Section 01-Kuwata ' Spring 2006
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Chemistry 112
Test 1
February 13, 2006

Instructions before starting the test:

1. Your exam booklet should have sevem pages total, with questions on pages 2-5, and a
periodic table and other reference data on pages 6 and 7. Check to see you have seven pages
now. If you do not, ask for another copy of the exam.

You may remove the last two pages.

Write your name in the space above and on the backs of pages 2-5.

This exam is closed-everything. '

You may use programmable calculators, but chemical data should not be stored in them.

You have up to 90 minutes to work on this exam, if you start work at 8:00 a.m.
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Page 2 (24)
Page 3 (32)
Page 4 (20)
Page 5 (24)
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Page 1 of 7



Section 01-Kuwata Chemistry 112 - Spring 2006

1. (54 points total) Molecular chlorine is one of the most important substances in both the ocean
and the atmosphere, and is therefore studied intensely by environmental chemists. Much of its
chemistry can be explained using the ideas of molecular thermodynamics. '

(a) (12 points) A naturally occurring sample of 500 Cl, molecules is exposed to a catalyst
which facilitates the exchange of Cl atoms among the molecules. Assuming that naturally
occurring chlorine is 76.0% **Cl and 24.0% *’Cl, compute the most probable distribution
of molecules for this sample. (Use probability, not ICE tables to solve this problem')

PCs@)= 0360  P(*) =0.240
P(3a,) = ﬁ)a(gfce)}= (0.760)“= 0.5 78
P(3%ce,) = [P(3*) ] = (0.240) " = 0.057¢

P53t )= |- PC>ca,) - P P(*'c0,)= [-0.578 - -0.0576% = 03@7

- So mosH 'Dvgb _cf__&_‘_t__,_é___-_____1 @ o vouuded o Neanegt ,wrée%

500(()573 !286’ 35”@ _ %\idm.}/‘lﬂpawf #s of wmlewds, |
T35 s M{)S-f vob +
Sv0(0.0s7¢) 5 29 P, 2 Gt e

| | | CD 0 value o £ F(ho# of 5 )
500 (0.36Y4) 3 192 *scp3e No corver pokeblities

(b) (12 points) Can the sample in part (a) ever be said to reach equilibrium? Explain. Your
answer should include a clear definition of the term “equilibrium.” Note that there is not

one right answer to this question—I will srade you on the gquality of your reasoning.
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(¢) (12 points) Consider two flasks, both at 300 K. One flask contains 0.100 mol of **Cl,, and
the other flask contains 0.100 mol of C1,. Assume that 35C12 and ¥’Cl, have the same

bond length. In which flask would you expect the molecules=to have more quanta of
rotational energy? Justify your answer clearly and co/mpleféf;.

AEwt C7a) _ m(P) R oy 3 )
| 2 2737 CTeRNEs 2 zm N
AEe () m (U REFE) - SIS
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C2) Bxeited e's8 v\ brahinns e

. : ~! 35 4 wWia#3
(d) (20 points) At what temperature (in K) would 2&90 of a sar%ple of 3% 380 kg s) be
in its first excited vibrational state? Report the temperature to two significant figures.
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<A
2. (& points total) Consider a system with ten particles and five quanta of energy. Two possible

energy distributions, along with their thermodynamic probabilities, are shown below:

b
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Wa=10 Wp=252 4o a0 260 340 Kuyp

(a) (15 points) Draw in the other possible distributions, and compute their thermodynamic
p,o_hablhues, Show your work for the W calculations below. :

We = J?J, - 0% 150 @”‘ sy g Meaved
¢ W
gl # | Atstn bu P~ |
W‘D = We :LOI'Q‘ @/ﬂ%ww‘mﬁ W
- 1ol e °: 87 L
WE T?—l—i——f - % ,& 360 (-J')Cds&"\’l%n'\ly\ s hjh}')
WF = WE = ngOJg o
W -~ IO_' :' IOQ’K?'G/T B
° enl Srsz =[840

(b) (5 points) What is the probablllty (to three decunal places) of the least probable energy
distribution?

Wiy = 1042524 90450 3260 +2360 4 840 = 2002
_ _ — (4
so Py = Wa - 10 _ o 005 2 wcee

Wer 2002

[Problem 2 continues on the next page.] @
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(c) (12 points) Is your answer in part (b) consistent with the second law of thermodynamics?
Explain. Your answer should include a clear definition of the second law.

YES 2vd Low. E na—}uv-”\1 olAAf.!/\AM MA/V\.—I rmlwua,‘ LA
Dist, A, M E Ao MMW v 1S also ltagt prvbable .
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@ ) heovveet Comcep hinm {M
Zund LQW'

3. (12 points) Assuming that the covalent bond in a diatomic molecule behaves as a spring,
sketch how the energy of the molecule varies with the distance between the bonded atoms.
Explain all key features of your sketch in terms of the electrons and nuclei in the molecule.
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Possibly Useful Information

. Lok
E,=|i+—|hv where v=— |——andi=0,2,...
2 2r \ u

2
E,, =i(i+1) i 2( lzj where i=0,1,2,...
IR

87

2
E,.= (nf +n} +n’ )%(#) where n=123...

trans mV2/3
|
AE=-wz| L -1 =1 A —
ne on m, +m, nyln!n,l...
ﬂ:e—(E,—E,)/kT:e—AE” /KT jorabove M. oI E~EIKT _ ,~AE /KT
n, n n,
c=Av %517 E=hvo T(K)=T(°C)+273.15K
k=1381x 102 JK! h=6.626x10>*]s Na = 6.022 x 10* mol
1 amu = 1.661 x 102" kg 1J=1kgm?’s? h=6.626x10"*7Js
c=2.998x10*ms Im=10"nm=10" A R=2.178x10"%J
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PERIODIC TABLE OF THE ELEMENTS

1A 8A
1 2

H He
1.0079| 2A 3A 4A  5A  6A  7A |40026
3 4 5 6 7 8 9 10
Li | Be B C| N | O F | Ne
6.941 | 9.0122 10.81 | 12.011 | 14.007 | 15.999 | 18.998 | 20.179
11 12 13 14 15 16 17 18
Na Mg All Si | P S | Cl | Ar
2299024305 3B 4B 5B 6B 7IB —8B—— 1B 2B |26.982)28.086|30.974| 32.06 |35.453 | 39.948

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]|l As| Se | Br | Kr

39.098 | 40.08 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 |63.546 | 65.38 | 69.72 | 72.59 | 74.922 | 78.96 | 79.904 | 83.80

37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Rb | Sr | Y | Zr Nb Mo| Tc |Ru | Rh | Pd | Ag  Cd | In | Sn|Sb|Te | I | Xe

85.468 | 87.62 | 88.906 | 91.22 | 92.906 | 95.94 | (98) |101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.69 | 121.75] 127.60 | 126.90 | 131.29

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 | Tl Pb | Bi | Po | At | Rn

132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 186.21 | 190.2 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)

87 88 89
Fr | Ra |TAc

(223) |226.03 | 227.03

*58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr [ Nd|Pm Sm | Eu | Gd | Tb Dy | Ho| Er | Tm | Yb | Lu

140.12 | 140.91 | 144.24 | (145) | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
TQO 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

232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)

Test 1--Page 7 of 7



