%7 =

2013 7 H

ACTA POLYMERICA SINICA

% j:li No.7
Jul. , 2013

Mix-ZHEBLERGYE FERNSRAMENEILRIEIT

R w B

(CE R SR B SIREE T BPE 404100)

m =

Ko E

CPHmERERF T HEK 400715)

PARIE(1,2-c:4,5-¢"] [ 1,2, 5 |WEE RANMERH [ 2,3-¢ ] e R Ol L7 24K (A) | BE W (BE W) (3,

2-b JWEW A —WEMY IR [2,3-b:27, 3 -d T WEW Sy AL TR (D), 3T T 6 At D-A BIILHE R S 4. R T B3LYP JF
2 BEIE T3 6 A G W i JLAT 25 44 A0 TP BT D-A BB 5 5 W Y L Al 25 48 R HL T 25 4 5 T AR R R
TR R S AR I T A2 A T A RE T S UIAOC. A W RO RE I B R B ST ] B K 2
BN BEBURAE . BTG 6 RS, p-BBT-TT BAT A2 B RE R (0. 48 eV) (B /NI A 743 20 it i Al
AR R R 0, LA BRI L) R AF S e MR RE T RE R IR TE R L R T i B Wb R

XA D-ARILGIREGY), BT AUE, T2k, S rkRe, oot

PR EWIR R THATER ST %
FIVELS ALk AN S5 A R S ) B R DL Rk IR
4 H 27 RG22 R 1 L 78 408 “ A8 S R0 R RS
i1 MR S 4T EL AT 2 I Y e S
RavikRd, BA T HEA (donor) FlIHL 732 &
(acceptor) ZZHF R S5 4 1Y LR 32 (R 80 (D-A 7))
g S W T R IR B R T A R T A 52 G
L D-A RIEEER A YR R b TR S 2 R
A7 55 Z B0 A EL A T 3 b R B A AT R A B
JLIY) HOMO REZ S 32 A HIL ) LUMO fEZ Ak 1k,
AT 5 20 RE B3R AR O 207538 B4 Fi 1 25 4 L2 e XA
L7 12 0 1 O S R 7L R R A W Y X S
Jo 8 ELAT R IR a, IR BE Ry 1 T N TR A
L BRAR |\ e & N (D4 €/ R R L R el
RS, FH T O AT LM R T R R
B YR Z R R S FOE A PERE IR AT LR ER
A T AE R AN BEBR /MR E T RO 4%
e PR, T RE B I A aE o R 3
B L S P A BORIR T R % T D-A
JCPE R AWy, vl R Al A T R N B A
A SR I T R 1 O MR S PR o (R, B9
RS I HE R S W R LA 45 R R A R B
AHEER L.

LR BB R AWML AH ST e R L

P v, AR 55 52 R0 M JB 9 5 e, 3X B 43 S3) LA
KIf[1,2-c:4,5-¢'] =[1,2,5]WEF A (benzo[ 1,
2-c:4,5-¢’ |bis[1,2,5 ] -thiadiazole, BBT) I &I
[2,3-g ] M8 Mk ( pyrazino [ 2, 3-g ]-quinoxaline,
PQ) Jy L ¥ 32 A, WEWY (Th) (WEWY JF[3,2-b ] BEW}
(thieno[ 3,2-b ] thiophene, TT) Fl —WEMy FH:[2,3-
b:2",3'-d] ¥ Wy ( dithieno [ 2, 3-b: 2’, 3'-d ]-
thiophene , DTT) Jyity T-HEfh ¥ 31 T 6 F D-A 7
RS, HAL a5 1 s, Ba Wt
SFOMTHL 22 R 5 AL 27 45 A TLART 45 48 e 7 25
P45 2 YIAH G G, DGR R G Wi JL AT 454 Ak
PO S R M RIEFHEE. BB L
WAF R i A HA T RO RGN A B AR A
HAMNRBAERC AN TR RS R X
HR BN FROT A R O, gl S5k i
T LA RN 32 A 9 PR T A 6T D-A SR G M R
F, - 235 R R JBE 1) 5

1 HE&E7AZE

F AR % R 17 R B3LYP J5 vk T A58 A Ml
PSR SNE OAT AR A SR (A FLL A 5 R 2
R AT A AT SR R ik — R e, 3R
B W LA 2 AL T H 54544 B DL AL 24 2R ] B3LYP/6-
31G(d) J5 ik, e — e Wk i % % 7, A

#2012-09-11 Y fig ,2012-11-02 B fi s 3 PR i Z 2 Bl 22 BORBF S B (9 A %5 KI131102) FIE 58 B AR BL 24 k4 (k42 %5 21073144) ¥ By 35

H.
wx f THIEK 22 A, E-mail ; fywegl@ 163. com
doi;10. 3724/SP. J. 1105. 2013. 12282



7H A A A3 O S0 55 Wy v T A R FL P B R BRI BT 871

Acceptor
AN

N N
\
*{Donor \ BBT/

\S/
( p-BBT-Donor)

Acceptor

N

Donorgl»:x< *{Donor @ Donor} *
n n
N N

\_7/

( p-TQ-Donor)

Fig. 1 Molecular structures of the donor-acceptor copolymers
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O HL W & i, (i BB o, 2 SR A L IE
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eV, #I%F Th, TT F1 DTT 1R K, 4 % 8 (f d 4 i 1
IRE T, 2 5 0 L 32 K. IR I, 72 L PQ Al BBT
L FAZ AR Th TT H1 DTT Jy s k4444 15 (4 D-
A RIRE v, IR TN A2 1A 22 1)K A7 7 55 5 1) A
HAEFS. % Th,TT A1 DTT =% 1 5, EA ()5 )% K
Th < TT < DTT,IP ii)¥>% Th > TT > DTT,
Wefit B 7 8 S A DTT > TT > Th. X} PQ Al
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Table 1 Electronic properties of the donors and acceptors

Electronic properties HOMO (eV) LUMO (eV) AE (eV) IP (eV) EA (eV)
Donor Th -6.34 -0.21 6.13 8.50 -1.86
TT -5.85 -0.72 5.13 7.65 -1.02
DTT -5.60 -1.09 4.52 7.19 -0.47
Acceptor PQ -6.54 -2.82 3.71 8.19 1.25
BBT -6.20 -3.56 2.64 7.94 1.89

MR 1 AlH, R B HOMO-LUMO fE%
KX 42K, AE, N Th(6.13 eV) > TT(5. 13
eV) > DTT(4.52 V). {Hig T3 A& PQ I BBT 1
AE, (G M/, 4351 H9 3.71 eV il 2.64 eV. &
SR, DL R L IR R T 37 R R AR 45 4 BT
BT D-A RUILER G ), bR R & W i T
ZARM AE, (HE /NN, R EWIR R PR AFAE
o B4 LA -7 AR B A A T e S BB BRI

I IFFRAFHT B LT 2544
2.2 REWHILMLEIT NBO B 5

G Y LA 254G 2 BRI 4 i 3
1A 2 . S faT WS DL Ry 50 B ) AL T 2
H14¢ 51 Hy p-BBT-TT, p-BBT-DTT #I p-TQ-DTT
JUTES . v, Ly, 45 3% 2 WA 208 {3t 44 A 32 44 i
JCHIBFEE (C—C #) K, W 2 (a) Iy C—C,
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W 2(a) H Coy—Cys L MAARIR 1 C=C R BT AT A 2R AT AR (Sye ) B26 XTH{EL, WA 2
IR Ly A BERER B C—C B K (a~c) P  AURBEA L 32 AR &5 # 50 2 ] 1
Sua N L5 L WS AR T AR LK frEfh. W2 h, @ Wik, & Ok %
Bid, ARG LA b (BRZ R LL PR T =2 ) RH B B A AR B2, LA A R /R
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Table 2 Selected geometric parameters and the BCP properties of the bridge bonds

Bridge bond between donor and accepter Ly, Lyy Lys Opa O nax
Polymers Ly v {2) (r) P, B (f)
£y WBIs (%10 nm) (°)
(x10™"' nm) (a.u.) (a.u.)
p-BBT-Th 1.396 -0.806 0.308 0.264 1.496 1.386 1.429 1.368 0.061 0.067 0.02
p-BBT-TT 1.434 -0.737 0.287 0.157 1.384 1.429 1.403 1.399 0.004 0.042 0
p-BBT-DTT 1.437 -0.725 0.286 0.166 1.345 1.435 1.406 1.398 0.008 0.049 0
p-TQ-Th 1.456 -0.684 0.275 0.125 1.385 1.435 1.393 1.401 0.008 0.069 0
p-TQ-TT 1.458 -0.675 0.275 0.138 1.332 1.437 1.396 1.393 0.003 0.071 0.05
p-TQ-DTT 1.458 -0.672 0.275 0.146 1.294 1.439 1.408 1.394 0.014 0.073

D-A BIILHE R A Y W A2 SR i A B B T e, X
PRGERE B0 B R 22, HOPE o %k 3R 5 W i Pk o A A/Ay = 1A i A Hessian FH B (9 A AiE
BT, FRATAR S AIM BE, PEANN AT fH. e, AT RUTDRAER B ok TR AR, LA
TSR P AR AR A 5 32 A BT AT S 1 BRI B FoRZ 5z 7 BT Z . Wiberg 5
J5, B 45 L T %5 ¥ (p, ) |\ Laplacian H1 T8 ( V AL T o) —FhRAEAL 2 BERRAE Y 7 5,
(r)) FHf B 2 (e, ), IF 2R NBO 43 #7 3k 45 H 24 WBIs {H7E 1. 0 3] 2. 0 Z [A] i, 5 B i Ak 27 i HL
Wiberg #4¢ (WBIs) , 2 W3 1. p #l Vz(r)ﬁfu}:g o BRI

Table 3 Electronic properties of polymers obtained at PBC/B3LYP/6-31G(d) level

D¢y HOMO LUMO Wy Weg Effective mass E,

Polymer Acceptor Donor
(a.u.) (eV) (eV) (eV) (eV) my m, (eV)
p-BBT-Th Th 0.048 -4.65 -3.67 1.12 0.41 -0.684 1.004 0.98
p-BBT-TT BBT TT 0.127 -4.44 -3.96 1.03 0.49 -0.543 0.707 0.48
p-BBT-DTT DTT 0.193 -4.54 -3.86 0.71 0.30 -1.163 1.415 0.69
p-TQ-Th Th 0.039 -4.33 -3.40 1.36 0.57 -0.554 0.787 0.93
p-TQ-TT TQ TT 0.066 -4.47 -3.41 1.01 0.35 -0.919 1.491 1.06
p-TQ-DTT DTT 0.118 -4.54 -3.40 0.73 0.24 -1.496 2.142 1.14

6 FREAWIMHIEE M AT E (L2 M DTT” (I ¥ % & 34 K, FAEH M B2 5K
B 2) , B S8R5 1 o0 1 #R BT KA i 3P T LV, (r) 1 p, 1 WBIs A R b 5% # 0/N. BP 24 AL
P, AMT o BT R G B BUE B R .6 KUy Th, TT Hl DTT i, 3R & Y47 # b A v 4if B
PR G WA HE (Ly, ) SR A T Al iy C—C SURUR 58, UURE R A ol 55 , B A G O A
B (0. 154 nm) FAFER C= C (0. 133 nm) z Bl S5AAR MR 7R BB A SC, Bt 7 RE
], WBIs SRR T 1.0 Mi/hF 2.0 AR, B0 s A S RS U AR08 55 . 25 T PQ /9 3
FEPIAAB AR B0 (L) BOSE R WA T 2R MRS W (p-TQ-Th, p-TQ-TT FI p-TQ-DTT) HJ #F
C—CHEM C=CHZM. AR, HatASZME SRR eI 2 AR R A 5C & 2 A A [H]
e A m TS5 U, A R W AR FER, 140 p-BBT-Th 5 p-TQ-Th,p-BBT-
FRE. ILEE T BBT WSR-S W) (ERILZEME TT 5 p-TQ-TT LI ) p-BBT-DTT &5 p-TQ-DTT,
(¥ BBT) 1 A LA A [a] ) 4 A7 B 1 S vl 2% B SR FESZ B T RE ) MR, A B . LA p-BBT-Th
A5 6 19 B AR B8 ¢ p-BBT-Th—p-BBT-TT—p-BBT-  #l p-TQ-Th Jy {iil, $& 52 ¥ ¥ fE 71 BBT > PQ, #i fit
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Fig. 2 Optimized geometries of polymer
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Fig. 3 Band structure (left) and DOS (right) of alternating donor-acceptor conjugated copolymers

HOMO ,LUMO, W, , W, ,m, Fl m, 2 5 W 5
SR AH A — A [ B LA, T BE R A Hofth— 2t
NS

FRsEt iy 6 FR G Y, BT 24K BBT 195
&%) p-BBT-TT I p-BBT-DTT fig B &5 /N, 4> 5 K
0.48 eV f10.69 eV. NBER &, EfIE A F
HLVE ). R 2 FR R & 41 DOS B (K 3) I,y
A —ARE A 0 25 5 Fermi BEZL, LW E 111 R
A R AF RS AR (R MR A R i RE
W ERE , BA Y p-BBT-TT 1] fE It p-BBT-DTT
(5L P BE T 4. AASR 3 WA, p-BBT-TT fy i ¥
(my) FES 9 (my ) A 800 8 43 93] R 0.707m, il
-0.543m_, 7 p-BBT-DTT [ H, F 125 7 1 A 2L
AR R 1,163, m Il — 1. 415m_, 45 30 i+ Y

Y XHE T E B R #H/ME 2. BB 254 &, p-
BBT-TT B4 47 (W) R (W) 98 B 53 51
1.03 eV F10.49 eV, {48535 K T p-BBT-DTT
Hrafi (0.71 eV) FI347 (0.30 eV) F5 fE. WA 3
o T A5 B gk — PR, B p-BBT-TT (1 fi i Fl3
HE R I R AR ¥ B p-BBT-DTT K, 1, 13 B
T S L S A T A R e R KL R
&%) p-BBT-Th,p-TQ-Th, p-TQ-TT F1 p-TQ-DTT
AE BRI LLHT 5 3 K, A DOS ] [ F , Fermi fig 2%
LR — A I A X I, P X S A WA H 4
R4S PERE. 287 TR, p-BBT-TT fy T H BB
AN ERTR A SOT N I A R AR AT, S
N H A AR S ERE, rTRE R E ML R S
REWHEL



876 f=n

?

i 2013 4F

%

4 ZHig

AR SCR % 17 vR T N TR AR
T 6 FLLAEIF[1,2-¢:4,5-¢'] =[1,2,5] B
HA (BBT) SML R [2,3-g] MMk (PQ) g HL 1
ZARH) D-A BIR G W)  TLAR] S5 4L | L 45 4 AN
HLPERE , 20 BT T A A 0 A7 44 0 1 5 X 3R A LA
G5 A6 RN HL T 45 0 45 10 52 e R LR BIFOR R B,
(1) D-A BEIFLHE I A W) 0 JL AT 45 46 ATl 7 45 4 55
MR G R 52 gt (Z2) i FRE
JIEEUIREG . BEA WIS P T 43 F N L 3 %
ST AL AR RN SZ AR B AR (3Z) T AR g AR Ak T R

HUUE. REY I P sE b A B S 52 R R 32
AR B R OF AP J5 52 W 858K, AN P 4l I e T {3 A o
SR — 7 AR SZ AR i 5 D A PR 5 52 4 i 1k
Jo %t SR 5 A RE Al i | B A R A A
F14 52 W AT WS A9 R R A0 , AT RE O 77 /5 — 2
ABERE R R (2) RA YA RERT £ 2 2
KA, B S /DN REBR B /. (3) BIrix
T 6 MR W X HA B A 38 I RN (Y E
BR( <1.5eV), HpREY p-BBT-TT HARAER
AERT (0. 48 eV) (/N I 1A 2805 8 A AH X
REREF T, R e b i R4F S LR GE , T BE
SERTER) TR S YR

REFERENCES

1 Abbotto A, Calderon E H,Manfredi N,Mari C M, Marinzi C,Ruffo R. Synth Met,2011,161:763 ~769
2 Mullekom H A M, Vekemans J A J M, Havinga E E,Meijer E W. The Chemistry of High and Low Band Gap Conjugated Polymers. Eindhoven:

Technische Universiteit Eindhoven,2000. 1 ~96
Fu Y,Shen W,Li M. Polymer,2008,49 :2614 ~ 2620

O 0 N N B W

Fu Y,Shen W,Li M. Polym Int,2011,60:211 ~221

Lin H W,Lee W Y,Chen W C.J Mater Chem,2012,22.2120 ~2128
Fu Y,Chen M, Qi J,Shen W.J Mol Struc-Theochem,2010,957 .94 ~99

Thompson B C,Madrigal L. G,Pinto M R,Kang T-S,Schanze K S,Reynolds J R.J Polym Sci:Part A:Polym Chem,2005,43.1417 ~ 1431
Qiu L,Lee W H,Wang X,Kim J S,Lim J A,Kwak D,Lee S,Cho K. Adv Mater,2009,21:1349 ~ 1353
Champion R D,Cheng K F,Pai C L.,Chen W C,Jenekhe S A. Macromol Rapid Commun,2005,26:1835 ~ 1840

10 Malki Z E,Hamidi M, Lére-Porte J P,Serein-Spirau F,Bejjit L, Haddad M, Bouachrine M. Adv Mat Lett,2012,3(4) :266 ~272
11 Parr R G,Yang W. Density-Functional Theory of Atoms and Molecules,New York : Oxford University Press,1989.1 ~352

12 Becke A D.J Chem Phys,1993,98:5648 ~ 5652
13 Lee C,Yang W,Parr R G. Phys Rev B,1988,37.785 ~789

14 Bader R F W. Atoms in molecules, A quantum theory: The international series of monographs in chemistry, vol. 22. Oxford, U. K. : Oxford

University Press,1990.1 ~458
15 Foster ] P,Weinhold F.J Am Chem Soc,1980,102:7211 ~7218

16 Reed A E,Weinstock R B, Weinhold F.J Chem Phys,1985,83.735 ~ 746
17 Fu Y,Wang H,Chen M,Shen W. Mol Simul,2011,6(37) .:478 ~487



7H A A A3 O S0 55 Wy v T A R FL P B R BRI BT 877

THEORETICAL DESIGN OF THE ELECTRONIC STRUCTURES AND
CONDUCTION PROPERTIES OF CONJUGATED
DONOR-ACCEPTOR COPOLYMERS

. 2 . .
Yang-wu Fu', Wei Shen’, Ming-jun Chen'
(" College of Chemical and Environmental Engineering, Chongqing Three Gorges University, Chongging 404100)
(* Department of Chemistry, Southwest University, Chongqing 400715)

Abstract Six conjugated donor-acceptor copolymers were designed by choosing benzo[ 1,2-c:4,5-c¢' Jbis [ 1,
2,5 ] -thiadiazole or [ 1,2,5 ] thiadiazolo[ 3,4-g ] quinoxaline as the acceptor and thiophene, thieno[ 3,2-b ]
thiophene or dithieno[ 2,3-b:2’,3’-d ] thiophene as the donor unit. The electronic structure and properties of
the designed copolymers were investigated systematically using the hybrid density functional theory method. The
properties of the donor and acceptor moieties, especially the properties of the electron-donating and the
electron-accepting ability, play a very important role in the geometric and electronic structures for the D-A
copolymers. The theoretical study shows that the bridge bond length decreases regularly with an increase in the
electron-accepting ability of electron acceptor,and increases regularly with an increase in the electron-donating
ability of electron donor. In addition, the intramolecular charge transfer between the donor and acceptor
moieties increases with an increase in the electron-accepting ability of acceptor and the electron-donating
ability of donor. It is found that the band gap of the D-A copolymers is mainly controlled by the bond-length
alternation along the main chain. The energy gap decreases with decreasing bond-length alternation. Namely,
the band gap is decreased systematically with the decrease of bond-length alternation in the main chain. Among
the designed copolymers, polymer p-BBT-TT is a very good candidate for an electrically conductive material
due to its very small band gap (0.48 eV) ,large bandwidth and small effective mass of holes and electrons.

Keywords D-A copolymers, Electron donor, Electron acceptor, Conductivity property, Molecular design



