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Department of Chemistry
Cumulative Examinations
April 28, 2007

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.

|l 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, Page 1

2) Biochemistry Cumulative Examination, Pages 2-3
3) Inorganic Cumulative Examination, Pages 4-5

4) Organic Cumulative Examination, Page 6

5) Physical Cumulative Examination, Pages 7-8

- |t On your examination booklet:

1) Print your student 1D number.
2) Print this 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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Analytical Cumulative Examination April 28, 2007
Analytical chemistry is a quantitative science in which phenomena, measurements and
instrumentation are best understood if they can be expressed in the form of an equation.
This exam asks (i) that you write equations which apply to and/or describe the topics
indicated below, including definitions of all terms in the equations, and (ji) that you then
comment in the space of a page or less, on the significance and implications of each equation
in analytical chemistry.
Half credit is for the equation and half for the comment. Note (i) partially complete
equations (knowing the parameters involved) will get partial credit (ii) wherever possible
give units.
YOU SHOULD ANSWER ONLY 10 OF THE 17 QUESTIONS

1. Mass analysis equation for an ion trap mass spectrometer

2. Mass analysis equation for a time-of-flight mass spectrometer

3. Mass analysis equation for a sector mass spectrometer

4. Number of theoretical plates in a thin layer chromatogram

5. Height equivalent of a theoretical plate

6. Capacity factor

7. Unimolecular rate constant for dissociation of isolated gas phase ions

8. Nermnst equation

9. Electron binding energy in XPS (ESCA)

10. Center of mass kinetic energy in terms of experimental parameters

11. Arrhenius equation

12. Vibrational energy spacing in molecules

13. Relationship of half-life to rate constant for unimolecular reaction rate constant

14. Gyromagnetic ratio

15. Time constant for pure RC circuit

16. Time-frequency Fourier transform

17. Beer's Law expressed in terms of detected intensities.



Biochemistry Cumulative Examination
April 28, 2007

Instructions: There are six questions, and the point totals are given by each question.

1. (20) In metabolism, what are anaplerotic reactions? Give one example, including enzyme name(s),
any required coenzymes, and structures of reactants and products. Explain the specific role played by

this reaction.

2. (25) Mammalian pyruvate dehydrogenase is a massive structure, similar in size to the ribosome.
Describe the location, general structure and role of pyruvate dehydrogenase. Give the net (overall)
reaction. Then, break up the reaction process into individual, intermediate reaction steps, showing

coenzyme involvement and reaction mechanisms at each step.

3. (15) Using commonly accepted symbols or acronyms, sketch the sequence of components of the
respiratory eleciron carriers in the eukarytic electron transport system starting with NADH. (Copy the
following framework onto a page of your blue book, and complete it there.) Include as many as you

can, and place them in their approximate positions with respect to the standard &/, reduction potential.

-0.4 | NADH

g, (V)

+0.9

continued, next page



4. (15) Inthe coniext of aerobic catabolism, what is a P/O ratio? Suppose that gently prepared
mitochondria are incubated with sodium malonate, and then the P/O ratio is measured for the oxidation

of a-ketoglutarate. What value would you expect? Explain the basis for your answer.

5.(10) 2,4-Dinitrophenol (DNP) is extensively employed as a tool in investigations of the electron

transport sequence. What does DNP do? Where and how does it act? What are the consequences?

6. (15) In the context of mitochondrial electron transport and oxidative phosphorylation, what is “proton
motive force” (Ap)? What are the two major components of Ap? In terms of energetics, what is the

approximate magnitude of Ap? (Explain the basis for your estimate.) How is the energy employed?



Inorganic Cumulative Exam
April 28, 2007

1. (10 points) Draw the five d-orbitals and label them.

2. (15 points) Start with the splitting of d-orbitals in an octahedron field and show how
the d-orbitals splitting would change as the Op molecule distorts (Jahn-Teller) to lower

symmetry (Dag).

3. (20 points) Construct a molecular orbital (MO) diagram for molecular oxygen.
According to the Pauli exclusion-principle, show the electron occupancy in your MO
diagram. What is the spin for ground state oxygen? Show the different binding modes O,
could adopt as a ligand on a transition metal.

4. (15 points) What is the point group for B,Hs? Discuss briefly the bonding in this
molecule.

5. (20 points) Give the products for the following reactions:

(a) Xe + PtFy —

(b) Pt(py)Cly™ + py —

(c) (CsHs)MgBr + FeCl; —

(d) ResO;7 + xs CO —

TiCly/AIEt,
O T ——

(t) C + steam (HZO) Cat./ high temp.

6. (20 points) Construct an MO diagram for dihydrogen and discuss how transition metals
affect dihydrogen splitting more successfully than main group compounds. A recent
paper in Science reported (Science 2006, 314, 1124) reversible binding of H to the main
group compound shown below. Suggest what the product is.
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Organic Cumulative Examination
April 28, 2007

Propose stepwise mechanisms to explain 4 of the 7 following transformations. Use curved
arrow formalism to show electron movement and show all likely intermediates.

1. 0
mcm .\ PhgP<HCIO, (20 moi%) _
N 1.4-dioxane, 90°, 1 h
\ NH2 O
Cl
2. 0 ® o 1 TFA TEA CHLCL, .
A +  MeN” 'NMe ~2.K,COs;, MeOH
R” “NHy \
3. OH R O
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Physical Chemistry Cume
(April 2007)

1. Derive an expression for collision frequency with a surface, defined as the number of
collisions per unit time per unit area. You may want to use the following information:

—my?
velocity distribution: f(v.) = [—o— e 7
2xkT

. . . 1
general information: j xe ™ dy=—
o}

2. Approximately what air pressure is necessary to kee}za a metal surface at least 90% clean for
30 minutes at 25°C, assuming a surface area of 1 cm? and sticking probability of 1? Describe
any assumptions you make.

k=1.381x 107 J/K
1atm=101,325Pa=760 Torr = Pa=kgm™'s?

3. Surface adsorption processes are often described using adsorption isotherms. A simple
example for an adsorption process that can be described as

A(g)+S (s) ﬁ'&r_ AS(5)

K [4]
1+ K [ 4]

where O is the fraction of surface sites that are covered (i.e. the number of A-S versus the
number of surface sites, S, available.) For the simple surface reaction shown, the rates of
adsorption and desorption are given by:

is the Langmuir isotherm, which has the form: =

rate of adsorption = £ [4]N(1 - 6)
where N is the total number of sites, and N(1-6) is the number of available sites
rate of desorption = £, N&

Now consider a surface-catalyzed bimolecular reaction between molecules A and B that has

a rate law of the form
' Rate = k39AE)B

Where 6, is the fraction of surface sites occupied by reactant A and 8 is the fraction of

surface sites occupied by reactant B. A mechanism consistent with this reaction is as

follows:



A2 +S(s) —'1:% A-S (s) (fast)

B@+S(s) % B-S (s) (fast)

A-S (5) + B-S () L> products (g)

Take K4 and Kp to be the equilibrium constants for the first two steps, respectively. Derive
expressions for 8, and O in terms of [A], [B], Ka, and Kg.

. Diffusion in a perfect gas can be written as a simple function of mean free path and mean
speed:
D=14c
For each of the following effects, say whether it will increase, decrease or not affect the
diffusion coefficient. For each one, give a justification for your answer.
a. increase in pressure of the gas
b. increase in temperature
¢. increase in size of the gas molecules, without increasing the mass
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