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You may choose to answer any exam from any area covered in the examination
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4) Organic Cumulative Examination, Pages 6-7
5) Physical Cumulative Examination, Page 8
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examination booklet for each examination.
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2006 Analytical Cumulative Exam, Saturday March 4

Part [

a) Compute the average and unbiased variance for the three values, {13, 17, 12}. Write out both
equations in symbolic form. Then use the equations to compute the parameters. Do all math by
hand showing explicitly all terms in the equation. That is, do all the addition, subtraction,
squaring and division by hand.

b) What are degrees of freedom, and how do they come into play with the answer to part (a)?

c) Further demonstrate your understanding of degrees of freedom by considering the variance of
the fit for a quadratic least-squares. If there are N data points that were fit, how many degrees of
freedom are used in the equation for the variance? Why?

Part I
d) Consider the equation, z = ax + by, where x and y are random variables and «¢ and b are
constants. Express the mean and variance of z in terms of the mean and variance of x and y.

) Use the information in part (d) to derive the variance of the arithmetic average, X , where x has
the standard deviation o. '

f) Consider the equation, z = x%, where x is a random variable. Use your knowledge of
expectation value calculus to show that the mean of z is biased. What is the bias?

g) Use the results of (d-f) to determine the mean of the biased variance (uses the number of
values instead of the degrees of freedom). The result should provide a factor that converts the
biased variance into the unbiased variance.

Part III :
h) Consider the equation used to compute the number of theoretical plates in chromatography,

2
n= 16[5-]
w
where £, 1s the retention time and w is the peak width. Assume that the width is computed by a
difference between two times, w =1, - ¢}, and that the error for all measured times is the same
value, 0. Use a Taylor's series linearization to obtain a functional form for the variance in z.
Forz,=100s,w=10s, and 0, =0.1 s what is 6,2 Which parameter, #, or w, contributed most to

the uncertainty in ». Hint: The math is easier if the value of 0, is expressed as a function of o,
and #, and ¢, are not substituted into the equation!



Cumulative Examination in Biochemistry

March 4, 2006
Instructions: There are five questions, worth 20 points each.

1. The enzyme urease catalyzes the hydrolysis of urea to CO; and ammonia. At 21°C the uncatalyzed
" reaction has a free energy of activation of 125 kJ mol. In contrast, the enzyme-catalyzed reaction
has a free energy of activation of 46 kJ mol”. By what factor does urease accelerate the reaction?

(Show how you arrived at your answer.)

2. Undergraduate biochemistry texts often confuse general and specific acid-base catalysis. Using as
an example the hydrolysis of N,N-dimethylacetamide in aqueous 1M acetic acid buffer at pH 4.5,
present a pair of mechanisms that clearly differentiate the steps (ihcluding the likely rate- |

determining steps) in specific acid and general acid catalysis of this hydrolysis reaction.

3. The enzyme enolase catalyzes the conversion of 2-phosphoglycerate to phosphoenolpyruvate in the
glycolytic cycle. The following graphs show rate constant data as a function of pH for reaction of
the normal (protio) substrate, and the 2-deuterio substrate (2-phospho[2-"H]glyceric acid). The Vix
values for the two substrates are plotted on the left graph, and the ratio of the rates at individual pH
{ralues are plotted in the right curve. Propose a reasonable chemical mechanism that is consistent

with these data. Comment on the magnitude of the Vi, ratio at neutral pH. Suggest a hikely

H

explanation for the decreased ratio of ——— at high pH.
D
The parameter V. for the enzymatic reaction was mea- " When the ratio of Vi, for the two reactants is plotted as a
sured in the direction of dehydration, as a function of pH for function of pH, the following results were obtained

the reactant containing prouum and the reactant containing
deuterium, respectively.”
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Biochemistry Cumulative Exam cont.

4. Describe in detail the biochemical role and also comment on the batalytic efficiency of carbonic

anhydrase. Also comment on the mechanism of catalysis utilized by this enzyme. [Hints: The

eukaryotic enzymes have three strictly conserved histidine residues. For a representative enzyme

example, Ky, = 26 mM and k.o = 4 x 10°s! in the hydration direction]. .

5. Acetoacetate decarboxylase catalyzes the decarboxylation of acetoacetate to acetone and carbon

dioxide. The following graph and figure legend descﬁbe experimental evidence that gave critical |

clues to the mechanism of the enzymatic reaction. What is the mechanism of the enzyme-catalyzed

decarboxylation reaction? What is noteworthy about the pH dependence curve of the covalent

modification curve?

Figure 4-12: pH-Rate profile for the reaction of 2,4-dini-
trophenyl propionate with acetoacetate decarboxylase.
Solutions of 2,4-dinitrophenyl propionate were prepared at
various values of pH buffered with lutidine sulfate,
N,N,N'N’-tettamethylethylenediammonium sulfate, or
4-[{2-dimethylamino)ethyl]morpholinium sulfate at 30 °C.
The spontaneous rate of hydrolysis was recorded, and then
a sample of acetoacetate decarboxylase was added. This
caused a burst of 2,4-dinitrophenol production. The rate of
the spontarieous release of the 2,4-dinitrophenol in the
absence of enzymme was subtracted from the rate of this
burst, and a pseudo-first-order rate constant was calculat-
ed from the rate at which the enzyme reacted with the

~ 2,4-dinitrophenyl propionate for each sample. This pseu-
do-first-order rate constant was divided by the concentra-
tion of 2,4-dinitrophenyl propicnate to obtain the apparent
second-arder rate constant, kg, (molar~ second™), for the
reaction of acetoacetate decarboxyiase with the 2,4-dinitro-
phenyl propionate, and this parameter is plotted as a func-
tion of pH. In separate experiments it was shown that the-
amplitude of the entire burst of 2,4-dinifrophenoi was
equal to the molar concentration of active sites, that after
the burst was complete, the enzyme had lost greater than
98% of its actdvity, that the loss of activity was coincident
with the burst, that enzyme acetylated at the lysine within
its active site showed no burst, and that occupation of the
active site with acetopyruvate also eliminated the burst,

25

(o



Inorganic Chemistry Cumulative Exam
Purdue University
March 4, 2006

Subject: Symmetry, Point Group, Character Table

~ There are 100 possible points in this exam.

“1. (30 points) Determine the point groups of the following cubes.

(a). (b)

2. (20 poiiits) A C,, character table is given below. To which irreducible representations do x, vy,
z; and xy functions belong?

G, | E G o(xz)  o(yz)
A, 1 1 1 1
A, 1 1 -1 -1
B, 1 -1 1 -1
B, 1 -1 -1 1

3. (10 points) Explain the meaning of “group” in the term, “point group”.

4. (10 points) Identify subgroups of D,



5. (10 points) Determine whether each of the following point groups is centrosymmetric or
noncentrosymmetric.

(a) Cy, (b) Gy (©) Cy (d)T,
6. (10 points) What group is obtained by adding a center of inversion, , to C,?
7. (10 points) To what point group does each of these dodecahedra belong?

2

(a)




Organic Cumulative Exam March 4, 2006

1. (25 pts.) Bode and co-workers have recently developed a novel way to form peptide linkages from
N-alkylhydroxylamines and o-ketoacids (Angew. Chem. Int. Ed. 2006, 45, 1248-52). This coupling
reaction is remarkable because it requires no activating agents.

: H
N OH
Cbz.N . Y o
H H 95% aq. DMF E \)l\ OB
0 Z o} o ag. u
Ph P CbZ‘N : y N
40°C H s H ‘
+ 0 = o]
v
HO OfBu
~ +(CO.H
N (CO:H)2 79% yield

Provide a mechanistic explanation for the reaction above.

(25 pts.) Bode et al. apply their decarboxylative coupling reaction toward the reiterative synthesis of
B-peptide oligomers, using isoxazolidine acetals as building blocks (J. Am. Chem. Soc. 2006, 128,
1452-53). The yields of these couplings are reported to be well over 90%.

Draw the structure of the reaction product, supported by a detailed mechanism. (In this reaction, the
a-ketoesters is treated with NaOH prior to addition of the isoxazolidine)

1) NaOH
—.._..._..._h._
2} oxazolidine,
OMe 11 HyO:BuOH,
40°C

N—Q DOMe

R2

o

3. (25 pts.) The isoxazolidines are prepared via a chiral nitrone intermediate, which react with an enol

pyruvate and are treated with NH,OH under acidic conditions for recovery of the chiral auxiliary
(GIcF*). Provide the mechanism for this reaction sequence.

1) CgHg, reflux H‘N_o OMe
— - F
2} 2 ) OMe
JW‘/UMB R /k)\“/
MeO
O
. o}
3} NHzOH.HCI, MeOH + GlcF*-NHOH

GlcF*-NHCOH



4. Fu and coworkers report a method for generating a nucleophilic carbene catalyst under basic
- conditions (J. Am. Chem. Soc. 2006, 128, 1472-73). They demonstrate its utility for organic
synthesis in the “umpolung” (electrophile—nucleophile reversal) reaction below:

Q Ph I’\{J-\r 2
\,E I ciog
OEt N OFt
Ar |
>
OTs trisodium phosphate (2.5 equiv),

92%
CH30OCHLCH,OCH;, 80 °C

(a) (10 pts.) Draw two resonance structures of the active carbene species (Note: molecules similar to the
triazolinium salt above are reported to have pK,’s between 14-18).

(b) (15 pts.) Provide a mechanistic description of the reaction sequence which regenerates the carbene
catalyst. “Ar” = p-MeOCgH..

5. Extra credit (15 pts.) The catalyst above bears some resemblance to thiamin (vitamin B,), an enzyme
cofactor. Thiamin is the active ingredient in pyruvate decarboxylase, which converts pyruvic acid

into acetaldehyde (see below). Thiamin also has a remarkably low pK,, and can be deprotonated in
the environment of an enzyme active site.

pyruvic acid Thiamin acetaldehyde

NH,
o] J_%ﬁ/\(‘kl\l
| I
\“/L HO S’l \N/K
OH .
o}

CH3CHO
Pyruvate decarboxylase
-COs

Provide the mechanistic details of this classic transformation in enzyme chemistry. (The accepted
mechanism was proposed 50 years ago by Ronald Breslow at Columbia University).



Physical Chemistry Cumulative Exam ~ March 4, 2006

1. The use of quantum mechanics for angular momentum is crucial for a complete
understanding of all types of magnetic resonance spectroscopy, for electron spin
coupling in open shell states, for understanding the correlation of states in chemical
reactions, and so on. .

a. (30 points) For the set of the four spherical harmonic functions (Yny) for which
J=3/2 and M=-3/2,-1/2,1/2, and 3/2, find the 4-by-4 matrix representation of the
operator Jx.

b. (20 points) For the same set of functions, use the operator identity
X :

2 A A2 A2 a2
=] *+ J; + ], and other available information to find the matrix representation of J,

j

2. (30 points) Given a unitary matrix U and two real, symmetric matrices A and B, and
given that UAU-! = a and UBU-! = b are both diagonal, prove that AB = BA. Explain
the full significance of this theorem for having some operator, B, that commutes with
the Hamiltonian operator, H, for the system of interest.

3. (20 points) An operator, A, is Hermitian in the space of a set of functions {¥,} if for
all choices of functions from that set, <, | f%xpj >=< ﬁupi lp; > . Prove that Hermitian
operators can only have real-valued (not complex) eigenergies. ‘

Some possibly helpful angular momentum relations:

]=|IM>=RW/J(J+1)—(M21M) M =1>

T IM>=#JJ+ DM >

1M >=2M M >

L = fx + ﬁy and ?_ = ix— iTy
E.T;. - le]2x * ]ly]2y + ]1Z]22 = ]1z]22 + %(]1-4—]2— + J1—]2+)

J=1L+L = =5 e gy 20
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