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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 yet. 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 where the force constants of two oscillators are set to be
equal for simplicity. Writing the Hamiltonian as a sum of
An electron transfer between two sites involves transitionsite Hamiltonians
which require two different potential energies. A pair of
adiabatic Born-Oppenheimer potential surfaces are often
introduced and the transition probabilities from the I0\_NerWhere the coupling between sitedis I DO 10 O . Ifwe
surface to the upper surface are calculated. Altenatively 0100
coupled diabatic potential surfaces can be used and th
electron transfer probabilities are calculated by time-depen:
dent methods. Typical time-dependent methods include
various exact propagation schemes, the time-dependent self- W(x,t) = c () W (X,1) + cy(t) W (x1), 4
consistent field approximation (TDSCF), and the locally
propagating gaussian (LPG) approximatiénSince 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

—|E t
also be used to determine the transition probabilities betweenhereL'U(X t= Wy () (=1,2)and, andy, (x)
WO sites. are u; -th elgenvalue and eigenfunction of the ith oscillator,

H=H,+H,+T ?3)
xpand the wavefunction bf in terms of site wavefunctions

and set up the Schrodinger equation (Mith =1) as

. 0
(Hy+H,+N(c, ¥ +c,¥) = |d—t(cl‘7Ul+CzQU2) %)

i . . . we have
In this work, two coupled one-dimensional harmonic
oscillators are introduced as a simple model and the Rabi _ -ig ¢ E,t E t
Mt : P e 2 Hyy, + C€ IUl/_‘,L’U"'Cl IUle‘»Uu
oscillations are determined between two states of the coupled
oscillators.

+c,e IEUZter IB: _IE“ltl/JU + Cze—|E tL/JU = (6)
Derivation of Rabi Formula dc
where ¢, = —d—t; , etc. Multiplyingy, with Eq. (6) and

The model Hamiltonian for the two site electron transfer is.
integrating it with respect ta, we will have following

chosen &5 equations,
04 oOp? Ok 2 0 0 O O . . _
H=ptO # +0a 0 ga g, g8 0 5 e EutHY + ¢, e FutrS,, + e Fu'E, S ,
001¥M O0k,02 Ored 00-AD 2
(1) =i(cye""'Sy + oo (72)

where two shifted harmonic oscillator potentials are coupled
by a constanf and they are given as

2 =i(c,e Fu' + c,eF'S ) (7b)
Vi(x) —5 a0t El-z—k:

o F 5 E
IEUZtEU]_SZl +c,e |EultH(ll) +c,e |EU2t,-512

whereHI(,k) —J’ Yy Hep, dx k=1, 2) andS; _[% qoudx
andr = 0 is assumed. Solving Egs. (7a) and (7b), we would
have

Va0 = K-804 @
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2
fi0= HY =5 +1%w+§.é_+g
- 22 T [F27 5 1 (15b)
0,0 and 2 2k
5 SuE,+N-HE & HY-E, =N Be S, = /TNy Ny e
i O j Ny,
1- SlelZDe“&ﬁSlZ(H(Z)_EUZ r)  SyE,+N-HY T
8
( ) min(u;,v;) ( 1) Y= (ZB) Uj! (16)

wherew,; = E, v~ E,. . Overlap matrix between the states of 5o VAl (0, =) (U, =1)!
two shifted oscnlators |s not symmetric so tRgt S and ' .
explicit expressions foHII arsg will be given later. The 1 ;
second-order differential equations foi(t) and c(t) are _ "4 A
obtained as follows where o= (MK =, B=1g) andNy, = : U'fn% - We

¢ ~(FtrU —iwy)¢; + F(FdetU —iw,)Uyy)c; =0 (9a)  note thatS; = (—1)Uj_U‘SJ- . When the minima of the two

G~ (FtrU +iw,,)¢, + F(FdetU +iw,,Uy)c, =0 (9b)  oscillators are  same s thatHi; =E, + 2£ :

[ . 20°
whereF = I——Slzwél— and the elements of U are given as H(212) =E,, t+ e obtainA : from Egs. (12), (15a) and
T 2112
2 (15b) as follows
Uy = ﬁZ(Eu +I)-Hi7,
: 1 DEZ
'wzlt = —
U, = 521(H(1) 1—’_) A I[(EU2+ M+—= _ﬁ L k

U ”“’21I H(Z) -, 2 2
2 e TSl mEy ) #a-szqz)a»zﬁﬁzg%-rgg} @)

2= Su(Ey, + 1) ~Hy (10) |
andyu: given as
If we pute™ in Eq. (9a) forci(t), we have a following ]
equation forA Hs=As+iwn (18)

N=(FtrU —i ) + F(F [etU —iw,U,;) = 0. (11)  Inorder to specif:(t) andc,(t) completely, we assume that
the electron is entirely at site 1 when 0. Fromci(0) =

Roots of Eq. (11) are obtained as A+B=1andc(0) =C+D =0, we would have
_1 . I 2
A = H(Fru-icy) (1S + S
£ J(FrU —iw,;)? — 4F (F [etU —iay,Uyy) ) (12) A= 7 0
x rJ—ia,) — el —1w, YUy, A
ZJ(l—iz)agl + iz%zr -
For co(t), we obtain following roots from Eqg. (9b) if we
assume(t) ~ &" N2 2
: o= (1= Sy + SR
He = S{(FtrU +iy) B=- (19b)

2 2
2 1 Soedy + .22

Thenci(t) andca(t) will be given as follows The probabilityP:(t) betweenus-th state of oscillator 1 and
Uz-th state of oscillator 2 is then

£ J(FtrU +ic,y)? — 4F (F [detU +iawyUsyy) ) (13)

o (t) = Ae"" ' + B! (143)  py(t) = k()P
c,(t) = ce'* ' + D' (14b) 2
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where A, B, C, and Iaare determined from initial conditions.
We now evaluateH“) angj; so thatcy(t) and cx(t) are

2 2
explicitly calculated. They are given as a)glsinzg——l—-— «/(1 —S )k, + ﬁzﬂ _g Et
) . L — Uk 0g
2 _ 1 3A 2 2
Hij = +-Nw+—— +¢ 15a A
WTthegheryore S a-$id S @



Rabi Oscillation between States of a Coupled Harmonic Oscillator Bull. Korean Chera088d/0l. 24, No. 2 221

which shows typical Rabi formula and dependence of the Acknowledgment This work was supported by the
Rabi frequency on the overlap between the states of couplddongguk University research fund.
oscillators.

) References
Conclusion

. . 1. Talaga, D. S.; Zink, J.J. Phys. Cheni.996 10Q 8712.
We derive Rabi formula between the states of a coupledz' Anderson, S. M.; Zink, J. I.. Neuhauser, Them. Phys. Lett.

harmonic oscillator which could be used as a simple model  199g 291 387.
for transitions between coupled bound diabatic potential 3. Anderson, S. M.; Park, T. J.; NeuhauserPBys. Chem. Chem.
curves of constant transition dipole moment. The expression Phys.1999 1, 1343.
is similar to the standard Rabi formula for a single potential 4 '\P/Iark: T. ;BU'\'/'l- K?:reaﬁbChﬁmmSc;ﬁOSZ 23; 1T7h33- ical Phvci

: . Morse, P. ., Fesnpacn, ethoas o eoretical YSICS
except the dependence of the Rabi frequency on the overlaﬁ McGraw-Hill: New York, 1953: p 787,

of states of coupled potentials.




