Two lowest energy states:

(1) ny =n,=n, =1, ni +mnj +n? =3,

(2) 2ns=1land 1n=2, 12+ 1%+2%=6,

So)
) B 3h2 - 6]'L2
LT QL 27 8mlL?
h2 . 1 —34 §
_ (663 <107 T8 ) 59 107 5,
2 (1kg)(1 m)?

g = 1.65x107%7],
s = 3.30x 107577,

2rmkT 3/2
(b) (translation = < 12 ) V

3/2

(1m)?

~ [(6.28)(1 kg)(1.38 x 10722 J K~ ")(300 K)
B [ (6.63 x 10-34 J )2

144 % 107 accessible states
- molecule

Quantum effects are clearly not important for objects as large as basketballs.

4. The statistical mechanics of an electron.

(a) As above

3m? 3m?
= ’mL? 27 gL
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where m = mass of the electron = 9.11 x 1073! kg,

o (6.63 x 10734 J 5)?
mL2 — (9.11 x 10-3! kg)(10~10m)?2

e = 1.81x10717 7,

—4.82x10717J

gg = 3.62x 1077 J.

3/2

(6.28)(9.11 x 1073 kg)(4.14 x 10721 J) (10710 my’

(6.63 x 10731 J 5)?

(b) Gtranslation

= 1.25 x 107°.

The classical approximation is not valid (since ¢ < 10), and quantum effects are important.
Since ¢ cannot be smaller than 1, the value obtained above is an artifact of the assumption
that the sum in the partition function can be approximated as an integral for this problem.

5. The translational partition function in two dimensions.

For each dimension,

2rmkT\ "’
(translation,1D = T L

and

) 2
Qtranslation,2D = Gtranslation,1D>
so if A = area = L2, then

2rmkT
(translation,2D — (iﬂ) A.
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6. The accessibility of rotational degrees of freedom.

 8m2IkT
Grot = O'h2 .

If gror = 200 at T = 300 K, then

8rilk 2 2
o 3 Grot = gT =10,

and so quantum effects become important when 7' = 15 K.

7. The statistical thermodynamics of harmonic oscillations.

—hvB/(1—e= VB

For harmonic oscillators, ¢ = e ). For distinguishable particles, Q = ¢V .

(a) AU _ 19q _ hwe ™
e N — q0B 1—e b

S AU
b gy T ety
s g hv e~hvb
]{,‘_N = —11’1(1—6 )+<I€_T><1—€—_h”ﬁ .
(c) F=—-kThQ = i:—lnq:—Hn(l—e_h”ﬁ)
NET ’
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11. Heat capacities of liquids.

(a) Liquid argon is spherical (no rotations and no vibrations), and has only translational
freedom, so

3
CV = §nR

~ (;) (8:314 JK " mol™!)

= 1247JK 'mol™*

can be rationalized. The rest must be due to intermolecular interactions.

(b) (3/2)nR due to translations, plus 0 or 3nR for vibrations, depending whether they are
strong or weak, plus (3/2)nR for rotations equals 3nR = 24.94J K~ mol~'. The rest
must be rationalized based on intermolecular interactions and hydrogen bonding.

12. The entropies of CO.

Here the gas molecules are indistinguishable. This means that we need to include the
correction 1/N! in the translation partition function of the N-particle system.
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S|

n

rot

3

qe AU
NklIn| — —
kn<N>+ T

IR
nR [1+1n<]%>] +n7

o4 WS/Q(‘/)_
2 T2 N

5 g (ZTATY (K]
2 TR p

(28)(1.78 x 10"*"kg),

nR

R

(1.38 x 10% JK")(300K),

1.013 x 10°Nm ™2,
(6.626 x 107%435)"

8.314 JK 'mol %,

150.3 J K ' mol L.

= R(lng+1),
och?

= 1,

(12)(16)
12 4+ 16

= (6.86) x (1.67 x 1077 kg),

= 4728 JK 'mol™%.
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