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| 4) Organic Cumulative Examination, Pages 5-6

5H) Physical Cumulative Examination, Pages 7-9
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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
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Analytical Cumulative Examination - February 3, 2007

1. The relationship between instrument response, R, and analyte concentration, C, for a
particular method is:

R = g (&+HO)

a) Sketch the shape of the response versus concentration curve. [3 pts]
b) What is the sensitivity of this method? [10 pts]

c) What is the relationship between the error in R, AR, and the resulting error in C,
AC? [10 pts]

d) For a constant error in response (fixed AR), sketch the shape of the plot of the
absolute value of error in concentration, [AC|, versus concentration. [S pts]

¢) To minimize the relative random error (AC/C) associated with measuring
concentration with this method, are measurements best taken at high
concentration, intermediate concentration, low concentration, or is relative
random error independent of concentration? Justify your answer. {10 pts]

f) Indicate a quantitative analytical method for which the response versus
concentration relationship is of the form indicated above. [S pts}]

2. Discuss the physical/chemical bases for the selectivities of the following approaches:
a) Chemical ionization mass spectrometry [S pts]

b) Electrogravimetry [S pts]
¢) Laser-induced fluorescence [5 pts]
d) A Kjeldahl determination [5 pts]

3. Some analytical methods are based on the establishment of equilibrium (i.e.,
equilibrium methods) and some are based on the measurement of rates of reactions
(i.e., kinetic methods).

a) List two advantages of kinetic methods over equilibrium methods. [S pts]
b) List two disadvantages of kinetic methods relative to equilibrium methods. [S pts]

¢) Glucose is the most widely determined biomarker in the world. Many of the
approaches used for glucose determination are kinetic methods. Why is this so?

[ pts]



4. Species A reacts with species B with 1:1 stoichiometry, an equilibrium constant of
10", and a rate constant of 1.80x10% M™s™. After rapid mixing of solutions
containing A and B, 50.0% of A was converted to products after 30.0 s. If the
concentration of B was significantly higher than that of A such that the concentration
of B was essentially constant over 30s, what was the concentration of B? [10 pts]

5. The concentration of a species of interest can be computed from the several measured
values as follows:

2.6x107 (£1x107 )M x1.2x107° (33x10* )M
1.8x107° (22x10™)M

C =3.4x107 (£2x10M +

What is the uncertainty of the computed value of C?7 {10 pis]

Useful relationships:
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Biochemistry Cumulative Exam
Title: Enzymology

Feb 3, 2007

. (20 points). Define the following terms in two to three sentences:

Abzymes

Allosteric inhibitors

Transition state analogs

Ribozymes

(10 points) Suppose a mutant enzyme binds a substrate 100 fold more tightly than
the native enzyme. What is the effect of this mutation on catalytic rate if the

binding of the transition is unaffected?

(10 points). For an enzyme that follows simple Michaelis Menten kenetics, what
is the value of Vi if Vo is equal to 1 uM /minute at 1/10 Ky?

(20 points) Acetic acid has a pKa of 4.8. How many millilters of 0.1M acetic acid
and 0.1 M sodium acetate are required to prepare 1 liter of 0.1M buffer solution
having a pH of 5.8.

. (10 points) What are the substrate specificities of trypsin and elastase?

(10 points) Enzyme A has a K 0f 360 sec™ and a K, of 10 uM. Enzyme B has a
Ko of 500 sec™! and a Ky of 5 pM. Which enzyme is more efficient at 100 UM
substrate concentration and why?

. {10 points) Define a perfect enzyme.

() (6 points) Name the three residues of the catalytic triad of Chymotrypsin.

(b) (4 points) How diisopropy! fluorophosphate (DFP) acts as an inhibitor of
. chymotrypsin.



Inorganic Cume February 3, 2007

Chem. Mater. 2006, 18, 5088-5096 and references therein.) Figure I represents a slice of a solid
that contains hafnium (dark sphere) and boron (light spheres). Within the HfB, lattice, hafnium
ions intercalate between layers of boron bonded together in two-dimensional hexagonal
networks that resemble the layers of graphite. Figure 11 provides a top view of the structure in
which the dark spheres represent hafnium ions positioned under a layer of borons. Borons (not
shown) occupy all vertices in the hexagonal network.

[

= &

(65 points). Crystal structure.

The structure shown in Figure I is not a proper unit cell, but it does translate in three
dimensions to generate the lattice. Show that the hexagonal prism (I) correctly embodies
HIfB, stoichiometry.

Calculate the intérplanar spacing if the B-B bond distance is 1.828 A within a layer, and
the density of HfB,(s) is 11.2 g/em®. (1 A =1x10® cm, AW: Hf, 178.49; B, 10.81)

Find the coordination number of boron in the lattice.

The four Hf centers in Figure II define the base of a proper unit cell. Determine the
angles and the length of the sides of the parallelogram in question.

Draw the complete unit cell and show that it, too, is consistent with the stoichiometry.

(35 points). Some chemistry.

What is the oxidation number of Hf if the boron centers are isoelectronic with the carbon

atoms of graphite? One can layer the material onto a chip by a chemical vapor deposition
method because of the thermal decomposition reaction given below. Balance the reaction
and identify all atoms that undergo formal oxidation or reduction in the process.

HEBH,),(g) ~ HIB,(s) + BHy(g)+ Hyg)
If the z-axis is perpendicular to the boron layers, adopt the perspective of crystal ficld

theory and identify which d-orbital(s) of hafnium, if any, is (are) occupied. Explain your
reasoning.

HiB, is a conductor. Do you expect the material to be an electronic conductor or an ionic
conductor? Explain.



Organic Division Exam
February 2007

1. JACS, (2006) 128, 14986.

In their asymmetric synthesis of tetrahydrothiophenes, Jorgensen and co-workers use an
organocatalytic domino reaction. Provide a plausible mechanism for the following

enantioselective reaction.
Ar

O
% o I}] OTMS 10 moi% Ho’z.
H . }
S
NaHC03 @]
Ar = 3,5<(CF3),-Ph (80% ee)

2. JACS (2006) 128, 15106.

Jamison and co-workers recently reported an elegant total synthesis of (+)-Acutiphycin.
The key macrocyclization reaction involved heating alkyne derivative in the presence of
n-butylamine in xylene with loss of acetylene. Provide a detailed mechanism for the
following transformation.

OTBS OTBS

=

H,C=CH,

3. JACS (2006)128, 15566

- Recently, a methodology for synthesis of tertiary B-hydroxy amides was published by the
Scheidt group at Northwestern University. Propose a reaction mechanism for the
following reaction.

0 0 LDA, THF, -78 °C O
Me\ JJ\ + H > ME\ Ph
N “Me Me3Si)LPh then PhCH,Br 'ﬂk/&/
bl (86%) pro




4. Angew. Chem (2007) 46, 437.

In their total synthesis of (+)-Vigulariol, Clark and co-workers have exploited a
carbenoid meditated ring expansion reaction. Please provide a plausible reaction
mechanism for the following transformation.

CUu(CF;COGHCOCF,),, 5mol%

[
-

CHJCl, reflux

TBSG  Major

3. JOC (2006) 71, 8045

A recent publication in JOC dealt with the synthesis of 2-Alkenyl-
3(alkoxycarbonyl)furans. This work was published by Langer and co-workers and
involved a cyclocondensation of (2,4-Dioxobutylidene)phosphoranes with o-
chloroacetaldehyde as shown in the following reaction. Write a mechanism for the
formation of phosphonium salt and identify the chemical B.

o

Q O o CH5Cl,, reflux
PhSPvJ\’/U\OME + Ci\)I\H - \ / Pph3+ Cr

OMe
v
O
\ 7N\ cH,
OMe

O

6. JACS (2006)128, 16480

Epstein and Rovis, recently reported a method for synthesis of 4-amino tetrahydropyrans.
The method contains a Sakurai-Prins-Ritter sequence. Provide a plausible reaction
mechanism for the transformation.

Ph OAc , Ph =
\/Y\r i} TMSOT T N~=NHAC
O 0 + M + MeCN - (3
& i) TFOH OH
TMS i) H,O /I\ (80%)




Physical Cume Examination - February 3, 2007

(1) Consider n moles of gas molecules of an ideal gas in a cubic box of volume, V. In this
case the pressure, p, is given by:

1 nM
=<y’ > 1.
P 37 (D

M ...molecular weight
<v*>...mean square velocity

{a) Show that the total translational energy of N gas molecules is

E= %nRT (2).

(b) The velocity distribution (Maxwell diStribution) of the gas molecules is given via:

N = 47N ]3!2v2e—mv2.’2k?" 3).
2nkT :

Ny......number of molecules per unit velocity interval

Explain (verbally or graphically) how a temperature reduction will affect the (1) width of
the Maxwell distribution; (2) the value of N, at the most probable velocity; and (3) the
value of the most probable velocity.

(c) The viscosity of ideal gas molecules is related to their average velocity by:

7oy >
Determine how the viscosity is related to temperature.

(2) The one-dimensional diffusion of a solute is described by Fick’s first and second laws
of diffusion. Fick’s first law of diffusion provides a relationship between the diffusive
flux J and the concentration gradient of the solute dc¢/ox:

J= an_ —DA% 3
dt ox

where D is the diffusion coefficient and dn represents the amount of solute crossing a
specific area A during the time dt. Fick’s second law of diffusion describes how the
diffusion affects the rate of change of concentration:

de 3

“=pZ% 4).

ot o “)

(a) Consider the one-dimensional diffusion of a solute across an area A between
positions x and x+dx characterized by concentrations c and c+dc, respectively.
Derive Fick’s second law of diffusion from Fick’s first law of diffusion.
Assume that D is independent of the position x.



(b} Show that

_ O _uap
=7 (5)

is a solution of equation 4.

{c) Consider the case of one-dimensional diffusion where all ny solute molecules
are initially concentrated within a plane at x=0. The constant o in equation 5 is
given by

g
o= —— 6
2(7ZD)”2 ( )
Explain verbally or graphically how the concentration profile of solutes will

change as a function of time after the solute molecules are allowed to spread
out from the initial plane at x=0.

(d) The average squared net distance <x*> represents a useful parameter for the
study of the movement of solute molecules in a diffusion process. Using
equations (5) and (6), derive an expression for <x*> as a function of D and t for
the case of one-dimensional diffusion. To solve the problem use the following
integral solution: '

‘Euxze‘”’“zdx _Lz

2aVa

(e) Does it make sense to consider the average net distance <x> to describe a
diffusion process of solute molecules? Justify your answer!

3. A macromolecule in a centrifugation experiment is exposed to the following three forces

(i)  Centrifugational force: F,,, =mw’x
(ii)  Buoyant force: F, = mgpwzx
(iii)  Frictional force: Foow=Ju

with m being the mass of the macromolecule, o being the rotational speed, x being the
the distance from the rotational axis, v, being the specific volume of the

macromolecule, p being the density of the medium, f being the frictional coefficient,
and u being the velocity of the macromolecule.
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(2) Show that the sedimentation coefficient s = at equilibrium, where Feep is

counterbalanced by Fp and Friq, is given by the expression
=M l—-v,p
/

(b) At 20°C the diffusion coefficient, D=kT/f, of a macromolecule is found to be

D=8.3*10"cm’s"! (k: Boltzmann constant, T temperature). Its sedimentation
constant is s=3.2*10 sec in a solution of density p=1.06gcm™. The specific volume is
v, =0.656cm’g”. Calculate the molar mass of the macromolecule. The gas constant
and the Avogadro constant are R=8.314JK 'mol™ and Ny=6.022*10*mol .
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