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Abstract

The exciton states in two coupled conjugated polymer chains are studied. These two chains are modeled individually by
the Su-Schrieffer-Heeger Hamiltonian and coupled by an interchain electron-transfer term. Both the intra- and inter-chain
long range Coulomb interactions are taken into account. It is found that, for parallel and anti-parallel orderings, the features
of excitons are quite different. Possible implications for the experiment of luminescent polymers are also addressed.
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Recently, the interest in excitons of conjugated polymers
has been heightened by discovering that poly(p-phenylene
vinylene) (PPV) and its derivatives can be used to fabri-
cate electroluminescent light-emitting diode devices [1]. Al-
though a general picture of understanding of photoinduced
absorption (PA) and photoconductivity (PC) experiments
of PPV remains a subject of intense debate, the dramati-
cally different PA behavior of dilute solutions and thin films
of MEH-PPYV [2], together with the PC being observed to
start at the absorption edge in PPV [3], clearly indicate the
important role the interchain coupling plays. In this pa-
per, we will explore the features of excitons in two coupled
polymer chains. °

We start with the two coupled chains model introduced
by Baeriswyl and Maki [4], in which, each chain is described
by the Su-Schrieffer-Heeger (SSH) Hamiltonian

Hj = _tZ[l - (—1)"z,-](c}n+1c,'n +He), (1)

where 7 = 1,2 denotes the chain index, and is coupled by
an interchain hopping term

Hy=—t1) (e} con+He). (2)

Where z; is the dimerization amplitude of the jth chain,
|21] = |#2| = 2, but they may differ in sign.

There are two kinds of orderings between the two chains,
the parallel ordering (21 = 22) and anti-parallel one (z; =
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—z2). In the case of z; = 25, the full Hamiltonian H =
H, + Hz + H1 can be readily diagonalized,

H = > [(Bx—t.)(Al 4w — BlBu)
E
+ (B +t1)(Alg Aok — Bl Ba)] (3)
Ep = 2ty/cos?k + z3sin®k . (4)
In the case of z1 = —2z;, the diagonalized Hamiltonian is,

H= Z[E:(AIkAlk ~ Bl Bik) +¢k (Al Aze — Bl B2 )] (5)
k

El:‘izz\/EE+ti:{:4tt_Lcosk ) ()

We add the léng range Coulomb interaction H,—, to H
and study the exciton state,

1
He. = 5 Z ZVIII’Jp”Hp-”'v/ s (7)
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where pri, = CLBCm —1/2, I and J are the chain indices,
and the interaction potential

i [ Vw, 1=
u Ve, I#J.

The intrachain Coulomb interaction is the usual form

Vu=U, Vo =V/I-U|{1#1),






