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1) Physical properties of organic compounds are generally contrelled by their
chemical structures.  Boiling point is one of the important properties for organic

compounds.  The boiling points of a series of organic compounds are given

0 0
H3C‘< H3C_<
OH NH,

bp.  52°C 118°C 221°C

below:

0
H3C—<

OCHs

Suggest a plausible explanétion for the order of boiling point shown above. (20%)

2) Normal "H NMR resonance positian of & vinyl proton falls at around 3.3 &.
However, this value can be shifted dependent on the compound’s chemical
structure and varied significantly. A typical example can be given for the two

compounds below;

THa 0O
H N H
> < SCH, >:gKCH3
H H H H
A A

4.08 . 6.18
Suggest an explanation for such a large resonance difference for the above two

compounds. (20%)

3) There exist two conformational isomers for 2,2’-dibromobipheny! shown below:;
Br Br

L))

a) Draw these two conformations (10%)
b) What is the main reason for the formation of these two isomers? (10%)

4) Give the chemical structures of I, II, Hif and [V for the following reactions:
ROOR

a) HBr + CH;CH=CH | ( 5%) {ROOR referrs to alkyl peroxide)
no ROOR '
b) HBr + CH;CH=CH o || {5%)
c) 0
HB
Hzczg—-C/—-\Cm—H —“r——h-— M (5%)
H H

d) NH,

Cl,

N A" ( 5%)

NO,
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5) Suggest the mechanistic steps involved in the following reactions.

CHs
o}
NaNH
_Nainty o (5 %)
a) o
CHs
HO
H;0" (5 %)
b)
0 0
OH
0 CH
hu Ph L
©) Ph . (5 %)

o _
OH
| Base
d) H C(CHg); ————— HOH,C cHy, (5%)
& CHs
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i1 A small value for K, the equilibrium constani, indicates that  (A) the concentration of the un-ionized molecules must be

refatively small compared with the ion concentrations  (B) the concentration of the ionized molecules must be larger than
ihe ion concentrations  (C) the substance ionizes to a large degree (D) the concentration of the un-ionized molecules
must be relatively large compared with the ion concentrations.

2. The monomer used to form the polymer [—CHCHCl—}, is  (A) CH3CHCl (B) CH=CCl (C) CH,CHCl, (D)
CHCH + HCl {E) CH,=CHCI

3. At 37°C and 1.00 atm of pressure, nitrogen dissolves in the blood at a solubility of 6.0 x 10 M. If a diver breathes
compressed air where nitrogen gas constitutes 80% of the g g,as mixture, and the total pressure at IhlS depth is 3.0 atm, what
is the c.oncmtratlon of nitrogen in her blood? (A) 1.4 x 10"M (B) 1.4 x 10° M (O)1.0x10°M (DY6.0 x 107 M
() 6.0 x 107 M.

4. A fast reaction should have (A) a high activation energy (B) a catalyst present  (C) a large equilibrium constant (1)
alow activation energy  (E) an exothermic heat of reaction.

5. For the following reaction: heat + 2NOx(g) <« N2Os(g)
which change will not be effective in increasing the amount of NoO4(g)?  (A) decreasing the volume of the reaction
vessel (B) adding N; to increase the pressure  (C) increasing the temperature (D) adsorbing the N,O4{g) with a solid
adsorbant (E) adding more NO{g) to the reaction vessel.

6.  Which element has an electronic configuration that does NOT follow aufbau ordering? (A)Ag (ByMg (CyAl (D)
Fe (E)Ni.

7. Which of the following is LEAST effective on increasing the rate of a reaction?  (A) increasing the pressure by adding an
inert gas  (B) grinding a solid reactant into smal! particles  (C) increasing the temperature (D) eliminating reverse
reactions  (E) adding a catalyst,

8. Which of the following can change the value of AG® for a chemical reaction? (A) changes in the total pressure . (B)
changes in the pressure of the reactants  (C) changes in the concentrations of the reactants (D) changes in the
temperature in C°  (E) the presence of a catalyst.

9. The reaction between a compound containing one -NH; and a compound containing one —COOH functional group is best
described as (A} an esterification reaction  (B) an acid-base reaction  (C) a hydrogenation reaction (D} a hydrolysis
reaction (E) a combustion.

( 1 Which of the following types of electromagnetic radiation has the highest energy? (A) visible (B) ultraviolet (C)
microwave (D) infrared (E) X rays. .

It The valance electrons are  (A) all electrons in an atom beyond the preceding noble gas  (8) all outermost elecirons ina |
sublevel  (C) s and any p electrons in the highest energy level or shelt (D) electrons in the last unfilled sublevel (E)
any elecirons that can ionize,

12, A reaction has a very large equilibrium constant of 3.3 x 10"*, Which statement is NOT true about this reaction? (A) The
reaction is very fast. (B) The reaction is essentially complete.  (C) The reaction is spontaneous. (D) The equilibrium
constant witk change if the temperature is changed. (E) The products will react to vield very little reactant.

i3.- A chemical system in equilibrium will  (A) have the same concentrations of all products and reactants  (B) form more
products if the temperature is increased  (C) have a specific ratio of product to reactant concentrations (D) not have any
precipitates  (E) represent a spontaneous chewnical process.

14. Which of the following is most likely to be true? (A) No products are formed in a nonspontancous reaction. A
positive AG® indicates a spontaneous reaction.  (C) A positive AS® always means that the reaction is spontaneous. (D)
A spontaneous reaction always goes to completion.  (E) Combustion of organic compounds has a negative AH°.

15, Modern automobiles use a catalytic converter to (A} increase horsepower by burning more gasoline  (B) absorb
poliutants from the exhaust (C) complele the combustion of unburned gases (D) cool the exhaust gases () convert
pollutants inlo water.

16. At the beginning of a reaction, the reaction rate for the reactants is (A) largest, then decreasing  (B) largest and remains
constant  (C) smallest, then increasing (D) smallest and remains constant,

17. Which of the following explains the fact that, when KCl is dissotved, water condenses on the outside of the beaker? (A)
AH® Is positive, and AS® is negative.  (B) AFP° is positive, and AS® is positive.  (C) AH® is negative, and AS® is negative.
(D) AH® is negative, and AS® is positive.  (E) AFH® is 0.00, and AS° is negative.

18. A proteinis (#) a polysaccharide (B) a desoxyribonucieic acid (C) a polymer of amino acid (D) soluble because of
the —C=0 groups (E) a polyester.

19, Which of the following is TRUE? (A) The number of positive ions in solution equals the number of negative ions. B
The positive ions are called anions.  (C) The positive ions are called cathodes. (D) The total positive charge equals to
the total negative charge. (E) Nonc ot the abovu
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20.

25.
26,
27.

30.
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Given that the first, second, and third dmso‘ iatic., constants for H PO4 are 7 0 X 10'3 6.0 x 10‘E and 50x 10 ” ‘
respectively, ggluuiate K for the overall reaction.  (A)2.10x 10?2 (B)2.10x 10 2 (C)2.16 x 102 (M) 210 % 107 ,
(E)2.10 x 10, g,
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Describe how a liquid at point 1 can be converied to a gas al point 4 without the appearance of an interface between two
phases from Figure 1. Discuss the labels in this Figure. (6%)

Consider the spontaneous (irreversible) freezing of water below its [reezing point (see Figure 2). For the crystallization of
tiquid water at 0°C, AH = - 6004 ] mol™. The heat capacity of water may be taken to be 75.3 J K™ mol™, and that of ice

may be taken to be 36.8 J K™ mol” over this range. Calculate the total entropy change. (6%)
Mixtures of benzene and toluene obey Raoull’s law, as illusirated by Figure 3a. How to plot Figure 3b from 3a? Discuss
the meanings of Figure 3b. {6%)
One mole of an ideal gas expands from 5 to 1 bar at 298 K. Calculate the work (a) for a reversible expansion and (b) for
an expansion against a constant external pressure of 1 bar. (Gas constant 8.3145 J K! mol") (6%)
Deseribe the Joule-Thomson effect and the inversion temperature. {6%)
Give the schematic representations of vibrational motion for CO, and H.O molecules. {6%)
Give linear plots for the zero-, halt-, first-, and second-order reactions with [A]y = 1 mol ! each having a half-life of 1
min. (6%)
At what angles 8 will X rays of wavelengih 1.542 x 10" m be reflected by planes separated by 3.3 x 10 m? What is
an alterative interpretation of these reflections? (6%)

The number and mass fractions or probabilities of condensation polymer for extents of reaction of (.93, 0.96, 0.97, (.98,
and 0.99 are plotted in Figure 4. Why the mass fractions go through a maximum while the number fractions do not?

(6%)
Proton magnetic resonaice spectrum of neat ethanol is plotted in Figure 5. Discuss this spectrum. (6%)
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Elements in stress matrix Sij exist in a symmetrical condition, wherei,j=x, ¥ Z.

Please find Sxx + Syy + Szz = constant. (20%, hint: solving eigen values of this
mairix)

Show the Laplace of f(1) = ( s wt + wtcos wt 2w (20%)
Show the Fourier series of f{x) = sin wx + cos wx (20%)
Integrate from —oo  to  +oofor f(x) = sinx/x.  (20%)

A spring hung on the ceiling with a mass m attached to the free end. Show the
equation of the free end. (20%)
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1. (20%) For a plane stress state ¢ =0, if the strains £y and &) have been determined experimentally,

determine the expressions for &y, Ty, and T, interms of E, v, &x,and &,

2

(20%) A sieel rod of length L and uniform cross section of area A is attached to rigid suppbrts and is
unstressed at a temperature of 150C. The steel is assumed to be elastoplastic with E= 200 GPa and Oy

=250 MPa. Knowing that =117 x 10-6/9C, determine (a) the stress in the rod afier the temperature has

been raised to 1809C, (b) the residual stress after the temperature has returned to 15°C.
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3. (20%) For the staie of plane stress shown below, determine (a) the principal planes, (b) the prlincipal stresses,
(c) the maximum shearing stress.

.

60 MPa

40 MPa

90 MPa

4. (20%) A strain gage is atiached horizontally to the cylindrical surface of a pressure vessel of 600 mm cutside
diameter and 7.5 mm wal! thickness. Knowing that E=200 GPa and » =0.25 and that the strain gage reads

120 1z, determine () the three principal strains on the cylindrical surface of the vessel, (b) the principal
stresses in the wall, (c) the gage pressure inside the vessel.

Strain gage _ 600 mm

Y

| o—
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5. (20%) Using E=75 GPa, (i) if P=60kN, determine (a) the strain energy of the aluminum rod ABC, (b) the
corresponding strain-energy density in portions AB and BC of the rod. (ii) If ¢ y= 400 MPa, determine the
maximum load P without causing any permanent deformation in ABC.

Fixed

3m

B I Diameter: 24 mm ]

Diameter: 16 mm !
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Please note that (1) a calculator can be used for this test, and (2) partial credits will be given only
to incomplete answer relevant to the solution of the problem.

1. (Algebra) (15pts) Eightalphabets (D, E, M, N, O, R, 5, Y) are in the addition formula
below representing only eight of the ten numerical digits (0, 1, 2, 3,4, 5, 6,7,8,9. Please
find the numerical value for each of the eight alphabets.

SEND
+) M ORE

MONETY

2. (Matrix) (15pts.) A3 x 3 matiix B is given below. Please find the inverse matrix B’
which satisfies B B"' = BB = I, here I is the unitary matrix as shown.

o1 2 1 0 0
B=(2 11 and IF=|0 1 0O
311 0 01

3. (Gamma Function) (20 pts) Gamma function I'(n) can be defined as

I“(n)sn]‘e"’t""ldI:I-Z B3-4(n=-Dn-D=(n-1!
0 : '

=

Please show that I-fx‘df =(1/4)!

0

4. (Inreg;'al Egquation) (25 pts.) A simple RC circuit obeys the following integral equation.

1
RI +—|Idt=E((
= | ()

1f the electromotive force E (f) = E, sin wt, please solve the equation for current 7 {(1).

5. (Fourier Expansion) (25 pts.) Please show the Fourier series expansion of the output of a

0, —g<m =0

simple half-wave rectifier f(t) =
sin !, O<wisnrm
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1. The complete thermodynamic apparatus is capable of evaluating the behavior of the
most complex kind of system. These systems are capable of experiencing the full range
of influences that have been identified as possibly affecting its state. In order to

_ pinpoint the part of the apparatus that must be used to handle a given case, it is useful
to devise a classification of thermodynamic systems as the following categories:

I. Unary versus multicomponent
il. Homogeneous versus heterogeneous
1II. Closed versus open
I'V. Non-reacting versus reacling
V. Otherwise simple versus complex
Classify the following thermodynamic systems according to the above five categories.

- {a) A glass of ice water
{b) An yttna stabilized zirconia furnace tube
(e) A plastic coffee cup
(d} A eutectic alloy turbine blade rotating at 2000 rpm.

{Example: A solid bar of copper: pure solid copper is unary, homogeneous, closed,
non-reacting otherwise simple system)

If you find it necessary 1o qualify your answer by defining the systen1 more precisely,
state your assumptions. (20%%)

[}

. Consider an isolated systemn (no heat, matter or work may be exchanged with the
surroundings) considering of three internal compartments A, B and C, of equal
volumes. The compariments are separated by partitions; each partition has a valve,
which may be opened remotely. Initially the central volume B is filled with a gas at
298 K and the outer two are evacuated. Consider the following two processes:

(2} The valve to the A side is opened, the gas expands freely into the compariment A,
and the system comes to equiiibrium. Then the valve to the C side is opened, and
the system again comes to equilibrium.

(b} Both valves are opened simultaneously, the gas expands freely into both
compartments, and the system comes to its equilibrilim.

Explain which of these processes produces more entropy? (15%)

3. Calculate the partial pressure of monoatomic hydrogen in hydrogen gas a1 2000 K and
1 atm pressure. (20%)
1/2Hy(g) => H(g)
A, = 217990 §
N A8 = 4935 /K
Assume that the heat capacity of H(g) = 3/2 R and the heat capacity of H,(g) 1o be
31 W{mol K). [FFFUERLLT - 4RI 7]

4. Atoms of an element E are being adsorbed on the surface of a material M. Material M

has N adsorption sites available per square centimeter of surface. (20%)

(a) Derive an expression for the entropy of N;; atoms of the element E adsorbed on M
{per square centimeter of M), assuming that the adsorbing atoms have zero
interaction energy with one another. They do have interaction energy with the
surface M aioms,

{b) At what ratio of E atoms to adsorption sites (N/IN) will this entropy be a
maximum?

{c) Can the number of atoms adsorbed rise above this level? Explain why?

(BEFIHEBST - MULFHS - HUR  InNE=NIaN - N ]
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5. There is a high-temperature portion of the titanium-tungsten phase diagram. Answer

approximately, using the level rule: (25%)

(a) What atomic fraction of a 30% W alloy is solid o at 2300 C?

{b) What atomic fraction is o just above the peritectic temperature?

{(c) What atomic fraction is o just below the peritectic temperature 7 And what event
is responsible for the change? '

(d) What are the compositions of the phases which participate in the peripectic
reaction?

(e} How much o and how much liguid are consumed to form one mole of §§ by the
peritectic reaction?

2800
2600
2400 - /’ ' '
2200 /] /
/ L+a /

[g]
g g
[=] o
m—y

R

Degrees C

1600 / \

1400 d / o : \

1200 / : \

1060

Ti 10 20 30 40 50 60 70 80 90 W
Atomic E W ——
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Please note that (1) a calculator can be used for this test, (2) partial credits will be given only 10
incomplete answer relevant to the solution of the problem, and (3) the test has five problems.

L. (Linear Algebra) (15pts.) In Cartesian coordinate system, any point in space can be identified
using mutually orthogonal unit vectors £,  and 7. If this coordinate system undergoes a
rotational transformation to ¥, y' and # with

I

1 . n
L z,
BB
1

2

please find 3'.

2. (Imtegration) (15 pts.) Please evaluate I .”.‘ g Y dxdydz, here v is the volume

bounded by the two spheres  x” +y* +2z°=1 and 2+ 2 +22=4.
Y P X b

2
3. (Differential Equation) (20 pts.) Solve for y(x) from %_g’ -2 E;Z+ y=x"sin2x.
tlx ox

4. (Fourier Expansion) (25pts.) Please derive the Fourier series expansion for the output of a

0, —r < <0
simple half-wave rectifier f(f) - e

sin @r, Oz =snm
5. (Statistics) (25 pts.) Stidling’s formula of probability theory states that as integer » becomes
large, i.e. n>> 1, nl = 1-2.3--(n-1}-x can be approximated as

logn! = nlogn-n.

Please prove this Stirling’s formula.
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Try to write out the electron configurations for the elements Si (atomic number Z=14) and
Zn (Z2=30). {10 poims)

. Try to define the bonding and crystal structures for graphite, diamond, and Cgo carbon

Fullerence, including the type of s and p orbital bonding type. . (10 points)

Try to evaluate the angular momentum of (i} an electron (ele) around the nucleus in a
hydrogen atomn, and (ii) the earth (car) around the sun, both assuming a circular orbit
{giver that the mass ma=9.1x10>" kg and M. =5.9x10** kg; the mean distance
Aue3.3%x10°" m and deor1.5x10"" m; the angular velocity wq.=4. 1x10" s and
0e=2.0x107 §). What is the significance of the value you calculate for the angular
momentum of electron in hydrogen? What is the relationship between the value you

calculate with the Planck’s constant? (20 points)

The position of an electron is determined with an uncertainty of 0.1 A Try to find the
uncertainty in its momentym. If the electron energy is around 1 keV, estimate the
uncertainty in its energy. {10 points)

A small ball of 1 kg is tied to the end of a wire 1 m long, spinning in a vertical circle
about the other end with a constant angular velocity of 120 rad s, (i) Try to calculate the
kinetic energy. (i) If the total energy is fixed, what is the change in kinetic energy and
angular velocity when the ball is on the top and bottom of the circle (assume that the
value given for the angular velocity is for the top of the circle)? {20 points)

. What are the first and second laws of thermodynamics? Which of the following quantities

below depend on (i} the state of the system, and which on the ii) transformation;
témperature, pressure, heat, work, heat capacity, internal energy, entropy? (20 points)

Describe the origin of X-ray emission. What do we mean about a characteristic
Cu-K,, X-ray? ' (10 points)




