Chemistry 562 ’ Fall 2012

Problem Set 11

Due beginning of class on Wednesday, May 2"
(Make your reasoning clear. We need to understand your reasoning, not just see the final result.)

1. (a) Write out the equation for the canonical partition function Q in terms of the molecular
translational, rotational, and vibrational partition functions of an HCN gas.

(b) Find the equation for £ for the HCN gas in terms of molecular parameters. (recall E=U-U(0)).
Use the equation for the rotational molecular partition function in the high temperature limit.
(Note: HCN has 4 normal modes: the CH stretch, the CN stretch, and a doubly degenerate

bend.)

(¢) Find the equation for the molar heat capacity C, of HCN in terms of molecular parameters and
calculate it at 298 K. The normal modes for HCN are at 3311 cm’™ (CH stretch), 712 cm’!
(doubly degenerate bend), and 2097 cm™ (CN stretch). You may use C, = C, + R. How does
your value of C, compare to the experimental value of 35.9 J/(mole K)?

2. For the reaction:
A4, +B, < 248

where A4 and B are different isotopes of the same atom:

2

. . (q/w) . . s

(a) Find the ratio ——%~ intermsof m, ,m, ,and m . (T refers to the translational partition
94,498,

function.)

2
R

(q AB )

R R

94,93,

rotational partition functions. Don't forget to include the symmetry number.

(b) Find the ratio

in terms of m, ,m, ,and m,,. Use the high temperature limit for the

(c) Using the results of parts (a) and (b), and assuming the vibrational and electronic partition

functions are 1, show that the equilibrium constant is equal to: ~ d——==—e =~ = = "7,
oS
,/mAsz2

(83 5> 822 , and Egz are the zero point energies of AB, A, and B, respectively)
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qpy = 3475

This answer is off by nine percent. This isn't as good as last week's rotator (HCl), because the
rotational constant for H2 is so large due to its small moment of inertia.

q9_qH

= 0.092
49



2 d) iii)

myy:= 1.00782 3813.cm” | 4401cm” ! _ 3113em :
SHD = 5 SHH:: 5 SDD = >
mpy = 2.01410
- B'(2"31{1)—8}151“81)1)) ~ : (™ + mp) = 4242
¢ = 0.764 \/(mH + mH)-(mD + mD)
(myg + mp) o B-(2eyp-¢mrepD)

o [+ ) (mp + mp)
K =3.243




HW #11

1¢)

h = 6.62606810 > 1. 3311
cm
¢ = 2.997924.10 0 2 2094

S
] cm
k= 138065100 > = V7| o5
K ———n
cm
R := 8.314472 712
mol-K cm

h-c 2 h-cv;
7 R & (hevi)| wr " KT
Cp(T) = 5-R+———~Z —_— e -1) e

C.(298K) = 35.878
p( ) mol-K

This result agrees very well with the experimental value. It is within the significant figures of the
cited result.
2d)ii)
This is the same calculation that we did last week.

~1
T:= 300K k= 0.6950687%

kT B =4.796 % 10 3cm B := 60cm !



