SYMTIHETIC
METALS

TN R T

ELSEVIE

Synthetic Metals 70 (1995) 1199-1200

Electron interaction and energy gap of CDW in MX complex
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Abstract

Using the projection method to deal with the electron correlation , it is shown in this paper that the effect of the electron
interaction on the energy gap of CDW in the MX chain complex is just contrary to that in the conjugated polymer, although
both the CDW gap in MX chain complex and the BOW gap in conjugated polymer are produced by the dimerization. This
opposite behaviors originate from the different features of the charge transfer, which takes place from site to site in MX

complex, but from bond to bond in conjugated polymer,

Since the halogen-bridged mixed-valence transition metal
complex (MX complex) possesses great flexibility of
adjusting the competition between the electron-phonon
and electron-electron interactions by chemical element-
substitution or doping, it deserts to be extensively inves-
tigated theoretically and experimentally [1,2]. A proto-
type of the MX complex is Pt-Cl, which has the order of
Charge-Density-Wave (CDW). Like the conjugated poly-
mer, the MX complex is also a quasi-one-dimensional sys-
tem, in which the Peierls instability caused by the electron-
phonon interaction produces lattice dimerization and opens
an energy gap in the electronic spectrum. It is a substantial
subject to study the effect of the electron-electron interac-
tion on the energy gap.

It has been known that, in the polyacetylene, the energy
gap is initially increased by the electron-electron interaction
if its off-diagonal part is not important, the Hubbard model
is the case [3,4]. What is the effect of electron interaction
on the CDW gap in the MX complex? It is the topic of
this paper. Our results demonstrates that the electron in-
teraction reduces the CDW gap, it is just opposite to that
in conjugated polymer. This difference can be understood
by noticing the feature of the charge transfer in these two
gystems. In the MX complex, since M atom is heavier than
X atom, the Peierls instability causes the dimerization in X
sublattice, then the charge transfer takes place between the
adjacent M atoms and builds the CDW, where more electron
sit in even sites and fewer in odd. It means there appears
double occupation. When the electron interaction is taken
into account, it obstructs the double occupation. Conse-
quently the electron interaction suppresses the CDW gap.
However the conjugated polymer has another characteris-
tics. The polymer chain consists of same carbon atoms, the
dimerization caused by the Peierls instability produces the
bond alternation, the long bond and short bond are con-
nected alternatively, it is the BOW, where some electron
is transferred from the long bond to the short bond. After
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dimerization, each cell contains two C atoms and two 7 elec-
trons, since these two C atoms in one cell are symmetrical to
each other, each C atom possesses one 7 electron. It means
there is no double occupation even after dimerization.

The one band Hamiltonian of MX complex reads

h = —Z(cfac;+1a+h.c.)+sZQ?/2
+ SZ(Q;—Q;H)MU-F%Z nitni) . (1)
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Using the Hartree-Fock approximation and diagonalizing
the CDW mean field Hamiltonian, we obtain the single elec-

tronic Hamiltonian
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with Ex = /e 4+ A? and ¢ = —2cosk, Ars and By,

annihilates an electron in the conduction and the valence

band, respectively. This MFT indicates the band gap is
2A, which satisfies the relation
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K(z) is the first kind complete elliptic integrals. The total
electronic Hamiltonian is divided into two parts:

he=hi+h (4)

hiisa two-particle interaction of Hubbard repulsion, it can
be gplit into three parts,

b= 20= 2100+ (0P +he) + (0 +he)] , ()

where
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