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There is only one correct answer for each question. (2% X 10 =20%)

(1). Calculate the molecular formula for the organic compound whese quantitative elemental analysis
showed 48.6% carbon and 8.1% hydrogen by weight.
(A)CH20 (B)CpH402 (C)CoHs (D) C3HeO  (E) C3HeO2

(2). Identify the correct IUPAC name for the compound shown below.
f’“‘« o J,-r""-\.k\_‘ .
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(A) 2-bromo-3-sec-butyl-4-ethylhexane (B) 2-bromo-4-ethyl-3-sec-butylhexane

(C) 3-(1-bromoethyl)-2,4-diethylhexane (D) 4-(1-bromoethyl)-3-ethyl-5-methylheptane
(E) 4-(1-bromoethyl)-5-ethyl-3-methylheptane

(3). What is the JIUPAC name of the compound shown below?
CoH;
H—7F—br
Br—T—CH 4
H—p20C1

CH 4

(A) (2R,38S,4S)-2-chloro-3,4-dibromo-3-methylhexane
(B) (2R,38,48)-3,4-dibromo-2-chloro-3-methylhexane
(C) (38,48,58)-3,4-dibromo-5-chloro-4-methylhexane
(D) (2R,3R,48)-3,4-dibromo-2-chloro-3-methylhexane
(BE) (2R,3S,4R)-3,4-dibromo-2-chloro-3-methylhexane

(4). Which of the following is true for the termination step of a free radical chlorination reaction?
(A) AH® >0 and AS°>0 (B) AH°> 0 and AS° <0 (C) AH®° <0 and AS°>0
(D) AH® <0 and AS° <0 (E) AH°=0and AS°=0

(5). Which of the following compounds will undergo an SN2 reaction most readily?
(A) (CH3)3CCH2lL (B) (CH3)3CCl (C) (CH3)2CHI
(D) (CH3)2CHCH2CH2CHI (E) (CH3)2 CHCH2CHCH (I

(6). Which of the following alkenes has the largest molar heat of hydrogenation (ie, releases the most
heat upon hydrogenation)?
(A) 2,3-dimethyl-2-butene (B) 2-methyl-2-butene
(C) trans-2-butene (D) cis-2-butene (E) 1-hexene

(7). The mass spectrum of which compound has M* and M*™ peaks of approximately equal intensity?
P p
(A) 3-bromopentane (B) 3-pentanol (C) pentane
(D) 3-chloropentane (E) 3-iodopentane
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(8). Describe the number of signals and their splitting in the "H NMR spectrum of (CH3)2CHOCH3.

(A) 3 signals: 2 doublets and a septet

(B) 2 signals: a doublet and a septet

(C) 3 signals: a doublet, a quartet, and a septet
(D) 4 signals: 2 doublets, a singlet, and a septet
(E) 3 signals: a singlet, a doublet, and a septet

(9). In electrophilic aromatic substitution reactions, a bromine substituent:
(A) 1s a deactivator and a m-director.

(B) 1s a deactivator and an o,p-director.

(C) is an activator and a m-director.

(D) is an activator and an o,p-director.

(E) none of the above

(10). Derivatives of the compound shown below are currently being examined for their effectiveness in
treating drug addiction and metabolic syndrome (/. Med. Chem. 2006, 872). Which sequence ranks
the following aromatic rings of this compound in order of increasing reactivity in an electrophilic
aromatic substitution reaction (slowest to fastest reacting)?

neeo

(A)1<2<3
(B)2<3<1
(C)3<2<1
(D)3<1<2
(E)2<1<3
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N(CH,)
@ Qﬁ 3)2 (1) MCPBA 0) CO,H (1) SOCl,
(2) heat (2) AlCI;

| CN
heat
(©) * { — (d) @CHZCH3 Na,NH;
| CN EtOH

H*, CH3CH,OH

(e) 7&

2. Accomplish the following syntheses. (5% X 2 = 10%)

02N COzH o O
I I
® © — U ®)  chyCem,CoEt
Br

3. Propose a reasonable mechanism for the following reaction (5% X 1= 5%)

Br Br
| |
CHoCHCH,CH,CHs —»2‘380% HyC—C=C—CH,CHs

4. GEMERE/EIE TFI-E/NE (10 /N - B/NE 5 45 #£50 9)
(a) Inner-sphere mechanism of redox reactions
(b) Berry pseudorotation (for five-coordination complexes)
(c) Zintle phases
(d) Endohedral fullerenes
(e) Water gas shift reaction
(f) Draw the structure for Al,Me;
(g) Determine the point group for [RuNHyCH,CHNH,)3 %
(h) ‘Leveling Effect’ in acid-base chemistry
(i) LMCT bands of electronic spectra
() Draw the structure for cisplatin

1. Predict the main product of the following reactions (Be Specific about stereochemistry). (3% x
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1. (5%)Consider the following phase diagram, which represents a solid - liquid equilibrium. Sketch cooling
curves for compositions s = 0.16, 0.23, 0.57, 0.67, and 0.84.
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2. (5%)Explain why the standard entropy of He gas is lower than the standard entropy of Kr gas under the
same temperature.

3 (10%) Show that at constant temperature and pressure, the maximum non-expansion work is given by the
change in Gibbs energy.

4. (10%) When B-carotene is oxidized in vivo, it breaks in half and forms two molecules of retinal, which is a
precursor to the pigment in the retina responsible for vision. The conjugated system of retinal consists of 11 C
atoms and one O atom. In the ground state of retinal, each level up to n = 6 is occupied by two electrons.
Assuming an average internuclear distance of 140 pm, calculate (a) the separation in energy between the
ground state and the first excited state in which one electron occupies the state with n = 7, and (b) the
frequency of the radiation required to produce a t}‘ansition between the two states.
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B-carotene

5. (10%)The rotational constant for CO is 1.9314 cm® and 1.6116 cm® in the ground and first excited
vibrational states, respectively. By how much does the internuclear distance change as a result of this
transition?

6. (10%) The reaction mechanism

A2 5 A+ A (fast)

A+ B — P (slow)

involves an intermediate A. Deduce the rate law for the reaction in two ways by (a) assuming a pre-
equilibrium and (b) making a steady-state approximation.

TREAHA
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7. Define the following terms
(a) Systematic error and random error
(b) Buffer solution and buffer capacity
(c) Standard addition calibration method
(5% each, 15% total)

8. Define the following terms
(a) Fellgett advantage
(b) Source modulation in atomic absorption spectroscopy
(c) Anti-Stokes shift in Raman Spectroscopy
(d) Fluorescence emission spectrum and fluorescence excitation spectrum
(e) Electrospray ionization (ESI) source
(5% each, 25% total)

9. Define the following terms
(a) Plate height and number of plates
(b) Isocratic and gradient elution in liquid chromatography
(5% each, 10% total)




