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4,6-2,1,3-FFE_M: —MFTHIRSYCE IR QTR
%4 RE AT

FAUBE* Huty EEE O BAR O KAE O HARF
R R TR TS Y0%  HOME TR S TR 5 450001)

WE R Suzuki BERE L, F 4,6-FFHWE AT NBIR AW, ST 4,6-A M Me-IEM LRy P1, B
AT HFE R A B, SRRH, 5 4,7-MEMEPMHBOLL, P11E M,=12000 B3 57 T F2K, —&H
P — A WA LR AS B 1 R A MR SO RE I e BUR 15 4 B SRS 78 Rl 43 nm; Sy S8 FH HL AL 225 5
I3 AR 0.35 F1 0.40 eV, MEMR LIRS, Bl 4,6-07 K FFHE B TT I 51N, B R0l T 2K e
RREVINERYERS, AT 7GRS, (HAREE T 2R e B TR S 0 s AL 2 R e MR A AT I 1. 4, 6107 2 - g — e F.
TEIIBI NN SR e M2 AWM R 2 MR T AT SR T — Rl I B ik,

FRBA 4,6-2,1,3-ZKJFE M ZHEREIRTT; KA, SR IREME

4,6-2,1,3-Benzothiadiazole: A New Block to Construct Polymer Op-
toelectrical Functional Materials and Multiple Performance Regulator

Fang, Shaoming™ Su, Jigong Wang, Guohao
Xue, Likun Zhang, Yonghui Du, Junping
(He'nan Provincial Key Laboratory of Surface and Interface Science, College of Material and Chemical Engineering,
Zhengzhou University of Light Industry, Zhengzhou 450001)

Abstract Poly(2,7-N-dodecyl-carbazole)-co-(4,6-2,1,3-benzothiadiazole) (P1) was synthesized for the first time with Suzuki
condensation polymerization by introducing 4,6-2,1,3-benzothiadiazole unit. The UV, PL spectra and cyclic voltammetry (CV)
curve of P1 were tested. Compared with its 4,7-linked polymer HBC, the higher molecular weight M, =12000 of P1 was ob-
tained. The UV and PL spectrum shown that the maximum absorption wavelength and photoluminescence of P1 in toluene
solution had blue shift about 78 and 43 nm, respectively. The optical bandgap and electrical bandgap increased about 0.35 and
0.40 eV, respectively while the shape of CV curves were similar. It suggested that the solubility of benzothiadiazole based
polymer materials was improved effectively and the optoelectrical properties were tunable efficiently by introduction of
4,6-benzothiadiazole unit. It would supply a new method to realize multiple performance tunable of benzothiadaizole based
polymer materials.

Keywords 4,6-2,1,3-benzothiadiazole; multiple performance tunable; polymer; optoelectrical functional materials
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BIHE

EE

i, MERZN T ZIR A YR RO T RE A
R PR RERT IR, PR 7 HAEA AL H D) RER RS (1)
R, AT SRR A MR AR e, RO
FPERE, T8 B2 O3 L T B Bl A R gk
K 5,6-h2 5] N B e A 0 52k e S BE 1 e 3
BELSTIL R 0N T e A R A R
W BRL T 1) B 7 B SO B T A R RE I T A R AT
A ILARIE.

AR TR R IR, 72280 kB T 1 547 b
FINASTR] A EAR 25 R DA 2550 1) 5035 A Rk 14D 945 At A i A
e ERE, FEAEIX S R R BRI T S R EUR
FR/NHIAR AR, A e e BT RN S R AR BT AR P T
() () THI A R AR T A8 Ak, BRIV 3E e s 7 S SR B R P 7 S
AT V) () — T A AT DA o5 s 1 4 SR A 0 B VA R T RE A
FLPERE. CSCARIR M M B G TE R AW R R R
VTP R T A KN Bus R —, R ORI
TR BANF (IR T RSk, T Dok
SRR T 5 A I N T R RO F 1 B BR AR — T 1)
FB 7k

4,6-N FERE I ZR IR E M BT RAE 20 D 60 AR
CLPl A SR 2L DLARAY I A o RoRL, &t N-R
RT B RBS) . —KEFLWH IR, I
ML RE IR =30 S B B AT DL e 1 7= 2R A5 31 4,6- -
2,1,3-FRFFME M & RO R SR FH 4 B A 5 OB T
AR, PG AR PEREE. RSN, ANETAL

PEREI AR T e M B T (I 4,5-07 88 5,6-0), ZiERETT
(1) n-BuLi, THF
(2) (FPrO)B

(3)Tol., HO(CH,);0H

P T AR N, BT R A R BEEAT, 1585
TREROEEDME, &5, 5 4,7-C0ERML, 4,6-
I )R e ek B s B AN R, AT DL SR A
VI AR IERE DG FEEBE. 4,6-7K JFE — LB T 5] N,
A SR S ME MR RS IR 2 PR RE R T
DRI, FRATTARE SCRRIRIE 715, BT 4,6- 8-
2,1,3- K gk SRFFIZ ] Suzuki 45 G R AN
AT —MH R REMRL 2,7-N-+ B -
WE-4.6-2,1,3- 28 FF g R SLEEY) P1, T LA A e,
2 R LA M AT T AT
1 BRE®
BIARS5REYNE RS RIE
FRFIR GRS RS R i B 1 fR. Fuk
M1, M2 FIEAY) HBC 4 BRI SCRR RIS (1 77 12,
EED PLE K 2 311 Suzuki 46 & B A 171,
DL 86% /= 245 2. 1l BB (kS P1 AL
%19y 7 EN 120002 1). P1 458t "H NMR, FT-IR Fl
TCRAHTUESL. AT WAERA FEXT P1 e i (52,
ML, G798 5000, BERELIN10
() P1, FEiz AR A 5 20 Fe a5 EAT T B6AIE
12 BREYIRARMRE
MF 1[G s BT LUE tH, HBC B3 7r 1 5
A 2500, XEH T &S TER HBC WtszE, AT
W R AT R R SR B PIRE S, 2B B TR 5 850

1.1

{}

C12H25 C12H25
1
NO, nBs Of NO; SnCl-2H,0 _soc,
NH, acetic acid NH, hydrochlonc acid yndme
87% 97% 80%

Br
2

Pd(PPhj3),, toluene

O

C12H25

{}

C12H25
M1

2 mol/L NaHCO3

B 1

AR S

M2

it e 2 18

Scheme 1 The synthetic route of the monomers and the polymers
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B A AN AL B A SR &), HBC X —PEmidA 12
ZARIEPY, B FEN 12000 FIEESY P1 SR EAS
A RIERVERE, 208 T A IIE RIS R

SRS, SEA SN A B S RSk, T BLRE— P 42
R EY P17 TR, HEEEY P1 A HBC K& il
FEATLLE H, LT 4,7-00E 2 2RI SRR A1)
¥ HBC, P1 BA IR R L Re, WEmEERI L
3w, RGNS TER S T2 4 50U, ymEtiae
REVIC IR B & BB e T AP, X —
FEEREH, TR G b R I e R T I A
&, AU R SRR TERE, IR R a1
&, SRRSO BRI — Mok i) T BT .

R1 REMEML
Table 1 Synthetic results of the polymers

REM FEER /Y% M, PDI® DP¢
HBC 86 2500 1.1 5
P1 86 12000 1.54 25

“Number average molecular weight, Mn, determined by GPC via polystyrene
standards.  Polydispersity index (PDI=M./M,).  Degree of polymerization,
with reference M,,.

1.3 REMHEFEMR

AW HBC H P1LE H 2RV RN R AS I 25 4h
OGS W 1 s, R RS TR 2. WE 1%
2 WLUE H, BEE RS oR ot e ek e iE AL E
4,7-HiBAE] 4,6-F7, AW RIS B KR A
WK 447 nm B ZE 390 nm, %A T 57 nm, £
TR S I ) fe KB AMBIBAC Y 479 nm A2 4L E] 401
nm, %% 7 78 nm, UiEHERE PRI T 5O FEEE
W BT R LB RE FE AR [R], 4,70 R2 ) HBC HR R g
LRI B 5 2 R B TR SLAEAR . HBC
DR B 1R B K28 AR AT U8 K 5 R RV W 1) e KR b

300 400 500 600 700
1.5 : , , : 15
(0]
(]
[
S z
5 2
é 1.0+ 1.0 €
© N f O
>I o
> ke
5 \ / I
2 N
g 0.5 . 0.5 g
Y AN 2
2 N, >
0.0- 0.0

300 400 500 600 700
Wavelength/nm

Bl 1 RGWTE T RVE R EOIR A I 1 58 SRRSO 1 A
RO
Figure 1 UV-Vis and PL spectra of the polymers in toluene and

in the solid state
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R AR LA F2 T 32 nm, 1 P1 R4 7 11 nm, ¥t
B [E S R S VMRV R A PL 2N, 5
EWRCEUR GBI B T RIS R, Mt T
HBC, E&%) P1 15 F 2RV A1 E LR S I 15K &
JeP KA B T 46 A1 43 nm. X —HFFELE U, A
R AW ORI E M G PR E, R DA R i
AW

K2 EEWHDCEATER
Table 2 Optical data of the polymers

B A1 /lmix/nm .
UV solution® UV film” PL solution” PL film
HBC 447 479 549 577
P1 390 401 503 534

© 2015 Chinese Chemical Society & SIOC, CAS

. . b .
“Measured in toluene solution; " measured in the film.

AW Fp HE e PR RN 2R R E e BT 2 ) R AR
FEANTE], BT 2K e — Mk B G A B AN [R] 1 TR [ p,
BT B8 H P G2 8] ) T A AN E] SR . itk
A58 H Gaussian 03, 3% 72 s ERE ST RSP0 —
AT TAE, AT TR, FRATER T Hr R
G, LRAYIN 3 NEE AT, Ky
2L H R, 4R E 2 for. Bl 2T
w1, BEE AV OE I e A TR B 4,713
N 4,6-N0, BRI HH HR A B G RT R S IR M BT BT LR (1)
SV THI [ 1) T A 2088 K, T B G 2 (] PR L I 7K 3
IR, BT LB T P Ab 1 7 [R) A7 B AR 2 )
HALHE AP E B R R 2 —.

HEb, BEVFEE RS E T Re & TR A
2S5, NILEE T RE 55008 10 #1125 11 P1
T HE 2R 0 H R B ER A I ) 8 AR RO B A G Bk
G, VEEIES T E 3. HR 3 EUR T UE L, FEE
REERRL, REDIIRIE IR KFEEUR
WKL BA 2, U G B &R AN ORI
R B AR R AN K

P1 DRSS B KRG T 534 nm b, 5
SCRRRIE T & PAL ARifEI LRI 5% 6 R 6 1 R e k)
H B KB EUR G K(520 nm)AHIE, Ui BH 5 S WT] RE K
TR SR ROEM L. Bhas Ruli, WY R AW+ K+
e WK PR TV E AL B, W] DA — A5 I T R e e
A VIR R FH .

1.4 BEYRIBLFEMR

EEVII AL AT B IER R 2RV E. 4
R 3 fiw. HIERZETUAEIERSY P1 A
AR AL B RE JE AR IR AL Eo 350N 0.82 F1—2.09
V, HREEAAE R AL S HOMO fil LUMO {2
[ 5 R, P11 Enomo M1 Evumo P HHA R AG 5.
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BUHE o R
.. ) FAICHERN E, W] LS RS H A 2 o ) v R
2o 9 ,“J‘ -

J“““‘JJ “J ; “‘. H.
09595950 , Y9 s e B ,a.‘ ‘a i ' ' ' ' ' ' '
9, P99 9% a &4 »oe
e 2 29 o
M Py ? .J f 0.2 4
d HBC “ifiifi: 34.49°
. f'j';"i e e 'ﬁc‘ .
'::b;'r& epé e P <
e , e e 'b: ec . 'f': e é 0.0
C r‘"‘f"'f b / 7
e ¢
.'\f'r /
e-e® 024 ¢ P1 i
P1a [fiffi: 49.63° !
o T HBC
[ ] T T T T
5o’ s 2 -1 0 1
'y 2 - X
.82 Q. o9 4‘“ ) ENV vs AgiAg”
TRy e s é“‘}f‘h
b0 90,8 220 -4, pd 23 B3 AR R
%, °, ,J‘ : Figure 1 The CV curves of the polymers
29 p1p jfifs: 48.59° s

B2 %&% HBC A P1HTHI TR AL &)
Figure 2 The selected model structures for theoretical calcula-
tion of the polymers HBC and P1
a and b are two different low energy configurations, respectively
K3 ARARGERESY PG HEAE
Table 3 Optical data of polymer P1 with different degree of
polymerization (DP)

Amax/NM

AN 2Bl HX A
ATR RGE UV solution® UV film® PL solution® PL film®
5000 10 406 330, 403 510 537
12000 25 406 330, 401 510 534
“Measured in toluene solution; b measured in the film.
Eono=—(EX™+4.4) eV M
ELUMO: _(Er(;r&set+4.4) CV (2)

TFEAREE R TR 4. K4 FITLUEH, P1
] HOMO HEZ% N —5.22 eV, LT HBC, P1 EA KK
I HOMO Redl, RIAEA Y P1 BA S it ge,
B HOMO R84 nT DA iz iR T B B . T
H LUMO f¢g0h—2.31 eV, =T R4EY HBC ) —2.59
eV, Bl LUMO Regl n] ME UK BT 3 iF %
FIZAAMEL EL S48, PLIPERA A 22 #1285 HBC TR
FABL, R PLARE 7RI EE MR R SR R AL
AT iR E M. PR — PR R R R A
OXBHRE FLtARL.  [EII 350 T U SR A A b R e e

2 #ig

i 4,6-(L LI 2R FFE IR T E| NBIRAYE
LR RHR D, B Suzuki Hi& BEWINITE, &
BT 4,6-2RFFME SRR AY) P BEAL T P [ROREE
JATHALZE R, 53 4,70 S5 HBC AL,
P1 LA i mvERE, MR HBC My FER S
T 45 0L b P1TE FE ORI R RN LR AS B B oK R A
WSO Ko B RS T 78 F143 nm, B KOGEUR G Kt
KA T IMNTER; P11 HOMO 1H F#(%, LUMO 8T+
ARz 2 TR S HBC AL &% P1
ST — T AE 01 B AL R A LK BH BB HA Tt A R
4,6-2,1,3- 2K FHE — I 1 50 — FloRT (4 50 WL FeL Th
REM BHIRIER, ISR Sk 5N 4,6-2,1,3-2K3F
WE MR T, T] DLSEEIOR I SR IR SV TR RE |
SRANR I BT« G EUR P TR Ak S AR SR R
Z M RE R RO
3 SNy
31 SWAEEFNEE

'H NMR #. “C NMR i Bruker DRX-300 1%
FLIRA A HILE 300 175 MHz T 45, 25 TCHE Rk, 1
KH CDCl; N7, TMS AW FR; B d HP 5958 Ji it
M5, J6E M Elemantar Varioel, Heraeus 1106,
Carlo Erbo 1108 JL& 7 HT XIS, AWM T2 H

R4 EEMHEMNIE LR
Table 4 Redox data of the polymers

=AY ES ESe [V Euomo/eV Eromo/eV Er eV EX’/eV
HBC 0.75 —1.81 —5.15 —2.59 2.56 2.13
P1 0.82 —2.09 —522 —231 291 2.54
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Waters 1515 B i CAS, DLIYZIRIRE i aAH,
R AR AR OR: TR M 425 AR B Hitachi
UV2900 2L4MAT WG, 6Bk EI6HE i Hitachi
F-4500 76 0C4R; REMMMEAR 24 H CHI
600B 7EG I FIE, A 0.1 mol/L AgNOs/Ag 1EA
SR, BALRAE N TAE RIS B F b, PR R VA VR
N[BuN]CIO; (0.10 mol/L, Bu=butyl) ] Z.F& .

32 BEFEMBEYINERK

gk M1, M2 FIZEA ) HBC AR SCERIRIE (1 771
B K.

BEY P1 KA G 100 mL /5 R 2,7- (=
PR3 B )-9-N- - Bk o Bk (M) (252 mg, 0.5
mmol), 4,6-—R-2,1,3-2KFF B W (M2) (147 mg, 0.5
mmol), PU(=ZKIEM)H (58 mg, 0.05 mmol), (39
mL), FREZE4N(1.06 g, 12.6 mmol), 7K(10 mL), M
AL Aliquat 336 —Ji INFAEI 3 d. HAAR AR EE,
YR, Wi AR LIER, AR, R KdE, #EL
FRYE, AKykZE i, JTOKRIRI T, YK, F
BEVTUE, BT, BRI AE A=Y P1 200 mg, /™~
#: 86%. M,=12000, M,/M,=1.54. "H NMR (300 MHz,
CDCly) d: 8.50~7.50 (aryl, 8H), 4.49 (N-CH,, 2H), 1.95
(N-CH,-CH,, 2H), 1.0~1.5 [(CH,)s, 18H], 1.47 (CHa,
3H); FTIR (NaCl) v: 2923, 2851, 1600, 1456, 1328, 1248,
802 cm . Anal. calcd for (HO),B-(Cs0H33N3S¢0.5H,0);-
Br: C 73.70, H 7.00, N 8.60, S 6.55, B 0.23, Br 1.64; found
C73.98,H 6.91, N 8.63, S 6.58, Br 1.32.

¥HBh# &L (Supporting Information) L5472 f13. H
& M1 R M2, K57 P1 ¥ 'H NMR & X 2epppla]
DL 7 MASTI] 9 3 (http://sioc-journal.cn) | N %K.
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