Pv.
7=—= 1
RT @)
The definition for pure species fugacity is
P fv
g,—0/’ = J v,dP =RT In [ Pi } at constant T (2)
Ron low
Substituting into (2) using (1)
" ZRT v
—g°= | —dP=RTIn| 2 3
a1 = 7

In integrating this expression, we treat z as a constant in the range of interest (Pjow to 50 bar).
This assumption is necessary to get an estimate of fugacity.

Simplifying Equation 3,

P v
zjldpzln : (4)
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Integrating both sides, we get
zIn L In f (5)
I:)|0W I:)|0W
Adding In (Pow) to both sides,
In[fiv]:zlnP (6)

Substituting in for zand P,

f." = exp(0.85In[50bar ) (8)
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f'=27.8bar

An alternative route to a fugacity estimate:

nfal= | @-0%
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Again treating z; as a constant and integrating

In[o]=(z, 1) In%

Letting Piow = 1 bar
f_V
In| — |=(z -DIn|P
{P} (z.-2)In[P]

In[ £ ]=InP+(z-1)In[P]
Substituting in for P and z,,
f'=27.8bar

Grading Scheme for Method 1

1. 1 pointfor z =P—
RT

R low

low

_ "tz fv
2. 3 points for JEdP:In 5

3. 3 points for stating that the pressure dependence of z is neglected

5 points for In[fiV] =zInP

5. 3 pointsfor f."=27.8bar (2 points if no units)

Grading Scheme for Method 2

f dP
1. 3pointsfor In[¢p]= I (z—1)?
=)

low

2. 3 points for stating that the pressure dependence of z is neglected

(9)

3. 2 points for stating P,y is assumed to be 1 bar (Pressure at which gas behaves ideally)

\

4. 4 points for In {f—lz"} =(z,-1) In[P]

5. 3 points for f.'=27.8bar (2 points if no units)



