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Chapter® Homework

2

Consider the differential equation: Y4
e y
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— n
y=> a,x"=a, +ax+a,x’ +ax’ +..

Assume that the solution is of the form:
n=0

Develop “recursion relations” relating (1) a2 to a0, (2) a3 to ai (3) as to a2

One of the wavefunctions of the Harmonic Oscillator is:

HO k
= — V= ——

—ax*/2
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y = Axe
( H

(a) Calculate the normalization constant, A1 (in terms of o)

(b) Determine <x> (in terms of o)
(c) Determine <x>> (in terms of &)
(d) Determine <p> (in terms of o)

(e) Determine <p®> (in terms of o)
(f) Determine <T>, average kinetic energy (in terms of ©®)

(g) Determine <V>, average potential energy (in terms of ®)

Consider a two dimensional Harmo
energies (in terms of wx) and degeneracies 0

nic Oscillator for which ky =9-Kx. Determine the
f the first 7 energy levels for this oscillator.

120=10, which has a fundamental

Consider the diatomic molecule, carbon monoxide,

vibrational frequency of 2170 cm™.
(a) Determine the CO vibrational force
(b) Determine the vibrational 7ero-Point Energy, Eo, an

AE, both in kJ/mol.

constant, in N/m.
d energy level spaces,

/m. Calculate the fundamental vibrational frequency of

The 3Cl2 force constant is 320N

35C|y, in cm™.
667 cm™.

tional frequencies of CO; are: 2349 cm’!, 1334 cm™!, 667 cm™,
y, 1. E(0,0,0,0) in

(a) Calculate the Zero-Point vibrational energ
(1) cm™ (i.e. E/hc), ) J, (3) kl/mol.
y required to raise the vibrational state t0 (0, 2,1,0) in

(b) Calculate the energ
(1) em™ (i.e. E/ho), () J, (3) kJ/mol.
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151 Three of the fundamental vibrational modes (CH bending) in methylenecyclopropene
(Cay) are:
vi(az) = 860 cm™! v2(b1) = 1270 cm™! vi(bz2) = 740 cm’!
LA A
(&

(a) Determine whether each fundamental mode is active or inactive in the IR
and Raman Spectra.

(b) Determine whether each combination mode below is active or inactive
in the IR and Raman Spectra.

_\e,/ (1) vi+vs
)/d (ii) v2-v3
¢ v N
Ke' & Cw E Cz ov(xz) ovliyz) i
A1 1 1 1 1 z x2,y2‘ z° C/C——AC
A, 1 1 -1 -1 R Xy e
SN {1 1 -1 X, Ry Xz ‘\_ﬂ
B 1 -1 -1 1 y,Rx yz
DATA

1 J=1kg m%s’

h=6.63x10%*J's &}
h=h/27t=1.05x10'34.l's 1A=10"m
¢ =3.00x10° m/s = 3.00x10'° cm/s k'Na=R "
Na = 6.02x10% mol” | amu = 1.66x10 5kg

yis 102 J/K | atm. = 1.013x10° Pa
11;——18‘3IXJ/mol-K | eV =1.60x10"]
R =8.31 Pa-m°/mol-K
me = 9.11x107! kg (electron mass)

l T J"” _ﬂJ‘de 1
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