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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
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for this cumulative exam. Instead you would receive 50% on each examination
attempted.

This booklet contains five examinations.
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2) Biochemistry Cumulative Examination, Page 3
3) Inorganic Cumulative Examination, Pages 4-5
4) Organic Cumulative Examination, Pages 6-7

5) Physical Cumulative Examination, Pages 8-10
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Do not write your name anywhere on the examination booklet. Each exam will he
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examination booklet for each examination.
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Analytical Cumulative Exam Question
- March 3, 2007

A spectrophotometric calibration curve for anthracene was constructed using a 1-cm cell. Six
concentrations were used, resulting in six measured values of absorbance (molarity, absorbance).

(0.0, -0.002)(2.0x10°, 0.114)(4.0x10%, 0.219)
(6.0x10°, 0.332)(8.0%10°%, 0.450)(1.0x107%, 0.558)

The least squares coefficients for a straight line were: intercept, a, = -1.571x107; and slope, a, =
5.601x10% The raw data and regression line are shown in the graph below.
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" a) What 1s the sensitivity of the method?
b) What is the limit of detection at a signal-to-noise ratio of 3?

For an un-weighted least-squares fit to a straight line, the variance of the intercept is given by the
following equation.

N le-
—_— A= f
; z in lez
i i

¢) Use the experimental data to compute the value of o>,



d) Do the 95% t-limits about a, include zero? Given:

degrees of
freedom

t

12.706

4.303

3.182

2.776

257

2.447

e) According to the manufacturer of the spectrophotometer, the standard deviation of the
measured absorbance should be 0.001. Do the data support this conclusion at the 95% level of
confidence given the following F-table (top row, numerator; left column, denominator)?

degrees
of 1 2 3 4 5 6 o0
freedom
1 161 200 216 225 230 234 254
2 18.5 19.0 19.16 19.25 19.30 19.33 19.50
3 10.13 9.55 9.28 9.12 9.01 8.94 8.53
4 7.71 6.94 6.59 6.39 6.26 6.16 5.63
5 6.61 5.79 5.41 5.19 5.05 4.95 4.36
6 5.99 5.14 4.76 4.53 4.39 4.28 3.67
o0 3.84 3.00 2.60 2.37 221 2.10 1.00




Biochemistry Cume Examination March 3, 2007

1.

Cataloging the proteins expressed by an organism is greatly facilitated by
knowing the sequence of the genome, i.e. all the genes in the system have
been sequenced. Why would this be true? Put another way, what are the
basic ideas on which proteomics is based.

Mass spectrometry is of major importance in proteomics. Why are the
measurements made with a mass spectrometer inherently more important in
determining the primary structure of a protein than those made with any other
analytical instrument? '

But mass spectral data generally only implies the structure of a polypeptide.
It doesn't actually tell you the structure of the protein parent. Why, or how
could this be true? How could errors be made in predicting the structure of a

protein from mass spectral data? What kind of errors could be made in

assigning protein structure?

Quantification has been a problem in proteomics. Why is that and what are
some of the ways that quantification has been achieved? What are the
relative merits of the methods you have listed?

Describe some global ideas or methods for recognizing post-translational

-medifications in proteins.



Inorganic Chemistry Cume Exam
March 3, 2007
A. This part of the exam deals with the assignment of formal oxidation states and
electron counts for compounds of the transition metals.
(8) (20 points). Give the formal oxidation state and d® configuration for the transition
meta.l atom in each of the following ten neutral mononuclear compounds or ionic
species.
(i) TiO(acac), (acac = acetylacetonate anion)
(i) Tiacac)s
(iif) [VCIy(H20)]"
(iv) [MnCL)*
(v)  Cr[N(SiMe;s)]s
(Vi) [Fe(CN)s"
(vii) Ni(CO)y4
(viif) (n *-CsHs),Fe
() [(*-CMeq)TiCL;]"
G0 [V(CO)J
(b) (20 points). For each of the following organometallic compounds and ions, give
the electron count for the transition metal atom and conclude whether or not the
‘18-electron rule’ is obeyed. Show all working. NOTE: you will need to know
the structure of these compounds.
@ (’-CsHspV
(@) (n’-CsHs)Fe
(i) (n°-CeHg)Cr
(iv) (M °-CsHs),TiCl,

V) (m°-CsMes)Ti(CO),



(vi) [Ti(CO)J*
(vi) V(CO)
(viii) [Fe(CO)s]*
(ix) Ruz(CO)y,
(x)  Ir(CO)p

B. The chemistry of the Group IV transition metals Ti, Zr and Hf is representative of
much of the chemistry of the early transition series elements.

() (12 points), The tetrahalides TiF4(solid), TiCly(liquid) and ZrCly(solid) have
ditferent structures. Draw very clearly the structure of each of them.

(b) (15 points). Give balanced equations to show how TiCly is converted to TiCl; and
TiCly. Draw clearly the structure of the three compounds that are formed upon
reacting TiCls separately with CH;CN, NMe; and Li' [N(SiMes),].

(¢) (10 points). Give a balanced equation to show how TiCl, is converted into
TiOCl;. What is the product of the reaction of TiOCl; with acetylacetone
(Hacac)? Draw its structure and compare it with that of its vanadium analog,

(d) (15 points). Starting from ZrCly, show how the organometallic species
[Z(CO)e]*, [Zr(CHz)s)%and (n *-CsHs)ZrCl, are prepared. In the case of (M °-
CsHs)ZrCly, use balanced equations to show how it is converted to ) m°-
CsHs)2Zr(CHs), and (it) (n >-CsHs)Zr(CO),.

() (8 points). Which infra-red active CO stretching frequency (i.e. v(CQ)), goes with
which carbonyl species?

v(CO): 2004, 2198, 1757 cm™
carbony] species: [Zr(CO)]%, Mo(CO)s, [Ru(CO)s]**

Explain your reasoning very clearly.



Organic Cumulative Exam:
03/03/07

I} (40 pts) Peptoids (A) are a class of peptidomimetics that have their side chains appended to nitrogen
atoms along the polyamide backbone, rather than to the a-carbons, as in peptides (B). Answer any four
out of five following questions about peptoids:

1)

2)

3)

A SN e
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O R2 O O R? 0
B

A

Kwon and Kodadek have developed a transcriptional assay to monitor cell permeability of
peptides and isomeric peptoids (JACS 2007, 729, 1508). The authors have discovered that
peploides were generally more than 20 times more cell-permeable than peptides. Briefly,
rationalize these findings, considering that cell permeation has been found to correlate with
desolvation energy necessary on entering the lipid region of the membrane.

In addition to the cell permeation, list one more principle advantage of peptoids over peptides as
drugs or biological probes.

List at least two coded amino acids not amenable to direct representation by peptoid
peptidomimetics. Explain your choices.

4) Absence of intrinsic secondary structure is considered to be the principle limitation of peptoids.

5)

Goske and Blackwel (JACS 2066, 128, 14378) have successfully induced helicity within a
peptoid backbone through the incorporation of substituents of the following type (Ar = aryl):

0 CHs

H{R'{' \)qml-e2 R = "tﬁ/kAr

n

The authors have concluded that w-stacking plays only a limited role in the helicity induction by
testing peptoids containing alternating phenyl and pentafluorophenyl aromatic groups (Ar = CH,
and CF;). Briefly, explain their choice of controls for detection of the m-stacking influence.

Propose an iterative solution phase synthesis of a tripeptoid (choose an optimal synthesis
direction, monomer unit, coupling strategy, etc.).



II) (40 pts) Provide reasonable mechanistic explanations for two out of three transformations below
(account for any relevant stereochemistry in the products):

1) JACS 2006, 128, 14766:

cat. A
Bz O\ES/\E\II ..‘:HBOC _
Ns . PhH, ethylene, A

P
Ch,,écys JH
A= U5\
17 1
c PCV3 Ph
2) JACS 2007, 129, 1020:
OMe
. 0O
O SiMexAr B, SnCl;, DTBMP
MeQ 2 “Me 20°C -
Me (80%)

O

B:C[’g:o DTBMP = {7
l\{ =
Me N

3) JACS 2006, 128, 14738:

O D
D_-D/O
NaOCDs D ( D D
CDZ0D D
D D
D

III) (20 pts) Ly and co-workers have recently measured proton affinity of 2-quinuclidone (1) and have
determined that the site of protonation in this molecules differs from other tertiary amides, such as
dimethylacetamide (2), in that a protonation at the nitrogen atom is favored by =~ 90 kJ/mol over a
protonation at the oxygen center (JACS 2007, 129, 1864). Provide an explanation for this finding and
rank the compounds below in terms of their basicity.
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1.

Physical Cume Exam
March 3, 2007

This problem involves the calculation of equilibrium constants Keo(T) for the
reaction

I, (g) + 1, 22 2HI(g) 1.

inarange T >298.15K and T <450 K. You will require the two sheets at the end
of the exam for data. Note from the first sheet I, is a solid until T = 386.85K and
then forms a liquid until T = 457.4K. Also as indicated in (1) H, and HI are gases
over the whole T range.

You will need the following additional information:

(i) For an arbitrary molar state function X = X, and a generic reaction

v\ A+v B2y .C+y, D 2.
AX for the reaction is defined as
AX =veXe+ v Xp—va Xa—vp Xg - 3.
(i)  For the reaction of (2)
AG®(T) =-RTInK  (T). 4.
where 0 =P = Ibar. (Recall G = G, = ).
(i)  For the reaction of (2)

daneq (D) _ AH"(T) ' 5
dT RT? _ '

Solve the following three problems

(a) Compute K¢q (298.15K)
(b) Compute Kq (380K)
(¢) Compute K¢q (450K)

State all assumptions and show alt your work. Make approximations required by the
data available (that is do all calculations using only the data available).



Jodine

From Wikipedia, the free encyclopedia

Yodine (TPA: /'Ata(U),dicin/, Greek: iodes, meaning
"violet"), is a chemical element in the periodic table
that has the symbol I and atomic number 53.
Chemically, iodine is the least reactive of the
halogens, and the most electropositive halogen after
astatine. fodine is primarily used in medicine,"
photography and dyes. It is required in trace amounts
by most living organisms.

As with all other halogens (members of Group VII in
the Periodic Table), iodine forms diatomic molecules,
and hence, has the molecular formula of L,

gﬂaontents '

I Occurrence on earth
2 Uses
3 Isotopes
4 Notable characteristics
5 Descriptive Chemistry
6 History
7 Notable inorganic iodine compounds,
8 Stable iodine in biology
= 8.1 Dietary intake
= 8.2 Iodine deficiency
w 8.3 Tokicity of Iodine
9 Radioiodine and biology
» 9.1 Radioiodine and the thyroid
» 9.2 Radioiodine and the kidney
= 10 Non-hormone-related applications of
iodine '
11 Precautions for stable iodine
12 Clandestine Use
13 References
14 See also !
15 External links

Occurrence on earth

L]

lodine naturally occurs in the environment chiefly as
dissolved iodide in seawater, although it is also found
in some minerals and; soils. The element may be
prepared in an ultrapure form through the reaction of
potassium iodide with copper(Il) sulfate. There are
also several other methods of isolating this element.
Although the element is actually quite rare, kelp and

Physical Cume Exam
Marc‘h 3, 2007

S3:, tellurium «— iodine — xenon
Br by ‘l R . 3
T
I 1
! 2
At {1 Periodic Table - Extended Periodic Table
General
Name, Symbol, Number | iodine, I, 53
Chemical series halogens
Group, Period, Block
Appearance

Atomic mass 126.90447(3) g/mol

Electron configuration |[Kr] 4d!0 552 5p°

Electrons per shell 2,8,18,18,7 ”
Physical properties

Phase solid

Density (nearr.t.) 4.933 g-em™

Melting point ?f 163'? c?c{: 236.66 °F)

4574K

Boiling point (184.3 °C, 363.7 °F)

Critical point 819K, 11.7 MPa

Heat of fusion (1,) 15.52 kI'mol™!

Heat of vaporization (1,) 41.57 kFmol!

Heat capacity (25 °C) (1) 54.44 Jmol ' K™!
Vapor pressure (rhombic)

P/Pa 1 10 |} 1001} k ; 10k { 100k
at7/K | 260 ; 282 } 309 | 342 | 381 457
Atomic properties

Crystal structure orthorhombic
o £1,5,7
Oxidation states (strongly acidic oxide)




I1,°(298.15K),

1%(298.15K),

Sm (298.15K),

Compound in kJ/mol) in kJ/mol) in J/(mol-K)]
Hl(g) 26.5 1.7 114.7
Ha(g) 0 0 130.68
Ix{s) 0 0 116.14

16
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