Department of Chemistry
Cumulative Examinations
November 12, 2005

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 vield a 100% grade
for this cumulative exam. Instead you would receive 50% on each eéxamination
attempted.

This booklet contains five examinations.

1) Analytical Cumulative Examination, Page 1

2) Biochemistry Cumulative Examination, Page 2
3) Inorganic Cumulative Examination, Page 3

4) Organic Cumulative Examination, Page 4

5) Physical Cumulative Examination, Page 5

On your examination booklet:

1) Print your student ID number. ] l3
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
November 12, 2005

Two dimensional gas chromatography coupled with time-of-flight (TOF) mass
spectrometry is theoretically capable of seeing 60,000 compounds in 30 minutes. This
new technique is becoming popular in the analysis of petroleum samples, metabolite
analysis, and environmental monitoring where it is an advantage to examine and
identify huge numbers of volatile organic compounds within a short time..

1. How is two dimensional gas chromatography (2-D GC) achieved in this
instrument?
2. Discuss the stationary phases generally used in 2-D GC and the order in which

they are coupled that contain them.

3. What are typical separation times in the first and second dimensions of GC?
4, Why is TOF preferred over other types of mass spectrometry?
5. What advantage does GC/GC-MS have over multidimensional MS as seen in the

analysis of petroleum samples?



Cumulative Exam Questions for Biochemistry (November 12,2005)

1. The AG of denaturation of an average globular protein is ~15 Kcal/mole. Explain
why this value is so low. Then explain which weak bonds contribute most to the
stability of globular proteins and why. (20 points)

2. Calculate the diameter of a perfectly spherical globular protein of molecular
weight 40,000. Show your work and state your assumptions. {20 points)

3. Describe the common structural features of all protein alpha helices and all beta
pleated sheets. (30 points) - -

4. Draw the linear structure of the following peptide: ASPRTGEN (20 points)

5. Calculate the isoelectric point of the protein with the following composition: (10
points)

Asp-5
Ala- 4
Gly-3
Trp-4
Lys-6
His-5
Val-6
Leu-4
Tyr-2
Phe-1
Thr-7
Ser-4
Glu-4
Arg-5
Ile-6
Cys-2
Pro-1



Inorganic Cumulative Exam

Date: November 12, 2005
1. (32 points) Dipole moments

a. (8 pts) The dipole mdment of ammonia is 1.47D. Is the dipole moment of NF; greater
or smaller? Explain.

b. (8 pts) Is the dipole moment of phosphine, PHj, greater or smaller than that for
ammonia (NH3)? Explain.

c. (8 pts) The dipole moment of trimethylphosphine oxide, MesPO, is 4.37D. Is the
dipole moment of trimethylamine oxide, MesNO, greater of smaller? Explain.

d. (8 pts) The dipole moment of carbon monoxide is small (0.112D) and it has been
determined recently that the oxygen atom is the positive end of the dipole, despite its
greater electronegativity. Provide a plausible explanation for both, the small
magnitude of the dipole moment and its direction using simple valence bond terms.

2. (24 points) In ligand field theory, the splitting 10Dq 1s given by the separation of the t;; and
eg™ orbitals.

a. (6 'pts_;)) What is the occupancy of the tz, and e,* orbitals in a weak field complex like
[Crlg™]?

b. (6 pts) What is the occupancy of the t, and e,* orbitals in a strong field complex like
- Cr(CO)s?

¢. (12 pts) Using a simplified energy level diagram showing ty, and e;* orbitals, explain
why I is a weaker field ligand compared to NH; in the spectrochemical series.

3. (14 points) Explain the following observations: [MnQ;] absorbs in the visible (Agax ~ 520
nm), [ReO4] absorbs in the UV (A, = 240 nm), but [ReS4]” absorbs in the visible again (Ag, =
480 nm). Hint: All three compounds are d°.

4. (10 points) Derive the ground-state term symbols for the free jons in d° and d’ configurations.
5. (20 points) This year’s Nobel Prize in chemistry was awarded to Chauvin, Schrock, and

Grubbs for the development of olefin metathesis. Provide a concise description of this reaction
and its accepted mechanism. What was the contribution of each of the three winners?



Organic Cumulative Examination November 12, 2005

Consider the only named unimolecular dissociation reaction in gas-phase ion
chemistry and mass spectrometry, the McLafferty rearrangement shown below
for the radical cation of 2-pentanone:

O+e

; O +eo |
P T P

1) Show two likely mechanisms (include arrows) for this reaction, a stepwise
one and a concerted one (remember to indicate the formal charge and radical
sites}). Explain why you think that these mechanisms are thermodynamically and
kinetically feasible. Compare them, and point out which one (if either) is likely to
be more favorable thermodynamically and which one kinetically.

2} Sketch a potential energy surface for each mechanism, and explain where .
the mechanisms differ. Point out what structure corresponds to each energy
minimum and transition state, and draw these structures.

3) Devise an experiment that might allow you to distinguish the above two
“mechanisms either in the gas phase or in solution. Explain what sort of data you
expect, and how this data could allow you to distinguish the mechanisms.

4) Give a guess as o which mechanism is most likely, and justify your
answer. '

5) | Show the products that Mcl.afferty rearrangement should yield (if any) for
the radical cations of acetone, ethyl acetate, ethyl propionate, and 1-pentene.



Physical Chemistry Cume November 12, 2005

- L (50 points) Consider a system composed of one mole of a monatomic ideal gas. In
answering each of the following questions, report your answer as a number with units
(and with the correct sign).

Useful information: P=pkT, U=(3/2)NKT, R = 8.3 J/(K mol) (6x10% molec/mol) k (J/K)

1)
2)
3)
4

5)

What is the total kinetic energy of the gas?

How does the entropy of the gas depend on its volume (at constant temperature)?
How does the entropy of the gas depend on its temperature (at constant volume)?
How much would the chemical potential of the gas change if its volume doubled
at a temperature of 300K ?

How much would the Helmholtz free energy of the gas change if its Volume
doubled at a temperature of 300K ?

II. (50 points) Consider a system composed of an arbitrary mixture of chemical
components that is in a high density (liquid and/or solid) state. In answering each of the
following questions report your number as a symbol or equation (and show your work).

1)

2)

3

4)

3)

What thermodynamic function must decrease in any spontaneous processes
carried out at constant S, T and N; (where N represents the number of molecules
of component i in the mixture)?

Construct a thermodynamic function which must decrease in any spontancous
processes carried out at constant T; P, u and Nj (where 1),

If the sample is composed of a liquid mixture containing a single-component solid
precipitate (and the system is presumed to be at equilibrium) what is the
relationship between the chemical potentials the compound in the precipitate and
in the liquid phase?

If the sample is composed of a compound, A, which can react to form a dimer

compound, B, what is the relationship between the chemical potentials of A and B

at equilibrium?
How 1s the derivative, (8P/0T)v i related to the isobaric thermal expansion
coefficient, op, and isothermal compressibility, «r, of the system?
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