Chemistry 163C Midterm Spring 2013

Be sure to show all dertvations and calculations,
and clearly mark your answers. Good Luck!

1) Consider a set of N distinguishable particles where each has a
singly degenerate electronic ground state and a triply degenerate Ig
excited state of energy ¢, as shown to the right. a) Write down the I
molecular partition function. b) Write down the canonical
partition function. c) Evaluate g, the molecular partition function, at the limits T — 0 and T
— oo, d) Develop an expression for the internal energy U. e) Develop an expression for C,
and plot C, vs T from zero to T > ¢/ k.

2) Consider a three level system of energies 0, & and 2¢. The second level is doubly
degenerate. a) Write down the molecular partition function. b) Develop an expression for
the probability of occupying the middle level. c) Sketch this probability from T=0to T —
oo, ) What value does tﬁe probability reach at T— «? Briefly explain this result. '

3) The dominant isotope of molecular oxygen (*O%*0) is characterized by the spectroscopic
constants v = 1580 cm™ and B =1.45 cm™. a) What is the rotational temperature for O,? b)
What is the vibrational temperature for O,? c) At 300K, may we use the high temperature
approximation for vibration and/ or rotation? d) Write down the mathematical expression
for the canonical partition function for O, taking into account translation, rotation and
vibration. e) At 300K, what is the probability for O, to simultaneously occupy the 1
excited vibrational state (n = 1) and the ] =5 rotational state?

4) The van der Waals (vdW) gas approximates areal gas by recogniiing that molecules will
fill space and also experience a pairwise attraction. The canonical partition function for a
vdW gas is given by: ' :

Q= %(%) (v - nb)N exp (ﬂ%)

where b corresponds to the molecular volume and 4 is a measure of the attractive force. a)
Determine an expression for the internal energy U of a van der Waals gas. b) If a > 0, will
the energy for a vdW gas be greater or less than an ideal gas? Briefly explain. ¢)For Ar, a =
1.34 L* atm/mol® and % =0.032 L/mol. For a sample of Ar at 1.0 atm and 300K, what is the
difference in U for an ideal vs vdW gas? (Hint: assume 1.0 L for volume and use the ideal
gas law to determine the number of moles.) (Note: 1.0 L atm = 101.3 Joules.) d) Determine
an expression for the constant volume heat capacity C, for a vdW gas. Can you distinguish
a vdW gas from an ideal gas by measurement of C,?




é
JE3C  dform 2013

& U m 2 (3™

r o -
&
/;3@‘1“ (~3¢)C
. S —
eft +2

- -

& C = — &K /J‘?G
Y Cos kgt RN
L NM3el cf/s
(cré +3)
N 3(se) (f/jé
(e”° )"
CV(T-a“’)" 0

C, T > o




L) - -Zeﬁ(g - I Fe)
F TP YA R

2 1

(_‘) /)4, (1‘:0, = 0 ) 7’4(7-—?”’):/*2_1_’ = z

;..

o’() e T x /5—90 /’z_ = "!:..
V.2V e 7: /4 57/‘_,/,’ G re
£ aa//7 /0/;«/4;/(/. T oo 0_{
—goeud— pHAates ar= in Levr /' 2.

2 o {4

-
—— g p—

o d -




3) 03_ X = /S8O6 comt f3= /5 !

. . heB | :
) @ﬂ L = /6/? -_/g_ k/—ﬁ@.—’ iy wots :
Cim—1t Cin é
e - 95 E
= 2.05 k “ e

b _ hep -~
) @(/ = T = /‘7“7‘)( /5 80 = 2-275—K
ce Ok -\[;Drr I‘Odlévzl'oo:/ /404 Vc‘;éflpa

o) A(ﬂl T o',y/ ok
/) _ v . _ ! N
& el (/!3 0'/3/06‘/5 /—5"/”"")
pphex) e8P = 0.000 §08
_/shcfsz:(rwv
(/e/.a 13)

€) P(V,n-r) = [/—
ple,Tes)= (228 1)€
,,_(“)(0‘3/2)(0-0070)

~ p.062%

«f, T=5) 7 0.000508 * ©.06%

= 2./5 x /O d

L /%ﬁl{ &




v oohant
%) Cb=7’, (5)"(v-nb)'C ”
Z"ZN:( ) (v-n8)7 € f ‘
I G e () k()T AT
-2 0
—.-—-/j—[ﬂ/[‘“(/i}"/j& f

ah

a) U =

Soculos c /s Aer /ow-ﬁ‘m,
pro/lec

o
b) ww‘v““("’ SO 7

Lt at * ot Ar .0 udfem v 300k
C) o = 39— (/ oc)(/oa'ﬂ{h)

2 0.0%06 tao/
w )0t 4 (o 08l Letr | (Fosk)
. = [« 3% ’((D'O?%)(/o)'\;)
U (vd @) = a’c_‘/—’n - /.0
k —
et = 0.22% 7 -
. T "' £ “ .,/f'av
. = /5.6 ) PP
(r_o/tuf) = /
/l/o*/:' U
L) C.o= GF), .
N[ FNET - ’.7]
< 57 il gus

a5
2oL sae

h

( ot ‘ “r;lqut") _
ann

| &(Jz'b‘? Cy



Glenn Millhauser
2


