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Synthesis and Property Study of Field—effect Emissive Conjugated Polymers
Based on Styrene and Benzothiadiazole
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Abstract Conjugated polymer materials with good photoelectric performance, solution processing ability and flexibility are
widely used as active layers in optoelectronic devices. Here, using Stille and Suzuki coupling reactions, we designed and
synthesized two new conjugated polymers, poly(1,2-bis(2,5-bis(iso-octyloxy)phenylenevinylene-2,1,3-benzothiadiazole))
(PVBT) and poly(1,2-bis(2,5-bis(n-octyloxy)phenylenevinylene-2,1,3-benzothiadiazole)) (nPVBT), which contain structural
element styrene fragments and an conjugated unit benzothiadiazole. Styrene fragments are conducive to luminescent proper-
ties of materials, such as phenylenevinylene (PPV) derivatives, while benzothiadiazole unit is electron withdrawing, and
matches with many structural units of a donor. The conjugated polymers were characterized by gel permeation chromatog-
raphy (GPC), elemental analysis and differential scanning calorimetry (DSC). The results indicate that each of these two
polymers has good thermal stability. Their melting points were around 240~250 ‘C and decomposition temperatures around
380 C. Due to the presence of the structural alkoxy chains, these two polymers exhibit good solubility, which is conducive
to solution-processed film formation. PVBT and nPVBT have strong fluorescence characters with maximum emission in the
range of 590~605 nm. The photoluminescence quantum yield of these two polymers in dichloromethane solution (110>
mol-Lfl) is 23%~35%, and 12%~20% in solid films, which are annealed at 180 C for 10 min. Due to benzothiadiazole's
regulation of molecular energy levels, the highest occupied molecular orbital (HOMO) energy level of PVBT and nPVBT
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were modulated to be —5.73 and —5.61 eV, and the lowest unoccupied molecular orbital (LUMO) energy level were
—3.37 and —3.32 eV, respectively. Typical p-type transporting property was determined by using PVBT and nPVBT films
as active layers in organic field effect transistors. Because of the improved conjugation of the skeleton structures and the
close packing between benzothiadiazole of main chains, these two conjugated polymers both exhibit efficient charge transport
characteristics with saturation hole carrier mobility is up to 1.1X 10 * cm?V 'es ™! and high switching on/off ratio of 10*~
10*. This work provides new insight into the development of high-performance optoelectronic conjugated polymer materials
and sheds light on the research of organic optoelectronic integrated devices.

Keywords styrene; benzothiadiazole; strong emission; field-effect transporting property
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Figure 1 Molecular design concept for high-performance optoelectronic
conjugated polymers
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Figure 3 (A, B) Fluorescence photographs under UV (365 nm) illumination. Normalized UV-vis absorption/PL spectra of PVBT (C) and nPVBT (D)
(Solid lines: films annealed at 180 “C for 10 min; Dash lines: polymers in dichloromethane (1X 10 > molL ')
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%1 PVBT M nPVBT ({645 Mg
Table 1 Optical physical properties of PVBT and nPVBT

/lmax, abs/ nm )Nmax, PL/ nm (D/ %
Sample AES eV HOMO%eV LUMO/eV
Sol* Film® Sol* Film® Sol* Film®
PVBT 448 460 605 591 35 20 2.36 —5.73 —3.37
nPVBT 443 466 589 593 23 12 2.29 —5.61 —3.32

“Polymers in dichloromethane (1X 10 > moleL'); *Film were annealed at 180 ‘C for 10 min; ¢ Calculated from the film absorption onsets according to AES=

1240/Aonset; YHOMO levels were obtained by ultraviolet photoelectron spectroscopy.

£ 2 PVBT 1 nPVBT (KR A1 43 58 e 1

Table 2 A summery of time-resolved PL measurements of PVBT and nPVBT

7/ns ks Jee /57!
Sample
Sol Film Film Sol Film
PVBT 2.85 1.32 1.2X10° 1.5X10° 2.3%X10° 6.1x10°
nPVBT 3.07 1.60 7.5%X107 7.5X107 2.6X10° 5.5%10"

“ Fluorescence lifetime; * Radiative deactivation rate calculated according to k,=®/r; “ Non-radiative deactivation rate calculated according to k,,=1/t—k; (Sol:
Polymers in dichloromethane (1 10> moleL " "); Film: Annealed at 180 ‘C for 10 min).

I o P B R S R (k) 20 M 1.2 10% s 71 A 1.5 10°
s !, ARERSTERIT I R (k) 2N 2.3 X108 s FT 6.1 X 108
s~ s nPVBT FEVA R P (10 48 S IROE TR (k) 23 M
7.5X10"s ' A1 7.5X107 s, ARERSHIRIT I 2R (ko) 43 A
2.6X108s ' A15.5X108s7!, ATLLEH, P2 T
FE ity o RS G BRI T8 AR LV v R A B G OK, SR
JECPRAS A B K R B 15 A, AT ASEAA ) 1) 2% S 7
PR K, X SAT DO G T T 7= R85 WA — (& 1).

AN BT ARSI (UPS)I & TN w0 1
ERL ) B i FEL T 7 2 T EUE (HOMO) R (B 4), FHIC
AT 1 B i B S U g
KIDEENS22), AR ERHVIZRAMERIRE, 5
A (IP){E BRI EE A AR T H S He L) HOMO fH. &1t
#, PVBT Al nPVBT ] HOMO (E4¢4) 58 —5.73 Fil
—5.61 eV, “HEL 0.1 eV, XA AR HMBLE /N E
Sl O o 7 I P PO AP B 5 i 2 37 HOMIO fi
SRRk 226 s B B B AR L TR & 4 T ELIE (LUMO) R
2%, PVBT Al nPVBT [¥) LUMO BEZ %I h—3.37 Fil
—3.32 eV. fHT PPV &4 ¥k MEH-PPV 1]
HOMO (—5.07 eV)A1 LUMO (—2.9 eV)iEZ, PVBT Al
nPVBT MIREZ EMK, & HT BT Hsaik i F1E R o1
B2 1 134,
2.4 IHRIERE RN

TR T TR R AR A, FRATTH S T
BT PVBT A nPVBT B THAl- IS 2 A 24 OFET #4F,
FERFE T A A B AR BE 25 T (1500 180 210 C#A
BOMBRETERE, 45 ER 180 CHGB K 10 min {153
PFPERERLIF (150 “CHI 210 CHIZRPEMEREILIE S14 =
S2), MKRHIMRERIRI ST 3. B 5 A T TS &R
R IR RIEMFERLE 5A), SO HE 5(B),

Acta Chim. Sinica 2020, 78, 945—953

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

5(D)]Hi k. PVBT Al nPVBT 538 I A $17Y () p 7 H fup 4%
frketE, B AR R R 3 WTLLEH,
A mE D TMERERRERAKR, FHEBEAN
0.4X107* cm?V les T A1 0.5X 10 cm?V les™!, B EIT
B R 1.1X107% em’®»V les™! BRI T BRI
KR, 76 10°~10* Z 00, WFRM, ke ILsEniT
2R A K, S5(A)FI 5(C) & R FFF U5 18
(—1Ins)"* 5 Vo 9% R IR BEr FRARLE A, 158 AR v A
X HARMTEERETERD. BT &S T
BHEKT HOMO #8405 350G 1t 2 5 Y5 FE AR [a] 1) 2 7 0
AR RBOR, PR RER TERRKMRER L. 5
S X% PVBT Hil nPVBT [ dib (A #3400 T (=090 fih 2k
(Kl S15), sEegt Jny LLG s A R 28 TAE
FEA R RN, BTG R 2 R SN, SR R
UF 1) HE 2 R e

NT W TR A ST SRR IR, FRATR A A
5 X SHEATE (GIXRD) AR T 1 BB (AFM)X 5 40 7
TR O g5 M BEAT T R AE. [ S16, S17 B8 T PVBT
1 nPVBT fEAEfr FIRKHTJG I —4E GIXRD ATt
et BN TE IR SR IR K IHELE g, F1 g, 7 AT
WA AR 55 B ARV A AT 0, U B U IR A5 B P TR
BRI AN, 2B KHEE TS 150, 180, 210 C
i, PVBT 1 nPVBT [Pl 25 5, 5 8Rt RA —N ik
FE A 4 P T AMIT S 18 (g.=0.4 A7Y), BI(100) 0, fiTht
Wb A S EE A E, T g, J7 TS IR 55,
Tt BB K ()7 AR B K BT T — 8 i A 1, (=
ANIE KR FE R B HE R S A A 22 Y[R R SO
MR SET T, B 6 R T 180 CiBK 10
min 25/ Rl %1 PVBT [ 6(A)]F1 nPVBT [ 6(B)]#
T AFM 5, 3 SR THT R It e S T 3 50 1)

http://sioc-journal.cn 949



IR

(A) —PVBT (B) — nPVBT
. S
S ©
g } 45 eV
> {7 e
g § 5 4 3 2 1
[0} c
£ =
1 16.86 eV ‘ J 17.06 eV
20 15 10 5 0 20 15 10 5 0
Binding Energy/eV Binding Energy/eV
Bl4 #1% PVBT (A)FI nPVBT (B)fI £ 41 B T-RE 1
Figure 4 UPS spectra of PVBT (A) and nPVBT (B)
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Table 3 Thin film device characteristics of PVBT and nPVBT
Sample Tannealing/nc ,uave a/(cmz'vil'sil) ,umax b/(cmZ.V*].S*l) VT C/V Ion/oﬁ'
PVBT 180 0.5%x10* 1.1x10* 30~40 10°~10*
nPVBT 180 0.4%x10* 1.1x10* 30~40 10°~10*

“ Average mobilities measured under ambient conditions; ® Maximum mobilities measured under ambient conditions; ¢ Corresponding values of threshold voltage.
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Figure 5 Typical transfer and output characteristics of PVBT (A, C) and nPVBT (B, D) based field-effect transistors
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Figure 6 AFM height images of PVBT films (A) and nPVBT films (B)
(Films annealed at 180 “C for 10 min)
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MR, BT 2B S, A T/ERRNTEM 7 HT
2 Lo R G IE UK 20 LB 45 M T BT W3 B 7Y
Wi E 2 T A0E PVBT M1 nPVBT, RG4S T M
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AN TR S EE M N S M . WF T4 R
B, M T8 —S5 K3 PPV AT ARl Wi 3k
RV BRI T ek (R R, A i T L e g
FAFEREVE B o AR R) S HE AR, SRR BT v ) HL A
e, 2RI TR RATE 1.1X107* cm?V e
s, SRR PO A R BT R A TR, 7E OLET
KARTOC I Re s A — @ I AE N . X —H AL
TAEUESE T AT T H A B B = 4 M R
SR, RIS g A B v R L0 = o O A R BT
AR T SR,

4 SCERERSY

41 RAFE5EE

FIE Ty S4B R-1,2- (= 1E TR
ZJfi PA(PPhy)y 4,7-7 18 — W A0 IR I I s 5 X 5
B2 M Inochem. J&K. TCI Z5R 7 A & WK, RLGE—
Halith, WIS KR EAS BN E R TR E
RGO J5 25 R .

WA TH AT PC ARG U 1K 35 4 B Bruker 400
MHz 755 i T A, 7R A A7 23590 8 i AR & A5 A0 Y
FRIERERE. TR HTH Flash EA 1112 JTE M AGHAT
W o a3 S A B s i B R 5 7 [
Jie HL 4 i3t (HR-MALDI-FT-ICR) i1 7 [ B} 2 57 Ak 22 WF
FUETA AT LIS, ST T EMS TR
(PDI)H Agilent G7820A PL-GPC220 HUEtH 1515 (it {X
(GPC) M3, ke A 1,2- = 4 % (0-DCB), ik A
140 C. &7 T HIRKE T (TGA) & /E R A E T,
PL 10 Kemin ' fFHEIE R, H STA 409 PC JMRAGI7S.
N 7 9 4 2 #(DSC) 43 #T /£ Q2000 (TA Instruments,
USA)Ill 1, &AM T AT, FHREREEE N 10 Ke
min . AT IR RE (U V-vis) K Jasco V-570
WO, HEHBREHAIR ES7=1240/0"" THHE IR,
PG RE(PL)H Jasco FP-6600 YA &, AN T
RETE (UPS) 2 TE#REE F e i 43 7 VA e Hp R} Be
A 2B ST T A BT A O R AT A BN X S R AT
(GIXRD) 1 Bk v B4 BEAT 72 BT AL 52 [ 25 48 5 6 I8
W45, R H T30 I JEE HH Veeco Nanoscope 111d Y
SR 1 B (AFM)IIAS.

42 BEMESFHRBERKR

hEA 1,4- R IR (1a, D) 1,4-JR-2,5- "%
AHETR(2a, 2b) B NS W SCRHE B

(E)-1,2-X(4-1R-2,5- X (¥4 55 ) K FE) 2.7 (3a, 3b)(T)
AR 17 100 mL Schlenk W& AR KD & -1,2-—
(ZIE T #3) 20%(162.0 mg, 0.266 mmol). JEY) 2a (5§
# 2b) (654 mg, 1.33 mmol). Pd(PPhs), (14.2 mg, 5 mol%)
FIFFZR(15 mL). H&ESEH 3 KJE, m#kE 110 C, &
N3 h JE RIE . RONRA AR IR, 3R R
BT, B AT RE AT 2 AT 3 B8 (A A i Tk g vk
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Ve, wJEfaRE AR A 3a (91 mg, 40%). 'H NMR
(400 MHz, Chloroform-d) J: 7.38 (s, 2H), 7.14 (s, 2H),
7.08 (s, 2H), 3.90~3.84 (m, 8H), 1.79~1.75 (m, 4H),
1.59~1.26 (m, 32H), 0.94 (dt, J=22.3, 7.2 Hz, 24H). "°*C
NMR (101 MHz, Chloroform-d) d: 151.03, 149.78, 126.93,
123.75, 117.78, 111.73, 70.22, 69.53, 31.85, 31.83, 29.37,
29.34, 29.32, 29.27, 26.14, 26.06, 22.68, 22.66, 14.12,
14.09. HRMS (MALDI-FT-ICR) C4sH7,Br,0," ([M]") 115
B4 848.394836, SLIGAH AN 848.395254. ik (il 1A 3b
(113 mg, 45%): '"H NMR (400 MHz, Chloroform-d) o:
7.35 (s, 2H), 7.11 (s, 2H), 7.07 (s, 2H), 4.02 (t, J=6.5 Hz,
4H), 3.95 (t, J=6.6 Hz, 4H), 1.85~1.80 (m, 8H), 1.53~
1.27 (m, 40H), 0.90~0.85 (m, 12H). *C NMR (101 MHz,
Chloroform-d) §: 151.04, 149.80, 126.95, 123.76, 117.79,
111.81, 111.75, 70.23, 69.54, 31.84, 29.37, 29.32, 29.27,
26.15, 26.06, 22.68, 22.66, 14.12, 14.10. HRMS (MAL-
DI-FT-ICR) C4H7,Br,0," (IM]) 518y 848.394836,
SZYGAE N 848.395359.

F(1,2-30(2,5- R (5 2 S 58 W AR FE W 245 36 -2,1,3-
FRFEIE ) (PVBT) AR (1,2-X0(2,5- X (1E ¥ 505 W 2K
W 2 H5HE-2,1,3- 2K FF 8 1)) (nPVBT)HIAH: 1] 10
mL Schlenk & FERKIKIIAEAR 3a (B 3b) (127
mg, 0.15 mmol). 4,7-7 18 — MSFMFEE A BS R (58 mg,
0.15 mmol). Pd(PPhs), (8 mg, 5 mol%). FHEEFZAELLTH
Aliquait336. HZE(Q2 mL). K,COs /K¥E(2 moleL ™", 0.5
mL). FH&ESERR 3 XE, MRE 110 C, KM 24h Z
Ja F R SRIIN 1-JR2£(0.5 mL), 468N 12 h. A%
A, BB IRV TR R R R, A ad RN R
LY, JF i A R A0 PO R 1 2R QPR B alifk, K%
R =W FH ARE AV AR B 8 I 2 R IR A S AT,
FRRUCRE B H B, S48 & B2 TR B & =Y
PVBT (110 mg). GPC (0-DCB, 140 C): M,=32.5 kDa,
M, =77.4 kDa, PDI =2.38; JCE 5 HT: Cs;HgN,0,8 15
f: C, 75.38; H, 9.18; N, 3.42. sZE&1H: C, 75.50; H, 9.50;
N, 3.39. nPVBT (98 mg): GPC (0-DCB, 140 C): M,=
16.6 kDa, M, =27.5 kDa, PDI=1.65; JC % 7 ¥ :
Cs,H-sN,O,S THHAA: C, 75.59; H, 9.14; N, 3.15. SZIG{H:
C, 75.50; H, 9.50; N, 3.39.
4.3 OFET #4rflE 5K

BN RN i A8 R F T - S e fu 265 44, BL 0.7
mm JE IR, WK 2B 7K. HfZh 12
PR K AR BRER (R MR, Eh)iEsE. ZE K. 7
PR FN IR S48 75 20 10 min, e A 2SR 1.
LS ZRE s Nl I FE R R 2R AR . TR R, VA K
Lb(WIL) A 10. &+ s W R A T E R
il %, %7~ o-DCB, #EN 5.0 mgemL ', LL 1500
remin” ! G IR 60 s, BRIMAEEZ) 20 nm, &9 T
HIEEFEFT 180 CHUB/K 10 min J5, fEHIEMEE
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b R B R A R R S (PMIMA) ) B8 T B8 5 160
mgemL "), 85 90 CiBK 30 min, B3/ HZIEEL
79600 nm, FLZSZ))Y 3.7 nFeem 2. $5 5 7E 2845 s N il it
FENEAR 2595 2) 100 nm JE RIS MR, 5800 gl i
a5 fF 1 H SRR AR I KK A Keithley 4200 SCS Al
Micromanipulator 6150 ¥4 & 7£ 25 S H 3T
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