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1. (@) For a monatomic perfect gas, U, =U,(0K)+(3/2)RT findits C, ,,.
(R=8314J K™ mol") (8%)

(b) For adiabatic and reversible expansion of a perfect gas, show that

T, =TV, 1V,)* where ¢=C,/nR (15%)

(¢) One mole of He (a perfect gas) at 25 °C is allowed to expand reversibly and
adiabatically from 0.5 L to 1 L. What is the work (kJ) done by the perfect gas?
(15%)

2. Calculate the Agl solubility of the following reactions at 25 °C from standard
potential data:
(a) Ag'eg+e —>Ag E'=080V

(b) Agl,+e >l w+Ag, E°=-015V (12%)

(s)

3. The enthalpy of vaporization of methanol is 34.84 kJmol' at its normal boiling
point of 337.25 K. Calculate (a) the entropy of vaporization of methanol at this

temperature and (b) the entropy change of the surroundings. (15%)
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4. At 363 K, the vapour pressure of 1,2-dimethylbenzene is 20.5 kPa and that of
1,3-dimethylbenzene is 18.5 kPa. What is the composition of a liquid mixture that
boils at 363 K when the pressure is 19.6 kPa? What is the composition of the vapour

produced? (15%)

5. The rate constant for the decomposition of a certain substance is
4.00x107 dm’ mol™"s™ at 308 K and 2.65x10”dm’mol"s™ at 323 K.
Determine the energy of activation and the pre-exponential factor for the reaction.

(20%)
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NR T RA 05 AR ,ﬁ\-ééi‘%%ﬁﬂﬁ BEAR S R ZNHBREMEGERE(F
#FTE=) i@ % sMmE A -10°C » B % 9% A6h 3R #1% 1% $ (convective heat
transfer coefficient) 280 W/m’K * Rz » G & A MNEE A420°C » LEANH AR A
210 W/m’K » {8355 # & 8 & P 3258 248 ¥ 1% $4(thermal conductivity) 1.4 W/m-K >
TREHBE4$#40025W/m-K > BERARATRIZALE BAHMAE  SBALENEK
W RERROERAETALG R MAERNEEAAR AR RERBEREA SV
MR RAEHBRBRREAEMES298W? (15%)

glass |air glass 0.8 m
T;,,=20 °C T,u=—10°C
hi=10 W/m*K 10, =80 W/m’K
0.5m
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bt & 4 ey % E ¥ (Nusselt number) & 2 - BB A G —ARFNELBAET, » BIREBERIR
BB EAT  BLRRGOHABEEHEARL - (15%)

HKEET 7B
() 2/ HFRAGHEL2E - (3%)
(b) i8] Navier-Stokes 7 #2 X &) £ £13% ° (4%)
(c) &4 #(Reynolds number) & £ A R L4 & ° (4%)
(d) 2ex#r(Biot number)t) £ £ U REMIIZLE ° (4%)

C BERBRRENERES RS HEM4A 1S5atm B 10°F > w5 EFHHLH
(Raoults law) » 3 ERAORBARBEAHZ AR ° (110°F F » XKz fafok RE A 212
mmHg | & &z fafo &k R/AE A 1273 mmHg ; 1 atm = 760 mmHg) (20%)

AAEA RSB —EBAERES  R2A-A BITILERM - BN A BFLE—FFLAR
(REAS) AT ARRATEHERBHEBRAE  MEBITLERE  WHEETRA
— P& FTEEZAT) R AR2BEEREEZ e R ARl ZEFEaZH
B EABMANBEAODRELER(FRBAZRELTAT) FHTAM AN
RABZERBE BUARMBEHGH HEEE  AMAZHERKBRMERIWAK
T o (20%)
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1. (15%)

Please write the mole balance equation for dimethyl ether in terms of the reaction
volume and concentration within a batch reactor, a continuous-stirred tank reactor, and a
tubular reactor, respectively, as the gas phase decomposition of dimethyl ether to form

methane, hydrogen, and carbon monoxide is a first-order reaction.

2. (15%)
Please show the design equation, i.e. reactor volume, in terms of the conversion for a
batch reactor, a continuous-stirred tank reactor, and a tubular reactor, respectively, under

a first-order reaction.

3. (20%)

For a chemical vapor deposition process in which condensation occurs, e.q.,

G(g) + A(g) > GA (g))

The reaction is first order in both species of G and A. The feed contains only G an A in
stoichiometric amounts and the reaction is performed isothermally. The total pressure is
1 atm and GA has a vapor pressure 20.26 kPa at 300 K. Please calculate the conversion
at which condensation begins and express the concentration of reaction species and the

rate of reaction as a function of conversion.

4. (25%)
The elementary isomerization

A—» B
is carried out at 350K in a CSTR with Fao = 5 mol/min and Cao = 0.5 mol/dm® Pure A is
fed into the reactor and the final isomerization ratio is 75%. If the activation energy is
equal to 20 kcal/mole, what will the isomerization ratio be in a same volume PFR at 325

K with same feeding condition?

5. (25%)

The complex liquid phase reactions 1 and 2 follow elementary rate law. (a) Write the net
formation rates of species A, B, C, and D in terms of concentration and reaction
constant k4 and kap. (b) If C is the desired product and D is the byproduct, write the

instantaneous selectivity.
3 k1a
Reaction 1: A+ 3B ===p 4C

Reaction2: 2A+C =28, 2D
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1. (15%)

Air at 1 bar and 25°C (molar volume 0.02479 m® mol™) is compressed to 5 bar and 25°C by a
mechanically reversible process: heating at constant volume followed by cooling at constant
pressure. Assume that constant-volume heat capacity for air is (5/2)R, R = gas constant, and that
PV/T is a constant for air. Calculate

(a) Heat transferred during the heating. (3%)

(b) Heat transferred during the cooling. (3%)

(c) Internal energy change during the cooling. (3%)

(d) Work for this process. (3%)

(e) Enthalpy change for this process. (3%)

2. (14%)

An inventor claims to have devised a piston/cylinder device to compress one mole of ideal gas
isothermally but irreversibly at 100°C from 3 bar to 8 bar. The work required is 30% greater than
the work of reversible, isothermal compression. The heat transferred from the gas during
compression flows to a heat reservoir at 60°C.

(a) Calculate the entropy changes of the gas and the heat reservoir. (7%)

(b) Justify whether or not the device is thermodynamically possible, and list calculations. (7%)

3. (21%)

Steam generated in the boiler of a power plant at a pressure of 8600 kPa and a temperature of 500°C

is fed to a turbine. Exhaust from the turbine enters a condenser at 10 kPa, where it is condensed to

saturated liquid, which is then pumped to the boiler. Calculate

(a) The expansion work done by the turbine that operates reversibly and adiabatically, and the
quality of the exhaust steam. (7%)

(b) The actual expansion work and the quality and properties of the exhaust steam, if a turbine
efficiency is 75%. (7%)

(c) The thermal efficiency of a Rankine cycle operating these conditions, assuming a heat input of
3200 kJ kg™ steam into the boiler and a negligible pump work. (7%)

Steam enthalpy (H) and entropy (S) data are given below.

At 8600 kPa and 500°C: H =3391.6 kJ kg”; S =6.6858 kJ kg’ K.

At 10 kPa: saturated vapor H=2584.8 kJ kg™'; S =8.1511 kJ kg™ K™\

saturated liquid H=191.8 kI kg'; S =0.6493 kJ kg K.
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(15%)
1-mole ideal gas (Cp= 29 J/mol K) is cooled down from 300 K and 0.1 MPa to 250
K and 5 MPa. Calculate the entropy change of the gas AS.

(15%0)
A gas obeys the equation of state.

{P+%}V:R"

vy

The critical point (T(. P¢, V! for the gas is assumed to be determined by the

following requircment:

Determinc the parameter a and compressibility factor at the critical point Zc.

(20%)
An ideal gas (Cy= 21 F/mol K) at 5 MPa and 300 K is filled adiabatically into ¢
tank. If the tank initially contains gas ot 0.i MPa and 300 K, what will be the

temperature of the gas in the tank when the tank is repressurized to 4 MPa?

2 2 ms L @

|
|
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L #FHINTHAFZEEERNIESR - (5%)
Br,N,O,H,C, F

2. Fo 3148 B F 7169 4 F & 4% B #aromatic ~ antiaromatic % nonaromatic > (18 %)
$ (b) ©
NS
F
(e) Ha
© W
A J =~
. T A — 181 A 40 & B 7 Z 88 BR? (3 %)

( ; (b B G
a) QNHz ()QN—CHG (C)O ()/\ S

—

W

4. & AR Aoi%H cis-2-butene BF  3F 4RI cyclic bromonium ion ¥ HE & M H] i
THEXEZEY - (10 %)
5. 3% 4 4-fluoromethyl-2-nitroanisole #91L4 & 4% - (5 %)

6. H—Atb#(CsHio)th B3k F A =18 % BRYE » mMALLAS23 0 (LB
fam 5l & * (1) 7.2 ppm (£4) ~ (2) 2.6 ppm (= £4%) ~ (3) 1.2 ppm (= E4)
HPZERNE BRI SR A6 %) ? hE d LA e k-G %)

7. FRHET 5458 P 2 H 442 enantiomers ° B £ 48 F 16442
(a) 5% (b) 5%

Br H I
\]/ and = F\i;"/CHB and = 5
H o] éHB
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8. THIRETY » HEMAM? wRARB—HAY > #H1E7H £ & H(major
product)$2 &| & #(minor product) o i 4R T & & 4 % 48 & 17 48 R E A (SN 7

Sn2 ' E1 & E2)# %, ©
(a) 5%
Br

b il

CH,OH. 25 C

(b) 5%

\\

t-BuO™
—_—
Br 7BuonH. 50 C

9. F 3| =4& alkenes $2 HBr R /& > 3H KA 3k 7] R B ik & 4k & 7 — 182518 &7

—18? (5%)

10. RAIT IR ER A4 -
(@) 5%

(1) Hg(OAc),, H,O./THF

A

(2) NaBH,, NaOH

(©) 5%
O
A% NaOCH,CH,
HiC™ CH,CH,OH
(e) 5%

Y

(c)
//‘J Ny~
Y
(1) BH,/THF
/\/\ —
{(2) HO,, NaOH
& :QZ\\/"“/\“ O ¥ ’\\‘.\r,r"‘( .V\TT\E Hl

—

“ o conc.




