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Problem 1 (13%)
Internal pressure can be used to measure the change in internal energy of a system when it expands or

au . .
.contracts at constant temperature, (E/_)T' (U and V are the molar properties)

(a) Please show the internal pressure of a gas obeying ideal gas behavior or van der Waals
equation, (P + %) (V — b) = RT. (5%)

atmxdms

(b) A gas is assumed to obey the van der Waals equation and these two parameters, a = 1.4 ( g,

yand b

3
dml). If 5 mol of this gas expands reversibly isothermally at 300 K from an initial volume of 2.5 dm?

=0.04

mno

" to a final volume of 10 dm3, please calculate the changes in heat {Q), work (W), internal energy (U), and
enthalpy (H) during the expansion process. (8%)

Problem 2 {9%)
A liguid with a boiling point at 450 K and 1 atm. This liquid can be superheated to 465 K at 1 atm and then
changing to vapor at the same temperature and pressure. Is this process spontaneous?

PS: AH,q, = 45.6 —n’l—% at450Kand latm. C,; =78 m and Cpq =35 ! (9 %) “

K-mol’

Problem 3 (12 %)
Calculate the maximum temperature of complete combustion of ethylene at 298 K with:

(a) The theoretical amount of air at 298 K. (6%)
(b) 20% excess air at 298 K. (6%)
AHP (298K) C,o
(kl/mol) A (1/K-mol) 10°B (J/K2-mol)
C,H.(g) 525 11.8 119.7
H,0(g) -241.8 30.5 10.3
H,0(1) -285.8 75.5 0
O, g) -393.5 44.2 8.8
0,(g) 0 30.0 4.2
N,(g) 0 28.6 3.8

PS: Cpo = A + BT is used over the working temperature region

Cz? and AHfO mean the heat capacity and enthalpy at standard state (1 atm and 298 K)
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Problem 4 (20%) .
The equation g}f state for the van der Waals (vdW) fluid is given as (P + i%) - (V — b) = RT, where P, V, and

T are the pressure, molar volume and temperature, respectively, as well as @ and b are constants specific to
this vdW fluid.

(1) Please calculate the residual internal energy of this vdW fluid, UR. (8%)

(2) Please estimate the residual enthalpy of this vdW fluid, H~. (8%)

(3) Please compute (_6_@) of this vdW fluid. (4%)
av/r

Please clearly state all assumptions you made leading to your answers. Express UR, H® and (%%)T with proper

thermodynamic variables. In your answers to (1) and (2), you could use CR and C% forisobaric and isochoric
residual heat capacities, respectively.

Problem 5 (13%)

One mole of an ideal gas with Cp = (7/2) R and Cy = (5/2) R is compressed adiabatically in a piston-cylinder
device from 2 bar and 300 K to 8 bar. The process is irreversible and requires 40% more than a reversible,
adiabatic compression from the same state to the same final state on the same piston-cylinder device. Please
calculate the final temperature and the entropy change of the gas.

Problem 6 (6%)
GE/RT, Invy,, In'y, must intersect at a point. If this were the case, please prove that it is real.

Problem 7 (8%)
Determine the following statements are “True” or “False”.
= — aG ac a6 = =
(1) x,G1 + x,G, = G, therefore x4 (—1) + x; (——5) = (—) Hence, —x15; — x5, = —S
- oT Px oT Px oT Px

(2) When xz — 1, the slope of Iny, vs x, approaches 0.

2 H i A Rl
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Problem 8 (5%)
Which figure (Figure (b) or Figure (c)) is related to Figure (a)? Please choose.

(b) (c)
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Problem 9 (14%) )
(a) Please choose two from the sections (a), (b), (c), (d), {e), (f) which are related to Fig. 1. (8%)
(b) Please explain the reason on your choice. (6%)
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Fig. 1 Pxy diagram for vapor/liquid
equilibrium of a mixed-solvent system
at 50°C.

X
Fig. 2 xy diagram for different mixed-
solvent system at 1 bar.




