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Part A: Carbon Chemistry and Biological Design

I. (25

1L (25)

II. (25)

IV. (25)

TQOTAL (100)

Part B: Cumulative Problems

L (50)

I (50)

L (50)

IV. (50)

TOTAL (200)

TOTAL EXAM SCORE (300)

Rules:

* Work all problems to 3 significant figures
* No lecture notes or books permitted

« No word processing calculators

+ Time: 90 minutes

+ Show all work to get partial credit

+ Periodic Table, Tables of Physical Constants, Conversion Factors, Amino Acids, Genetic Code,

Thermodynamic Functions
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Nk AL AR LI b B . i e Tl 3 FRE i atL %3 st

Standard acceleration of terrestrial gravity : 2 = 9.80665 m 5~ (exactly)
Avogadro’s number Ny = 6.022137 x 10%
Bohr radins - ao = 0.52017725 A=5.2017725 X 10" m
Boltzmann'’s constant kg = 1.38066 x 10727 K™!
Electron charge - e = 1.6021773 x 107¥ C -
Faraday constant : &F = 96,485.31 C mol ™!
Masses of fundamental particles:

Electron : m, = 9.109390 X 10731 kg

Proton mp = 1.672623 x 107 P kg

Neutron my = 1,674929 X 10727 kg
Ratio of proton mass to electron mass mylm, = 1836.15270
Permittivity of vacuum & = 5.8541878 x 10712 C2 J7! gyt
Planck's constant h = 6.626076 X 107**J s
Speed of light in a vacuum ¢ = 2.99792458 x 10%m s~ (exactly)
Universal gas constant R=1831451] mol™! K~!

= 0.0820578 L atm mol ™! K~!

Values are taken from “‘Quantities, Units and Symbols in Physical Chemistey,”" International Union of Pure and Applied Chemistry, Blackwell Scientific
Publications, 1988.

3 % 2k 4 A LA < e X R % AT ASLS = ST o o ) el B, & &
Standard atmosphere - latm = 1.01325 % 105 Pa = 1.01325 X 10°kg m™" s~ (exactly)
Atomic mass unit 1u = 1.660540 x 10~¥ kg
1u = 1.452419 x 1079 J = 931.4943 MeV (eneray equivalent
from E = mc?)

e

Calorie I cal = 4.184 T (exactly)

Electron volt 1eV = 16021773 X 1071% J = 96,48531 &J mol™!
Foot 1ft = 12in = 0.3048 m (exactly)

Galion (U.5.) 1 galion == 4 quarts = 3.78541 L. (exactly)
Liter-atrosphere 1L atm = 101.325 7 {exactly)

Metric ton . 1 metric ton = 1000 kg (exactly)

Pound ' 11b = 16 0z = 0.45359237 kg (exactly)
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23.1 Proteins 1015
Nonpolar I? 0 (!ZH_; o H-
R groups # 7 C
group HzN———C—C< HZN—"C—C< ne” en. o
F|I OH [L OH T Nz é/
Glycine Alaning - P|I \OH (i:H: //O
(Gly) (Ala) H:N—C—C
Proline | N
(Pro) H OH
CH; Phenylalanineg
| {Phe)
CH, /NH f H:.C\ /CH
HAC\ >CH2 (|:=CH c!:Hz <|3H H_«,C\ /CH;
CH 0 CHa» o CH, o CH, o CH o
[ 7 A/ 7 |/ N
HgN—(l:—— “ HgN—lc—C\ HZN—-—Cl—C\ HgN-—-Cl-*C\ H;N—C— N
H OH H OH H OH H CH H OH
Isoleucine Tryptophan Methionine Leucine Valine
(Tie) (Tmp) {Met) (Lew) (Vai)
Polar R groups OH 9] NH; OH HC—N
| N N\
CH, C CH
HZN—C—c\ "T’H: (IZ—-NH
H OH CHZ O | . CHZ O
, -/ o A
Serine H,N—C—C s H,N—C—C
0 NH. {Sen) AN OH H.N—C—C ~ oK
N H 1'{ OH H
| CH; OH Glutamine ) Histidine
CH, S~ {Gin) Tyrosine (His)
] < //,0 ‘]:H 0 (Tyn)
H,N—C—C HN—— 7 HoN NH
| 2 ¢ N
Ho oM & om NH; ¢
As;(u.:r:'.;;;ine Threonine 0 OH (r:HZ INH
(Thr) NS f |
o, OH f CH, (IZHz
N i
¥ r i g
Cii, CH, CH, CH; CH.
= 0 20 = O 20 - O
|~z | 7 | 7 [ 7 | 7
H,N ——(f —C 7 HzN——-CII-—C< H2N~—-—C' —C< HZN—C—C< H,N—C —C<
H OH B OH H OH H OH H OoH
Aspartic acid Cysteine Glutamic acid Lysine Argining
{Asp) (Cys) (Glu) (Lys) (Arg)
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Table 25-4
The genetic code
First Third
position Second position position
(5' end) (3’ end)
U C A G

Phe Ser Tyr Cys U

U Phe Ser Tyr Cys ®
Leu Ser Stop Stop A
Leu Ser Stop Trp G
Leu Pro His Arg U

c Leu Pro His Arg C
Leu Pro Gin Arg A
Leu Pro Gln Arg G
lie Thr Asn Ser U
lle Thr Asn Ser C

A
e Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U

& Val Ala Asp Gly C
Val Ala Gilu Gly A
Val Ala Glu Gly G

doos
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APPENDIX

Standard Chemical
Thermodynamic Properties

AH? (25°C)  §° (25°C)  AG} (25°C) G (25°C)

Substance TkImol™ JK“'mol™* kImol™* JK!mol?
H(g 217.96 114,60 203.26 20.78
Hxg) 0 130.57 0 28.82
H* (ag) 0 0 0 0
H;0%(29) -285.83 69.91 ~237.18 75.29
IV C(s, graphite) 0 5.74 0 8.53
C(5, diamond) 1.895 2377 2.900 6.11
C(g) 716.682 157.99 671.29 20.84
CHi(p) —74.81 186.15 —50.75 35.31
C:Ha(g) 226.73 200.83 209.20 43.93
C:Hy(g) 52.26 219.45 68.12 43.56
C;He(g) —~84.68 22949 —32.89 52.63
CsHy( —103.85 269.91 —-23.49 73.0
#-CiHyolg) —124.73 310.03 —15.71 97.5
C4H)o(g, isobutane) —131.60 294.64 —17.97 96.8
n-CsH(g) ~146.44 348.40 -820 120
CsHelg) 82.93 269.2 129.66 81.6
CeHy(£) 49.03 172.8 124.50 136
CO(p —110.52 197.56 —-137.15 29.14
CO:(g) —393.51 213.63 —394.36 37.11
COx(ag) ~413.80 117.6 -—385.98 —
CSa(8) 89.70 151.34 65.27 75.7
CS:(9 117.36 237.73 67.15 45.440
HCO;(ug) —699.65 1874 —623.08 —_
HCO3 (ag) —691.99 91.2 —~586.77 —_
CO3~(ag) —677.14 -56.9 —-527.81 —_
HCOOH(6) —d424.72 128.95 —361.42 99.04
“HCOOH(ayg) —425.43 163 -372.3 —
COOH-(ag) —425.55 92 —351.0 --87.9
CHO() —108.57 218.66 —102.55 3540
CH;0H(¥) -238.66 126.8 —166.35 81.6
CH;3;0H{g) —~200.66 239.70 -162.01 43 .89
CH;3O0H(zg) —-24593 133.1 -175.31 —_
H,Co04() —~827.2 — — 117
HGC,035 (ag) —-818.4 149.4 —698.34 —
Czoﬁ'(aq) -8§25.1 45.6 —673.9 —
CH;COOH(6) —484.5 159.8 —-390.0 124.3
CH;COOH(g) —432.25 2824 ~374.1 66.5
CH;COOH(sgq) -485.76 178.7 —396.46 —
CH;COO ™ (ag) —-486.01 86.6 -369.31 ~6.3
continued
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AH3 (25°C)  S° (25°C)  AGF(25°C)  Cp (25°C)

Substance kImol™* JK l'mol™! KImol™' JK'mol™?
VI Oxp) 0 205.03 0 20.36
O 249.17 160.95 231.76 21.91
Os(g) 1427 23882 1632 39.20
OH (ag) —229.99 —-10.75 —157.24 —148.5
H,0e) -285.83 69.91 —237.18 75.29
H;O(g) —-241.82 188.72 —228.59 35.58
H,0,(6) —187.78 109.6 —120.42 89.1
H,05(ag) —191.17 143.9 —134.03 -—
S(s, rhombic) 0 31.80 0 22.64
S(s, monoclinic) 0.30 32.6 0.0% —
5(g) 278.80 167.71 238.28 23.67
Sg(®) 102.30 430.87 49.66 156.44
H)S5(g) —20.63 205.68 —33.56 34.23
H;58(ag) -39.7 121 —27.83 —
HS (ag) -17.6 62.8 12.08 —
SO(g) 6.26 221.84 —19.87 30.17
50:( ~296.83 248.11 —300.19 39.87
SOs(g) —395.72 256.65 —371.08 50.67
H;50:(29) —608.81 232.2 ~-537.81 —_
HSO3 (z9) —626.22 139.7 —527.73 -
SO~ (ag) —635.5 —29 —486.5 —_
Ia(s) 0 116.14 0 5444
(g 62.44 260.58 19.36 36.90
Ix(aq) 22.6 137.2 16.40 —
105 106.84 180.68 70.28 20.79
I (ag) —55.19 1113 —51.57 —142.3
T5(ag) -51.5 239.3 ~-51.4 —
Hi(g) 2648 206.48 1.72 29.16
ICKg) 17.78 24744 ~5.44 35.56
IBr(g) 40.84 258.66 . 37t 36.44
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Chemistry 1B 5’99, Final Exam Name 1

.

I. (5 points each)
1, List four proposed allotropic forms of carbon, their hybridization and their geometries.

2. Draw the structure of Cs confirmed in the Saykally labs, explicitly showing the approximate bond
lengths and angles and the hybridization.

3. Should cyclic Cg or C;, be more stable? Explain.
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Chemistry 1B 5°99, Final Exam Name 2

4. (342 points)
A, Describe (in words) the crystal structure of diamond,

B. Why is diamond a better heat conductor than graphite?

5. (5 points) Name the molecule / \ /

II. (Spointseach) Consider the Fullerene Cy,:

A. The number of pentagons is

B. The number of hexagons is

C. The number of dangling bonds is

D. The hybridization of each carbon is

E. Compare the stability of C;, with that of Cy.
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Chemistry 1B S°99, Final Exam Name 3

III. (5 points each)
1. The 3 components of DNA are (be specific):

2. Specify 3 ways in which DNA differs from RNA:

3. What role does NAD* play in biology?

4. The purine base interacts with the pyrimidine base

to form a Watson-Crick pair with 3 hydrogen bonds.

5. InRNA, the position of a pyrimidine or the
position of a purine attaches at the position of the ribose, while the
phosphates attach to the and positions.

10
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IV. (1045+5+5 points)

1. Write the polypeptide coded by the m-RNA sequence GUC GGA GAC UCA UUU GCG.

2. Write the DNA sequence that is transcribed to the RNA.,

3. To which residue would valine hydrogen bond in an o-helix?

4, 'Which of the residues in the sequence above are most likely to be found in a B-sheet?

11

do11
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Chemistry 1B S°99, Final Exam Name 5

I.  (10+10+20+5+5 points) k¢
1. In the presence of a large excess of II,, the reaction H,(g) + L,(g) — 2 HI(g), k¢ (1000K) =240 L
Mol §- appears to be first order. Calculate the half-ife for this pseudo-first order forward reaction

at 1000K in this limit for [H,] = 200 moles/liter.

2. Ifthe activation energy for the above reaction is 165 kJ/mol, calculate the pseudo-first order rate
constant at 2000K.

3. Calculate the activation energy for the reverse reaction at 1000K.

12
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Chemistry 1B 5’99, Final Exam Name 6

4. Calculate the initial rate at which heat is released by the reaction at 1000K in the bimolecular limit with
[H,] = 0.081 mol L' and [I,] = 0.036 mol L"L.

5. List and label the important steps in the mechanism for the H,/O, explosion.

II. (10 points each) Consider the combustion of propane (C3Hg) as a source of energy.
Suppose that a fuel cell is used to generate electrical power from this reaction. Calculate the
maximum electrical work that can be extracted at 800K if all gases are maintained at 2.00

atmospheres.

13
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Chemistry 1B 5’99, Final Exam Name 7

2. Calculate the maximum total work that can be extracted at 800K from this reaction in the ideal gas
approximation.

3. Calculate the efficiency of this fuel cell at 800K. What assumption must be rmade?

4. Calculate the cylinder temperature required for an internal combustion engine to have an efficiency of
80% (exhaust temperature = 1200K).

14
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Chemistry 1B §°99, Final Exam Name 8

5. What s the maximum voltage this fuel cell could generate at 800K, if 12 electrons are transferred per
mole of reaction?

III. (10 points ¢ach)
1. Sketch and label the energy bands for diamond and graphite. Indicate the location of the Fermi level.,

2. Calculate the wavelength (nm) of the lowest energy transition of an electron confined in a 1.00 nm
_ h%n?

8mL?2/ .

n

quantum dot

15
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Chemistry 1B S°99, Final Exam Name 9

3. Graph the probability for finding the electron in the quantum dot for n=2 state, Compare with the
result expected from classical physics.

4. Use the Uncertainty Principle to calculate the uncertainty in the total energy (AE) for an electron
= b2
confined in this quantum dot (hint: E= M )-

5. State the conditions under which one expects to observe dramatic quantum effects, and describe the
effects.

16
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Chemistry 1B §'99, Final Exam Name 10

IV. (10 points each) Consider the aromatic heterocyclic molecule CsHsN.

1.

2.

3.

Draw a MO energy level diagram for the pi electrons, labelling the frontier orbitals, and showing the
occupancy.

Sketch the shape(s) of the HOMO of this molecule.

Sketch the shape of one of the hybrid orbitals on the carbons. What is the hybridization?

17



10/18/2000 WED 12:39 FAX 6434330 MOFFITT LIBRARY [do1s

Chemistry 1B S’99, Final Exam Name 11

4. Describe the factors affecting the stability of the above molecule relative to the analogous CsHs~
anion.

5. List four universal (or nearly so) characteristics of known living systems.

18



