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Table 1 Electronic properties of substituted polythiophene (in eV)

Polymer E, L P. E. A. BWyoco BWwruco
PT 8.41 8.29 -0.12 4.16 5.80
PMT 8.22 8.05 -0.18 3.90 5.36
PET .23 B.04 -0.19 3.88 5.30
PMOT B.34 7.97 -0.36 3.85 5.73
PCNT B.13 B.95 0.83 3.71 4.51
PDMT 9.13 B.28 -0.86 3.24 3.40
PMOMT 7.99 T.82 -0.17 3.82 4.35
PDMOT 7.99 T.80 -0.10 3.90 4.13
PMCNT 7.89 8.65 .66 3.54 4,38
PMOCNT 7.95 8.48 0.53 3.45 4,46
PDCNT 7.73 9.20 1.55 3.52 4.10
2.2.2 FhikBUE AT

AT~ FMERAE XA PT ¢ TR HHA, 1074 PT AR RKHb6) &%
i iy, B 2 2 PT A 445 A4 4 Brillionin B K=0 ¢ Ahid~FEH. H
T HOCO A-Fax & S4Eif, LUCO A-wxfbA b4k,

M PT 65 34k ik B T 428 69 HOCO & K =0 4 (P48 1) 49 2 BT 4R & K30
Feoihm B -Tah 2p, ik, S HBRF6) Ip, BT AE, XL PT LA fee T

WULI HUAXUE XUEBAQ jActa Phys.-Chim.) 1594 827



ARG ETRMEEG x T HES BT r €F. PT & FSROY KRR iz
% Tik . 5 HOCO 7B}, PT & LUCO & K=04 (B %% R) 6T A & Hp 3R LT
HRF p, ik @46 S RT4 3p, k. Bakshi ¥ ° # M ab initio ;53 585 S 4k dnid
B 5 #4018 — 5.

5 PT 4abk, PMT # PET # HOCO 8% BT A EMTK, RIB R
£ 3 ARBERTFHFHESIMIT. S EFORBARTHAAE, 22T 28780,
BT A AE A HOCO EH Wk, -CHy £5 7 HOCO & = ik %48, A8 2HT
X, Ao E5EE 8- BRT6 v A K496, HHE HOCO £ K=0 4bésfk
& (P FTIHRZ). & F -CHy R FXH, REPCOZ T 4R, LBENHEM
&, HENEER CHy RREH¥TAHS, e ssta). PMT & LUCO #FH
A, -CH; SRR 2s «» hEAMGTRLT L, AHZHES 4 AHRTH
FrMLmRIR, -CHy 8 = 8 A HAF, HATH LUCO RATHR. RA & T -CHy
e FHOBHTRBSFATAAS. R THRAARGAELLTEFASGAS,
-CHa B 65 ¥ o9 84 X et all.

PMOT é5#h &3 B -T45 = $1i# 2 4% (0.15) ek, &R Thw:, FTH ERE 3 4
{28 BT 8 FO A F kit k. 7 -OCH; # = i st HOCO #9 THR T & (#hik
A 3H 0.22), Fiit PMOT & p- & S 4bdb et b TRELL 4t § &+, B A# &7 2445
Bogd FRMTREAM IS v b F, THE -OCH; FRARTH » &F, S FETH
RS HBF T bF. XN, BERGELTFESLLHMII BREREFRRIETRT
. RRERRIN, AT PMOT #femMist PT 0., R#KESF Ry PT 445 5 I,
TR, ERERSAMNGTHERRE—H. T -OCH, ik S0k 65 645 = i
indn A, HERe b FEA, Bt -OCH; A MHERLANFTAS, ok & il
W F ~OCHg 5 r i i dt & $OL K, HfMHLALR PMT X. PMOT &
LUCO 5% HOCO E¥ . -OCH; s9XeREHF LUCO fe ¥4 &, B ¥ A&AS,
vFESPE). BH HOCO R B-Taoiil 2 848 LUCO TR ETH A, #HFIAH
g A SR HOME L, Bk -OCH; &R B IFFEMME I

#t PCNT 4 PT & HOCO T # ., -CN #iil Ak, Binfahiades it
#Hegindn A, # -CN &) Bk BO¥ T4 &, & -CN b T Boh 4% TR,
B A A A EAF g A, @ T -ON R405R65 & T R, SR AN F MK Bk & Al
%, -CN i, -Fibifiohs £ 5. PCNT & LUCO +&-F -CN 98 B-T6 = ik
Link o) 2 eHRT « il An24aR], KRB AEK HE -CN AL TFHGHhelkS
HRIER, HEMERLFFARRK HPTESPEL. o THFFARRGAALX,
H AP R )

#E 2 ¥ PMCNT & ahthdhil 5 PMT #e PCNT 6944 R 408 BAnre, &3 PMCNT
69 HOCO #» LUCO =30 & BT 6940l it & Scdednir s PMT d&if, A TE v
Rt & A it PMT P R65 5 4MA. &8 —RAHEHG5ATER, TR
RARR S BE AR T A RMAD, RAGRRREBESETESSIEL, AHF
MEH#A. BFAALRAEFRA, ATt PMCNT ARk SRR HFohtt RS

B28 WULI HUAXUE XUEBAO (Acta Phys.-Chim.) 1994



PCNT %
gy, A _RARSHFRALGHeTH _IRARJTELLE.

3 &

(1) Tibxsb b FTARAZTRA L TRARRMAT PT 693 L H BT, sefdmai .

(2) e TARARKELBRPETESPHHEN], Aoe TAAHNLELTHAL
&, dpleiEAML. AR TRAARAGHE B LT ESPNMIFL. TLHERR
A B &9 B oy 4 A0 R

(3) & & TR H b F A H 69 RAMR RO Lo § 5 TH TR,

(4) e FEAAGREAANT p H3d AL TEARGRKRKHAAT n- VA

£ %5 Tk

Imamura A, Fujita H. J. Chem. Phys., 1974, 61 {1}: 115

Sutton L E. Table of Interatomic Distances and Configurations in Molecules and Ions, The Chemical
Society, London, 1958

Street G B, Skotheim T J. Handbook on Conducting Polymers, Marcel Dekker, New York, 1983
Themans B, Andre J M, Bredas J, et al. Synth. Met., 1087, 21: 149

Yoshino K, Manda Y, Sawada K, et al. J. Phys. Soc. Jpn., 1989, 58: 1320

Hasegawa S, Kamiya, Tanaka J. Synth, Met., 1987, 18; 225

Kaeriyama K, Sato M, Tanaka 5. Synth. Met., 1987 18: 233

Feldhues M, K ampf G, Litterer H, et al, Synth. Met.,, 1988, 28: C457

Bakhshi A K, Ladik J, Seel M. Phys. Rev., 1987, 35 {2): 704

10 Huang Y H (#E), Liv B 2 {33FE). Int, J. Quant. Chem., 1981, 40: 611

B2 =

2 08 =1 O LU e L

A Theoretical Study on the Substituent Effect of Polythiophene
Zhou Chuanhua Li i Huang Yuanhe Liu Ruoshuang
{ Department of Chemistry, Beijjing Normal University, Beijing 100875)

Abstract  We present a theoretical investigation of the electronic structure of some
derivatives of poly-thiophene (PT), mainly poly (3-methylthiophene) (PMT), poly (3-
ethylthiophene) (PET), poly(3-methoxythiophene) (PMOT), poly(3-cyanothiophene)
(PCNT), poly (34-dimethyl thiophene) (PDMT), poly (3,4-dimethoxy thiophene)
(PDMOT), poly (3,4-dicyanothiophene) (PDCNT), poly (3-methoxy-4-methylthiophene)
(PMOMT), poly (3-methyl-4-cyanothiophene) (PMCNT) and poly (3-methoxy-4-
cyanothiophene) (PMOCNT), by using SCF-CNDOQ/2-CO method. The goal is to discuss
the influence of these substituents on the band structure of PT.

The calculated results showed that all of the 3-substituted PTs have coplanar con-
figurations while the 3,4-disubstituted PTs will be nonplanar if the two substituents have
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a large steric hindrance (such as PDMT). From the band structures of these substituted
PTs, we got the conclusions as follows:

1. The substitution of H atom by electron-donating or electron-withdrawing groups
will make E, narrower and the E,s of 3,4-disubstituted PTs are even narrower than those
of 3-substituted PTs,

2. When the two substituents of the 3,4-disubstituted PTs have a large steric inter-
action with the § atoms of the neighbouring rings, such as poly (3,4-dimethylthiophene),
its energy gap (£E;) will be much wider.

3. As the H atoms of 3 or 3, 4-position of PT are substituted by electron-donating
groups, both of the I.P. and E.A. become lower, whereas by electron-withdrawing group,
both of them become higher. So it is expected that the electron-donating group substituted
PTs are favourable to p-type doping while the electron-withdrawing group substituted PTs
to n-type doping.

Keywords: Poly-substituted thiophene, Effect of substituents, Self consistent field

crystal orbital, Electronic structure
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