Chemistry 410B Exam 2 Spring 2008

NAME:

Instructions:

1. Keep this exam closed until instructed to begin. Please write your name on this page
but not on any other page.

2. Please silence any noisy electronic devices you have.

3. Attached sheet(s) provide potentially useful constants and equations. You may de-
tach these from the exam if you prefer.

4. To receive full credit for your work, please

(a) show all your work, using the back of this sheet if necessary,
(b) specify the correct units, if any, for your final answers,

(c) stop writing and close your exam immediately when time is called.

Other notes:

e Your best scores on 4 of the 5 questions will contribute to your grade.

e Partial credit is usually available for all problems, so try each problem and do not
erase any of your work.

e Fach question is worth 25 points.






1. The non-ideality of a gas may be expressed as a compressibility factor, z:

(a) Find the value of z for the ideal gas.

(b) Given the van der Waals coefficients listed below, put an X next to the name of
the molecule that will have the greatest value of z at a pressure of 1.00 bar and
298 K. Show your reasoning or math for full credit.

molecule a (barL?mol™!) b (Lmol™!)
carbon disulfide 11.3 0.073
HCN 11.3 0.088
dichloromethane 12.4 0.087
xenon difluoride 12.4 0.070

2. Assuming the integral approximation is valid for the rotational partition function,
and that the harmonic approximation is valid for vibrations, write an expression
for the fraction of the sample of a gas-phase, diatomic molecule that will be in the
rotational and vibrational ground state (J = 0, v = 0), in terms of the temperature
T and the constants B and w,.



3. An isotopically enhanced sample has np; moles of deuterated hydrogen iodide and
nyr moles of common HI at 398 K. Comparison of the infrared intensities of the
v =1 — 2 transition finds a ratio of 0.100 for DI molecules (w, = 1640 cm™!) in the
v =1 state to HI molecules (w, = 2310 cm™!) in the v = 1 state. What is the ratio
npr/nyr in the entire sample?

4. The possible spin states for one N nucleus, which has spin I = 1, are m; = 1 («),
my; =0 (8), and m; = —1 ().

(a) We saw that the possible spin states for two indistinguishable I = 1/2 nuclei in a
diatomic molecule are o, aff+ fa, aff — S, and 35 (neglecting normalization).
List all the distinct two-particle nuclear spin states for Nj.

(b) Put an “e” next to each of these nuclear spin states that will be associated with
even J rotational levels of the Ny molecule.



5. The derivation of Cy,, for a fluid shows that the heat capacity is larger for a liquid
than for a gas after evaluating the expression

_ ﬁ 2 (Pm - —u(R)/(kpT) u(R) 2
Cym = =5 +2mN} (M) /0 u(R) e [ ) RdR

using the Lennard-Jones potential for u(R). Find an equation for Cy,, if we instead
assume the material is a solid, with a potential u(R) = —e if Ry < R < 2Rp; and
u(R) = oo everywhere else.






Fundamental Constants

Avogadro’s number
Bohr radius
Boltzmann constant
electron rest mass
fundamental charge
permittivity factor
gas constant

hartree

Planck’s constant

proton rest mass
neutron rest mass
speed of light

Na

apg =

4dmegh?
mee2

6.0221367 - 1023 mol~?
5.20177249- 10~ m
1.380658 - 1023 J K1
9.1093897 - 103! kg
1.6021773-10~1° C
1.113-10710 2 J- 1 m~!
8.314510 J K—! mol™!
0.08314510 L bar K~! mol~!
0.08206 L atm K—! mol~!
4.35980- 1018 J
6.6260755-1073* J s
1.05457266 - 10734 J s
1.6726231 - 1027 kg
1.6749286 - 10-27 kg
2.99792458 - 108 m s~!

Unit Conversions

K em™! kJ mol~! keal mol ! erg kJ
kHz = | 4.799-10~% 3.336-10~% 3.990-10"'° 9.537-10~'' 6.626-1072* 6.626 10734
MHz = | 4.799-107% 3.336-10"° 3.990-10~7 9.537-10~% 6.626-1072' 6.626-1073!
GHz = | 4.799-1072 3.336-10"2 3.990-10~* 9.537-10"°> 6.626-10"'% 6.626-1028
K=|1 0.6950 8.314-107% 1.987-1073  1.381-107!6 1.381-10726
em™! = | 1.4388 1 1.196-1072  2.859-107%  1.986-107'6 1.986-1072¢
kJ mol~! = | 1.203 - 102 83.59 1 0.2390 1.661-10" 1.661-102*
kcal mol~! = | 5.032- 102 3.498 - 102 4.184 1 6.948.10714 6.948 .10~
eV = | 1.160-10*  8.066-10%  96.49 23.06 1.602-10712  1.602-10~22
hartree = | 3.158-10°  2.195-10°  2.625- 103 6.275 - 102 4.360-107  4.360- 1072
erg = | 7.243-10' 5.034-10 6.022-10%3 1.439 - 103 1 10710
J=17243-10%2 5.034-10*2 6.022-10%° 1.439 - 1020 107 1073
dm?3 bar = | 7.243.10%*  5.034-10%*  6.022- 10?2 1.439 - 10?2 1.000 - 10° 0.1000
k] = | 7.243-10%® 5.034-10%° 6.022-10% 1.439 - 10% 1010 1
distance 1A= 10790 m
mass 1amu = 1.66054 - 10727 kg
energy 1J= lkgm?s™2 =107 erg
force 1N = lkgms™2 =10°dyn
electrostatic charge 1C= 1As =29979-10° esu
1D= 33357-107%0Cm =1-10""esucm
magnetic field strength 1T = 1kgs 2 A=t = 10* gauss
pressure 1 Pa= INm2 =1kgm! s72
1 bar = 10° Pa = 0.98692 atm



Some equations

h? 9
3D box g = W n
327V (2m?e) /2 de
g1(e) = e
o  g(E)e E/tksT)
canonical dist. PE)=g(E)YP(i) = ——r
() = g(E)Pl) = L2
8rmkpT\**
partition func.s  Grans(1, V) = (%) v
1 (8rmkgT\*"*
QK(Ta V) = ﬁ (T) \%
1 N [ee] o
Qu(T,V) = (V) / / e VX )/ kBT q X, dZy
1 N —0o0 —00
1 (8rmkgT\*?
Qtrans (T, V) - QK(T)QU(T7 V) = ﬁ (TB) Q/U (Ta V)
N kgT
Grot ~ B
N 1
Qvib ~ 1 — o—we/GnT)
m O\ 32 ]
velocity P(v) = (ZWkBT) e~ /(2kpT)
m O\ 32 .
Maxwell-Boltzmann P(v) =4n <27rkBT) v2e—mv"/(2kBT)
virial P=RT [Vm + By (T)Vnﬂ

1 Vv1/3
By(T) = —/\/'AiI(ﬁ) = 21N, /O (e ksT) _ 1)R2IR

van der Waals RT = (P + %) (Vo — b)
3N qw2ewe/(ksT)
Einstein equation Cvm AYRC

- lepT2(ewr/(ksT) — 1)2



