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Organic Chemistry A M AL B

1. Wirite the stereo structure of the following compound. (4pts)

2. Use appropriate reagents to finish each transformation.

Several steps may be

needed for each transformation. (16 pts)
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3. Write down the reaction mechanism for the following transformations. (10 pts)

1. KOH

______..___._»—
(:\(Ol 2. HBQ+ o)
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4. Complete the synthesis of compound B by using compound A as a starting

material . (10 pts)

5. Propose a structural formula for the analgesic phenacetin, a molecular formula
C1oH13NO; based on the 'HI NMR spectrum. (10 pts)
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I Answer briefly the following questions (5% each}):

(1) Why is [Cu(DI,,]’ ofien tetrahedral while [Cu(il)L;]"” often square-plunar? (L = neutral ligand)

(2) What is the most possible reason [or a dinuclear Cu(ll) complex that producesrno EPR sipgnal?

(3) Why is CO always coordinated to metal centers via its carbon end but not ils oxygen end in metal
carbonyl complexes?

(4) Is 0, paramagnetic or dlamagneuc? Explain your answer.

(5) Account for the trend in acidity: [Fe(OH,)s]*" < [Fe(OH, )] < [A](O}Iz)bj’*

(6) Use VSEPR theory to predict the molecular shape and point g,mu; n of the {ollowing compounda
CIF,, BiF,, SF,, B,H..

{7) Provide a plausible reason for the difference in IR wavenum_bérs for the following pair:
Mo(PE,),(CO),: 2090,2055 cm™, versus Mo(PEt,),(CO)y: 1937,1841 e

H. (15%) Some chemistry of cobaltocene is given below. Complexes A, E, and ¥ are salts, Complexes B, C,
" and D are neutral. Using the data given, identify Compounds A-F and draw their structures.
Hint: Trityl (CPh,"} is a hydride abstracting reagent.

CO () O NaBH
C < [Co(n*-CHy);) o Na;)F ‘s B
L3
" molecular ion maolecular oo
at m/z = 180 at m/z = 190
cyclohexadiene

[CPh,)BE, {CPh,]BF,
> £ >

molecular ion
at m/fz = 204

Proton NMR data (5 relative to TMS, ppm)

A 2.8
B 52 (2H),4.6 (SH), 2.7 (3H), 2.6 (1), 2.0 (1K)
C 50

D 4.2 (2H), 4.0 (5H), 2.4 (21), 0.9 (211), 0.3 (2H)
E 7.3 (1H),5.6 (5H), 5.4 (2H), 4.0 (2H), 2.7 (1H), 1.0 (1H)
P 7.9(6H), 7.0 (SH)
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ANALYTICAL CHEMISTRY

Note: Always use the correct significant figures in your calculations!!
{15%)1.Define the following terms:

(a) Beer's Law ' (b) butter capacity (€) systematic eror

(8%) 2. The diprotic acid HA has pK,; = 4.00 and pK; = 8. 00.

(a) At what pH is [HA'] = [AY]? Why?
(b) Which is the principal species at pH 2.00: I A, FIA", or A*? Why?
{¢) Which is the principal species at pil 6.007 Why?

(6%) 3.(a)963 MHz=?Hz (b)123am="cmn (c)6.80 pL=2mL

(d) how many significant ligures are there in 0.03950 7

(7%) 4.(a) What is fluorescene?

{b) Explain the difference between a fluorescene emission spectrum and a
fluorescene excitation spectrum. Which more closely resembles an
absorption spectrum? Why?

(7%} 5.(a) What is fon Chromintography (IC)?
(b} Predict the elution order of nitrate, chloride, and sulfate ions in IC. Why?

(7%) 6.(a) What is Anodic Stripping Voltammetry (ASV)?
(b) ASV is the most sensilive electroanalytical chemistry method for analysis of

: F By o
trace melal ions (c.g., Pb2", Cu™")in river waler samples. Why?
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" Physical Chemistry — #73# 164

1. Desciibe how variation method and pertwbation method dealing with the
time-independent Schrédinger equation for systems of several interacting
particles.(10%)

2, Write the partition function for a two-level system, the lower state (at energy 0)
being non-degenerate, and the upper state (at an energy £) doubly degenerate.
(10%)

3. The vapor pressure of nitric acid is as follows:
7T 0 20 40 50 70 80 o0 100
P/ Torr 144 479 133 208 467 670 937 1282

What is the normal boiling point and the enthalpy of vaporization of nitric
acid? (10%)

4. Why is "Gibbs energy" also named as "Free energy"? (10%)

5. Does the solubility of a solid in a liquid exhibit appreciable pressure
dependence? Why?(10%)




