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SELF-CONSISTENT GASPAR-KOHN-SHAM ELECTRONIC STRUCTURE
OF DIMERIZED TRANS-POLYACETYLENE-CHAIN

P. Kuivalainen1. J. von Boehm1 and J.-L. Calais2

1Electron Physics Laboratory, Helsinki University of
Technology, SF-02150 Espoo., Finland

2Quantum Chemistry Group, University of Uppsala,
S-75120 Uppsala, Sweden

Abstract The electronic structure of the dimerized trans-
polyacetylene-chain is calculated with the self-consistent
(SC) linear combination of atomic orbitals method using the
Géspér—Kohn—Sham-approximation for exchange and correlation.
The SC gap 1.3 eV and the SC density of states agree closely
with the experimental data.

INTRCDUCTION

Recent interest in conducting polymers has also increased the ef-
forts to understand the basic electronic structure of these mate-
rials. Thus far such knowledge has mainly been obtained theoreti-
cally by empirical or semiempirical methods which, however, suffer
from the fundamental deficiency of containing adjustable parameters
and various approximations giving sometimes unreliable results. Due
to the omission of correlation effects the Hartree-Fock calculations,
which have been applied to undoped polymers (see Ref. (1) and refs.
therein), typically give also incorrect band structure for extend-
ed systems. On the other hand. the local approximation for exchange
and correlation works surprisingly well in the solids. The purpose
of this paper is to present the results of a self-consistent linear
combination of atomic orbitals (SL-LCAO) calculation for a trans-
polyacetylene (CH)x chain using the Gaspar-Kohn-Sham (GKS) poten-

tia12 for exchange and correlation.
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COMPUTATIONAL METHOD

The XQ-SC—LCAO-method has recently been applied to (CH)x by Mintmire
and White3 and by Grant and Batrau in the pseudopotential approxi-
mation. The method we have chosen differs from these two approaches
to some extent. Our LCAO's are generated from atom centered s and

p type Gaussians given in the paper of Ditchfield et alS. We neg-
lect the long range Gaussians, which has been shown to be a good
approximation6. The most essential feature of our SC-LCAO method is
the division of the total electron density into two parts: p(;) -]
po(;) + Ap(;). where the fixed charge density po(;). which is a su-
perposition of radial atomic charge densities, exactly compensates
the charges of the nuclei and &p = p ~P, is a relatively smooth dif-
ference density whose total charge equals zero. The radial atomic
densities are calculated from the atomic orbitals of Ditchfield et
als. in a logarithmic mesh consisting of about 80 points. Ap(;) is
expanded as a Fourier series. The division of p(;) causes further

a division of the effective crystal potential into two parts: V(?):

VO(;) + AV(r) where

TP = gz .z U=
Volr) = T Vo (e = xy = E D) ()
AV(F) = V(F) -V _(F) = 2a1(©) o-iG.r )

Here j denotes the sum over all atoms. ?. is the position of the j
th atom in the primitive unit cell ﬁm‘ and 6 is the reciprocal lat-
tice vector. The fixed Coulombic potentials in Eq. (1) are calcu-
lated numerically from the radial atomic charge densities using a
50 points Gaussian quadrature formula in the mesh mentioned above.
The total radial atomic potentials were then accurately fitted to

a Gaussian expansion. The Fourier coefficients of the Coulombic
part of AV(T) are updated during the SC iteration from Poisson's equa-
tion AVC(E) = “nG-ZAp(E). where 8p(G) are the Fourier coefficients of
Ap(r). The 343 exchange-correlation coefficients AVXC(G) and the

343 coefficients Ap(a) are calculated for every SC iteration cycle

from p(;) and oo(;) by integrating in a mesh of a 11 x 11 x 11 =
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1331 regularly spaced points of the primitive unit cell. Due to the
non-linearity of the GKS potential we have to add a relatively
smooth correction to AVXC(;):

= 3¢ J= = =, 173 (L33 == = 1/3}
AVes () = |- Ff%po(,r-Tj_Rm,)] _fﬁ i-{ 1*o (| _T'-leﬂ

where pg is the atomic charge density. This correction may, however,
cause quite large shifts in energy, for example in copper about
30 eV7

. The 343 Fourier coefficients AV KS(6) are computed in the

above mesh of 1331 points. ¢
Due to the combined Fourier and Gaussian representation the
integration of all the matrix elements of the effective Schrédinger
equation can be performed analytically. The advantage of our method
is that it entirely avoids the multipole expansions (cf. Mintmire
and Whiteg) needed due to the long range of Coulombic potentials.
Our method also gives the real charge densities instead of the pseu-

docharge densities of the pseudopotential method.

RESULTS AND DISCUSSION

The SC-LCAQ band structure for the dimerized tr‘ans—(CH)X chain
(deg=1.35 K d = 1.46 A3 cco = 120% d__, = 1.09 . Ref.(8))
obtained using the GKS (a = 2/3) potential for exchange and corre-
lation is shown in Figure 1. The minimum band gap Eg is direct and
located at the boundary of the first Brillouin zone. The calculated
value Eg = 1.27 eV agrees closely with the experimental value
T.4 eV9. It is well known that in the local density approximations

the gap remains slightly smller than the experimental one.

The calculated SC density of states (DOS) is shown in Fig. 2.
The SC valence DOS has three main peaks located at -4 —=-5, -8 - -9 ard
-18 = =19 eV. These compare favourably both with the SC LCAO valence
DOS calculated by Mintmire and White3 (peaks at ~6. -10 and -17 eV)

and with the X-ray photoemission spectrum of Brundle1o (peaks at
-6. =11 and =18 eV).
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As a conclusion our SC LCAO approach using the GKS-approxi-
mtion for exchange and correlation seems to be well suited to cal-
culations of the basic electronic structure of the linear polymers.
The method can in a straightforward manner be extended to the to-
tal energy calculations as well as to the calculation of the elec-

tronic structure of a polaron lattice.
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FIGURE 2. The SC LCAO density of
states of the dimerized
trans-polyacetylene
chain. DS derotes
density of states.

FIGURE 1. The SC LCAD bard structure of
the dinerized trans-polyacetylene
chain. VB and CB denote valence
and conduction bards, respecti-
vely.
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