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Department of Chemistry
Cumulative Examinations
January 17, 2009

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 yield a 100% grade
for this cumulative exam. Instead you would receive 50% on each examination

attempted.
This booklet contains five examinations.

1) Analytical Cumulative Examination, Pages 1-3
2) Biochemistry Cumulative Examination, Page 4
3) fnorganic Cumulative Examination, Pages 5- 9
4) Organic Cumulative Examination, Page 10

5) Physical Cumulative Examination, Pages 11 - 15

On your examination booklet:

1) Print your student ID number.

2) Print the 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 January 17, 2009

1. An analyte species, A, reacts with a reagent species, R, to give a product, P, with
a rate constant of k = 0.020 M™'s™ . Assuming the equilibrium constant to be very
large, the reaction can be regarded as essentially irreversible, i.e.:

A+R-—P

Assume that the concentration of R, [R], can be held constant in answering the
following questions.

a.) How long will it take for 99% of the analyte to be converted to product if [R]
= (.5 M? [5 pts.]

b.) Write the relationship for product concentration as a function of time, [P];.

[5 pts]

c.) If the initial concentration of A is determined by measuring the concentration
of P at two distinct times to yield A[P], write the expression for sensitivity.
Use the resulting relationship to justify whether greater sensitivity would be
expected at long or short time differences between measurements of [P]. [10
pis. ]

d.) Write the relationship between the absolute random error associated with the
initial analyte concentration, sjaj, and the absolute random error associated
with the measurement of A[P], sap). In other words, how does random error
in the measurement of A[P] propagate to the error in [A]? {10 pts.]

e.) If [R] is unknown and of interest and it 1s possible to measure [A] directly,
indicate how [R] can be determined by measuring [A] at two or more times.
(Provide the mathematical relationship you would use.) [10 pts.]

2. The titration of 49.50(:0.02) mL of a strong acid required 42.4(:0.2) mL of a
(0.1017(£0.0002) M strong base to reach the equivalence point.

a) What is the concentration of the strong acid? [5 pts.]

b) What is the error associated with the value of the acid determined by this
titration? (Show how you arrived at the result) [10 pts.]
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An clectrode potential responds to analyte concentration, [A], with the following
relationship:

Eceil - X -+ Y]ﬂ[A}

where X and Y are constants.
a) Draw the qualitative shape of the Ecey vs. [A] curve. |5 pts]

b) What is the relationship between [A] and sensitivity for this method? Write
the appropriate relationship and draw the shape of the sensitivity versus
concentration curve. [5 pts.]

¢) Provide the relationship between random error and the resulting concentration
error (i.e., indicate how the measurement error propagates to concentration
error). Draw the shape of the curve expected for concentration error versus
concentration when the measurement error is constant with concentration.

[10 pts.]

d) How does the relative concentration error depend upon concentration for this
method? Draw the shape of the curve expected for relative concentration
error versus concentration when the measurement error is constant with
concentration. {10 pts.]



4, The behavior of an enzyme catalyzed reaction is often consistent with the
generalized mechanism

kl 1(2
E+S <~ ES — P+E
1(_1

where E 1s the enzyme, S is the substrate, ES is an enzyme-substrate complex, and
P is the product. This mechanism was first proposed by (Leonor) Michaelis and
{(Maude) Menten. The relationship that gives the rate of product formation, v,
(sometimes referred to as the velocity of the reaction) is given below:

L _ K [SIET,
K, +[5]

a) What are common terms used for Ky and k,, what is the ratio ka/Ky for a
glven enzyme/subsirate combination often called, and what is Ky in terms of
the rate constants indicated above and what are its units? {5 pts]

b) Draw a plot of initial rate versus substrate concentration and indicate the most
appropriate regions of the plot for measuring substrate and enzyme
concentrations, respectively. {10 pts]

Useful relationships:

u
de u d?‘/i dnu i fili
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Biochemistry Cumulative Exam
Title: Transeription and Translation

January 17, 2009

(20 points), What are the functions of the following?
{a) t-RNA Synthetase

{b) Rho binding sites in RNA

(c) o-factor in prokaryotes

(d) EF-G

(10 points) What are the start and termination points for the following biological
phenomenon in prokaryotes? (a) Transcription (b) Translation.

. {(a) (5 marks) Why do Shine Dalgarno sequence occur in prokaryotes only?
(b) (5 marks) Why prokaryotic mRNA is not modified post-transeriptionally?

. (10 points) What is the function of an operon? Why do these occur in prokaryotic cells
mainly?

. (10 points) Provide any one example by which gene expression is controlled at (a)
transcriptional level (b) translational level.

. {20 points) Define the following terms in two to three sentences:
(a) Intron (b) Attenuation in Trp operon (¢) Ubiquitination (d) RNAI.
. (10 points) What advantage wobble base pairing confers to a -RNA?

. (10 points) Which RNAs are transcribed by RNA Polymerase | and 1H?



Inorganic Chemistry Cumulative Exam
Purdue University

January 17, 2009

There are 100 possible points in this exam.

L. (30 points) A lattice is an infinite array of identical points (i.e. each one has exactly the same
environment of other points) and the points are obtained one from another by translations only.
This description is applicable, equally, in one-, two-, and three-dimensional space. A unit cell of
a plane (2D) lattice is a parallefogram of two unit translations, a and b, with lattice points at the
corners and is perfectly representative of the lattice, There are five 2D lattice types. They are:

Rectangle: a = b, y = 90° Hexagon:a = b, y= 120°

Oblique: a = b, y = 90°
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Draw a unit cell for the following 2D patterns (convention: choose the smallest repeat
unit) and identify a lattice type. Do not forget to cut the patterns and attach them to your blue
book. (A stapler is available at the podium).

(a) (b}

(c)




2. (20 ponits) Unit cells of the 14 Bravais lattices (3D lattices) are given below. Explain why the
following lattice types do not exist.

a) Cubic C

b) Tetragonal C
¢) Tetragonal A
d) Tetragonal F

14 Bravais Lattices

(1) Triclinic P

(2) Monoclinic P
(3) Monoclinic C
{4) Orthorhombic P
(5) Orthorhombic C
(6) Orthorlrombic I
(7y Orthorhombic F
(8) Tetragonal P
(9) Tetragonal I
(10) Cubic P

(11) Cubic 1

(12) Cubic F

(13) Hexagonal P
(14) Trigonal R

7 Crystal Systems

Triclinic{a=z b=c, a=90° § = 90° v 90°%)
Monoclinic (a # b # ¢, o=y = 90°, § = 90°)
Orthothombic(a# b=c,a = =y=90°)
Tetragonal (a=b#c,a=0=y=90°
Cubic(a=b=c,a=p=y=90°

Hexagonal (a=b#c¢, a=[=90°vy=120%
Trigonal (a=b=c,a=f =y #90°, < 120°)




3. (15 points) Determine the Bravais lattice type for the following structures.

(a) NaCl (b) CsCl
(a=b=c=563A, o =p=y=90° (a=b=c=402A,0a=H=y=90%




4. (20 points) To which crystal system must each of the following space groups belong?

(a) I 4mm
(b) I mmm
() Cm

{(d) I m3m

5. (15 points) Write a symumetry equivalent position(s) of a general position (x, y, z) generated by
the following symmetry operations.

(a) body-centering

(b) 2 fold axis parallel to the y-axis

(c) 2, screw axis parallel to the y-axis

(d) a-glide plane perpendicular to the y-axis
(e} mirror plane perpendicular to the y-axis



Organic Cumulative Examination

January 17, 2009

Answer the questions on p. 2 concerning the scheme shown below:

0Bn OBn

NaBH(OAC)s, ACOH

OMe CHLCN, 0° OMe

@ YbOTH),
(CH20),
45 MS
O
(CHZC,

OMe Ohe
7\

1. LiOH, MeOH NaCN, DMSO \_

THF-H,0O 130°, microwave
2. DPPA, NEt, T N

+BuOH,

PhCH3, 110° @ -

MBOEC COzMG

Abbreviations:
Boc: tert-butyloxycarbonyl DPPA: diphenylphosphoryl azide

1. (60 points) Provide mechanisms for the reactions involved in steps 1-4. Use curved arrow
formalism and show all likely intermediates. Assume an aqueous workup after each

reaction.

2. (40 points) Provide detailed explanations for the stereoselectivities observed in steps 1 and
4.

10



Physical Cumulative Exam
January 17, 2009

This cumuiative exam deals with topics in chemical thermodynamics.
You will need the following information.

1. Notation,
An arbitrary extensive state function X for one mole of a pure substance is a function of

only temperature T and pressure P, and will be denoted by X (T,P). If P is the standard
pressure P =1bar, X,,(T,P) will be denoted concisely as X (T)= Xm(f P=P ) Of special
interest is Xm(T,P) at the standard state T%=298.15K and P* which will be written as
X (T°).
As an example, consider the Gibbs Free Energy G(T,P,n). In our notation,
G(T,P = Ibar, n=1mol) = G (T). (1)
Also recall that the chemical potential u(T,P) = G,(T,P). Thus from Eq. (1)
G(T,P = 1bar, n = Imol) = Gu(T,P = 1bar) = u(T,P = 1bar) = u*(T). (2)

2. T,P Dependencies of 1
Suppose u is known numerically at a reference state T ,P". Then it may be computed at an

arbitrary state T,P from the following equation

k(T,P) = p(T°,07) + [V, (17, )dp -~ 18, (1,p)dT 3)

where V, and S, are the substance’s molar volume and entropy.
If the reference state is the standard state (T = T% = 298.15K, P" = P%= Ibar), Eq. (3)

becomes
i(T,P) = (T°) + J;an(FO,P')dP’ﬁ»I S, (T',P)dP’, )

3. Approximations for pu(T,P)
We will denote gases or vapors, liquids, and solids by, respectively, subscripts v, !, and s.

Thus, for example, for a vapor: w(T,P) = uy(T,P), Vi (T,P) = Vi o(T,P), and S,(T,P) =
Suv(T,P).

11



Physical Cumulative Ixam
January 17, 2009
Page 2
To simplify Eqs. (4) we will assume the following.
(1) For all phases (v,!, or s)
e @l D
S, (T.P) =80 (1°). (5)

(ii) Fora v phase

P
F .

[V, (1°P)dP = RTy In (6)

(ii1)  Foran ¢ or s phase the chemical potential is P independent. Thus i, . (T, P) =1y oo (T)

From Eqgs. (4) and (5), this implies

with these assumptions

Y

[ Vi ors (TP ) 2 0 )
With these assumptions, for a v phase, Eq. (4) reduces to
iy (TP = o (T%) + RT m(?ﬁ] - so(Te)(T- ). (82)

Correspondingly for an ¢ or s phase Eq. (4) reduces to
Wears (T’ P) = P'(f] ors (TO) - S{\)f ors (TO )(T - 10) : (Sb)

Egs. (8) are our basic approximations to Eq. (4). Similar approximations to Eq. (3) are
casily derived.

4. Equilibriuin Conditions
The thermodynamic condition for equilibrium between two phases o and f is

HCL(T\aP) = HQ(TDP) (9)
As an example of Eq. (9), for {—v equilibrium (boiling) comparing Eqs. (8) and (9) yields
ud (1) + RTIn(%] = SO(TO)(T-10) = g (1°) - 87 (1°) (T - 7). (10)
p .
When three phases «,p, and y are in equilibrium, Eq. (9) generalizes to

Ha(T,P) = pp(T,P) and pe(T,P) = 1, (T.P), (11)

5. Data for Water
This exam will deal solely with phase equilibria of water. Thus we will use v,{, and s as

abbreviations for H,0(v), H,0(0), and H,O(s).

12




Physical Camulative Exam
Janvary 17, 2009
Page 3

For this problem you will need the following data for I1;0 (assume the mass density of

H,O0[(] d, 1s T,P independent).
uS(1°) = ~228.57kImol™ $I(T°) =188.83Jk'mol”
1! (’1‘0) = —237.13kImol™" SY(T°} = 69.91Jk 'mol”™ (12)

d, =1.0gem™

6. Additional Information
You will also need the following.

1Lbar = 100J = 0.1kJ
R = 8.31447Jk 'mol™!
1L = 1000cm”. (13}

Given this information solve the following two problems.

Problem 1
a. Irom the standpoint of this problem, the validity of Egs. (5)~(7) is only important in so far
as it affects equilibrium behavior.

Assuming for simplicity that T=T°, the exact i—v equilibrium behavior is determined
from Eqgs. (4) and (9) as

W8(T0) + ;Vm’v(TO,P')dP =pd(T)+ [ ivmsf('ro,v’)dp’. 14

The exact equilibrium condition for Eq. (4), for T=T°, reduces to the approximate

condition of Eq. (10) if:
Voo (TP )V, (TO,P) (15)

and if’

’ o p Ol 2 16
0 p') _ e R
P, Vm,v (T ’I ) =RT IH(PO ] ( )

(1) Assuming that P’ = P and that the vapor is an ideal gas, show numericalty that Eq.

(15) is a valid approximation.

13




Physical Cumulative Exam
Janvary 17, 2009
Page 4
{(ii) Assuming again that the vapor is an ideal gas, derive Eq. (16}.
b. Explain why P in Eq. (10) is the vapor pressure of the liquid P ,,(T) at temperature T.
c. Irom Eq. (10), numerically compute P, ap(TO ) of H20(1) in bars. Compare with the

experimental value Pva},(TO) = (.03168bar.

Problem 2
Problem 2 concerns the triple point (ip) of water. The (riple point is the state for which T

and P have the values
Tip = 273.16K and P, = 0.00611. (17

Tip and Py, may be computed by solving the following pair of simultaneous equations

LT Pp) = wo(Tip,Pp) and u (T, Pip) = ms(Tp, Pop). (18}
In this problem you will compute Py, from an approximation to Eq. (18) and then compare
your result with the experimental value given in Eq. (17).
This approximation is based on the fact that the standard melting temperature of water
Tse = 273.15K (sf denotes standard fusion) is very close to Ty, = 273.16K. In fact the standard

melting point of water is the state with the T,P values
Ter = 273.15K and Py =P~ (19)
a. Explain why Eq. (18) is the correct condition for determining Ty, and Py,. (Hint: refer to
Eq. [11].)
b. This part concerns determination of pf (T, ), uo (T, ), and pg{Ty).
(i) Compute in kJmol™' ug (T;f) Box your result.
(i) Compute kJmol™ p(T,). Box your result.
(iii) Show numerically that
KO (L) > KT, ) 0)

(iv) Explain why Eq. (20) proves that the v and ¢ phases ate not in equilibrium for the

standard melting state of Eq. (19).

14




Physical Cumulative Exam
January 17, 20649

Page 5

(v) Explain why

¢ 0~
Hs(lsl')zuf(rsf) (21)
¢. This part concerns relating the p’s at Ty, to those at Te.

Because Tsr = 273.15 is so close to Ty, = 273.15K, we claim that to a very good

approximation
H(Tep, P) = W (Tsr,P) (22a)
H\'(Ttpap) = MV(TS{:P) (22b)
and
HS(TI]):P) = Hs(Tipap)- (22¢)

Numerically verify this claim for the case of Eq. (22a). That is, numerically compute the
i Tip,P) and compare with your boxed result for g (Ts,P).
(Recall we have assumed the L, is pressure independent and so we can take P=P" when
computing W, [T,P].)
d. Show that given Egs (22) the triple point condition (18) reduces to
ne (T,) = p\,(TS,-,PlP) and (T, )= nd (T, ). (23)
e. The second relation in (23) is identical to Eq. (21) and thus is already obeyed. The first
relation in (23) is an equation for Py,
(i) Solve the first relation in (23) to obtain a numerical result for Py, in bar units. Box your
result. (Hint: recall Egs. [8] or Eq. [10].)
(if) Compare your result to the experimental Py, value given in Eq. (17). What is your

opinion of the validity of the approximations we used?

15
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