
~.PJT : 1~*f~ 
f-H3 : ¥lJlM1~~ 

1. 	 (a) For a monatomic perfect gas, Um =uJo K) + (3/2)RT find its Cv.m . 

(R =8.314J K-' mor' ) (8%) 

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

c
TJ 	= T, (v, /VJ t where c = C / nR (15%) v 

(c) 	 One mole of He (a perfect gas) at 25 °C is allowed to expand reversibly and 

adiabatically from 0.5 L to I L. What is the work (kJ) done by the perfect gas? 

(1 5%) 

2. 	 Calculate the AgI solubility of the following reactions at 25°C from standard 

potential data: 

(a) Ag+(aq) + e- ~ Ag(S) EO =O.80V 

(b) AgI(s) + e - ~ r (a'l) + Ag(s) EO =-0.15V (12%) 

3. 	The enthalpy of vaporization of methanol is 34.84 kJ mor ' 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%) 



, 
~ffi : {bf-t~ 
f-+ § : !fo/JJ;.{b~ 

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 

4.00 x 10-3 dm3 mor l 
S - I at 308 K and 2.65 x 10-2 dm3 mor l 

S- I at 323 K. 

Determine the energy of activation and the pre-exponential factor fo r the reaction. 

(20%) 
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I. 	 *~T~ - '~~ -*~~h*~~T '~+ff+~M~ ~~~ 4~~.~~~'~a~ 

.~Iif..J + ;f&MP;1G~Jirfn in-L ~'.li!ili a~fi.!i ~ !-A .~,~' J1d~rp·(dft~~ +ff+;f&tM T ' 
t~ M*Nt P\] 1ar It~ (x =? ) in-Lit P; *Nt:<.. + JSj in-L it? (1 5 % ) 

2hPo I---~ L 
z 
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L 	
) 

2. 	 :It.A!6~' '*'*1' I' ,*"*111%:~:~~fu;? .ll:. £ P\] ~Y1ti*'- ' i1!ifT]~~ , 1rl111%~;) k ~ 0.8 

o fZ ' Jt ~ 0.5 It} fZ ' ~ Jt t14P; r.f.} J:L~- Ii;fEl ~ ~ JJ.t~ , ~ ri if~ JJ.tJiii If- Ii ;fEl f5] ~ ~ *L-t (*" 
~T ~ -=-) , Jlt. 81- 1% ~ ;) 9H]\. Ii P; - 10 °C ' Ji ;) 9~ ~ *L ~ t t in-L~1l1*. :ft(convective heat 

transfer coefficient)>>.; 80 W/m 2K '&':<..' f~ *A;)£P\]i]\.Ii»';20 °C 'Ji£P\]ttin-L ~ 1l 1~tt 

P..i lO W I m 2K ' 1~1111% ~;) ft.l!.nX rp JJ.tJ$i ~1l ~1~tt(thermal conductivity)~ 1.4 WI m · K ' 
~ *LJi ~1"* * 1~tt~ 0.025 WI m· K ' Ji ~ P..il% ~;) P\] ~~ ~ *L-t ~ in-LfIJ n~ 1~ , ez.1Il {f. P\] ~~ 
JJ.tJ$i-t~~*L~~fl~tt.~~~~'~MI%~ ;)P\]lf-li~ ~~ JJ.tJ$i-t* ~*L-t.».;} ~ 

0- fZ. ' 1% ~;) ~ *A~JUtit::f:.;f ~E. Ff ».; 29.8 W? (15 %) 

T-In=20 °C Tour- l 0 °C 

h;n=lO W/m 2K lIourSO W Im 2K 

x x 

http:ft.l!.nX


~ffi : {cf,t~ 
f-+ § : IJ7G~fFWftd~ijUl~ 

3. 	 ~m~ - +~~R·~~~~a~k~~~OO * · ~&~- ~~AA*~~~~ ~. t · 
tl:. ~ fk. a1 ~ .tt(Nusselt number)~ 2 0 1r.H1JsRft:R iiJ - A Mt.t~~!!J Jt~~1t TR • ~ FfU!!t.if,t 

• ~ ~~It~ To • !!J *~ iiJ ~ 1t ~1it ~ 141~ tt~ h 0 15%)( 

4. 	 ~i\ @] ;g:. T 9'J Mit!: 
(a) 	i!J"~;f£ A ~~bJ ff'*t: 0 (3%) 

(b) .t1!-ff'J Navier-Stokes ~ ;f£ A ~ ±. -t-1rl "t1 (4%)0 

0(c) 	i'-f~ a(Reynolds number)Jt ~ r)' &.AbJ J£ '* t: (4%) 

(d) 	.~tt(Biot number)~Jt~1-A&..~bJ l£'* t: (4%) 0 

5. 	 Wf¥&.J+ &:ttK~~ r;t'Za!J01-A~ft.1;--· .t- {l* 1t ~ 1.5 atm &.. 110°F ' ~~ ~h! ~ *H· Jt1t 

(Raoultslaw) · ~~tt J}i~%~.&.. ~ft~!&fif .z. ~Jl. !& 0 (llOoF T ' ¥.z.i~ ;fO % ~~ ~2 12 

mmHg : ~&:tt.z.ie!.;fo % ~~~ 1273 mmHg ; 1 atm = 760 mmHg) (20%) 

6. 	 ~. A if,U!t it!l - 100 ~t~&'J.t ~ . 1-A 2A~A2 .i1!1t1t.~&. J.t 0 1rlt1~ t~ :R iiJ1f.{f. - ~t~ ~Jt 

(4 Ii~ 8) . !& -f)i A 1ft f.i. :tEl t .~!t W ~ Jt ~1ttR-~ -k~;fZ iiJ • rfiJ .i1! i t 1b$ &. J.t . tl:. ~ Jt <if it~ 
-+ iiJ (~o T !il -=- PIT;f- ) . !&fif A r)' 2 ~ Jf{t ..iE Z ~ faJ~* . rfiJ !&fif A2 1-A 1 ~ Jftt 1! Z 1) 

foJ .jiJ,* %- ~ft A ~~il-k~*dO &.J.~).f1 .i! ( !!p ~1It A .z. ~!1i ~ -+ ~:f ) . ~k41! ¥? f.i. ft A ~ UJ.0 

Jt. dO .z.~ Jf~t '~ ~f.i..~*~.·MJt 4 ti · ~.A.z.MM~dO !&~~!&~~* 
;f- (20%) 0 

XAo z= o ~----------------------w---------
A 



~m: 1t*f~ 
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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,l) 


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 F Ao = 5 mol/min and CAo = 0.5 mol/dm3 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 I and 2 follow elementary rate law. (a) Write the net 

formation rates of species A, B, C, and 0 in terms of concentration and reaction 

constant k lA and k2D. (b) IfC is the desired product and 0 is the byproduct, write the 

instantaneous selectivity. 

k lA 
Reaction 1: A+3B --+ 4C 

Reaction 2: 2A+C ~ 20 



~Pfi: {cM~ 

f-f. § : {cI~j]~ 

1. (15%) 
lAir at 1 bar and 25°C (molar volume 0.02479 m3 mor ) 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 

PYIT 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 reversi ble, 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 ofa Rankine cycle operating these conditions, assuming a heat input of 

3200 kJ kg' l 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'l ; S = 6.6858 kJ kg' l K,l. 

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

saturated liquid H = 191.8 kJ kg' l; S = 0.6493 kJ kg'l K'l . 
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4 	 ( 15u/'J) 

I-mole ideal gas (C' p == 29 l lmol K) is cooled down from 300 K and 0.1 MPa to 250 

K and 5 MPa. Calculate the entropy change of the gas L\S. 

5. 	 (15%) 

A gas obeys the equation of state. 

(p 	+~ Iy =R" 
y 2 1--·l - ) 

The critical point (1( _ Pc, y ( ; for the gas is assumed to be determined by the 

following requirement: 

~P 	, 
~-	 I = 0 r, DY 

. _ 
I 

1 , \ _ / 

Determine the parameter a and compressibility factor at the critical point Ze. 

6. 	 (20%) 

An ideal gas (Cv = 21 l lmol K) at 5 MPa and .100 K is filled adiabatically into " 

tank. If the t~nk initially contains gas ~ ll 0. 1 MPa and 300 K, what will be the 

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



~FJT : {GtJ~ 
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1. tk.#~ 71JT 71J7t;t.z... 'It ~ Jt.k+ lIlA Jf (5 %)0 

Br, N, 0, H, C, F 

2. tk~ JiIJ.:tij ill T 71JfI-J ~-r- .¥.t{~k.;I m-aromatic' antiaromatic~nonaromatic (18 %) 0 

(a) 	 (b) 1 /H (e)o 	 C} 
(d) 	 (e) (f) 

N 
~

N
e 

\ 	 / 

e ;(d) ~N~ 
Cl I 

H 

4. 	 't ~ ira i'-' m- cis-2-butene Bi- ' tk1tdJi cyclic bromonium ion 1: ill-1-- &'fi.!,#!t "*'l1E, 
... ill -1-- :±. -t-.i. 4bJ (10 %) 0 

5. tkt: ill 4-fluoromethyl-2-nitroanisole fl-J1t.*.*-t {~ (5 %)0 

6. 	 1f -1t. %4bJ(CsHlO)fI-J it..tt tf 1f ~100 :£ -t-~~t* ' 1iJ~ ~t.k.5:2:3 ' 1t. *1n.*~() 

1H. %- Ji IJ k. : (1) 7.2 ppm (lf1*) , (2) 2.6 ppm (1m -.t *) , (3) 1.2 ppm (~ -.t.It) , 
t~ M~100 ~~t*?1T1t fi.!, fI-J &. fIl ~k.1tJi(6 %) ? tk" ill Jt1t.%4bJ fI-J .¥.t{~ 0 (3 %) 

7. t~t5i.ill T 7IJ ~+i!! tf .z...~.¥.t{~k. enantiomers ' 1!k.;j{1 M1t.%4bJ? 

(a) 5% 	 (b) 5% 

F 
H.';"CIand alld 

t 
I ! 

CI CH3 
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~PJT : 1btJ~ 
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8. T ~&.t'~~~A~?~*~~~-a~~' ••*~~~~~~ill 
product)~.tL~Ah(minor product) 1F.tij-;f~ * ~~~hj~:J.~ £b1ar~&.;#H.(SNl (0 

SN2 ' El l!:R: E2)1f5 A 0 

(a) 5% (b) 5% 

9. r~'l~~ alkenes ~ HBr &1t ' tij-*Jf-#~~'l&1tlt~~ '~Akg~- 100?J!t,tik~ 

- 1OO? (5%) 

10. ffUM T ~'l &1t lfJ A ~h 0 

(a) 5% (b) 5% 

(1) Hg(OAC), . H,O,fTHF (1) BH/ THF 

(2) NaSH., NaOH (2) H;,O;>, NaOH 

(c) 5% (d) 5% 

HI 
-----4 

cone. 

(e) 5% 

(1) PCCXi""OH (2) /"-......../ MgBr 


(3) H,o+ 


