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(35 points)
(a) (17 points) Use both the van der Waals and the Redlich-Kwong equations to calculate
the molar volume of CO at 200 K and 1000 bar. (The experimental value is 0.04009

dm’/mol.)

(b) (18 points) The density of oxygen as a function of pressure at 273.15 K is listed below.
P (atm) 1.0000 2.0000
)2 /(g/dma) 0.714154 | 1.428962

Use the data to determine B,,(T)of oxygen of these two different pressures.
Take the atomic mass of oxygen to be 15.9994 and the value of the molar gas constant to
be 8.31451 J/(mol K) = 0.0820578 (dm3 atm)/(mol K).



(25 points) The vapor pressure of liquid ethanol at 126 °C is 505 kPa, and its second virial
coefficient at this temperature is -523 cm’/ mol.

(a) (5 points) Calculate the fugacity of ethanol at saturation at 126 °C
assuming ethanol is an ideal gas.

(b) (20 points) Calculate the fugacity of ethanol at saturation at 126 °C
assuming ethanol is described by the virial equation truncated after the
second virial coefficient.

(Note: Since this calculation is being done at saturation conditions, the value computed is
for both the vapor and liquid, even though the calculation has been done using only the

vapor pressure and vapor-phase properties.)



(20 points) The metal tin undergoes a transition from a gray phase to a white phase at 286
K and ambient pressure. Given that the enthalpy change of this transition is 2090 J/mole
and that the volume change of this transition is -4.35 cmS/mole, compute the temperature at

which this transition occurs at 2 bar.



4. (20 points) A 20 wt % solution of sulfuric acid in water is to be enriched to a 60 wt %
sulfuric acid solution by adding pure sulfuric acid.
(a) (5 points) How much pure sulfuric acid should be added?
(b) (15 points) If the 20 wt % solution is available at 5 °C, and the pure
sulfuric acid at 50 °C, how much heat will have to be added or removed
to produce the 60 wt % solution at 70 °C? How much heat will have to

be added or removed to produce the 60 wt % solution at its boiling

point?

Enthalpy, (kJ/kg) of mixture including vapor
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5. (30 points) The heat-of-mixing data of Featherstone and Dickinson [J. Chem. Thermodyn.,
9, 75 (1977)] for the n-octanol+ n-decane liquid mixture at atmospheric pressure is

approximately fit by ;
Am,.xﬂ=x1x2(A+B(x1 =%,)) J/mol .

A=-12974 + 51.505T

where
B =+8782.8-34.129T

with T in K and x, being the n-octanol mole fraction.
(@) (15 points) Compute the difference between the partial molar and pure-
component enthalpies of n-octanol and n-decane at x, = 0.5 and T = 300 K
(b) (15 points) An x;, = 0.2 solution and an x, = 0.9 solution are to flow
continuously into an isothermal mixer in the mole ratio 2:1 at 300 K. What will

be the heat flow per mole of solution leaving the mixer?



