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[Physical Chemistry: Basic]

h

Answer problems (1) through (5). Planck constant is denoted by 4, and /i = ™

Vibration of a diatomic molecule can be described by a harmonic oscillator with the potential V' = %kxz,
where k£ (k > 0) and x represent a spring constant (force constant) and displacement from the equilibrium
internuclear distance, respectively. Then, Schrédinger equation for the harmonic oscillator is given as
Wy, 1

2u dx* 2

where y,, 1, and E represent a vibrational wavefunction, a reduced mass of a molecule, and an energy of the

kx? yo=Eyy (D

molecule, respectively. By solving Eq. (1), the energy of the oscillator is given as

E= (v+%jh % )

where v (v =0, 1, 2, ...) represents a vibrational quantum number.

(1) Answer problems (a) through (c) for a vibrational state whose wave function takes the form of

exp(—gx?), where g is a positive constant.

(@) Express g by using k, i, and 7.

(b) Express E by using k, u, and 7.

() Answer the v value for this vibrational state.
(2) In general, the wavefunction of a vibrational state v is given as

2
N
Yo = NvHv(g)eXp(_%j: §=(;l—2j X 3)
where N,, and H,(¢) represent a normalization constant and a Hermite polynomial, respectively.

Hermite polynomials satisfy the following equations:

Hyy) =28Hy, — 20H,, “)
[ ot £ - N o
= Jz 20! (with v’ = ) (6)

The probability of the optical transition is proportional to the square of the integral ffooo gz/;. x y,dx.
Prove that an optical transition from a vibrational state with v is allowed only to that with v’ = v £ 1.

(3)  Ahomonuclear diatomic molecule N> does not absorb infrared light. Explain the reason briefly.

The potential energy of a diatomic molecule (A—B) is deviated from a harmonic potential at high vibrational
excitations. The Morse potential is used as a typical model (Fig. 1), where r. denotes an equilibrium
internuclear distance, and D. and Dy denote dissociation energies defined as shown in Fig. 1. The eigenenergy,

G(v), of the Morse oscillator is given as a function of the vibrational quantum number v by
2

G() = (v + %) V- (v + 5) XV, X, = 4;;6 (7)

where v and x. represent a parameter determined from the potential shape with the unit of cm™ and an

anharmonicity constant, respectively.
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Figure 1. The potential energy curve and the dissociation energies of a molecule A—B

The energy difference between two consecutive vibrational levels is denoted as AGW%: G(v+l) —

G(v), and AZGH% is defined as AZGW% = AG(UH)JF%—AGH% . Express AGH% and Asz% by using

v, Xe, and V.

Table 1 lists G(v) — G(0), AGW%, and AZGH% for an HCI molecule. Calculate Dy to three significant

Energy

1A-B

r

digits. Also show the process of your calculation.

e Internuclear distance

Table 1. G(v) — G(0), AGUJF%, and Asz% for an HCI molecule

v G(v) - G(0)/ cm™

AGUJr% / CIl'f1

AzGUJr% /em™

0 0

1 2885.9
2 5668.1
3 8347.0
4 10923.1
5 13396.6
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