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1. E4Z 8 (B:E, Bach 2%, Total: 30%)
1) ¢ ) Which compound does not give two isomers when reacted with Cl/CCle?

a) b) c) d)
2) () Which of the diaxial compounds has the highest energy (unstable)?

a) CHs b) H;C C) d) CI H_s
CHs CHs C|3H3

CHg CHs

3) () What is the role of diethyl ether in the following reaction?
@O
CH3CH20CH2CH3 + BF3 e (CH3CH2)2O BF 3

a) Lewis acid, b) Lewis base, ¢) Brensted acid, d) Brensted base

4) () Which molecules contain both covalent and ionic bonds?
(I) CHsOH, (II) Na2CO:s, (IIT) NH«Cl, (IV) NaCl
a)LI; b)ILIV; oL ILIV; d) I, III

5) () Which of the statements below correctly describes an achiral molecules? a) The
molecule has a non-superimposable mirror image. b) Ihe molecule exhibits optical activity
when it interacts with plane-polarized light. ¢) The molecule has an enantiomer. d) The
molecule might be a meso form. e) none of the above.

6) ( ) When an organic molecule is irradiated with ultraviolet radiation, the energy absorbs
by the molecule corresponds to a) the amounts of energy to increase molecular motions in
functional groups, b) the amounts of energy to excite electrons from one molecular orbital to
another, c) the amounts of energy to  “flip”  the spin of atomic nuclei, d) the amounts of
energy to strip a molecule of one electron to generate one radical cation.

17) () Which of the following compounds would show the longest wavelength in its UV spectrum?‘

(2) N (b) © (@
O g 0o
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8) () Which of the following additions to alkene occur(s) specifically in a syn fashion?
a) dihydoxylation using OsOs, b) addition of Ho. ¢) addition of HCI, d) both a and b, €)
none of the above.

9) () Choose the correct hybridization for the atom indicated in the molecule below:

HaC
\C= =C\\\‘“
Hoe f ~H
a) sp, b) sp’, ) sp’, d) none of the above.

10) ( ) Treatment of cyclopentene with m-chloroperoxybenzoic acid (MCPBA): ) results
in oxidative cleavage of the ring to produce an acyclic compound. b) yields a meso
epoxide. ¢) yields an equimolar mixture of enantiomeric epoxides. d) none of the above.

11) ( ) How many m-orbital electrons are in the following molecule? a) 4; b) 6; ¢) 8; d)

10.
/ S
H
12) () A meso compound is a) an achiral molecule that contains chirality centers. b)

contains a plane of symmetry or a center of symmetry. c) is optically inactive. d) is
characterized by all of above.

13) () Which statements apply to an Syl reaction? &) L, IT; b) IIL, IV; ) LIV, ) IIL, L
(see the statements I, IT, IIT and IV shown below)

1) The rate limiting step of the reaction involves the alkyl halide and the nucleophile; II)
The order of reactivity is methyl > 1°>2°>3"; III) The rate limiting step of the reaction
involves the alkyl halide; IV) There is an intermediate carbocation.

14) () How many isomers, including stereoisomers, can be formed from the‘
hydroxylation of 4-methylcyclohexene using osmium tetroxide (OsO4)? a) 2; b) 4; ¢) 6; d)
8. .

15) () Which of the following additions to alkene occur(s) specifically in a anti fashion?
2) addition of Brz, b) Addition of Hz, ¢) Addition of HzO in dilute solution, d) Both a and b,
e) none of the above.
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2. (Bach 3%, Total: 12 %) Predict the products of the following reactions. Also, indicate
regioselectivity (syn or anti-addition) where relevant. (Suppose that the aromatic ring is
inert to all the indicated reagents.)

- H,/Pd
T (b) Bl’z o
3%
C\C _H 3 %)
H (c) HBr o
(3 %)
(d) KMI]O4
NaOH, H,0

(G %)

3. (Total: 18 %) As one of the most frequently-used reagents in organic chemistry,
Grignard reagents are commonly prepared from the reaction of alkyl halides with
magnesium metal. Reaction scheme shown below also follows the same way by reacting
alkyl bromide A with magnesium metal to generate the desired Grignard reagent B. The
reagent B was then served as nucleophile to attack acetone to yield the final product C:

i
o)
HgCH CH.CHBr —% l L. HyC~C-CHy (i? | (l)H
—_—
2LHRCHoBr HCCH,CH,CH,MgBr » HCCH,CH,CH,—C—CHs
A 5 2. H,0 . C])H3

1) However, product C actually can 1ot be obtained from the above reaction pathway. What
15 the problem in the above reaction pathway? (6 %)
2) Write alternative reaction pathway for the successful preparation of compound C. (12 %)

4. (Each 8%, Total 40%) Write the mechanistic steps for the following reactions:
1y

0 .
1. LiAlH,
O n HO\/\/\OH

2. H0




#E FEICR [(MAiBEEHETE]

A3k 1 4102
#£4 8 %4E8

2)

9 G
{ Non e moton, 2% o Nl o
CH;
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R CH;CO,H
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PWJ\O o OH O O
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5)
i
H
Ph \ ,CCHs

I :
>C=0 + PhF=—CHCCH; —> C:C\ + PhyP=0
H Ph ~ H
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1. Find the solution for-the following differential equation:
; 1 3 5 7
L =O, 0 =—, ) =-= "o ==, ) = —— 10%
yray=0, y(O)==, y(0)=-7 y'O=2, y(O0)=-7 - (10%)

2. Find the general solution for the following differential equation:
r=ly2 gty 2
y=syit oy - (10%)
3. Given the 2"%-order differential equation: y"'+p(x)y'+q(x)y =r(x) Assume y,(x) and

y,(x) are the homogeneous solutions, prove that the particular solution

y,@=-] o+ - (15%)
MY, yZyl WY, _sz’|

4. Find a general solution in terms of J, and ¥, for y"+k*x*y =0,(y =u/x, %kxz =7z).

Indicate whether you could also use J., instead of Y. (10%)

5. Find solution by using Laplace transform method

Yiry =2t y(%ﬁ)%,[,y'(%”):z_ﬁ (15%)

6. (a) Find the Fourier coefficients and its corresponding Fourier series of the periodic
0 if-r<x<0

function A{x). The formulais f(x) = { , . and f(x+27) = f(x)
x° if0<x<7x

n-l
(b) Find the value of Z( sVA (20%, each 10%)

7. Solve the following PDE:
5u 2 azu
C —_—
ot ox’ :
u(x,0) = Ay, w(0;1) =0, u(e0,) = 4, - (20%)

where (L[erfc(fﬁn = e_j; ]




Bl A2 101 L4 EREBHEE LI A LKA

8%k @ 4101

+B  REMH CRE % s
FElectrostatic Fields ,
1. A cloud of charge is distributed with density p = p,(r/a), where p,is a constant, over a

3.

sphere volume of radius a. Iy
(a) Find the electric field intensity and the potential distribution in the region of r < a:
(10%)

. (b) Determine the electric energy store in the system. | (10%)

A cylindrical capacitor shown in Fig. 1 consists of an inner conductor of a radius a and an
outer conductor whose inner radius is b. The region between the conductors is filled with
a dielectric of non-uniform permittivity & =¢,b/7 . Assume the inner conductor is

maintained at a potential Vo and the outer conductor is grounded. Answer the following

questions: , _
(a) Determine the potential distribution between the conductors. (10%)
(b) Find the expression for the capacitance of the cylindrical capacitor. (10%)

‘Draw the systems of image charges that will replace the conducting boundaries that are
maintained at zero potential for an infinite line charge p, located midway between two

large, intersecting conducting planes forming 45-degree angle. (10%)

S S e
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Photo detectors

4. A PN photodiode consists of a p-doped and n-doped layer. When the reverse bias current|
is applied, the depletion layer widens, and the potential barrier becomes even higher than
in the open-circuit case. Any incident photon that has energy larger than the bandgap may
give up this energy by exciting an orbit electron from the valance band into the
conduction band. Thus, in a photodiode, a photon of energy Av is absorbed, creating an
electron-hole pair. The electrons will flow out of the photodiode and into the external
_electrical circuit to produce a useful electric signal. It has been shown that the produced
current i for a given light power P;, is given by

= " P,

where i is the electric current, 7 is the quantum efficiency, % is the Plank constant (4 =
6.626x107* J-sec.), v is the frequency of the light, and e denotes the elementary charge,
i.e., e =1.6x10"°C. The unit of i is Amp, while that of P;, is Watt.
Now a Silicon photodiode connected with a battery V and a load resistor R is designed to
generate an electric current of 33.64A, as shown in Fig. 2. The bandgap of Silicon is
1.12eV. Assume that Vs = 3.0 Volt, R = 500Q, and 7= 0.5. Please answer the following
questions:
(a) The longest wavelength of the 1nc1dent photon which can be absorbed by the

photodiode is identified as the cutoff wavelength. What is cutoff wavelength of the

incident photon? (20%)
(b) What is the required light power Py, for the case of question (a)? ‘ (30%)
mmmh VAVAYA Vo
R
Incident
= Light

Ry
!
=

Fig. 2.
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{1’y Derive Fick’s second law for diffusion. For each step of your derivation. you must .

explain the meaning of your equation, otherwise, vou will not be able to gain any

score! | : 8 pointéé:
(2} An important property of a material is its strength. Explain what is the strength-of
a material? & points
{3} What is the importance of phase diagrams in materials science? g points
{4y Why the properties of a material in single crystal form are very much different
from the properties of the material in polycrystal form? 8 pomts
{5} What are the factors that may cause the formation of grain boundary
precipitation-free zone in a precipitation-hardened alloy? 8 points
{6} Give a schematic drawing that has 3m symmetry. 8 points

(7) Describe the detailed speciimen preparation procedure for metallic materials to be
examined under an optical microscope. 8 points

(8) Inn & stain
16[1 2 i_x] are found. What may be the slip lane of these partial dislocations?
Under what situation, these partial dislocations can cross-slip? If these partial

ess steel, partial dislocation pairs with Burgers vectors of 1/6[11 2]and

dislocations would be able to cross-slip. what would be the cross-slip plane?

8 points
(9} Explain the following terms:
{a) Misorientation of a grain boundary, - 4 points
{b} Dielectric material, 4 points
(c) Hall effect. 4 points
(d) Piezoelectric materials ' 4 points
| (e} Sott magnetic material. 4 points

(10) By studying the fracture surface of a material, we can obtain useful information
of this material. The photos shown below are taken from two different steels.
Discuss the fracture mode of these two steels. 8 points

v
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(11) The structure of an fee alloy was studied by X-ray diffractometer. After two

different heat treatment conditions, two different diffraction patterns were obtained, as
shown below. Discuss the effect of heat treatment on the structure of this alloy.
‘ 8 points

@ - o
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1. Show that, if S is regarded as a function of 7" and ¥ then
AS =nC, ln(—T—z) +nR ln(—I{z—) (10%)
T 4
2. Derive the Maxwell relation below (&S’j [ﬁj (10%)
ov oT ),

3. The osmotic pressure of solution of poly(vinyl chloride), PVC, in cyclohexane at 298 K
are given below. The pressure are expressed in terms of the highest of solution (mass
density = 0.98 g/em®) in balance with the osmotic pressure. Determine the molar mass of]
polymer by following data

c(gl™) 1.0 20 (10%)
h/cm 028 0.71 :

4. (a) Explain the term “surface tension” and give its definition
(b) In a capillary tube of radius r, you have a liquid density 4, and surface tension o. The

rise of liquid level is 4. Please derive the following equation 4= ;—U - (10%, each 5%)
&r

5. Suppose that in an industrial batch process a material A produces the desire material B

© (the rate constant is k,) which goes on to decay a worthless product C (the rate constant is
k), each step of reaction being first order.

(a) Derive the expression for the variations of [A], [B], and [C] with time. (10%)

(b) At what time does the concentration of B reach a maximum? (5%)

6. Show that the Dieterici equation P = RTb exp(— RIC’I ) is mathematically similar to

m m

<<1) (15%)

van der Waals equation at high temperature or low density (i.e. when

m

7. Helium is compressed isothermally and reversibly at 100 °C from a pressure of 2 to 10
bar. Calculate (a) heat, g, (b) work, w, (c) AG, (d) AH, and (e) AS per mole, assuming
Helium is an ideal gas. (15%, each 3%)

8. When 1 mole of water supercooled to -10 °C freezes isothermally, what are the entropy
change of the system and surroundings? Give the molar enthalpy of the melting of ice at 0
°C is 6025 J/mol, the molar heat capacities of ice and water are 37.3 and 75.3 J/mol K,

respectively. : (15%)
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1. Apressure cooker cooks a lot faster than an ordinary pan by maintaining a highei'
pressure and temperature inside. The lid of a pressure cooker is well sealed, and

steam can escape only through an opening in the middle of the lid. A separate

metal piece, the petcock, sits on top of this opening and prevents steam from
escaping until the pressure force overcomes the weight of the pe‘tcoék. The
periodic escape of the steam in this manner prevents any potentially dangerous
pressure buildup and keeps the pressure inside at a constant value. Determine the
mass of the petcock of a pressure cooker whose operation pressure is 100 kPa
gage and has an opening cross-sectional area of 4 mm®. Assume an atmospheric
pressure of 101 kPa. (15%)

2. The densities of solid and liquid bismuth are 9.673 and 10.0 g/ cm?® respectively at

the normal melting point 270 °C . The heat of fusion of bismuth is 11.02 kJ/mol.

Calculate the change in melting point of bismuth under a pressure of 100 atm.

Atomic weight of bismuth is 209 [ hint: 1 joule =9.87 cm® . atm] (20%)

The Fe and O phase diagram has three stoichiometric compounds, FeO, Fe;O4 and

FepOs. There is a composition X as 24 wt% O, 76 wt% Fe in the system Fe-O.

This composition X can equivalently be calculated as being in the following two

systems. (a) the system Fe-Fe30,4,(10%) and (b) the system FeO — Fe;04. (10%)

[Fe atomic weight: 56, O atomic weight: 32]

4. The initial state of one mole of a monatomic ideal gas is P=10 atm and T=300 K.

calculate the change in entropy of the gas for (a) an isothermal decrease in the

(93]

pressure to 5 atm; (6%)(b) a reversible adiabatic expansion to a pressure of 5
atm;(6%) (c) a constant-volume decrease in the pressure to 5 atm. (8%)

5. The molar excess Gibbs free energy of formation of a binary A-B solution is given
as G* = (a + bXp)XaXp; the constants a and b are simply parameters the value of
which can be adjusted in an attempt to fit the equation to experimentally measured
data. Derive expressions for the partial molar excess Gibbs free energies of the

components A and B. (25%)
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