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PART 1 (50 points)

1. Please explain
(a) Compound 1 has much dipole moment than its isomer 2. (3 points)

g
T

(b) Furan attacks electrophiles exclusively at C2 not at C3. (3 points)

s

2. Indicate which each pair of compound is likely to be more acidic and why? (3 points each, 9)

(a)
(b)
=
CO-Et SN ! /C(}zﬁt
(c)

8
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3. In the following compounds, please determine the indicated atom is nucleophilic, electrophilic,

acidic or none? (2 points each, 10)

(a)
\ )
Ph \)J\OCI-Ig
(b)
CH,
V3
P N
H
()
' CH;
¥
o
H
(d)
MeO
o
(e)
*_{O

CH,

4. Draw two mechanisms for the following two reactions and provide the correct products (4 points

each, 8)
Me
Base [ ]
——————
""" -Pr L
—_—
@i:Br { y Diels-Alder

(a)
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5. Rank each set of compounds by the ease with which they ionize under acidic conditions, please

explain! (3 points each, 6)

Y
190 TsO._/ ij T’SO\L&I\ME
Ph
Ph'*‘i—‘GH
Ph
Ph OH ;
sas

6. Indicate the major product of the following reactions and draw the mechanism. Be sure to

(a)

(b)

indicate the stereochemistry of the product where applicable. ? (3 points each, 6)

(a)
O
CH,0H
[;>ﬂ0H Wil sniniel
cat. TsOH
(b)
i
Ph}f/‘j/ﬁ CHL0
Voo
gC” S P
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7. Draw the mechanisms for the following reactions (5 points)

S
Pr” >Cl EeN  Ph 02\
PART II (50 points)
1. Which of the following compound will undergo an Sy1 reaction most readily? (3 points)

(1) CH3CHpCHBr CHpCH3 (b) CH3CHpCH2CH2CH2Br (c) (CH3)3CBr
(d) (CH3)3CF (¢) (CH3)2CHBr

2. Which of the following substitution reactions is S,2 reaction? (3 points)
Br

Br
(@ O/ + CH,0H (b) Q/ + CH;CH,0Na
Cl
(c) CH; + CH,CH,OH
Oé (d) \>< +  CH,COOH

3. Which of the molecule shown below can be properly described as a meso compound? (3 points)

(@) (b) (c) (d)
CHO
H —— OH & CH;, CH3
::: g: HO gq d
H —— OH - Z
CH,OH “cH = CH;
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4, Which of the following compound is chiral? (3 points)
(a) (b)

Br /CH3
HSC anllCH
\

CH,

5. Which of the following alcohols will oxidize with chromic acids (H2CrO4)? (3 points)
(a) terf-butanol
(b)  cyclohexanol
(c) pentan-1-ol
(d)  bothAand B
(e) both B and C
® both Aand C

6. Predict the major products of the following reaction. Include stereochemistry where appropriate. (21
points)
(a)

\l/\ HCI
(b)

c—n 1NaBH,

—_—i

|
0 2. H;0"
(c)

O

1 A

H H

MgBr
O/ @) H0°

y

M EF L AAALE TRHEES ) LHEE -
2. ARBMUREAISTEREALR -
B.AAMGANTERA M kst FAKACTHRIL  AFFIALAS -




FREM:WT F3 A9BF 1 H

(107) #i= KPR THER LS RAE
ARA% 7T R (REAE 6 R)

# 8 - AFHE AR bR ARLEETFE
(d)
OH
N SOCl,
—
CH,
(e)

(o]
+ -
OF .+ i —

®
O/O PANHNH,
T
HI
()
o NH,
I
N P

CH3CH, cl

7. Predict which compound in each pair has higher boiler point. (4 points)
(a) ( CH3)3C—C(CH3)3 or (CHg)zCH—CHgCHz—CH(CHg)Q
(b) CH3;CH,OCH; or CH;CH(OH)CH;

8. Determine the R or S configuration to each of the following compounds. (4 points)

(a) (b)
” CHO
¢
Cl “} ~ \“MigH ==0H;
: (CH40),HC
HA CH; 30)2 CH(CH.),

MAE L ALALE THHEERE, LHE-
2. RAMME G 5T ERAMEA -
JAEMEBRTERAAEM R R  FARIALAHRITE  URFZRLHE -




AZXBH T3 A9BF1 &

(107) #i= KPR HERB AL RHEE
AREE T R (FRA% T R

#8  AMILE RArE LR ARMEETE

9. The following scheme give the structure and reactions of pinene (D). Determine the reaction products
of (A), (B), (C). Include stereochemistry where appropriate. (6 points)

(A) CyoHiBry

T Bl‘2 / CCI4
1. PhCOH 5
r

(C) CioHi30; -— 2 (B) C;oH,;,OBr
H,0

2.4,0*,H.0 2

CHs

D)
pinene, C;oH;¢
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1. (20 pts ) Identify the molecular symmetry point group of the following molecules:
(a) H20; (b) benzene; (¢) methane; (d) NHs.

2. (10 pts ) Classify the following as closo, nido, or arachno:
() BsH7"; (b) PCBoH, -

3. (10 pts ) Determine the metal-metal bond order consistent with the 18-electron rule for the following

complex:

[{n"-CsHs Mo(CONL |

4. (10 pts ) Sketch the metal-ligand o—donation and n-acceptance molecular orbitals for the CyH,4
molecule.

5. (a) How many microstates for the electron configuration of p3 . (10 pts)
(b) Construct the microstate table and reduce the table to its constituent free-ion terms for electron
configuration of p°. (15 pts)
(¢) Identify the J values for each free-ion term. (5%)

6. (20 pts ) For the hypothetical molecule (n*-C4H4)Mo(CO)4:
Assuming Cj, geometry, predict the number of /R-active CO bands.

i E 255 O, 20, 264

I - 0 0 P 0

A, 1 ] I 1 I 2
B, ! -1 ! 1 -1

E 2 Y -2 0 0 (x,»)
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PART I

1) Consider a consecutive reaction 4+ B —)“ C —% 5 p, where C is the intermediate.
Ky

a) Write down for the rate of [C] and [P]. O%)
b) If Cis in a pre-equilibrium with the reactants, find the reaction order of the product P in terms of

the reactants and its resulting rate constant. (9%)

2) The equilibrium constant of a reaction at 1 atm is fitted to the expression

mK=-1.04— 107?0 + 15';10 between 300K to 600K.

a) Calculate the standard reaction Gibbs energy at 500K.. (8%)
b) Calculate the standard reaction enthalpy at 500K. (8%)

PART II

1. The symmetry properties of the plane figure formed by the four points at the corners of a rectangle (not
a square), the following figure can be described in terms of four symmetry operations, the identify
operation and three rotations. (i) Describe these symmetry operations. (8 pts) (ii) Construct the matrix

¥

representation of the above group. (8 pts )

2. In quantum mechanics, electron spin is sometimes represented by the three Pauli spin matrices:

1 (0 1 1 10 —i 1|1 0
Y- S == . S =—
‘ 2”[1 0} ) 2“{:’ o} : z”[o -1]
(i) Find the commutators [Sy,S,]. (5 pts )

(ii) Find 2 + 82+ 2. (5 pts)
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3. Solve the Hiickel molecular-orbital problem for the allyl radical CH,CHCHj; in terms of the Hiickel

(¢—E)e, + Pe, =0
parameters o and B:  fe, + (@ — E)e, + fe; =0 (7T pts)
fe, + (= E)e, =0

PART III

Show all works in detail and note the unite representation. Indicate units for all numerical answers.

Constants and units: h: 6.628E-34 (Js); e:1.602E-19(Coul); c: 2.998E+08(ms'j);
m.: 9.109E-31(kg); &,:8.854 x 102 (¢*/N - m?); 1eV: 1.602E-19(J)
Gas constant R = 8.31447 J K 'mol"=0.08206 dm*atmK"'mol™

1. B-Carotene is treated as a linear polyene in which 10 single and 11 double bonds alternate along a
chain of 22 carbon atoms. If we take each CC bond length to be about 140 pm. Please calculate the
absorption energy in which one electron is promoted from n = 11 to n =12. And derive the
corresponding energy in each of the following units of frequency (s'l), wavenumber (cm"),

wavelength (m), and energy in J ,and eV. [13pts]

4 ""la.r"
r "‘@("f "«/J%M%"m"v/’*} Wk gsf o Wi ;q”#}
A : l

1 f-Carotene

9
T1% 3
2. CHRCOOH(aq) = CH3COO-(aq) + H+(aq).
a) Calculate AG® for the following acid dissociation reaction at 298 K.
b) Calculate pKa and pH value when [CH3COOH] = 0.1 M at 298 K. [10pts]
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3. Measured values of the equilibrium constant for the charge-localized to charge-delocalized states of
the N,N’-dimethylpiperazine (DMP), both states can be observed molecule are shown as a function of
reciprocal temperature estimated from the photon energy. The red line shows a linear best fit

providing an estimate of the energy and entropy difference between the two states. Show your work

for the estimate of enthalpy, entropy and Gibbs free energy at 298K [10pts]
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1. What kind of gradient is used in SFC, GC and LC in chromatography? (15 pts )

2. What’s a mass spectrometer and what does it do? What are the basic components of MS? Explain
what is the ion source? Give three kinds of ion source. (20 pts)

3. State the advantages and disadvantages of the inductively coupled plasma compared with

Conventional flames in atomic spectroscopy. (10 pts )

4. (a) Explain the difference between systematic and random error. (5 pts) (b) Explain the difference

between precision and accuracy. (5 pts)

5. What’s the electrical double layer, salt bridge and junction potential? (15 pts )

6. The dibasic compound B (pKy; = 5.00, pKyz = 9.00) was titrated with 1.00 M HCI. The initial
solution of B was 0.100 M and had a volume of 100.0 mL. Find the pH at the following volumes of
acid added and make a graph of pH versus Va: Va=0, 1, 5, 12, and 23 mL. (20 pts )

7. What’s the solid phase extraction (SPE), liquid —liquid extraction and dispersive solid phase

extraction (d-SPE) and QuEChERS? (10 pts )




