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Organic Chemistry (50 pts)

(b)

" 1. Give the IUPAC name for the following compounds. (6 pts)

(c) - ?Ha CHj
CH3CH20HC|—IC|-lCH3
N(CHa)2

2. Give the structures of the following compounds. (4 pts)
(a) cis-2-Methyl!-3-(1 -methoxypropyl)oxirane
(b) 3-Oxo-2-propylbutahoic acid

3. Whrite structure for t

where appropriate) (20 pts)

(a)

©

(e)

(9

(i)

4
CE CH3OH
H Ph CHCly
>= . Taon o
Ph H ' NaOH, HQO
OCH,
T
CN
H.CH.C(OC! 1) PhNH,
CHyCH,Cl ) 2) LiAlH,
H,S0,
CH.,),CCH,OH — 2t
(CHg)3sCCH3 150 °C

he products of the following redctions. (Include stereochemistry.

© 8y £ B

Y .

A _ |
() Na, NHy ' -
othanol
m o §F NaBH,
/u\/u\oa
) HgSO4

— — e
CH3CHZC —'Z'—CH + H2O HgSOA

415
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i 4. Devise methods for accomplishing the following transformations. (10 pts) |

I @ o ~

» g — dOCH2CH3 T
51 . OH

i CHy ]

1oL 5. Write a reasonable mechanism for each of the following reactions. (10 pts) i

@) -

" i

H2804

heat
() CH, ROOH _ CHs
O e
' Br

(R = CHyCHy)

NY
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. : Inorganic Chemistry (50%)

(1) Systematic construction of a 1 e~ MO energy diagtam for Oh MLg (including ¢ and
8 bonding).(10%)

5 (2) Give a brief explanation and example of the following itetns. (10%)
(a) spin-orbital coupling
(b) Jahn-Teller effect

.- (c) Friedel-Crafts acylation
(d) inner-sphere and outet-sphere electron transfer

- (e) two-electron thtee center bond

10(. (3) Give and explain the detailed steteochemistry of the followmg (10%)
(2) Mo(CF3C0O2)4 i
(b) Cr30(CH3CO2)6 : Pl T
(c) HCt(CO) (¢~ S :
(d) PY(PPh3)2(PhCCPh)

(e) [(RS)4Fe4S412

- (4) Explain the following: (10%) TR e e o e
(a) The CO stretching frequencies for V(CO)g™, Cr(CO)ﬁ, and Mn(C())(;+ are 1859, 1981
and 2101 cm-l respectlvely

(b) [Co(CN)G] is diamagnetic while Co(H20)6+3 is paramagtietic.

ot (c) [CoCl41-2 gives a much intense visible absotptioti than [Co(HzO)e*2
. (5) (a) What is a tertn symbol and what infortnatioh does 4 tetm sytnbol give? (5%)
(b) Determihe the Russell-Sanders terms whicti atise from a d7 electronic
- configuration.(5%)
l‘ Y
20|

25|,
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Compare in as much detail 28 possible the Valence-Bond and
Molecular-Orbital methods of describing bonding in molecules.

The following mechanism for the formation of phosgene, CO Clz. his

been proposed:

(1) CL,» 2Cl ky
(g) zc;-» cl, kz \
(3) CL+CO= CoCl ' k3 '

" (4) cocl+ cl+co k4

(5) COCI + clz + COCl, +C ks

. SR gj é; vk e { H e maedgt \'ﬁ
(a) Use the steady state approximation to fin

species other than Cl or cocl.

(b) Assutne that reactions (1)+(4) Are much faster than reaction (5).
Show how the rate equation ¢an ba simplified in this casé.

* The classical Hamiltonian fot a particle in 4 one-dimensional box

is H = p%/2m. The box has length a, with boundaries x=0 and x=a,

a) By expressing p as a quantum mechanical operator, trangforim the

the above classical Hamiltonian to 4 quantum mechanical Hamﬂtdhiam :

LA W

b) Write the Schrodinger equation for a particlé ina oné-dimégsibngl LE

box. : RN | N

c) A solution to the Schrodinger equatien is ¥ =C Sin Dx. Evaluate the
constants C and D. S g
d) From ¥ and the Schrodinger equatioh determine the expression
for the energy levels of the particles.

R R ; : S ’«‘ : [,:.,1
d the tate aquation impilad.

by this mechanism for the formation of COCL,. The raté equation may

contain any or all of the constints l&i-ks and &16 concenttations of 411
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L 4. Molecular spectroscopy has been a fantastic tool for studyihg molecules on

the microscopic level. In the following Table tiil in the type of molacular

Spectra in each of the spectral regions.

Spectral Region Type of Molecular Energy Information Obtained

Microwave

- Far infrared | :_ ' E

Infrared

10 _A Visible

Ultraviolet

pPressure estimate (approximate magnitude) the follo

wing quantitiés.' )
15 Units must be specified whetre Appropriate. '

- a) Translational partition funetion £# 4 ¥ingle molecule,. -

3 b) number of vibration degtraas of fragdom . \ S

¢) Number of rotational degress. of frgedsm ]

- d) number density R nER : o
e) average spéed IR o

- f) cross section

g) mean free path

o h) diffusion coefficlent

.1) molar entropy

20}
6. Given the reaction A == B, a44umie both A and B behdve according Lo the :
; ~equation of state PV = RT + P, whete C 14 4 conatant and i the sdmis i
' for both gases. Derive the relation of P to AG® for the
s reaction making the usual K= =2 T
' assumptions (except gag fdeality; - P -PA' ‘ .
i of course). Carry the derivation thrdugh 4¢ far as possible and conclude .
whether Kp is independent of totat préssure,

25| ' : )

T. A, Show in detail how the free energy function (1".; - Hg)/'l" can be o‘btalqed'

- from purely thermal data. » T

_ .~ B. Show how free energy functions are used to calculate equilibrium constants,
- e - Be sure to specify any additional data required. . : :
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Analytical chemistry

B 1. A solution contains NalCOs3, Na;C03, and/or NaOH, either

alone or in permissible combination. Titration of a 50.0-mL
portion to a phenolphthalein end point requires 22.1 mL of
0.100 M HC1. A second 50.0-mL aliquot requires 48.4 ml of
the HCl when titrated to a bromocresol green end point.
Deduce the composition, and calculate the molar soltte
concentrations of the original solution. (for HyCO3 pKay =
6.35, pKap = 10.3). (6%)

(a)

(b)

(c)

Consider an atom with TWO AND ONLY TWO electronic
states. Draw the energy level diagrams for this atom,
properly labeled, to show the difference among the
processes A\, AE and AF. Fot each of these cases, what
does one actually measure experimentally? Also, for .
each of these cases, show quahtitatively how.the . | fﬁ
experimental measurements relate to the concentration of
the atomic species. (10%)

A 50.0-mL aliquot of well water is treated with an
excess of KSCN and diluted to 100.0 mL. Calculate the
parts per million of iron(III) (fw = 55.847 g) in the
sample if the diluted solution has an absorbance of

C

0.506 at 580 nm when measured in a 1.50-cm cell. At 580;

nm FeSCN2* has a molar absorptivity of 7.00 x 103 L cm“ffi
mOl-l. (4%) :

DISCUSS how each of the followings environmental
conditions affect the intensity of fluorescence: (1)
increasing the temperature (ii) presence of oxygen. (5%)

th
K

2.5
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3 _Define tLhe following terms briefly (/0 %)
a) isocratic elution b) reversed-phase packing

c) eddy diffusion d) Nernst equation
e) liquid junction potential

4, Answer the following questions briefly (/fr%)

(1) Name three commonly used detector for LC and explain
respectively the principles involved.

(2) What properties of a supercritical fluid are important in
chromatography ?

(31 What does CE stand for ? Explain why it becomes mote and more
importance in chemical analysis.

(4) How to distinguish a limiting current and a residual current
in polarography ? (explain schematically)

(5) What is the adsorptive stripping voltammetry ? Why the
stripping methods are applicable for trace ahalysis ?

N
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Inorganic Chemistry
(1) The following tungsten carbonyl complexes of diphos have been prepared.
A (OC)4W((C6Hs)zPCHzCHzP(CsHs)z)
B. (OC)SW((CsHs)zPCHzCHzP(CGHs)z)
C. (OC)sW((C6H5)2PCH2CH2P(C6H5)2)W(CO)5
(a) Sketch proton decoupled 31p NMR spectra for com

pounds A and B. 31p j5 100 9
abundant (I = 1/2) and 183wy jg 14.83 % abundant (I=1/2).

(b) The

8 *12.7 ppm

Explain with a MO bonding model.

ANALYTICAL CHEMISTRY

For each of the following, indicate an appropriate

31P NMR spectrum of C is shown below. Provide an explanation for the satel]jte

method of quantitative analysis. Provide sufficient

information so that the plan of the analytical

approach and the most vital experimental conditions

are apparent. Include in your description a

consideration of suspected interferences and give a
reasonable method for eliminating or circumventing the

interferences.

Answer anv _four.

(a) ppb concentrations of chloride and - sulfate in
Steam condensate

(b) Selenium in human hair

(c) Cadmium traces in milk powder

(d) Glucose, fructose and Sucrose in a Syrup
~(e) Individual amino acids in a protein hydrolozate
(f) Determination of dissolved Oxygen as a function
depth in a lake

(g) Determination of bercent nitrogen in an NH4NO;
fertilizer ( 5-10% N)

(h) Determination of Cr(VI) at the ppm level in the
Presence of Cr(III) in industrial waste water

(1) Determination of total sulfur present in "acid-
rain" at less than 0.01%.

15

20




