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Problem 1 (4%) 

1. The well-known van der Waals equation (in which p is the pressure, V 
the molar volume, Tthe absolute temperature, R the gas constant, while 
positive constants a and b correspond to corrections for intermolecular 
interaction and excluded volume effects, respectively) serves a simple 
model to account for minor nonideality in gases under moderate 
pressures. Which of the following is the correct form of the van der 
Waals equation? 
(A) (p + a/ V) (V + b) = RT 
(B) (p- a/ V) (V - b) = RT 
( C) (p + al V) ( V - b) = RT 
(D) (p- a/ V) (V + b) = RT 
(E) None of the above 

Problem 2 (16%) 
Each sub-question is 8% in score. 

2. The Joule-Thomson coefficient is defined as µJT = (8T/8p)H (where Tis 
the absolute temperature, p the pressure, and H the enthalpy) of a fluid 
going through a throttling process. Which of the following is incorrect? 
(A) For an ideal gas, µJT = 0. 
(B) For a real gas, we have µJT = 0 at an inversion temperature Tr, 

above which µJT < 0 and below which µJT > 0 
(C) For a liquid, we generally have µJT > 0 
(D) All of the above 
(E) None of the above 

3. Regarding values of molar heat capacity under constant pressure (cp) for 
He, Ar, H2, N2, 0 2, CO, NH3, and CH4 gases at ambient conditions, 
which of the following is incorrect? 
(A) cp(He)::::: cp(Ar) 
(B) cp(N2)::::: cp(CO) 
(C) Cp(O2);:::: Cp(H2) 
(D) Cp(NH3)::::: Cp(CH4) 
(E) None ofthe above 
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Problem 3 (10%) 

The vaporization points of A and B at 1 atm are at 200°C and 230°C, 
respectively. The A-B temperature-composition phase diagram at 1 atm has 
an azeotrope at 150°C and 45at%B. 

(a) Draw a schematicA-B temperature-composition phase diagram at 1 atm 
with temperature range from 100°C to 250°C. (2%) 

(b) Draw the Gibbs free energy curves of the vapor phase and liquid phase 
at 140°C, 180°C, 2 l 0°C and 240°C. The curves of vapor phase and liquid 
phase should be in one figure for each temperature, so there are totally 4 
figures in answering this question. (2%) 

( c) Assuming A and B are both ideal gases, is the A-B liquid phase mixture 
an ideal solution? Why or why not? (2%) 

( d) If there is a liquid miscibility gap with a critical point at 95°C and 
55at%B, draw a schematicA-B temperature-composition phase diagram at 
1 atm with temperature range from 50°C to 250°C. (2%) 

(e) Draw the Gibbs free energy curve of the liquid phase at 80°C. (2%) 

Problem 4 (10%) 

A is reacted in the liquid phase with B at atmospheric pressure to produce 
C and D according to the reaction: Aco + B (l) • C (l) + D (l). For A, B, C, 

and D , the standard Gibbs energy of formation at 25°C (298.15 K), 
llGJ,298_15 , are -389900 J, -174780 J, -332200 J and -237129 J, 
respectively. There is one mole of each of A and B initially, and the liquid 
phase is an ideal solution. 

(a) What is the value of standard Gibbs free energy of reaction at 25°C, 
llGf 98? (2%) 

(b) What is the equilibrium constant Kat 298.15 K? (2%) 

( c) What is the mole fraction of C in the reacting mixture in equilibrium at 
25°C? (2%) 
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( d) Draw a schematic Gt - c diagram showing the relationships between 
total Gibbs free energy, Gt, and the reaction coordinate, c. The variable, 
c , called the reaction coordinate, characterizes the extent of degree to 

which a reaction has taken place. (2%) 

( e) What are compositions of each component in the reacting mixture when 
the mixture has the lowest Gibbs free energy at 25°C? (2%) 

Problem 5 (10%) 

A 2 liter constant-volume reactor is evacuated and then filled with 0.1 gmol 
of methane, after which the temperature is raised to 1000 °C. At this 
temperature, the equilibrium pressure is measured to be 7.02 atm. 
Assuming methane dissociates according to the reactor, 

Clii(g)=C( s )+ 2H2(g) 
and that ideal gas and solution behavior prevail: 

(a) What is the final number of moles of gas in the reactor? R=0.082 atm· 
L/gmol·K. (2%) 

(b) What is the conversion for the 0.1 gmol of methane (In other words, 
how many moles react?) (2%) 

( c) Calculate Ka for the reaction at 1000 °C utilizing standard states that 
correspond to the states of matter given in the above equation for the 
reaction. (3%) 

( d) An alternative experiment is performed in which a hydrogen line 
connected to the vessel is left open. Initially the reactor contains some 
methane. The temperature is the same, but the pressure is now 5 atm. The 
hydrogen concentration is measured to be 0.58 mole fraction. The vessel 
size is unknown. Will any carbon be present? Justify your action 
quantitatively. (3%) 
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Problem 6 (10%) 

The figure below shows the residence time distribution function from pulse 
inputs to two different packed bed reactors of equal volume with equal flow 
rates. Answer the following questions with succinct explanations: 

(a) Which reactor is more like a PFR and which is more like a CSTR? (You 
must explain why to receive credit.) (2%) 

(b) Consider the reaction A • P to be conducted in reactor 1 or 2. If the 
rate of reaction is first-order in the concentration of A, which reactor will 
achieve a higher conversion, all other things being equal? What if the 
reaction were zeroth-order? In both cases, please explain why? (2%) 

( c) Consider the following reactions to be carried out in reactor 1 or 2. 

A • B r1=k1 CA (1) 
B• C r2=k2 C8 (2) 

Where CA and Cs are the concentrations of A and B. Which reactor will 
maximize the yield ofB? Why? (3%) 

( d) Consider the following reactions to be carried out in reactor 1 or 2. 

A • B rl= k1 CA (3) 
A• C r2 = k2 Cl (4) 

Which reactor will maximize the selectivity ofB over C? Why? (3%) 

0 20 40 60 80 100 

lime, arb. units 
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Problem 7 (10%) 

The formation of diphenyl (C 12H10) is to be carried out at 760°C. The feed 
is to be pure benzene (C6H6) in the gas phase at a total pressure of 5 atm 
and 760°C. The specific reaction rate is 1800 ft3/(lbmol*s) and the 
concentration equilibrium constant is 0.3. 

(
Th R 1.987 Btu 0.73ft

3
• atm 8.314kPa•dm

3 d 0R I S*K) 
e gas conStant = lb mole • 0 R = lb mole • 0 R = mole•K an = · 

(a) What is the equilibrium conversion? (5%) 

(b) Calculate the reactor volume necessary to achieve 98% of the 
equilibrium conversion of benzene in a CSTR (with a benzene feed of 10 
lbmol/min). (5%) 

Problem 8 (10%) 

Nitrogen oxide is one of the pollutants in automobile exhaust and can react 
with oxygen (in the air) to form nitrogen dioxide according to 

2NO+O2-+ 2NO2 
At 298 K the specific reaction rate is 

k=14.8*103 L2/(mol2*s) 
or in parts per million 

k=l.4 *10-9 ppm·2/min 

(a) What is the half-life of 3000 ppm NO (a typical precontrol auto exhaust 
value) in air? (5%) 

(b) What is the half-life of 1 ppm NO (a typical polluted atmosphere value)? 
(5%) 
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Problem 9 (10%) 

An isomerization reaction, A ~ B , is to be carried out adiabatically in 
the liquid phase at 360 K with k = 31 .1 h- 1

• Calculate the CSTR volume 
necessary to process 163 mol/h at 40% conversion of a mixture containing 
90 mol% A and 10 mol% C which is considered as an inert. The feed enters 
at 330 K. 

Additional information: 

Heat of reaction, Aff0R = -6900 J/mol·A, activation energy, Ea= 65.7 kJ/mol, 
Concentration equilibrium constant, Kc = 3.03 at 60°C; CA.o = 9.3 mol/dm3

; 

heat capacity, CP.A = CP.B = 141 J/mol-K, CP.c = 161 J/mol-K 

Problem 10 (10%) 

The first-order irreversible isomerization (rA' = k 'aCA), A • B, is being 
carried out isothermally in a batch reactor on a catalyst that is decaying as 
a result of aging. If the catalyst decay mechanism is under the separable 
kinetics of catalyst activity decay and the decay law is second order with 
respect to the present activity (rd = kda2). Please show that the conversion 
of A (XA) in this batch reactor as a function of time can be expressed as 
follow: 


