PHY 741 Quantum Mechanics
12-12:50 AM  MWF Olin 103

Plan for Lecture 24:
Quantum states of a diatomic molecule
1. H,* with stationary nuclei
2. H,* within Born-Oppenheimer
approximation

Ref: Linus Pauling and E. Bright Wilson, “Introduction to
Quantum Mechanics”, McGraw Hill, 1935,

Max Born and Kun Huang, “Dynamical Theory of Crystal
l.yza,gt‘iges”, Oxford, 1954
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Quantum states of H,*
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Assuming that the nuclear positions are fixed:
Schroedinger equation for electron
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e Trial wavefunction:
r e ¥(r)= CA‘//(FA) + CBl//(rB)
172
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Some details:
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Optimization wrt coefficients C, and C, :
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Two solutions:
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Evaluation of matrix elements:

H, =Hpy :<V/(r)‘H“//(r)>
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Evaluation of matrix elements -- continued:
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Experimental bond length according to NIST:
~ 2 Bohr
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A more complete treatment, takes into account the
effects of nuclear motions --

DYNAMICAL THEORY OF
CRYSTAL LATTICES

BY
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UNIVERSITY OF PEKING
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Born-Oppenheimer approximation

M. Born and R. Oppenheimer, Ann. d. Phys. 84, 457 (1927)

Total Hamiltonian

H = Tp+Ty+ Uz, X)
Electron Nuclear  Electron-
kinetic  kinetic nuclear
energy  energy coupling

H® = T+ U(z, X)

Fixed nuclear postitions
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Eigenstates of electronic Hamiltonian at fixed X:
(HO— Dy (X))py(z, X) = 0
Full eigenstates:
(H—E)¥(z,X) = 0;
(e, X) = 3 yh(X)hole X)
Solving for the nucleallfunctions:.

(TN+ Qn(x)"E)'ﬁn(X) + ”z Cnn‘(xn P)‘/’n(x) = 01

Often neglected
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(TN+ OH(X)—E)III,(X) + ; ann’(xo P)'l’n(x) =0,

Nuclear TN — _& ; Pﬂﬂfk

kinetic energy
Cuw = D, 37 (ARPt BER),
k

ARX) = [ $2(z, X) P byl X) de,
BE(X) = § [ 42, X)Pign(z, X) dx.
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Treatment of nuclear motion

e
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V(R )= Ymc(RAB)Y;(y (RAB)
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NIST data for H,*

Diatomic canstants for H;'
State | Te |u. |u.n. u.r.l B, ]& |v.[ D, |ﬂ.| T |Tnnm| Voo
Several other excited states, mostly repulsive. 1
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L JeHerts, 1969
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Constants of Diatomic Molecules

Constants of diatomic molecules are provided in tabular form. These data contain a large number of notes and

Some are I’]|re£\|y In the table while others are prcmided In a list of notes which
follows the table. The following quantities are provided:

® State
Energy, T,
wy, {vibrational constant}

w, i, (vibrational constant)

Wy, [vibrational constant)

B, rotational constant}

o, (rotational constant]

rotation-vibration interaction constant, y,
D, [rotational constant)

B

* Internuclear distance in A, r.

» Transition

Voo
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