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Analytical Cume October 2006

1. Consider the structure of a well known potassium ion-selective receptor, valinomycin:

The complex formation constant of this receptor with K™ has been determined in water as
log Kj(aq) = 0.3 and in plasticized poly(vinyl chloride), a hydrophobic polymeric solvent
ordinarily used as a sensing material, as log K; = 10.0.

Please explain this very large discrepancy in stability constants.

2. Valinomycin was one of the first receptors to be used in solvent polymeric ion-
selective electrodes for the determination of potassium ions by direct potentiometry.

Ideally, such potentiometric sensors function according to the Nernst equation, written in
simplified form as:

emf = K +sloga,

a) Such sensors are responsive to the ion activity. Write down the relationship between
the ion activity and the molar ion concentration.

b) Explain the role of the reference electrode in this measurement, and assess how an
error of 2 mV affects the measured potassium levels (assume an electrode slope, s, of
59.2 mV).

3. The selectivity of these types of sensors over other monovalent ions such as sodium is
described by an ion-exchange equilibrium. The resulting electrode function is an
extension of the Nernst equation, called the Nicolsky equation:

emf = K + slog(ay + K0y, )

a) For a selectivity coefficient, K%y, , of 0.00010, predict the percent error when
measuring 0.0030 M potassium activity in the presence of 0.10 M sodium activity.

b) The selectivity coefficient can be related to the formation constants of the receptor in
the membrane. Only one of the following relationships is correct. Please pick the correct
equation and defend your choice. In the equations, £,(ValK) and S,(ValNa) are the 1:1

formation constants for the indicated complexes in the membrane phase and K, ,,, the
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ion-exchange constant for the exchange'of uncomplexed potassium by sodium from the
membrane.

,g?;\m = Bk N M (1)
B (VaiNa)
Kfl;oir\m =Ky na M (2
' ™ B(ValK)
7, - A0 ®
f.(ValK)
K!??;Va = KK,Naﬁl (VQIK) (4)

4. Modern potentiometric sensors for potassium still largely rely on valinomycin in the
routine clinical analysis of whole blood samples. The membranes contain a lipophilic
cation-exchanger in addition to valinomycin.

a) Discuss the role of this ion-exchanger and the nature of its counterion in the
membrane.

b) Postulate how the sensors would behave without any such ion-exchanger present in the

membrane. Would you still expect the membrane to behave according to the Nernst
equation? Please discuss.
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Biochemistry Cumulative Examination October 21, 2006

1. In 2006, Andrew Fire and Craig Mello were awarded the Nobel Prize in
Phystology or Medicine "for their discovery of RNA interference - gene silencing
by double-stranded RNA".

A. What is RNA interference?

B. What does gene silencing mean?

C. Provide an example of gene silencing that could potentially be used as a

therapeutic procedure (for example killing of certain type of cancerous cells).

2. In 2006, Roger D. Kornberg was awarded the Nobel Prize in Chemistry "for his
studies of the molecular basis of eukaryotic transcription”.

What is transciption and why is it impotant?

3. Can you think of a link between franscription and gene silencing by RNAi?
Give the reasons for your answer.

4. Provide three different types of structures that RNA molecules can form.

5. Can these structures also form in DNA? Give the reason(s) for your answer.



Inorganic Cumulative Examination Purdue University
October 21, 2006 Department of Chemistry

Cisplatin or Cis-DDP, cis-diaminodichlorbplatinum(ﬂ), is an anticancer drug that falls into
the class of DNA-damaging agents. It acts in a similar mechanism to that of bifunctional
alkylating agents. Its structure is shown below.

(i:i
C|_Fit —NH3

NH,

(a). Do you expect this molecule to be diamagnetic or paramagnetic? Explain your answer by
showing electron occupancy in the metal d-orbitals in this symmetry (ligand field)?

(b). It is believed that the active species results from reaction with water. Show the structure
of the product.

cis-PtCl,(NHs), + HbO (excess) —

(c). Cisplatin is soluble in water at 1 mg/mL. What is the concentration in molarity of a
saturated aqueous solution of cisplatin?

(d). The active aquated species of cisplatin is a bifunctional electrophilic agent and is
therefore able to bind any nucleophilic site present on DNA. Suggest which position on the
purines and pyrimidines would be most probable for binding cisplatin.

NH, 0 NH, 0
N H. N7 -
N1 7 N1 N HN3
&IL 5 ALY XJT ;T
N3 Ne HN" “Ng N9 07 N1 07N
DNA DNA DNA DNA
\_Adenine (A) Guanine (G) / \' Cytosine (C) Thymine (),
Y
Purines Pyrimidines

(e). The trans isomer of cisplatin is ineffective as a drug. Suggest a mechanism for cisplatin’s
action on DNA strand that would account for reduced activity of the trans analogue.

(f). Assign the point group symmetry for each isomer, cis and trans-platin.

(g)- Deduce the number of IR active Pt-Cl stretching modes that would be expected for each
isomer. -

(h). One of the mechanisms by which cells develop resistance to cisplatin is via an increase
in production of glutathione and metallothioneins. Explain how these molecules would
inhibit the action of cisplatin.
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ORGANIC CUME, OCTOBER 20606

Q 1. (20 pts) Reference: J. Org. Chem. 2006, 71, 8198
Graphical Abstract of this paper shows the following reaction.

0O OH
j\ Catalyst A (20 mol%) = H H
R
R H AcOH (40 mol%)
THF, -40 °C S Cataiyst A

Is there any reactant missing in this equation? What is it? What reaction is being discussed in
the paper? Provide the mechanism for the general reaction (ignore the stereochemistry).

Q 2. (20 pts) Reference: J. Am. Chem. Soc. 2006, 128, 13064
O

0
Cul, AglO;

H + “ ONHyHOI @ — N
CaCOs, TBHP H

MeCN, 80 °C
What is TBHP? Provide a mechanism for the above reaction.

Q 3. (20 pts) Reference: Org. Lett. 2000, 8, 4887.
Write the product for the following reaction and provide a mechanism for its formation?

NCOR s j — ﬁ CuO-+-Bu/BugP.
T MeOH

Q 4. (20 pts) Reference: Org. Lett. 2006, 8, 3967
Provide a mechanism for the following reaction?

Br Ab '
P
I OH o~ Pd(CAC), COzR
* COR ———>
©/ * 2% K,COa DMF O OH

80°C, 24h

Q 5. (20 pts) Reference: Org. Lett. 2000, 8, 4871
(4 Stercocontrolled Access to Ring-Fused Piperidines through a Formal [2+2+2] Process)

0O
% Ro)k/l (2 equiv.)

MeON” Et38/0, CHaClp, 20°C 07 N

I H .
MeO dr>95:5

Provide a mechanistic cycle for the formation of the lactam B. Explain the term dr.
( Hint: Et3B + O; provides Ethyl radical ).

B

Extra credit.

(5 pts):  Who won the Nobel Prize for Chemistry in 20067 What was it awarded for?

(5pts.): Name two of the 14 non-Purdue speakers at the inaugural Negishi-Brown Lectures and
three of the 10 speakers at the recent Catalysis Symposium.
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2)

3)

4)

5)

Physical Chemistry Cume October 21, 2006

(10 points) Express Cy as a partial derivative of U and also in terms of a partial
derivative of S.

(10 points) How do the first and second laws of thermodynamics help explain the
connection between the above two expressions for Cy?
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(20 points) Consider the experimental values of Cy for argon which are shown in
the above graph.

a. What is the energy, U, of argon that is implied by the above data?

b. How are the experimental values of Cy related to the number of degrees of
freedom available to argon and what are the relevant degrees of freedom?

(30 points) Consider the experimental values of Cy for hydrogen (H,) gas which
are shown in the above graph.

a. Why is the Cy of hydrogen the same as that of argon at low T?

b. What does the Cy of hydrogen at 400 K tell you about the number of
degrees of freedom available to hydrogen at that temperature (and what
are those degrees of freedom)?

c. What do you expect to happen to the Cy of hydrogen at higher
temperatures (assuming it does not decompose).

(30 points) Consider the experimental values of Cy for fluorine (F») gas which are
shown in the above graph.

a. Why is the Cy of fluorine at 100 K the same as that of hydrogen at 400 K?

b. What does the Cy of fluorine at ~1000 K tell you about the number of
degrees of freedom available to fluorine at that temperature (and what are
those degrees of freedom)?

¢.  What do you expect to happen to the Cy of fluorine at higher temperatures
{assuming it does not decompose).



