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Synthesis and Optical Properties of a Novel Low Band-Gap
Conjugated Polymer

LIU, Zhong-Yi LI, Yan-Jun HUANG, Peng-Cheng*
(School of Materials Science and Engineering, Beihang University, Beijing 100083)

Abstract A novel low band-gap conjugated polymer poly[3-octylthien-2,5-ylenediethynylene-co-
benzo[c]-1',2',5'-thiadiazo-3,6-ylenedi(2,5-thienylene)] (PTE-DTBT) was prepared by a palladium-catalyzed
coupling reaction of 3,6-bis(5-bromothien-2-yl)benzo[c]-1',2',5-thiadiazole with 2,5-diethynyl-3-octyl-
thiophene. UV-Vis absorption spectrum and cyclic voltammetry of PTE-DTBT film show that its optical
band gap and electrochemical band gap are 1.71 and 1.88 eV, respectively. The photoluminescence emission
at 678 nm of the PTE-DTBT film can be easily quenched by TiO,. The low band-gap and the electron
transition property of the polymer indicate that PTE-DTBT is a suitable candidate for the active materialsin
polymer solar cells.

Keywords  poly[3-octylthien-2,5-ylenediethynylene-co-benzo[c]-1',2',5'-thiadiazo-3,6-ylenedi (2,5-thieny-
lene)]; low band-gap conjugated polymer; optical property; synthesis
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Scheme 1 Chemical structure and synthesis route of
PTE-DTBT

(a) SOCl./pyridine, reflux; (b) 40% HBI/Br,, reflux; (c) 2-thiophene-boronic
acid/Pd(PPhs).Cl;; (d) NBS/DMF, ambient; () i) Mg/THF/I,/CgHy/Br; ii)
Ni(PPh3).Cly; (f) NBS/CHCI3/CHsCOOH; (g) i) trimethylsilylacetylene/tolu-
ene/(C;Hs)sN/Pd(PPhs),Clo/Cul; i) KOH/CH3OH/CH,Cly;  (h)  toluene/
(C2Hs)sN/Pd(PPhg),Cl,/Cul

121 [2,1,3]-FKFFE=r(2)

2 SCHR 8] I 7 i A . MR AR Ak, R
83%, mp. 41~42 C (k™ 44 C); 'H NMR
(CDCl3, 300 MHZ) &: 8.02~7.99 (m, J=3.0 Hz, 2H,
ArH), 7.62~7.59 (m, J=3.2 Hz, 2H, ArH).

122 47-=i2[2,1,3] %k HE = (3)

2 SCHR[8] 10 7 A . R AR AR, R
58%, m.p. 189~190 C(SCikfE™: 188~189 C).

123 4,7-=(2-8E%1)[2,1,3] KR —rd(4)

FSCHR[6) I 7 VA . 20 tafhik, 72 % 88%, m.p.
124~125 C(CCHkE: 124~125 C); *H NMR (CDCl3,
300 MHz) 6: 8.11 (d, J=3.0 Hz, 2H), 7.86 (s, 2H), 7.46 (d,
J=4.8Hz, 2H), 7.21 (d, J=4.2 Hz, 2H).

124 4,7-=(5-1&-2-5E% 35)[2,1,3] K& =L (5)

FoSCHRI6] 1) 7760 1, LLEdidR, 725 40%, m.p.
250~253 ‘C(SCHkH!®: 251~252 C). *H NMR (CDCl3,
300 MHzZ) 6: 7.81 (d, J=3.9 Hz, 2H), 7.78 (s, 2H), 7.15 (d,
J=4.2 Hz, 2H).

1.25 3-FHE%(7)

& SCHRIO) I J7 A5 1. ik, P= % 42%; 'H
NMR (CDCl3, 300 MHz) §: 7.22 (d, J=3.1 Hz, 1H, ArH),
6.93 (d, J=1.2 Hz, 1H, ArH), 6.90 (s, 1H, ArH), 2.61 (t,
J=7.5Hz, 2H, CH,), 1.26~1.64 (m, 12H, CeHy,), 0.88 (t,
J=6.6 Hz, 3H, CHj).

1.26 2,5 =ik-3-F K E%(8)

FSCBR[O) (K 7 i B, IR B Caifk, 73 85%; 'H
NMR (CDCl3, 300 MHZ) 6: 6.77 (s, 1H, ArH), 2.55 (t, J=
7.3 Hz, 2H, CH,), 1.26~1.64 (m, 12H, C¢H1,), 0.88 (t, J=
6.8 Hz, 3H, CHs).

127 2,5-= LM HK-3-F HeEw(9) 49 4%,

Y SCERIO B T VA . 2,5- (= LTk £ b L) -3-
FHEEDY, 77 63%; *H NMR (CDCl3, 300 MHZ) 4: 6.93
(s, 1H, ArH), 2.58 (t, J=7.2 Hz, 2H, CH,), 1.26~1.64 (m,
12H, CgHy,), 0.88 (t, J=6.7 Hz, 3H, CHs), 0.22~0.24 (m,
18H, (Si(CHz)3)2).

IR ARG G AR R B 2,5- T L IE-3- o I
WEWY(9), 1= 81%; 'H NMR (CDCl;, 300 MHZ) §: 6.99
(s, 1H, ArH), 3.52 (s, 1H, C=CH), 3.30 (s, 1H, C=CH),
2.58 (t, J=7.5 Hz, 2H, CH,), 1.24~1.62 (M, 12H, CgH1y),
0.88 (t, J=6.6 Hz, 3H, CHy).

1.3 PTE-DTBT 89&

# 0.88 mmol 44 5 5 0.88 mmol Fiik 9, 37 mg W
(=) & 1b4, 10.7 mg Cul, 33 mL = Z %1 53
mL 2N 250 mL — i, 65 CJEIZIHiH: 40~70 h.
IO, ZEBRUE, CHCIAEHL, /K¥k, M A WU
HOIIANA I EDTE, 19 B A TR E CHOH P A
PPk, Bs T 50k K 325 mg (68%). 'H NMR
(CDCl3, 300 MHz) 6: 8.02 (s, 2H), 7.88 (s, 2H), 7.80 (dd,
2H), 7.09 (s, 1H), 2.70 (t, J=7.8 Hz, 2H, CH,), 1.23~
1.53 (m, 12H, CgH1), 0.86 (t, J=6.9 Hz, 3H, CHy).
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WA R 5 S, WS ER AW 0.04 mg) iR
R T e 3 BTG HIN. REWHTRE
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Figure 1 UV-Vis absorption, photoluminescence excitation
(PLE) and photoluminescence (PL) spectra of PTE-DTBT in
CHCl3
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Figure 2 UV-Vis absorption, photoluminescence excitation
(PLE) and photoluminescence (PL) spectraof PTE-DTBT film
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Figure 3 Cyclic voltammograms of the PTE-DTBT films on
platinum electrode
0.1 mol/L BusNPFs, CH3CN solution
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Tablel UV-Visabsorption, photoluminescence and electrochemical properties of PTE-DTBT
UV-Visi/nm b c
PTE-DTBT Ey eV Eo/V Ered/V HOMO/eV LUMO/eV Ey/eV

max /151a /le/nm

Solution 509 618 20 616

Film 560 723 171 678 0.51 —137 —5.21 —3.33 1.88

3 Onset value of absorption wavelength; ® optical band-gap; © calculated from oxidation and reduction potential.

4 2k TiOL G IIR AR I 58 6 R . 4
REWE TiO, LRJG, RAEWKGEI N K e Kk
KARFFAE 678 nm iy, WA KA BIIAIRS, HEO60R
FEHILT B2 VKIS, I HBE Tio, Rk, R4
VIR 9e 6t B AR WT BRI, 24 TiO, i 2 3k 30%0, %
K 20%; 4 TiO, /4 45%IN, 26K
39%. WW MV KING RN, A INRINE S Y S D
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Figure4 PL spectraof PTE-DTBT/TIO, films
a— pure polymer; b — m(PTE-DTBT) : m(TiO;) = 70 . 30, ¢ —
m(PTE-DTBT) : m(TiO;)=55 : 45. Film thickness: (a) 3.8 um, (b) 5.4 um,
(c) 7.0 um

R Pd HEALF], I 4,7-—(5-VR-2-8Emy 5[ 2,1,3]
FRIWE M 2, 5- T 2k k-3 GEY 7] 1) 45 K S B
GHT MR 4,7- T (2-WEWY B A mE

(TBT). LBk RIPACHEL S B S 554 PTE-DTBT.
ZREVIERITOC KN EAL T 678 nm, WA N ZDEK
SPRPEME . BRI i 560 nm, St 1.71
eV, ik By 1.88 eV, BLIZER G HATEIRH
R FLI KA S 32 R TiO ¥Rk, BT
LA A fi i B L 5 2 AR R T 2R A 006 O FL it 4 o)
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