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Cumulative Examinations
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You may choose to answer any exam from any area covered in the examination
booklet. Each exam may contain multiple parts. You may answer more than one exam
but each exam is scored separately and is treated as an individual examination result.
Thus, answering parts of two exams with a score of 50% would not yield a 100% grade
for this cumulative exam. Instead you would receive 50% on each examination
attempted.

This booklet contains five examinations.

1) Analytical Cumulative Examination, Pages 1-2
2) Biochemistry Cumulative Examination, Page 3
3} fnorganic Cumulative Examination, Pages 4-5
4) Organic Cumulative Examination, Pages 6-7
5) Physical Cumulative Examination, Pages 8-9

On your examination booklet:

1 Print your student ID number.

2) Print the Exam Booklet number.

3) Print the question number you are answering.
4}) Print the Exam Date.

Do not write your name anywhere on the examination booklet. Each exam will be
scored anonymously. If you attempt more than one exam, you must use a separate
examination booklet for each examination.

When you complete the examination, return the examination and your answer booklet to
the proctor. Exam results will be posted on bulletin board #2B on the north side of the
hall near BRWN 2124.
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Relative Intensity

Analytical cumulative examination November 15, 2008

1.

What compound produced the 70 eV electron ionization (El) mass
spectrum shown below? Justify.
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2. Explain why collision-activated dissociation (CAD) mass spectra of
molecular ions often ook very different from the 70 eV El mass spectra of
the same compound.
3. What type of compounds are likely to produce similar high- {(keV} and low-
energy (eV) CAD mass spectra? Justify.
4, How much internal energy in average does an activated ion gain upon 70
eV El, 10 eV CAD, and 3 keV CAD?
5. Give a typical bond dissociation energy of an organic molecule.
6. Are the bonds in ions likely to be stronger or weaker? Justify.



10.

Give at least three problems that may be associated with using multipie
activating collisions in CAD experiments.,

Explain what is electron capture dissociation (ECT) and how is the
experiment performed.

Why is this new activation method creating a lot of enthusiasm among mass
spectrometrists?

Show the main fragmentation reaction of the molecular ion of ethyl amine.



Biochemistry Cumulative Exam Questions

November 15, 2008

Describe the phospholipid asymmetry that exists in an average mammalian cell plasma
membrane. Then, describe the enzymes that are involved in both maintenance and loss of
this asymmetry. Finally, describe the physiological functions of the induced loss of
phospholipid asymmetry that can occur when a cell is triggered to scramble its asymmetry.

Draw the structure of stearoylsphingomyelin and explain why it might tend to segregate into
sphingolipid-rich domains (e.g., lipid rafts).

Explain how a transmembrane electrical potential is established across a mammalian cell
plasma membrane and then describe how this transmembrane potential is used to perform at
least two distinct cell functions.

Membrane-spanning proteins are commonly comprised of either a-helical or B-pleated sheet
segments. Explain why other protein structures are not commonly found in membrane-
spanming domains. Then describe how a hydropathy plot is constructed and explain why a
hydropathy plot can be used to identify membrane-spanning a-helical but not membrane-
spanning p-pleated sheets.



Inorganic Cume

1. (15 pts) The lowest energy absorption bands of the chromate CrO,*
and Cu(1,10-phenanthroline),” ions have comparable intensities but
involve distinct types of charge-transfer excitation. Be as specific as
possible and describe the nature of each transition.

M

=
1,10-phenanthroline

2. (20 pts) The Figure shows a typical Jablonski S, — k.

diagram for a closed shell molecule which has a ) N T
singlet excited state (S,) that can decay by intersystem 1
crossing (k;,.) to the fower energy triplet state (T)), ook g

emitting a photon ('k, process), or non-radiatively o ' ni Keio 3k,

converting back to the ground state ('k, process) with
release of heat energy. The radiative and non-
radiative decay constants for the triplet state are “k, GS 3 v

P TR

and *k,, respectively.

If a steady-state kinetics treatment yields the following expression for the quantum yield of
phosphorescence, write the intersystem crossing yield ¢, in terms of the relevant rate constants
from the Jablonski diagram.

3
k,
=4, ’

sc 3 3
k.+°k,

3. (20 pts) Consider the © molecular orbitals of the C,H, 7 anion, and assume it adopts a square
planar structure. The Figure presents, in no particular order, top-down views of the 1 MO’s.
Arrange the orbitals in order of decreasing energy from top to bottom, and explain your
reasoning. (Note that two of the MO’s are degenate and have the symmetry label e with respect
to the four-fold symmetry axis. The other two MO’s have symmetry a and b.) Finally, attach a
symmetry label to each energy level.




4. (15 pts) Find the ground term of the Cr**(g) ion, and show how many microstates the term
entails. (Note you do not have to derive the entire term scheme.)

5. (30 pts) The aquo ion Ni(OH,),*" is pale green in solution while the ammonia complex
Ni(NH,)/*" is violet. The figure below presents crude representations of the d-d absorption

specira.
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A. Use the Tanabe Sugano diagram to assign the three transitions in spectrum 11 (top). All
three transitions are weak. The extinction coefficients are never more than about 10 M’
‘em™. Why?

B. I A/B = 12.2 for spectrum 1 (bottom), use the Tanabe-Sugano diagram and estimate
values for B and A. Clearly show your work. Define what A is,

C. For the Ni*" free ion (no ligands), the Racah parameter B = 1080 cm™. Explain why B is
smaller in the complex.



Organic Cumulative Examination
November 2008

1. (60 pts) In an effort directed toward the synthesis of network polymers with mobile slip-link
crosslinks, Mayer and coworkers recently reported the following synthesis:

1 mol% ClLRUCHPh(PCy)R,

>0.135 M A, 96% D
DP ~ 83
PDI=19

3) 10 moi% ClLRuCHPh(PCy,)R
(32mMin A+ B), 91%

Mes,
N
R= —<( j

N
a. Draw products C and D that you would expect from this reaction sequence.
b. What is the role of Cu(l) in this pathway?
¢. Consider the SEC data below, where the Ry for C is 17.5 minutes. What are the
identities of the other peaks in the chromatogram and why do they elute in this order?

{Note that the sample was extracted with aqueous KCN/CH,Cl, before injection into the
SEC instrument and elution with CH,Cl.

d. What are the next step(s) necessary for the researchers to reach their goal?



2. (40 pts) Propose plausible reaction mechanisms for the following transformations:

a. NH
N 1) PhCHg, 100 C ’ CN
\\\\\\‘\\ 2) TMS“CN "”””JCHS
3) H,0
Ph

OMe OMe
TMS CsF/18-crown-6 (2 eq) N
- \\N
Bn-N3 (3 eq) 7
oTf MeCN }

Ph




P. Chem. Cume Exam  Topic: Quantum Chemistry

1. (60) The "double well" is a very primitive one-dimensional model for the potential
experienced by an electron in a diatomic molecule (the two wells represent the
attractive force of the nuclei). Consider the double square well potential shown in
Fig. 1. Suppose the depth Vp and the width a are fixed, and large enough so that
several bound states occur.

a. (30) sketch the ground state wave function y, and the first excited state wave
function vy, (i) for the case b = 0 (i.e., there is no barrier}, (ii) for b = &, and (ii) for
b»a,

b. (20) qualitatively, how do the corresponding energies (£, and E;) vary, as b goes
from O to infinity? Sketch Eq(b) and E(b).

¢. (10) If the nuclei are free to move, they will adopt the configuration of minimum

energy. In view of your considerations in (b}, does the electron tend to draw the
nuclei together, or push them apart?

Vix)

Figure 1. The double square well.

2. (40) A crude treatment of the r electrons of a conjugated melecule regards these
electrons as moving in the particle-in-a-box potential, where the box length is
somewhat more than the length of the conjugated chain. For a patrticle in a box of

ntn?

length L, the energy levels are given by F = Pl =1,2,3...

a. (20) Estimate the wavelength of light absorbed when a = electron is excited from
the highest occupied to the lowest-vacant box level in butadiene CH;=CHCH=CH,
(take the box length as 7.0 A).



b. (10) Will the absorption wavelength increase or decrease when the size of the
molecule increases?

¢. (10) Consider conjugated polymer (CH},. Based on the conciusions you made in

(b), do you expect this polymer to be an electric conductor, semiconductor, or
isolator? Justify.

me= 9.1 x 10" kg (electron mass)
h=66x10%Js
1A=01nm=10"m
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