i*&k‘%—i%+ﬂ%$ﬁﬁﬁi@&lﬁa‘§i%€ﬁﬂé
#B : AARLE (B4 TLn]

#$ AE /R

Part I Choose the best answer and one answer only. (35 x 2% = 70%)

- 1. The arrow in the structure points to a bond that is formed by
CH,

§ b. overlap of H-s orbital and C-s orbital
CH,=C—H

a. overlap of H-s orbital and C-sp? orbital

c. overlap of C-s orbital and H-sp?® orbital d. overlap of H-s orbital and C-sp’ orbital

2. The reaction CH, + Cl, — CH,Cl # HCl is an example of

a. neutralization b. isomerization c. radical reaction d. ionic reaction . SN; reaction.

3. How many isoprene unit does grandisol has

3
0:3 a. one b. two ¢ three d. four e. five
H g‘\z
4. Which compound is not optically active
COOCNB o l?) ('H y ODH

H——H __T 3 ¢ CooH CPH
H——H Ho—1—H S — Wo—T—H n——H
H——H Ho—1—H U—1—H Ho—p—H H—1
ey H——oH R4  Ho——H = H——od

I:-OO(.H3 LOOH CooH ooH comj

5. The product for the ester formation between MeQ™H and CH,COOH is best illustrated by
Olﬂ OIH
; il 15 ié p i 18
a. CH,OCCH, + H,0 b. CH,0CCH, + H,0 ¢. CH,0CCH, + H,0

0O
1l . ]
d. CH,0"CCH, + H,0 e CH30”’(ECH3 +H,0"
6. Which is the bést method for preparing the ether (CH,),COCH,
a.CH;Br + (CH;,COK"  b.(CH;);COH + CH;MgBr ¢.(CH,),CMgBr + CH,0H d.CH,OK" + (CH,),CBr

7. One of the following compounds will show a doublet as part of its "H NMR spectrum. Which one?
a. CH, b. CICH(CH,), ¢. CH,CH,CH, d. Hz(\i—z H,
C

8. Which reaction below will give a different product for the reaction of trans —3-hexene and cis-3-hexene

a. hydrogenation b. ozonolysis ¢. Br, addition d. none of the abgve

9. Which diagram below illustrate the HOMO and LOMO interaction of butadiene and ethylene respectively
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10 The species that is not aromatic according to Huckel rule is

. R
TJ& b c\/

11. What is the [UPAC name of the compound shown

I—I3C\ COOH a. (E)-3-methyl-2-hexane acid b. (E)-3-propyl-2-butenoic acid
/C N ¢. {E)-3-methyl-2-hexenoic acid d. (Z)-3-methyl-2-hexenoic acid
CH,CH, H, H
12. Which compound below is most unstable O

A b, &] . {(;\ d. ﬁ " e. éo.

13 Identify the best conditions for the following transformation

i
CH,CH,CNH, ——~————% CH,CH,NH, +CO,

b. excess CH,I, K,CO, c¢. Br,, NaOH, I,0 d. LiAlH, e. NH,NH,, NaOH

a. 1,/ Pd/C

14. Which of the following correctly lists the conformation of cyclohexane in order of increasing energy
b. chair<twist<boat<half-chair  c. half chair = hoat <twist<chair

e. half-chair<chair<boat<twist

a. chair<boat<twist<half-chair

d. chair<twist<half-chair<boat

15. Which of the following reagent should be used to convert 3-hexyne ta (E)-3-hexene

a. NH,(l}, Na b.H,/Pd/C c. Hy/Pd/BaSO,/quinoline d. HegSO,/ H,0O e H/Ni/C

!

16. If the reaction below was SN, the organic product would be

P\k Ph

—-—-—) HO——J;TH‘ Ho

E.*_;rl'lc..,___ Bf’
Hy¢

a. Tonly b.land II c ]

I

II and III d. 11 only e. IIl only

! s CHy =

PR

i

17. Which of the fo!]owmg mechanism ts correct for the dehydrobromination reaction by hydroxide i ion

g

H H Pn

a. -—é-—d('?r b. _: fi c. _‘E_df:_ d ___é Le—
o i o~ )

wo PH (1 n nole [0
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" -18. The reaction below yield a product (CyH,,) which contain no cyclopentane ring. What is the product?

CHP a, cyclooctene  b. 1,2-dimethylcyclohexene s l-actyne
( } :sr_u ~C3 d. 3,3-dimethylcyclohexene . e.1,2,3,4-tetramethylcyclobutene
b |
19. The Fisher projection is a representation for (25, 38)-2,3-dichloropentane. The identity of 1, 2, 3, 4 is
@_G__H a1=CL2=Et3=CL4=Me b 1=Et2=Cl,3=Cl,4=Me
G——H c.1=CL2=Et3=Me,4=Cl d.1=Cl2=Me, 3=Cl, 4=Et
®

20. An alkene C,,H,, vield a mixture of 2-pentenone and 3-pentenone when treated with ozone (O,) followed
by Me,S. The alkene C, H,, 18 '
a. 1l-methyl-2-propylcyclopentene b. 1,2-dimethyleyclopentene c. 3-pentene
d. 3-ethyl-4-methyl-3-heptene - e, (E)-3,4-dimethyl-3-hexene

21. Which of these alcohols will reactive with Lucas reagent {conc. HCV ZnCl,)?
a. l-propanol b. ethanol ¢. phenol d. methanol e. benzy| alcohol

22. Which reagent is can convert cyclobutanone to cyclopentanone
a. CH,N, b. CO/ Pd ¢. CH;MgBr d. CH,Br e. HCHO

23. How many hydrogen atoms are present in bicycle[2.2.2]Jocta-2,3,7-triene?
a.6 b. 8 c 10 .odo12 e 14

24. Which compound has the most acidic hydrogen atom in the molecule?

a. cyclobutane h. cyclobutene ¢. cyclopentadiene d. cyclopropene e. benzene

25. Predict the major product for the reaction below

Syl S A -
1 T I}

ey Ky
al b.11 ¢. 111 d. Tand II e. ], T and III,
' NBs
26. What would be the major for the foliowing reaction @}CHJCH 2t m ? '

L& ot @ P D,

glmzmj C”?-u'b 0’13 R {Cﬂi('-H 2 c.hz dH,S
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27 Which reaction below would yield propanal
/‘41'@"4 B§r
pcc 1-BH3

. CH CH:LC/HJ,DH ks,

d. C o =
Mg i = Oy 2~H2,Oa~/NqDH

28. Acetone may be momobromination using which reagent below

a, Br,/ NaOH b. Br,/ CCl,

¢. Br,/ CH,COOH

d. HBr/ CH,;COOH e. HBr

29 Which of the following compound is expected to show intense IR absorption at 1689cm’

m\:ﬁ”hég S G N

CHz CHO

5

30. Which of the following reagent will give phenylacetaldehyde (PhCH,CHO) from benzaldehyde (PhCHO)

ai. PPh,=CHOCH,, ii. H'/ H;,0
d. HCHO/ H e. CO/Md

31. What is the major product for the following reaction

a. CH,CH,CILOH + CH,CH,COOH
d. CH;CH,CH-C-CHCH,

HO O

372. What is the major product for the reaction

3

[PB]
L

0CH3 U'lg
a. -L_. }

34 The major product for this reaction would be (‘Bj\
r—

M2 o
v 3
oy O

9
M2 ooz MR
\\\(/H-3

b.i. CH,I, ii. H/ H,0

b. CH,CH,-CH- CH,CHO
OH 0

Lﬂl e
a p{e)
. Edu;[\ (Hy b G:LCHJ (HB/I\/\

¢. .CH;MgBr, ii. PCC

O
a0
2 X CHjGH;‘ -H -—i-—-—}i? Q

¢. CH,CH,CH,0-C-CH.CH,

e. CH,CH.CH-CHCHO
HO CH,

9\/\/‘%(’H3 Eﬂ%ﬂ

“Which is the correct product for the Birch reduction of methoxybenzene (CH,0CH;})
P CHs

. 23 -




SEd L KB AL S AR R A A

35 Which compound below will undergo nitration most rapidly using HNO,/ H,80,

a. aniline b. benzene ¢. benzoic acid d. toluene e benzaldehydé

Part 11. Answer the following questions below
1. Give the expected product(s) for the E, elimination for each reaction and explain your answer. (2 x 3%)

cH3
(2) @ H _NaOCH, one product
~cTT Br
Gl T
(b) K—HD H —NaOCH; two products
— 3 ~
H " C’HJ

Br H
2. Give a mechanism for the following reaction below (3 x 3%)
CH3 + CHg
eHa oH H
a. (H;I I R ! My

/\I/EJ o _—%H‘{.
b. HOOC C/OOH '—HLO,-—-&JJ_ O’/@ho
P« Nt | ‘
Ma G N coome,
c.
S S
3. How would you accomplished the following tranformation below,showing all the steps and reagents (6%)

CH 3

S S A
— b (L ens

4. Complete the following reaction, showing stercochemistry.(3 x 3%}

H 'i;w Naome
a. o —
wf o B
CHs, \H Ph !

H

~0CH3
- —_—
’ ulso-\‘ / \S + cHo

c. O KFMHY  NHy”
[: 5 5 4wo producks
1 T > °
-— QC

TEEN el bd FTEGHTITTIAN T
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Inorganic Chemistry

(1) (12%) For the molecule PCls;:

(a) Determine the possible type(s) of hybrid orbitals that can be used by P in forming o bonds to
the five Cl atoms. '

(b) What type(s) of hybrids can be used in bonding to the axial chlorines? to the equatorial
chlorines?

{c) Nlustrate the energy splitting of the five d orbitals in PCls.

{d} Considering your answer to part b, explain the experimental observation that the axial P-Cl
bonds {219 pm) are longer than the equatorial bonds (204 pm).

(2)_ (25%) The CO stretching frequencies for V(CO)g-, Cr(CO)g, and Mn(CO)gT are 1859, 1981,
“and 2101 cm-l, respectively. Draw the MO diagram of CO molecule and illustrate the
formation of metal-CO bonding.

(D (14%) If boﬁding between Si and the lone pairs of N is important, what difference in
structure between N(SiH3)3 and N(CH3)3 do you expect? Which one is a stronger base?

(4) (12%) Heating [{C5H35)Fe(CO)31+ with NaH in solution gives A, which has empirical
formula C7HgO2Fe. A reacts rapidly at room temperature to eliminate a colorless gas B,
forming a purple-brown solid C having empirical formula C7H507Fe, Treatment of C with
iodine generates a brown solid D of empirical formula C7H507Fel, which on.treatm,ent with
TIC5H35 gives a solid E of formula C12H10O2Fe. E, on heating, gives off a colortess gas,
leaving an crange solid F of formula C1gH10Fe. l':’ropose structural formulas for A through
F. ' :

(5) (12%) Explain and predict the molecular geometry including expected distortions:

() [IC14]" (b) [TeFs5)”  (c) SOF4 (d) XeF4 (e)INO2]-  (f) [NO2T+

(6) (25%) Sample of Fe(CO)5 has IR spectra consistent with a TBP structure with distinct axial
and equatorial CO groups. However, when studied by 13C NMR a single resonance line is
observed, indicating that the five CO groups are identical. Why?
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1. (50 %)

Briefly describe one experiment for each of the following
catagories. To each experiment, (1) f£first state the purpose and
the principle of the experiment, including the equations involved,
(2) then draw a diagram of.the experimental apparatus, {3) then
draw a diagram of the experimental data collected, and 4} finish
by describing how the physical property can be deducéd from the
data. '

(a) Solutions or phase equilibria

(b) Chemical kinetics '

{c) Spectra and molecular structure

2. (50 %)

SATESR-FREVERE - aNRRE - RITET-HRE - RIEHEERDE ST -

Draw diagrams for ten of the followings. Tc each figure, label the

axes, the areas, the points, the lines, etc., when appropriate.

(a) Blackbody radiation at three temperatures

(b) Speed distribution function at three temperatures

(c) Kinetic energy distribution function for three different
gases at 300K

(d) An Arrhenius plot

(e} A portion of a pure rotational spectrum

(f) Schematic diagram of a crossed-molecular-beam apparatus

(g} Contour map of the H + H; potential-energy-surface

{h) Normal vibrational modes of H,0 )

(i) Radial distribution functions for 1s and 2s H-atom orbitals

{j) Wave functions for the lowest three particle-in-a-box states

(k) 1Isotherms of H.,0 at three temperatures

(1) Pressure-versus-composition liquid-vapor phase diagram for an
ideal solution at fixed T

(m) Temperature-versus-compesition ligquid-vapor phase diagram for
an ideal solution at fixed pressure

{n} Triangular coordinate system used in ternary phase diagrams
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Analytical Chemistry

1. A student obtained the following percentages of manganese in a steel:
1.01, 0.95, 0.99, 1.05, 1.06, 0.%4, 0.85 and 1.05. '
{a) At the 95% confidence level, could any of the results be discarded?
(b} Calculate the mean.

(c) Calculate the standard deviation.

(d) Calculate the 95% confidence limits of the mean. -

Please show your calculation. (10%)

2. Describe the preparation of 100 mL of 1.00 M HNO; from a concentrated
solution that has a specific gravity of 1.42 and is 70.5% (w/w) HNO;
(63.0 g/mol). (8%)

3. How many grams of ammonium chloride and how many milliliters of 3.00
M NaOH should be added to 200 mL of water and diluted to 500 mL to
prepare a buffer of pH 9.50 with a salt (NH4Cl) concentration of 0.100
M? Ky = 1.75 x 10-5, (8%) '

4. Calculate the theoretical potential for the following cells.

Indicate whether the cell, as written, is galvanic or electrolytic.
o Pd/Pd2+ (0.0300 M)//Ag* (0.120 M} /Ag

Epg?* = 0.987 V, Eps+ = 0.799 V. (10%)

5. The chelate CuBy?- exhibits maximum absorption at 480 nm. When the
chelating reagent is present at least a tenfold excess, the absorbance
is dependent only upon the analytical concentration of Cu(II) and
conforms to Beer's law over a wide range. A solution in which the
analytical concentration of Cu2?* is 2.30 x 10-4 M and that for A2- is 8.60
x 103 M has an absorbance of 0.690 when measured in a 1.00-cm cell at
480 nm. A soclution in which the analytical concentrations of Cu2+ and
A?- are 2.30 x 104 M and 5.00 x 10-4 M, respectively, has an absorbance

~of 0.580 when measured under the same conditions. Use this information

to calculate the formation constant K¢ for the process
Cu2+ + 2A2- ZF  (Culjy?- (10%)

6. (a) Why is atomic emission more sensitive to flame instability than
atomic absorption or fluorescence? '

(b} Why are ionization interferences less severe in ICP than in flame
emission spectrometry? (10%)

7. Explain the difference between a fluorescence emission spectrum and a
 fluorescence excitation spectrum. Which more closely resembles an
absorption spectrum? Explain. (8%)

8. (a) What are the advantages of a Fourier transform infrared
spectrometer compared with a dispersive instrument?

(b) Many UV-Vis spectrophotometers are single-beam instruments, but it
is generally not practical to have single-beam infrared
spectrophotometers. Explain why. (12%)

9. Define (a) plate height (b) selectivity factor (c) longitudinal
diffusion (d) gradient elution in liquid chromatography. (16%)

10. what is the principle of separation by capillary zone
electrophoresis? (8%)
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Critical Values for the Rejection Quotient Q*

chil

Number of , _ :
Obhservations 90% Confidence 95% Confidence 99% Confidence

3 0.941 0.970 T0.9%4

4 0.765 0.829 - 0.926

5 0.642 0.710 0.821

6 0.560 (.625 0.740

7 0.507 {0568 (.680

8 0.408 0.526 0.634

9 0.437 . 0.493 0.598

i0

0.412 0.460 0.568

*Reproduced from D. B. Rorabacher, Anal. Chem., 1991, 63, 139. By courlesy of the American
Chemical Society.

~ Values of  for Various Levels of Probability

Factor for Confidence Interval

Degrees of

Freedom 80:% 90% . 95% 99% 99.9%
i 3.08 6.31 12.7 63.7 637
2 £.89 2.92 4.30 9.92 31.6
3 1.64 2.35 3.18 5.84 i2.9
4 1.53 2.13 2.78 460 - 8.60
5 1.48 2.02 2.57 4.03 6.86
6 [.44 1.94 245 3.71 5.96
7 [.42 1.90 2.36 3.50 5.40
8 .40 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 317 4.59
11 1.36 1.80 2.20 301 4.44
i2 1.36 1.78 2.18 3.06 432
13 £.35 1.77 2.16 3.01 422
14 1.34 1.76 214 2.98 4.14

o 1.29 1.64 196 2.58 3.29






