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1. (25 points)
oP 1 ,
(@) Prove that | — | =7a ~ for an ideal gas and for a gas whose
ov (@)
oPJ;

equation of state isP = RT (V. — b}, where b is a constant.
(b) Calculate the isothermal compressibility (k) for a gas which

follows the equation of state: P =RT/(V — b)



Esosdmiude 1)



2. (25 points) The vapor pressure of benzene is found to obey the empirical
equation

322086(K) 118345(K’)

In(P(mmHg)) =16.726 — > 2
T(K) T7(K™)

From 298.15 K to its normal boiling point 353.24 K. Given that the molar

enthalpy of vaporization at 353.24 K is 30.8 kJ mol ' and that the molar volume

of liquid benzene at 353.24 K is 96.0cm° mol ', use the above equation to
determine the molar volume of the vapor at its equilibrium pressure at 353.24
K. (You have to be careful about unit conversion of pressure and the varieties
of gas constants).



3. (25 points) Calculate the fugacity coefficient of ethane at 25°C and 42.05 bar
in that it obeys the compressibility factor relation of:
;' =1—7.63x10 P —7.22x10 ° P? (where P is pressure in bar)

At 25°C, the saturated pressure of ethane is 42.07 bar. If the temperature is
constant at 25°C and the pressure increases to 60 bar, calculate the fugacit}y of
liquid ethane. Give liquid density of ethane to be constant at 0.5446 gcm™.



4. (25 points) According to the VLE data of ethanol (1) —water (2) at 25 °C, by
non-linear regression method, partial pressure of each component is obtained:

R 2. p3 R %
P, =x,p '™ ) and P, = x,p, 6" %) whereas y=a+3f8/2 and 6 =-f . If
o = 0.240 and f =1.270, calculate af,af,ag,a:,yf,y:’,yfand y, for which

x, =080. Given P, and P, to be 60.0 and 24.0 bar, respectively.



5. (25 points) Finding expressions for the partial molar volumes at T and P:
The molar volume (cm’ mol”) of a binary liquid mixture at 7 and P is given by:
V=120x,+ 70 x,+ (15 %, + 8 X,) X, X,
(a) Find expressions for the partial molar volumes of species 1 and 2 at T and P.
(b) Find pure molar volume of component 1 and component 2

(c) Calculate V3> andVs
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