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Fig. 1 Aperodic boundary condition
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Fig. 3 DOS versus £ under two boundary conditions with considering the nearest-neighbor hopping for N = 10,50,100 and 200
The broken curve represents the periodic boundary condition with & = 0.705a. ¢ = 0, and the solid curve represents the aperiodic boundary condition
with 5=0.7050,c =0 and d = 0.9a. (The unit of E is a,and the unit of DOS is at discretion.)

2.2 ERAESHMR BRESETAZER, XRBRERESBFLT
Y RUYGEARE, SH MM HREMLR,AD  RENEERE ENFEE S -HEEE vV
AERTR MPEEMESWHE. M FRBAE MW EERED, S TROEFRTEES .

WM FEREME VM NMmEEHNN. FFR KESNBAMHLRZGETEYHEREY T
o | =10 | i
G6OF - :
\ . ¢
cn40_ ] "
= 1 "
20F i l
0 N H
2 -1 0 1
E
400 800
300+ N=100 600 N =200
§200- §400_
100} \ “ - 200F
O 1 i [] 0 1 1
2 ] 0 1 2 2 ] 0 1 2
E E

Fig. 4 DOS versus E under two boundary conditions with considering the nexi-neighbor hopping for ¥ = 10,350,100 and 200
The hroken curve represents the periodic boundary condition with & = 0.7052, ¢ = 0, and the solid curve represents the aperiodic boundary condition
with b=0.705a,c=0 and d =0.9a . (The unit of £ is a,and the unit of DOS is at discretion. )



im E MEFAELREAHATIHAS FRTHRNTR 37

#1LEMRERNTHE 2. &2 T4, HAEH K . BE
BREYBRE KA IRER VM RTEAD, S N
HOUENE RS/ ERETREXEBREESHES
Rigs AE 18 FL S TFESEE. N N=10
oL ARAL TRBERERBAGTHAI A
HMATERM 1.7 eV(HEHE T 0559 ), N=
50, FR AR &M TREBESTRAEC LLEREKIE.
HFRFRMESBERBELEFHEREY,
B a,b,c HEFEHMAN. BSHET a=1,
5=0.75,c=0.05,d =09 R AL REZHT
DOS M4k, & 1.3 2 A+ BIFIH T MR 3 BB
EEMEREHEMEZ MERMEHTAE

POESREKS P LAFAR, MR SHERETT
Ao, REHSFHRANTRERETM; S 7 =¢
R, > c HGWHRMNEER, <
c M AR MAHNE . ERMFERE =
AR RBE NV B G E N, K N =50 LY
AEHER, I ALEEERKESERT B
AR EH68BET a=1,6=0.705,c =0.05,d =
09Ma=1,5=0.705,¢ =0.20,d =0.9 B &
DOSHIZR,#% a=1,6=0.705,c=0.1,d =0.9
Bf i) DOS Mk mfE R — AR R P LIMEHL B . % 3
MEADFARTHEEYERUESAMEH
Fla=1,6=0.705,c =0. 1) MR EAHTIRE.

Table 1 The physical quantities of trans-polyacetylene under two kinds of boundary conditions with various parameters of hopping for N = 10,50,100 and

200

Periodic boundary condition

Aperiodic boundary condition

Parameter of hopping b=0.705a b =0.75a 5=0.705a, 4=0.9a b=0.75a, d=0.9a
e=0 c=0.1a ¢ =0.05q c=0 c=0.1a c=0.05a
B 3.410 3.410 3.500 3.529 3.260 3.34
N =10 EG 1.194 1.194 1.182 0.858 0.856 0.801
C 1.108 1.470 1.340 1.201 1.535 1.438
v 1.108 0.746 0.978 1.201 0.869 1.106
B 3.410 3.410 3.500 3.404 3.404 3.493
EG 0.627 0.627 0.545 0.617 0.617 0.533
=30 C 1.392 1.790 1.677 1.393 1.790 1.678
14 1.392 0.993 1.278 1.393 0.997 1.282
B 3.410 3.410 3.500 3.408 3.408 3.498
N =100 EG 0.5%0 0.590 0.500 0.598 0.598 0.510
C 1.410 1.810 1.700 1.405 1.804 1.694
¥ 1.410 1.010 1.300 1.405 1.006 1.295
3.410 3.410 3.500 3.410 3.410 3.500
EG 0.590 0.550 0.500 0.592 0.592 0.503
N=300 1.410 1.810 1.700 1.409 1.808 1.698
14 1.410 1.010 1.300 1.409 1.009 1.300

B.EC,C and V represent band width, energy gap, conduction band and valence band of periodic boundary condition , respectively . Here the nearest-

neighbor hopping is considered .

Table 2 The relative errors of B, EG, € and V under two kinds of boundary conditions

Case A Case B Case C
N=10 N=50 N=100 N=200 N=10 N=50 N=100 N=200 N=10 N=50 N=100 N=200
AB 4.43 0.18 0.06 o 4.40 0.18 0.06 0 4.46 0.20 0.06 1]
LEG 28.1 1.59 1,36 0.34 28.3 1.59 1.36 0.34 32.2 2.20 2.00 0.60-
AC 8.39 0.07 0.35 0.07 6.73 2.18 1.88 2.10 7.31 0.06 0.35 0.12
19 4 8.39 0.07 0.35 0.07 12.1 3.63 4.36 4.06 13.1 0.31 0.38 0

Here the nearest-neighbor hopping is considered . AB ,AEG,AC and AV is the relative error of B, EG, C and V between periodic boundary condition and
aperiodic boundary condition , respectively . ( Case A: periodic boundary condition with b = 0.705a, ¢ = 0; aperiodic condition with b =0.7052,¢=0,d =
0.9a; Case B:periodic boundary condition with b= 0.705a, ¢ =0.1a; aperiodic boundary condition with b= 0.705a,¢=0.1a.d =0.9a; Case C:
periodic boundary condition with b =0.75¢, ¢ = 0.05a; aperiodic boundary condition: b =0.75a ,¢ = 0.05a,d=0.9a)
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Table 3 The physical quantitiez of trans-polyacetylene under two kinds of boundary conditions with various parameters of hopping for N = 10,50,100 and
200

b=0.705a.c’ =0.05¢,d=0.9a b=0.705e,c’ =0.20a,d =0.%9a

N By EGy Cy Ve Be EGy Cy Ve
10 3.259 0.858 1.368 1.034 3.266 0.850 1.870 0.546
50 3.404 0.617 1.591 1.195 3.404 0.617 1.988 0.799
100 3.408 0.598 1.605 1.206 3.408 0.612 1.990 0.807
200 3.410 0.592 1.600 1.209 3.410 0.602 1.998 0.809
B, EG,C and V represent band width, energy gap, conduction band and valence band of periodic boundary condition , respectively
Here the next-neighbor hopping is considered.
Table 4 The relative errors of B, EG, € and V under two kinds of boundary conditions
Case B
N=10 N=30 N =100 N =200 N=10 N=350 N =100 N =200
AB 4.43 0.18 0.06 0 4.22 0.18 0.06 0
AEG 28.1 1.59 1.36 0.39 28.8 1.59 n 2.03
AC 6.94 11.¢t 11.3 11.1 27.2 11.1 9.94 10.4
AV 8.6 20.3 19._4 19.7 26.8 19.5 20.1 19.9

Here the next-neighbor hopping is considered . AB ,AEG,AC and AV is the relative error of B, EG, C and V between periodic boundary condition and
aperiodic boundary condition, respectively. (Case A: periodic boundary condition with 4 =0.705a, ¢ =0.1a and aperiodic condition with & = 0.705a,
¢’ =0.052,.d =0.9a; Case B:periodic boundary condition with 5 =0.705a,c=0.1e¢ and aperiedic boundary condition with & =0.705a,¢” =0.204a,
d=0.9a.)
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Fig. 5 DOS versus £ under two boundary conditions with considering the next-neighbor hopping for N = 10,50,100 and 200
The broken curve represents the periodic boundary condition with & =0.75a, ¢ =0.05a , and the solid curve represents the aperiodic boundary condition
with b=0.752,¢=0.05a and d =0.9a. (The unit of £ is a,and the unit of DOS is at discretion. )
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Fig. 6 DOS versus E under different value with considering the next-neighbor hopping for ¥ = 10,50, 100 and 200
The broken curve represents the aperiodic boundary condition with 6 =0.7052, ¢’ =0.2a,d =0.9; The solid curve represents the aperiodic boundary
condition with b =0.705a,¢ =0.10a, d =0.9a and the dot curve represents the aperiodic boundary condition with 5 =0.705a,¢" =0.05a and d =

0.9a.{The unit of E is a,the unit of DOS is a1 discretion. }
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EFFECTS OF BOUNDARY CONDITIONS ON THE ELECTRON STRUCTURE IN
CONDUCTING POLYMERS

LU Kui', TONG Guoping’, YANG Hui', YANG Jianrong' , ZHANG Linxi', ZHAO Delu’
(' Department of Physics , Zhejiang University, Hangzhou 310028}
(* Department of Physics, Zhejiang Normal University, Jinhua ~ 321004)
(* Polymer Physics Laboratory, Center of Moleculsr Science , Institute of Chemistry, Chinese Academy of Science , Beijing  100080)

Abstract As the real trans-polyacetylene molecule has finite chain length, its chain-terminal effects on various
properties should be taken into account, that is to say, the aperiodic boundary condition should be employed in
studying the properties of conducting polymers. However, if trans-polyacetylene chain is long enough, the chain-
terminal effects can be ignored . In this paper,a one-dimensional finite compound lattice model of trans-polyacetylene
chain is adopted . With considering the chain-terminal effects and the next-neighbor hopping interactions, the energy
spectra and the density of states are calculated for trans-polyacetylene chains with the lattice number N from 10 to
200 under the periodic and aperiodic boundary conditions . The effects of chain length and interaction parameter on
density of slates and band width are also discussed. It is shown that the curves of DOS are symmetrical when the
nearest-neighbor hopping is merely considered, and the valence and conduction bands are unsymmetrical when the
next-neighbor term is taken into account. At the same time,some results under two kinds of boundary conditions are
compared. When N < 50, the surface states appear under the aperiedic boundary condition, as well as DOS nearby
the Feimi surface is larger than that under the periodic boundary condition. When N == 50, the surface stales are
difficult to distinguish between the valence and conduction bands,and DOS tends to be identical under two kinds of
boundary conditions . Moreover, with N increasing, the difference of ionization energy under the twe boundary
conditions is reduced for the same parameter.In conclusion,when N < 50, there is a large difference for nearest-
neighbor hopping and next-neighbor hopping due to the chain-terminal effect. This indicates that the aperiodic
boundary condition plays an important role in dealing with finite systems. However, when N z 50, since the chain-
terminal effect can be neglected, the periodic boundary condition is suitable for the finite trans-polyacetylene
system.

Key words Compound lattice, Density of states, Surface states, Chain-terminal effect



