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Rabi oscillation between bound states of a single potential is well known. However the corresponding formula
between the states of two different potentials has not been obtained vet. In this work. we derive Rabi formula
between the states of a coupled harmonic oscillator which may be used as a simple model for the electron
transfer. The expression is similar to typical Rabi formula for a single potential. This result may be used to
describe transitions between coupled diabatic potential curves.
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Introduction

An electron transfer between two sites mvolves transitions
which require two different potential energies. A pair of
adiabatic Bom-Oppenheimer potential surfaces are often
introduced and the transition probabilities from the lower
surface to the upper surface are calculated. Altenatively
coupled diabatic potential surfaces can be used and the
electron transfer probabilities are calculated by tune-depen-
dent methods.! Tyvpical time-dependent methods include
various exact propagation schemes. the time-dependent self-
consistent field approximation (TDSCF), and the locally
propagating gaussian (LPG) approximation.? Since the
transition dipole moment is usually assumed constant and is
treated by the constant coupling of the two diabatic potentials.
Rabi oscillation between states of coupled potentials may
also be used to determine the transition probabilities between
two sites.

In this work. two coupled one-dimensional harmonic
oscillators are infroduced as a simple model and the Rabi
oscillations are determined between two states of the coupled
oscillators.

Derivation of Rabi Formula

The model Hamiltonian for the two site electron transfer is
chosen as’
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where two shifted harmonic oscillator potentials are coupled
by a constant I and they are given as
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where the force constants of two oscillators are set to be
equal for simplicity. Writing the Hanultomian as a sum of
site Hanultomans
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where the coupling between sitesis I'= 1T ( (l) (l) ] Ifwe

expand the wavefunction of H in terms of site wavefunctions
as
Yix.1)=

and set up the Schridinger equation (with 2=1) as

(D (x.) + (D) Wa(x.h), )

(H +H,+D){(c| ¥, +c,¥,) = 8((‘ ¥ +e,¥) ()

where ¥,(x.t) = PRl Wy (x) (=1.2)and £, and y(x)
are v, -th eigenvalue and eigenfunction of the ith oscillator.
we have

-8t £, r —E
cse T H Yy, +cjen Dy +cje” W HL Yy,

B, T — i 4 -E o amiB
+ee” Ty, = J(C‘l(’ WY+ Gge ?;!w) (6)

()‘
where ¢, = % etc. Multiplving ¥, with Eq. (6) and

integrating it with respect to x. we will have following
equations,
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0 is assumed. Sol\mg Egs. (7a) and (7b) we would
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where ¢» = E, — E, . Overlap matrix between the states of
two shifted oscﬂlators is not sy mmetric so that S, # S;; and
explicit expressions for H and .S; will be given later. The
second-order differential equations for ci(f) and cx(f) are
obtained as follows
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where F = and the elements of U are given as
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If we put e¥
equation for A

m Eq. (9a) for ci(f), we have a following
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Roots of Eq. (11) are obtained as

A = JUFRU - jay)

+ J(FUU =i, —4F(F - detU-iay Uy) ) (12)

For ¢x(). we obtain following roots from Eq. (9b) if we
assume ca(f) ~ e’
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Then ¢{(r) and ¢2(f) will be given as follows
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where A. B. C, and D are deternuned from mitial conditions.
We now evaluate H’;, and S; so that ¢i(f) and ca(f) are
explicitly calculated. They are given as
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oscillators  are

(15b) as follows
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and pt - given as
He=A-+ian (18)

In order to specify ¢)(z) and ¢-(z) completely. we assume that
the electron is entirely at site 1 when :=0. From ¢,(0) =
A+ B=1and ¢-(0) = C + D= 0. we would have
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The probability P1{f) between vi-th state of oscillator 1 and
ux-th state of oscillator 2 1s then
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