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1. The molar entropy of argon (Ar) at 298 Kiis 154.8 ] mol~! K. Calculate the molar
entropy of a constant-volume sample of argon at 350 K. The heat capacity at constant

pressure of argon is 20.8 ] mol™t K™1. (12%)

2. In the gas-phase reaction 2A+ B = 3C + 2D, it was found that, when 2.0 mol A, 4.0
mol B and 2.0 mol C were mixed and allowed to come to equilibrium at 298 K, the
resulting mixture contained 1.2 mol D at a total pressure of 2.0 bar. Calculate (a) the
mole fractions of each species at equilibrium, (b) the equilibrium constant (X) and (c)

the standard Gibbs energy of reaction (A,G ©). (18%)

3 The rate constant for the first-order decomposition of a compound A in the reaction
4A(g) — B(g) is k, =12.48 X 10~ s~ at 325 K. The initial pressure of A is 40
kPa. (a) What is the half-life of A? (b) What is the time constant of A? (¢) What will

be the pressure of A and B after 2 hours of reaction? (20%)

4. In the cell Ag|AgCl(s)|AgCl(aq)|Ag the two reduction half-reactions and their
standard potentials at 298 K are:
AgCl(s) + e~ - Ag(s) + Cl” (aq) +022 V
Ag*(aq) + e~ — Ag(s) +0.80 V
Please calculate (a) the cell potential and (b) the solubility product of AgCl and (c¢) its
solubility. (18%)
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5. A sample consisting of 2.00 mole of diatomic perfect gas molecules at 25 °C is
compressed reversibly and adiabatically until its temperature reaches 125 °C. Given

that Cy ., = 27.5 ] mol™* K™, calculate g, w, AU, AH and AS. (20%)

6. At 300K the partial vapor pressure of HA in liquid GeCls are shown in the following
Table.

0.015 0.021

| Xia 0.012 0.
96.1 134.3

 pe/kPa 768

(a) Calculate Henry’s law constant at 300 K.

(b) Predict the particle vapor pressure of this acid, HA, above its solution in liquid
GeCls of molality 0.08 mol kg~!. (Molar mass of GeCls is 214.39 g mol™?).
(12%)
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1. A wall is composed of three kinds of bricks (shown as following). The indoor air is at the
temperature of 80°F with heat transfer coefficient of 2.0 Btwhr-ft*-°F. The outdoor air is at the
temperature of 105°F with heat transfer coefficient of 6.0 Btwhr-ft*-°F. The thickness (in) and
thermal conductivity (k, Btu/hr-ft-°F) of the bricks are given in the figure. (20%)

(a) Please calculate the heat transfer rate per unit area (Btw/hr-ft?) through the wall.
(b) Please determine the temperature at the indoor surface of the wall.

s 4 wolam 5 = 2in
outdoor k=0. 8 k=05 Indoor
k=0. 3
Figure 1.

2. Acylindrical tube is composed of two materials (shown as following). A fluid at the temperature
of T; flows through the inner tube with heat transfer coefficient of h;. On the other hand, another
fluid at the temperature of T, flows over the outer tube with heat transfer coefficient of h,. The
heat transfer is assumed in the radial direction. Please derive the overall heat transfer coefficient.
(20%)

P e

Figure 2.

3. Answer the followings in the fractioning process. (16%)
(a) The physical meaning of operation line and equilibrium line in the McCabe-Thiele method
for distillation.
(b) If the overall efficiency is 75% and the numbers of ideal plates are 16, what is the number of
real plates in the fractioning tower?
(c) What are the situations when the ¢ values are 0 and 1?

(d) What is the situation when the minimum reflux ratio occurs?
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4. According to the film theory (referring to Figure 3), prove that the Sherwood number
k.o
AB

the diffusivity of gas A in liquid B. (20%)

Sh = =1 where £, is the mass transfer coefficient, & is the film thickness, and D, is

liquid
Cab

film layer:

— e —

Figure 3.

5. Consider a pressure-driven fully-developed laminar flow of an incompressible Newtonian fluid
of density p and viscosity u in a horizontal tube of diameter D and length L, referring to

Figure 4. (24%)
(a) Derive the average fluid velocity, <vz> , In terms of a function of pressure drop Ap across

the tube by using the shell momentum balance method.

D
(b) Prove that the Fanning friction factor f, = 11{—6 , where Re= p <vz) :
e H
v,
A D
7 .

Figure 4.
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1) (10%) Please briefly describe the characteristics, usage, advantages, and disadvantages
of Continuously Stirred Tank Reactor (CSTR).

2) (10%) Please explain why third order reaction will be affected more by pressure drop

than second order reaction.

3) (20%) The dimerization, 2Ag) > Az, is carried out isothermally and without pressure
drop in a PFR at 298 K and 3.5 atm. As the concentration of A, increases down the
reactor and Az begins to condense. The vapor pressure of Az at 298 K is 0.5 atm. If an
equal molar mixture of A and inert, I, is fed to the reactor, at what conversion of A will

A> begin to condense? (Hint: condensation is happened at saturation vapor pressure)

4) (20%) The irreversible elementary reaction A) = Byg) is conducted in a tubular reactor
system consisting of 40 parallel 10 m long tubes with a 5 cm inside diameter.
Compound A has a molecular weight of 100 with idea gas behavior. The feeding rate is
314 kg per hour of pure A and the operating pressure of 8.2 atm. It is known that the
reaction rate constant for this first-order reaction is 3 hr-' at 300 K and 9 hr- at 400 K.

What conversion can be achieved if operating temperature set at S00K?

5) (20%)The gas-phase decomposition of compound A, A— B+2C, was carried out
isothermally in the lab, in which the total pressure was recorded with time. The data
shown in table 1 apply to this reaction and only pure A was present initially in the
reactor. Please determine this reaction order by the differential method and the integral

method, respectively.

Table 1.
Time (minj - \ Tot_alﬁf_’ressure (mmHg)
0 | 8 ]
25 | 11
s 13 i
10 Ji 16 N
_ 13 l 8 ]
20 | 20

6) (20%) As an isomerization of n-pentene to i-pentene over alumina. Please show (1)
adsorption, (2) surface reaction, and (3) desorption reaction mechanisms and rate

expressions. If the surfactant reaction is a rate-limiting step, please derive the rate law.
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1. [12%] A simple flow calorimeter is illustrated schematically in the figure below.

1-1

I-2

I-3

2.

i
Section 3 b |
A
! ﬂ&&% .f '{E Valva '
i HH e e PNGEHED
. ¢ THa Y —— T R
DESLANE 1 ¢ 3

. [ 3 : |
Btk f"—) { H |
i "y i Suction 2 |
{:f_ [ o [+ |
1 Applied .
& amt ‘
Supiphy :

What is the function for the flow calorimeter? [4%]2% S5 B RIHAS(B )5 &
ARG BRI ME ©

Write the energy balance equation for the process, assuming that both kinetic-
and potential energy are negligible and there is no shaft work. [4%]35 5 HIiES
ZEBE T A - BREEEEE - (RS LT /RNE K ftedl T

If the test fluid is water, flow rate =4.15 gs™, T; =0 °C, T, = 300 C,Py=3
bar, rate of heat addition from resistance heater = 12,740 W. The water is

completely vaporized in the process. Calculate the enthalpy of steam at 300

“C » 3 bar based on H = 0 for H,O(/) at 0 “C. [4%]

[16% 1 Air flows at a steady rate through a horizontal pipe to a partly closed
valve. The pipe leaving the valve is enough larger than the entrance pipe that the
kinetic-energy change of the air as it flows through the valve is negligible. The
valve and connecting pipes are well insulated. The conditions of the air upstream
from the valve are 20°C(293.15 K) and 6 bar, and the downstream pressure is 3
bar. If air is regarded as an ideal gas, and the system is insulated, making Q

negligible. The potential —energy and kinetic-energy changes are negligible.
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2-1 What is AH value for this process? [4%]

2-2 What is the temperature of the air some distance downstream from the valve?
[4%]

2-3 What is such a process called in chemical industrial application? [{E T | >
%R FPHY A TE Ry (o] 7] [4%)

2-4 What will be the temperature change for a real gas to under a reduction of
pressure in such a process? & X R ARG 8 AR 0T BB H D FE 888 LA S ] 2

[4%)

3. (12%)The residual properties can be expressed in terms of compressibility factor,
Z(FIERME O] DU BRGEIR T2 %7R) and PVT. For example,
3-1 V=V -V"% =9[4%]

3-2 What is the relationship between fugacity coefficients ¢, (G&EE{%E{) and

R

residual Gibbs free energy( % ) ? [4%]

3-3 What is the value of fugacity coefficient of an ideal gas? [4%]

4. [10%] Suppose an insulated container, partitioned into two equal volumes, contains
Avogadro’s number N, of ideal-gas molecules in one section and on molecules in
the other. When the partition is withdrawn, the molecules quickly distribute
themselves uniformly throughout the total volume. The process is an adiabatic
expression that accomplishes no work (5% — 422025 25 DA — ik e B e S 4y A
B RN H RO IRE N, (VR RO T EFEAREE
FIRWHGSMIEL BN - ZEF B EHT) -
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adiabatic process

s | Avogac;;fo s h\j;;li;er
N EEMInERER

- — The partition is withdrawn

|

|

No |
\ ideal gas :
|

.

No molecules initially

™,

™.

V

4-1 What is the AT for this process? [3%]
4-2 What is the AU for this process? [3%]

4-3 What is the AS for this process? [4%]

5. $t ¥ —HMRM » X @U/D)p=Cv > B Con-Cun=R » HPUKPISE -

TRAE » PRET] » CREBHEE » Co REHEBRER » C.REEH
EBERER  REABEES - (15 %)

6.1 ZH (mole) /KEF—F IR 298 K E2RBRAKERRSHER

) SRR AR IEER FET T work) - (R = 8314 K mol )
(10%)

7.1 3H (mole) BEFBE B » 298 K BT 573 K » X4HE
BEEE C,() K) =20.17 + 0.0366T(K) » SRETE B FERIE heat) ~ Th(work) -

AEE(internal energy )8 {L(AU)EE S (enthalpy) B {E(AH) (R = 8.314 ) K-1 mol-l)

(25%)
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1. (a) Which of the following compounds is likely to adopt a planar conformation?
(3%)
@Rz ®

(I)U ;<2)© o [ @ Cj

(b) Which of the following would be most reactive with Br; in the presence of
FeBr;? (3%)
B

. &) SMe
(1) @ ;(2) X, 03 ;(4)
s I oz

(c) Epinephrine is a hormone and neurotransmitter produced by the adrenal

medulla and has the following structure. Choose the statement that correctly

identifies some of the functional groups present in epinephrine.

OH kl-l
HO N
“CH,4
HO
epinephrine

(1) alcohol, ester, aromatic; (2) amine, alcohol, amide; (3) amide, aromatic,
alkane; (4) amine, alcohol, aromatic; (5) alkane, ether, aromatic. (3%)

(d) Which of the following would be the most likely to undergo a nucleophilic
aromatic substitution with hydroxide ion in normal conditions? (1)
Chlorobenzene; (2) benzoic acid; (3) benzene; (4) p-chlorotoluene; (5)
2,4,6-trinitro-1-chlorobenzene. (3%)

(e) Which of the following would be incorrect about rings?

(1) The chair conformation of cyclohexane has no angle or torsional strain; (2)
planar cyclobutane is its most stable conformation; (3) cyclopropane has the
greatest angle strain; (4) planar cyclopentane would have small angle strain
but severe torsional strain; (5) the chair conformation has less torsional strain

and fewer nonbonded interactions than the twist boat conformation. (3%)
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Label each pair as enantiomers, diastereomers, or same molecule. (15%)

(a)
N/
cl
(b) CH,
H3C®OH
HOX7"CH,
CH;
(c) 0CH3 //N
C/
HgC/kr
OCHs
(d) CHg
H——OH
H——OH
CH,
©) CO,H

NH,

and

and

and

and

and

AN

CH,

HyC**OH
CH,
OCHj

H3CO@CN
H CH
g 3

CHj
HO——H
HO | H

CHj

COH

NH,

Sodium borohydride (NaBH4) reduces only aldehydes and ketones. Lithium

aluminum hydride (LiAlH4) will reduce not only aldehydes and ketones but also
esters and carboxlic acids. Do you think that sodium hydride (NaH) will also
reduce esters and acids? Give a brief explanation for your answer. (10 %)
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4. An unknown compound has Mw = 107 and shows the following NMR spectra.
Draw the structure of the unknown compound. (10%)

6 Hs
[
|
|
2HI 7S H2
THLIT9 He
| ] o
|
I | A T T
10 9 8 7 6 5 4 3 2 1 &
PPM
— e, = T T I R AT=
[
|
|
|
|

I
[ |

|
| | ‘
{ |
| |
| |
| S A (N
{
!§}I§I]i§1{l|Y{l[3;E§
20 1R |64} b4 120 I 80 60 40 20 [¢]

PPM

5. Starting with benzene and the appropriate acyl chloride or acid anhydride, outline a
synthesis of each of the following: (10%)
(a) Butylbenzene

(b)
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6. Predict the major organic product from each of the following reactions. (10%)

(2)
CH,OH
E‘/\ /JL\H H
Meo™
(b)
<

(a)
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8. Predict the major product from each of the following reactions. (10%)

()

OH
! KQCFQO'; ]

(b)

P AN 9 O H P B!’g

|

9. Give the JUPAC names for each of the following: (10%)

(2)
/LT/_\ |
(b)
/S
——— -\‘



