Kuwata Chemistry 312 Spring 2008

Preview Sheet for Final Examination
Monday, May 12, from 8:00 to 10:30 a.m. in Olin-Rice 301

Part 1: (50 points) Mathematical problems from Units 1 and 2

Part 2: (100 points) 25 American Chemical Society multiple-choice questions (covering entire
semester)
You may bring a one-page cheat sheet to the exam

Here is an overview of topics you are responsible for:

Unit 1 (Test 1/PS 1 and 2/Experiment 1)
Photoelectric effect, interpreting wave functions, eigenvalues and expectation values,
particle in infinite and finite boxes, particle on a ring or a sphere, harmonic oscillator

Unit 2 (Test 2/PS 3 and 4/Experiment 2)
One-electron atoms, radial and angular wavefunctions, selection rules, molecular orbital
theory, Born-Oppenheimer approximation

Unit 3 (Test 3/PS 5/Experiment 3)
Rotational terms and spectra, vibrational terms and spectra, reduced mass, rovibrational
spectra, selection rules

After Test 3
Basic ideas about electronic spectroscopy and the Boltzmann distribution

Preview of the test instructions:

1. Write your name in the space above and on the backs of pages 2-11.

2. Your exam booklet should have eleven pages total, with questions on pages 2-9, and

formulas, constants and a periodic table on pages 10-11. Check to see you have eleven pages

now. If you do not, ask for another copy of the exam.

You may carefully remove pages 10-11 from your exam booklet.

4. When answering questions on this test, you do not need to re-derive any equation unless [
explicitly tell you otherwise.

5. Part I of this test (on pp. 2-4) contains problems from Units 1 and 2. Justify all of your
answers in Part I. Partial credit will be awarded for work in Part I.

6. Part II of this test (on pp. 5-9) contains 25 multiple-choice questions, each worth 4 points,
covering many of the major topics of the semester. Circle the correct answer to each of the
questions in the exam booklet. There is no penalty for incorrect answers. Feel free to use
blank spaces in this exam booklet for scratch work. However, realize that you will receive
no partial credit for this work.

7. You may use as a reference a single sheet of 8.5”x 11” paper that you have filled (front and
back) with information.

8. You have a maximum of 2 hours and 30 minutes to work on this exam.

98]

Preview of information to be provided in the test booklet on the next two pages
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Kuwata Chemistry 312 Spring 2008
Possibly Useful Information from the ACS Exam Booklet
Table of Symbols and Constants
QUANTITY SYMBOL VALUE
internal energy U
enthalpy H
entropy S
Gibbs energy G
Helmholtz energy A
speed of light, vacuum c 2.9979 x 108 m-s™!
Planck constant h 6.6261 x 107 Is
elementary charge e 1.6022 x 107 C
electron mass m, 9.1094 x 10~ kg
proton mass m, 1.6726 x 107 kg
atomic mass unit u 1.6606 x 107 kg
Rydberg constant R, 1.09737 x 10° cm™
Avogadro constant N, 6.02221 x 107
Faraday constant F 96485.3 C-mol™
ideal gas constant R 8.3145 J.K":mol™
1.987 cal-K™"-mol™
0.083145 L-bar-K'mol™
0.082058 L-atm-K~'-mol™
1 2
i PERIODIC TABLE OF THE ELEMENTS e
1.008 4.003
3 4 D 6 7 8 9 10
Li Be B C N (0] F Ne
6941 | 9012 1081 | 1200 | 1401 | 1600 | 1900 | 20.8
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
2299 | 2431 2698 | 2809 | 3097 | 3207 | 3545 | 39.05
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti v Cr | Mn | Fe Co Ni Cu | Zn | Ga | Ge As Se Br | Kr
39.10 | 4008 | 4496 | 47.88 | 5004 | 5200 | 5494 | 5585 | 5893 | 5869 | 6355 | 6539 | 6972 | 7261 | 7492 | 1896 | 7900 | s3.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb | Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 8891 | 9122 | 9201 | 9504 | ©8) | 1011 | 1029 | 1064 | 1070 | 1124 | 1148 | 187 | 1218 | 1276 | 1269 | 1313
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
1329 | 1373 | 1389 || 1785 | 1810 | 1838 | 1862 | 1902 | 1922 | 1951 | 1970 | 2006 | 2044 | 2072 | 2000 | o9y | @y | @2
87 88 89 104 | 105 | 106 | 107 | 108 109 | 110 | 111 112 114 116 118
Fr Ra Ac Rf Db Sg Bh Hs Mt
@3 | @6 | @ || o5y | een | @63) | es | @65 | ose | @en | e | em (289)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr Nd | Pm | Sm | Eu Gd Th Dy Ho Er | Tm | Yb Lu
1401 | 1409 | 1442 | (45) | 1504 | 1520 | 1573 | 1589 | 1625 | 1649 | 167.3 | 1689 | 1730 | 1750
90 91 92 93 94 95 96 97 98 99 100 | 101 102 | 103
Th Pa U Np Pu | Am | Cm | Bk Cf Es Fm | Md | No Lr
2320 | 2310 | 2380 | @37 | @44 | @43 | ean | ean | o5y | oo | esn | assy | ese | e
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Kuwata Chemistry 312 Spring 2008

More Possibly Useful Information

0 | 00 2.2 A/ 0 2 .3.5... —
I x"e #dx = rn]'l I ey = Y I x*"e ¥ dx=1 352D |7
0 a + 0

2a 0 2"g" a
) 1 | 2 c 2 ix Hp
j-sm aXdX=EX—Es1n2aX cos” X+sin“ x=1 e" =cosX+Isin X
2 2
dr =r’sindrdéd¢ V? = 82 +EQ+L2A2 A = .12 62 + _1 isin9i
o” ror r sin“ @ ¢~ sinf 06 00
Ephoton hU Ephoton =0+ EK EK :%mvz EK :evo
1 - h h* diy
c=Av —=y A=— - +V(X)w =E
A mv 2m dx? (X =Ey
212
o= n h2 V =—kx’ EV:(V-Fl]hV Lk
8mL 2 27z \m
222 2
E(m|)=m'h E|:I(I+—1)h | =mr?
21 21
RZ*
L> =1l +1)A* L, =m,# E =- -
m m mm
P L X, + 2 X =12 | =mR>+m,R? = /R*
cM m, +m, 1 m, +m, 2 H m, +m, 10 2Ry =4

T =F@)=BII+D or i—cz F(J)=BJJ+)-DJ*(J +1)’

h h 4B?
o 2 ;7 or B =— 2 D, =—
8 cuR 87 CuR; 1%
2
5:G(V):(V+l}7 or ﬁ:G(V):(V+1)V—(V+lj XV
hc 2 hc 2 2
® =21V =27CV = K X, = — \Y :lk(R—Re)2
P 4D, 2
2
V =heD, {1 - exp[-a(R - R, )]} a= | 1Y
Al -exp[-a(R-R,)1} 2D,
n,  g;exp(-p¢;) 1
—_——-— = . C — DE . = —
N , q Zg xp(—f¢,) B=1z
h=1.05457x10*Js 1J=1kgm?’s? 1A=10"m a, =0.5292 A
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