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1. Define each term and give an example. (20 pts.)
(a) Azide  (b) Crown ether () Heterocycfic compound

{(d) The endo rule of Diels-Alder reactions {e) Polygon rule

2. predict the major products (including stereochemistry) of the following reactions,

(45 pts.)
Q
(a) O<N(CH3)2 1) MCPBA (b) PhCCI —1—)—%%»
2) et , 2) LiAAlH,
1 N
{c) 1-bromopentane uﬂ_E—S—-— () ©/\/\COZH 1)S0CI,
2)LiAIH, 2)AICIS
CH; O
Br,, NaOH Na, NH;
(e) ' . 2 M @—(JH CHy ——2
PhCHzCHCHchHZ 2 3 FtOH
H
(@) WCOZH NafHs 0w D | —
N7 EtOH CHL0
CO,CH;,
O
CH30 @ 74 I CN
0 \© * 0 v —
/ CN
| CN
k) * [ 0 ©:> __KMnOy |
| CN hot, Cone.
{m) OH PBrg {n) OH SOClhL
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3. Explain why nitration of pyrrole occur only at the 2-position whereas nitration of
pyridine occur at the 3-position. (10 pts)

ﬂ HNO, D\ | XN HNO, | 2 NO2
H,SO NT NGO, T N Rarir-y-yae _
H 2 4 H N H2504 N
4. Give mechanisms for the following reactions. (10 pts.)
- 0 o 0 OH
o O - O
H,0
Br NH,
NH.,
NaiNH, +
{b) e
NH,, -33°C
CH, CHa CH;
(50%) - (50%)

5. Accomplish the following syntheses. (you may use any necessary reagents).
{15 pts.)

{a) @—Br - QCOZH
(b) @CHE, e Q—CHZCngHz

0O

OH
— Q
CHO

CHo
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Inorganic Chemisiry

Questions 1-3; Atomic structure and the periodic table

1. (6 points) Give the symbois for each element in group 4 (recommended by TUPAC).

2,. {5 points) We usually expect the atomic radius to increase down a group in the
petiodic table. The atomic radii for group 4 clements are 1.477 A, 1.593 A, and
1.476 A, respectively, following the order of increasing alomic number.  Suggest
why the atomic radius of the group 4 elements breaks the rule.

3. (5 points) Give the effective nuclear charge on a 3d eleciron in the lightest member
of the group 4 elements.

Questions 4-6: Transition metal complex
4, (9 points) Determine the number of unpaired electrons, spin-only magnetic moment

(in the unit of Bohr magneton), and ligand field stabilization energy (in the unit of A,

or A) for [Cr{CN)g]*.
5. (6 points) Give the Mulliken symbois for the HOMO and LUMO of [Cr{CN)6]".
(5 points) Daes [CH{CN)s|* exhibit Jahn-Teller effect? Explain briefly.

Questions 7-10: Stereochemistry

apr

=]
7N | o ’ rHN"""-j‘
= ' Co,
CHyCH, HW@NH { -'g/l\NH / \CI
; o

Hiv (\‘-l
H;

A B c D

g

cw’/ \NH;

N/ﬁm,
} Civa,. ol

7. (5 points) Determine the chirality label(s) (4, A, §, h, & B, cis, trans, etc.) for
compound A’

8. (5 points) Determine the chirality label(s) (A, A, 8, \, & 8, ¢is, trans, etc.) for
compound B.

9. (5 points) Deterinine the chirality label(s) (A, A, 8, N, & B, cis, trans, etc.) for
compound C.

10. (5 points) Determine the chirality label(s) (A, A, 8, A, & B, cis, trans, etc.) for
compound D.

Questions 11-12: Spectroscopy

11. {10 points) Explain the trend found in the IR spectroscopic data for CO stretching
bands of fac-Mo(CO)a(PF;)s (2050 and 2055 en’™h), fac-Mo(CO)(PCls)s (2040 and
1991 cm™), and fac-Mo{CO);(PMes); (1945 and 1854 cm™).

12. (10 poinis) The coupling constant 'Jeys of 122 Hz is usually found for a normal
sp’-hybridized carbon atom in the NMR spectroscopy.  Explain why the CH,
moiety in M(nB—CHZ(Jf,Hs} exhibits "Joy of 152 Hz, where M is 2 transilion metal.
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Questions 13-15: Group theory

13. (4 points) Hustrate the perspective structures Tor the two possible isomers of
FeCly(CO),.

14. (10 points) Deiermine the number of JR-active C-O strelching vibrations for

~ Gy -symmetric FeCh(CO)y.  Indicate the Mulliken symbols for these vibration

modes.

15. (10 points) Determine the number of Raman-active C-O stretching vibrations for
Day-synunetric FeCl(CO),.  Indicate the Mulliken symbols for these vibration

modes.
Ca ! E  C alxz) olilyz) | 1
A, | 1 i i 1 z x2, y3, 2"
Az |1 1 -1 -1 Kk, xy
B, 1 —1 1 —1 x, R, | xz
B, i -1 -1 1 yo Ra | yz
Dy | E 2Cs C: 26,720, & 25, @ 2m, 2q
DR T T T S R T R S X2y, 27
/70 I TR R T U T S R IS B 2 I Y
Bl bt -1 1 1 ~1 b o-b 1 1 -l x*—y?
By, 1 -1 1 i ] 1 -1 ] 1 1 x)
E, 2 0 -2 0 0 2 0 —2 0 0| (R.R) | taz)
P T S S T S G By B B Ty
I T T T S TS U S T T I B
8. 11 -1 i 1 -1 —t 1 —1 —1 1
B | 0 =1 1 =i 1 -1 1 —1 1 —}
E, 2 0 -2 0 0 -2 & 2 0 0 {xp

—
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432164 Physical Chemistry

1. (10%} What are the anits, i any, for the wave funclion of a particle in # one-dimensional box?

2. (10%) Why does i ‘i have lo be everywhere real, nonnegative, finile, and of definite vaine?

0 B i ] .
3. (](]A,) l“O.l an isolated hydrogen atom. why must the auguiar menentun: vector L lie on a cone
that is synunctic aboul the z-axis? Can the angudar momentum operator ever point exactly
along the z-uxis?

4.(12%) The i
Catclr:ilspaung between the lines in the microwave spectum of H¥CLis 6.350 x 107! Hz
uiate the bund length of H*CL | = 6.626% 107 % 1oks |

5.(12%

) . .
A ane-mole sanple of COL(g) oecupies 2.00 din® at o femperature of 300 K. I the sas

is votupressed isother at & consta hal pressure
I mally at a constant external pressure, #,_, 0 that the final volume is

0.750 dny®, caleulate 11 ”

. e s . n . 7] o . o g H | . 1 fh

0750 d Wd ol ‘- . sitallest vadue P cin have, assunming that CO,(g) satisfies the
als equation of state under these ceaditions. Calculate the work involved using

this value of £ . - < =
For COy, a = 3.6351dm® * bat % mol™?, b = 0,04281 6dn’  mole™

6. (129 . . —
(12%) Use (he following data lor methanod at one &lms {0 plol G versus T around the normal
boiling poin: (337.668 K ). What is the value of &, 777

T/K H/kd-maot™ 5/F-mol ™ K
240 4.7183 112.259
280 7.7071 123.870
300 9.3082 129.375
320 109933 £34.756
3300 11.867) 137.412
KXY 12.5509 119.437
sl 478500 243.856
330 48.5113 245.937
360 49,0631 247.442
380 50.1458 250.419
401 51,2257 253.189

7. {12%) Tie vatue of AHT s 34 78 kF-mol ! at $0U K for the reaction described by
Mg} + €O, e = COg) + H,0w

Given that the value of &, is 0.236 at 800 K, estimate (he value of K, al £200 K, assuning
that & H* is independent of temperatuee.

8. (10%) Consider the reaction mechanisim
k

1
A+BEEC m
&
e
C=Z3 P )]

Write the expression for J[Pl/dr, the vate oi product formalion. Assume equilibrium is
eslablished in the first reaction before any appeeciable amount of product is formed,

9. (12%) Catculate ihie hard-sphere collision theary sule constant fur the reaction
NO(g) + Clg) = NOCLEg) -+ Clig)

370 pm aud 540 pm. respectively.

at 300 K. The coliision dizmeiers of NG and C1, arz
108 dn ot s and £, =

The Arthenius parameters {or the reaction are A =398 »
84.9 kl.mol” . Calculate (he rativ of the hard-sphere callisi
experimental vate consiasl al 300 K.

Assume Kinerw = (1000(!n]3 s Yok Ny % Gapok U >, Gap is the hard sphere collision

cross seetion of A and 13, <> s the averuge relative speed of a colliding pair.

on theory rale constant o the
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(12%)1.The following devices are commonly used in Quantitative Analysis
Laboratory. (1) Show the schematic diagram of each device and (2) briefly describe
the purpose to have each device in Quantitative Analysis [.aboratory.

(a) buret (b) transfer pipet {¢) volumelric flask (d) desiccator

(12%)2. (1) 2.00 ppb Ca™ = 2 MCa’" (Ca=40.0)

(2) Iron from a dietary supplement tablet can be measured by dissolving i
and then converting the iron into solid Fez0;. If the final mass of Fes(h
isolated at the end of experiment was 0.277 g, what is the average mass
of iron per dietary tablet? (Fe = 55.85)

(3) Balance and complete the following reaction equation:

H,C,04 + MOy — COp + Mn™"

(10%)3. A titration curve for the titration of 25.00 mL of 0,1000 M maleic acid, HM,
with 0.1000 M NaOH is shown in Fig. 1.
(1) Find pKal and pKa2 of HoM from Fig. 1 and explain why.
{2) Show the first derivative and the second derivative plots of the titration

curve in Fig. 1, respectively.

(30%)4. Define the following terms:
(1) faradaic current (2) electroosmotic flow (3) Fourier transform
(4) FID {5) monochromator {6) ensemble averaging

( 6%)5. An operational amplifier based circuit, i.c., current-to-voltage converter, is
oflen applied to the measurement of a small photocurrent. Show the circuit of that 1/V

converter and the corresponding equation about Vg and fin.

(10%)6. Scanning probe microscopes (SPMs) are capable of resolving details of
surfaces down to the atomic level. One type of SPMs is AFM that is currently the
mnost widely used. (1) What does AF'M stand for (in English)? (2) Show the schematic
diagram of AFM and explain how it works (including principle, advantage,

disadvantage, etc.}).

(10%)7. Capillary gas chromatography / mass spectrometry (GC/MS) isa very
powerful analytical instrument. (1) What information can you obtain from GC/ME?
(2) Show the schematic diagram of'a GC/MS.
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{10%)8. Atomic absorpiion spectrometry (AAS) has been the most widely used
method for the determination of single elements in analytical samples for nearly half a
‘ccntury. However, (wo types of interferences, i.e., spectral mterference and cherrical
interference, are still the problems need to be solved. (1) What are spectral
interference and chemical interference? Give one example for each type of
interference. (2) Name (in English) a radiation source and a detector (or iransducer)

commonly used in AAS.

4 | /

0 10 20 30 40 50 60
Volume of 0.1000 M MaOH, mL

Figure 1




