Chemistry 1B S’07, Final Exam Name KEY 1
PART I: Carbon Chemistry and Molecular Design
1. (5 points each)  Consider the peptide:

phe—glu—ser—pro-leu—gly—trp

a)  Which residue will exhibit the + charge (at pH ~7)?
'p\'\l‘u
\
b)  To which residue will the -ser- residue hydrogen bond if the peptide forms an a - helix?
tvp
)

Give the sequence of bases that will code for this peptide in m - RNA.

VLL- GAA- AGL - CCA - VUA - 6 A - 066

d)  Give the sequences of bases that will produce the above m - RNA sequence in the transcription
process.

ANG - CTT- Tk - 8T~ ANT= LT~ ARL

e)  What are the 3 main differences between DNA and RNA?
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2. (10 points)  In a combustion experiment, 3.21 g of a hydrocarbon formed 4.48 g of water and
9.72 g of carbon dioxide. Deduce its empirical formula and state whether it is likely to be an alkane, an
alkene, or an alkyne. Explain your reasoning.
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3. (10 points) A hydrocarbon is 90% carbon by mass and 10% hydrogen by mass and has a molar
mass of 40 g'mol™". It decolorizes bromine water, and 1.46 g of the hydrocarbon reacts with 1.60 L of

hydrogen (measured at STP) in the presence of a nickel catalyst. Write the molecular formula of the
hydrocarbon and the structural formulas of two possible isomers.
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4. (9 points)  Give the systematic name of the following compound. If geometrical isomers are
possible, write the names of each one: CH;CH=C(CH;)CH,CH;,
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5. (2 points each) Classify each of the following reactions as (1) an addition reaction, (2) a
nucleophilic substitution reaction, (3) an electrophilic substitution reaction, or (4) a condensation
reaction:

a) the reaction of benzene with Br, and FeBr

(3y  dew SN Lo adeshioiof
b) the polymerization of the amino acid glycine

: (‘\) (N\EQI\S&K\QQ

¢) the hydrogenation of butyne

1) addon

d) the polymerization of styrene, CH,CHC.H;, by tertiary butyl hydroperoxide, (CH,);COOH

() a0 RN

e) the reaction of methylamine with butanoic acid

(‘\\ CONORRER ON



Chemistry 1B S’07, Final Exam Name K& Y 4

6. (5 points each) Consider the cycloheptatrienyl cation (C,H,"):

a) Isit aromatic or alaphatic? Explain.
t t
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b)  Why might you expect benzene to be more stable than this molecule?

c¢)  What characteristic type of reaction would you expect an aromatic molecule to undergo?

mﬁm\\i&,‘\ ¢ SOOI

7. (4 points each)  Describe the four universal features of living systems (give one sentence of
detail for each).
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PART II: Cumulative

1.  (5+10+10 points)  Methanol, CH;OH, is a clean-burning liquid fuel being considered as a
replacement for gasoline.

Enthalpy Enthalpy Free Molar
of of energy of heat Molar
Molar combustion, formation, formation, capacity, entropy,
mass, AH'° AH?® AG? Com S°
M (gmol™)  (kJ'mol™) (kJ'mol) (kJ'mol™) (J-K'mol™) _(J-K'mol™")
CH3OH(,P)’(\09 32.04 =726 -238.86 -166.27 81.6 126.8

a)  Calculate the theoretical yield in kilograms of CO, produced by the combustion of 1.00 L of
methanol (of density 0.791 g:cm™) and compare it with the 2.16 kg of CO, generated by the combustion
of 1.00 L of octane. Which fuel contributes more CO, per liter to the atmosphere when burned?
[Assume a combustion temperature of 2500K.]

20000 () + 20,{0) —> 200, () ¥ 44, 0lay

\L ™ ; ‘———(3-\ o = 34\ o, ~%a
- T T LS M
R T 7 S

200X Oy 4'-\.(‘)\5(_01 . & \
2473wk OON - (RO Nk O VOt 2y 7 ._\Oq \‘ﬁ CDL

Borpoe OANLURS  Noft (0, ger e Arg odesENre

Beaon LN S R TSNS \eor e 0.

b) Calculate the energy equivalent (EE) of methanol.
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¢)  Calculate the maximum total work that can be obtained by burning 1.00 L of methanol at 2500K.
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2. (5+10+10+5 points)
and insulators, respectively.
a)  Sketch and label their energy band diagrams, specifying the band gaps (eV)?
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b)  Describe their respective crystal structures.
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¢) Calculate the packing fraction for the gold lattice.
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d) Explain why gold is so inert.
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3. (15points) HO, is a highly reactive chemical species that plays a role in atmospheric
chemistry. The rate of the gas-phase reaction

HO,(g) + HO,(g) — H,0,(g) + O,(g)

is second order in [HO,], with a rate constant at 25°C of 1.4 x 10° L mol™ s'. Suppose some HO, with
an initial concentration of 2.0 x10™® M could be confined at 25°C. Calculate the concentration that would
remain after 1.0 s, assuming no other reactions take place.

<
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4. (S pointseach) Consider the Fullerene Cg;:

a)  The number of pentagons is |z

b) The number of hexagons is 3z
¢) The number of dangling bonds is ©
d) The hybridization of each carbon is 5.41

e) Is this molecule superaromatic? Explain.

YCII Q”aws "}Lc ﬁ,*‘“]« GOt (osn wku—( A-;,-L’



Chemistry 1B S’07, Final Exam Name 9

5.  (10+5+5 points)  Ethane dissociates into methyl radicals at 700.°C with a rate constant £ = 5.5 x
107 s

a) Determine the rate constant at 500.°C, given that the activation energy of the reaction is 384
kJ-mol™.
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b)  What type of reaction would ethane be expected to exhibit with bromine molecules in the gas
phase?

SU\‘Q J4|"}'k"‘o‘ay\
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¢) How would you prepare ethylene (ethene) from ethane?

rlsc'\’ w:'H’\ C"—Loj

6. (10+10+5+15 points each)  The body functions as a kind of fuel cell that uses oxygen from the
air to oxidize glucose at a temperature of 37°C:

CsH206(aq) + 6 O,(g) = 6 CO,(g) + 6 H,O(l)

Enthalpy Enthalpy Free Molar
of of energy of heat Molar
Molar combustion, formation, formation, capacity, entropy,
mass, AH'° AH?® AGS? Com S°
M (gmol™  (kJ'mol™) (kJ-mol™ .

CsH,,04(s), glucose 180.15 —2808 —1268 -910 - 212
C¢H,,0¢(aq) 180.15 - - -917 - -
CeH |,04(s), fructose 180.15 -2810 -1266 - - -
C;,H,,0,,(s), sucrose 342.29 -5645 ~2222 -1545 - 360

a)  During normal activity, a person uses the equivalent of about 10 MJ of energy a day. Assume that
this value represents AG, and assuming that all the energy that we use arises from the reduction of O, in

the glucose oxidation reaction, estimate the resulting average electrical current flowing through your
body in the course of a day.
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b)  Calculate the power (watts) produced by this process.
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¢)  Draw the structure of the ring form of glucose.

11
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d) Calculate the cell voltage that could be obtained from a fuel cell employing this reaction under the
above conditions.
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7. (10+5+10 points)  Given the following mechanism for catalysis of a substrate (S) by an enzyme )
(E) to yield a product (P): ) o, Pl“ﬁ tade &G 2w FE® &

E+S < ES €= 44wV
k

-1

k2
ES—E +P
a)  Derive the expression for the rate of formation of P in terms of total enzyme concentration [E], =

[E] + [ES] and the Michaelis constant K,, = St%z.
1
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b)  Sketch a graph of the product formation rate versus substrate concentration.

aCel
IL o

(s

c) The rates of enzyme catalysis can be lowered by the presence of inhibitor molecules I, which bind
to the active site of the enzyme. This adds the following additional step to the reaction mechanism:

k
E+1 P El (fast equilibrium)

-3

Determine the effect of the presence of inhibitor at total concentration [1], = [I] +[EI] on the rate
expression for formation of products derived at the end of this chapter.
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8. (10 points)  Describe the two classes of explosions demonstrated in class and give an example
of each.

1. Chain Eeactions (fr« radical clhaja mtktnis-u\
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9. (10 points)  The typical potassium ion concentration in the fluid outside a cell is 0.0050 M,
whereas that inside a muscle cell is 0.15 M.

In active transport, cells use free energy stored in ATP to move ions in the direction opposite their
spontaneous direction of flow at body temperature (37°C). Calculate the cost in free energy to move
1.00 mol K+ through the cell wall by active transport. Assume no change in K+ concentrations during
this process. State any other assumptions.
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