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Study of Tetrafluorobenzene Based Wide Band Gap Polymer Donor Photovoltaic Material
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Abstract: In this study, a novel tetrafluorobenzene and
4,8-di(2-(2-ethylhexyl)thiophene-5-yl)-benzo[ 1,2-b:4,5-b "]dithiophene based push-pull =w-conjugated polymer,
PBDTA4F, was designed and synthesized via Stille coupling polymerization method, and applied for electron donor
polymer in polymer solar cells (PSCs). It was characterized via a set of methods including 'H-NMR, gel
permeation chromatography (GPC), thermogravimetric (TG) analysis, UV-Vis absorption and cyclic voltammetry
(CV), etc. Tetrafluorobenzene unit is endowed with electron-deficient properties and it possesses the important
feature of intramolecular F...S conformational locks, which is favorable for polymer packing. Tetrafluorobenzene

and its derivatives are also very readily available, commercial intermediates, which will facilitate reducing the

WIS AHR: 2018-07-22

EEWH: BEAPSFERFHERMALBIEJAT170094)

{EEEMT: BE 1983-) , B, BERTA, BIER, TEMRAE: BEYESEME]. E-mail: pingdeng@fzu.edu.cn.
BIEEEAEAN: BF, E-mail: pingdeng@fzu.edu.cn



2 o i w5 4 T ¥ i

synthetic cost of materials. The resulting polymer PBDT4F showed good solubility in common organic solvents,
such as toluene, chloroform, chlorobenzene, which was favorable for solution processed organic photovoltaic
devices. The number average molecular weight (M,) and polydispersity index (PDI) of PBDT4F were measured to
be 2.36 kDa and 1.84, respectively , by gel permeation chromatography with chloroform as eluent against
polystyrene standards. PBDT4F exhibited a strong absorption in the short wavelength of 400~600 nm, with a wide
band gap of about 2.08 eV, which was complementary with that of small molecular electron acceptor O-IDTBR.
PBDTA4F also showed a typical low-lying highest occupied molecular orbital (HOMO) energy level of about —5.60
eV and a lowest unoccupied molecular orbital (LUMO) energy level of about —3.06 eV. The low-lying HOMO
energy level is very beneficial to obtain high open-circuit voltage (Vo) in PSCs. The photovoltaic devices were
fabricated based on the composite films of PBDT4F electron donor and O-IDTBR electron acceptor, and displayed
a modest power conversion efficiency (PCE) of 2.58% with a high V. of 0.986 V. The new polymer PBDT4F is a
promising wide band gap polymer electron donor for the photovoltaic application in PSCs.

Key words: wide band gap polymer; donor photovoltaic material; conjugated polymer; polymer solar cells;
tetrafluorobenzene
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1.2.1 BAk M1 4 ik

¥ 1,4-ZHDUHIK (1.20 g, 3.9 mmol). (4-CLEEMEMY J6) =T B4 (4.46 g, 9.75 mmol). Pdx(dba)s (71.4 mg,
0.078 mmol). P(o-tolyl)s (95.0 mg, 0.312 mmol). Jo/KH 2 (20 mL)/II A Schlenk KN4 . K RIEHEA T T,
MBS FEES, 75 3 K, RIEWE EFIR. ¥ Schlenk KN %E, T 110°C &M 20 h JaAHE SR,
TR EZEBR £ R, FREIRZEHTHE, DLIE Qe Amkse i s 2545 SRR V04 F e b b AT S 25 5, $RAEA 3R
A 1(1.63 g, 75%:87%). 'H-NMR (400 MHz, CDCl3): 7.49 (s, 2H), 7.14 (d, J = 1.1 Hz, 2H), 2.66 (t, J =
7.5 Hz, 4H), 1.66 (m, 4H), 1.40~1.28 (m, 12H), 0.90 (t, J = 7.0 Hz, 6H). HRMS(MALDI-TOF) (m/z): [M+H]*
calcd for CaH30F4S2 483.1798; found 483.1779.

RS E, TEEE N-BAT BT (446 mg, 2.5 mmol) N AFIML AW 1 (483 mg, 1 mmol) [
N,N-—H R LR (20 mL), 80 °C R 12 h A E R, WERZRLHERE, H=8F R
B, R K-S SR W, ToKBRIREE T8 . BRZRR RERE, FEERENTHE, DLIE R kb
W, oy EAS B e I/ SR G VAR R AT A, PRAIAS B 6 [ AR A1S 2R (A [E 1A M1 (576
mg, 2#%:90%). 'HNMR (400 MHz, CDCls): 7.36 (s, 2H), 2.63 (t, J = 7.6 Hz, 4H), 1.62 (m, 4H), 1.41~1.28 (m,
12H), 0.90 (t, J = 7.0 Hz, 6H). ’F-NMR (376 MHz, CDCl;): -140.72. HRMS(MALDI-TOF) (m/z): [M+H]" calcd
for CasHasBroFaSs 561.0727; found 560.9632.
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AR M2 (180.9 mg, 0.2 mmol). M4k M1 (128.1 mg, 0.2 mmol). Pdx(dba)s (3.66 mg, 0.004 mmol)

P(o-tolyl)3(4.87 mg, 0.016 mmol). JG7K H (7 mL)IMA Schlenk N4 A REBAEA G T, HETHFEA
A, PERR 3 K, RIEE BT B Schlenk SME#E, T 110 °C [ 60 h JG ¥4 AN Z IR K SN N
FIEE (100 mL), BiPE 0.5 h, SRR . ERSRYTT, H5HT A3 E AR Sk O e S IE Cbe R IR
B 24h G, A= RERKIER, s =M Ga e 28R4 8 mL, N2 FEE(150 mL)H, gk
PR UTIE Ja HEAT 28 TR A I 2L ([ /& PBDTAF (0.179 g, 7 %:85%). HA ML ME 1 frus. ('H-NMR
(400 MHz, CDCl3) 7.95~7.20 (m, 6H), 7.10~6.90 (br, 2H), 2.88 (br, 4H), 2.56 (br, 4H), 1.80~0.75 (m 52H).

CeHig FF Cathra
Pd(dba);, P(o-tolyl
Buss ﬂ + Br Br 2 )3 ( V)a W
UsSnT s Toluene, 110°C, 20h DMF, 110°C, 12 h CeHys
F F

87% 90%

S
\Sr{ / S} S+ M Pd(dba), P(o-tolyl),
/ s Toluene, 110°C, 60 h

85%
7 s
EH
M2 PBDT4F CeHs
K1 PBDT4F 1145 i 2k
Fig. 1 Synthetic route of PBDT4F
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;3L 4R - H] Mercury Plus-400MHz R AZ #EEAX T =i T 5€ ;. #VE 73 #T(TGA): fE TA Instruments
QS000IR 4% 2% FF R FikAT, THEEZFRS 10 °C/min, LA 5%5 &1 i BRI IR . &
Iy HE 5 1 (HRMS) 70 #7: #E BrukerAutoflex MALDI-TOF 5 i 4% _F #4748 4h- 0] W % i (UV-Vis): H
Perkin Elmer Lambda 20 %4 58 #hAJ W73 St BE i T SR T I 5E ;s IR Z2(CV): 7£ CHI 600 B fb 2 T AR
EHEAT, DU EARON TR, SHZ2 B HR, Ag/AeC LB A Z L HIRR, 7EDU T SN RBERR B4 10 2.1
WP AT, R SO TR E s RAM TR B Waters 1515 BUEHR (% A0 &, Feshii A&, A%
R LIGHIREAE PR AEREAT 77 T B IE

eARYE RERE 7C b 8% 1F R F OS5 6 - SEACARES / B (3,4-T0 2, AL MEW) - 3R (R TR / PBDTAF:
O-IDTBR/PDIN/4H, fiij’5 A ITO/PEDOT:PSS/PBDT4F: O-IDTBR/PDIN/Al. ', O-IDTBR 5 PDIN )4 T
ZiknE 2 P, FREEES, BREMAEM RS Z AP B O-IDTBR RN 1: 1. 1TO B/ K
FHASTRZK S RN S D Bt 7 R B R T I TS, ¥k | PEDOT:PSS, T+ 140 °C T4 10 4% 3G 1=
EVFZAAEA R TR LA 1:1 IEEEEW (20mg/mL) gl (E PEDOT:PSS i - (FEi&Z%: 1500 r/min,
60 s). Fifi J5 {E35 V)2 F iRk PDIN (1 AT (1.5 mg/mL, & 0.25%(RF 0 BOBSER ;s EiRZ%L: 3000 t/min,
30 s)ME B AT Z o B Jm A 289 100 nm AL VRN FARR, #5040 B9 20 AU 4 mm?. £33 R AM1.5G
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Fig. 2 Molecular structures of O-IDTBR and PDIN
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2.1 BHEWE Rk PBDTAF 13- 1E

SO FR N 2K A0 PBDTAF HA RIFHIVEMME, feva T8 &S . TWERR ., 2K, ZORSERF,
B BB 3 Hrill 45 PBDT4F F1E34 5> T B2 0 BUREU0 3)N 2.36 kDa 1 1.84, 8k #4 & 43 112

WA %ISR LT 330 °C, R BIH BATREF K #vEa e Thfg .

2.2 PBDTAFHIE2M R

R451) PBDTAF £ 5 05 BRI IERES 158 b= AT WSO s 4 1] 3(a) s « FE S 07 VW, PBDT4F
(1) 5 A R T e AR R A AT I8 K (homse) 73 A - 475 nm A 582 nm; ZEFEBUIRAS I, H 5 R ST g AR 4 R A
A (Aonser) 73 AL T 500 nm F1 595 nme MWIEVRE BIFEAEILZS, PBDTAF WOLIERILLFEERH, HoTe
[BIAH ELAE I 8, 2 FHERVR RGP . KIEARK:

Egopt = 1240/ Jonset film (1)

THRAR R HO G R BN 2.08 eV B 3(a) s i Fh C AT H LN 7132 44 O-IDTBR RO 1 o A AT
%1, PBDT4F 1 O-IDTBR SR AE i WUt b AT B0 1 BLAMAE o 337 H) -3 K SR E Ve =R 6 i e e 7y
B2 e AR L L
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Fig. 3 UV-Vis absorption spectra (a) and cyclic voltammetry curves (b) of PBDT4F

2.3 PBDT4FH LR
PBDT4F [FIfEFR R 22 M 2 B 3(b) s o A R A3 2R 5 M IR R 463 S8 A HLSE (o) PR U 38 5 HLAVE (@rea)
3N 1.24 eV F1=1.30 eV o LRI AN A B 4.8 eV, TEAER F AT I~ FAL(prrer) N 0.44 eV
PR, fRYE T EA
Enomo = — (ox + 4.80 - prerer) €V = — (pox +4.36) eV )
Erumo = — (¢rea+ 4.80 - grrer ) €V = — (pred +4.36) €V 3)
S EIH HOMO 1 LUMO REZ 53 3 N—5.60 eV F1-3.06 eV. CLAHI/NG T 524k O-IDTBR 1 LUMO BEZ% N
-3.88 eV. EAWIM LUMO figZif O-IDTBR ) LUMO fig 2k 2 AT 0.8 eV, [FIF AW HOMO R85 /0
T RARE LUMO feh 72 KT 1.7eVe Bk, UK EYNZEE. O-IDTBR ARG HETEZR, —JF
T A28 SRS D EAT T 2385, 53— D7 T T AR 3R 45 3 (K T B8 L

2.4 REVKDLRBAHERE

LAZEEY) PBDTAF N4 AR EL O-IDTBR Jy 32 AT RL B i) s 1 1) LI - i IS i et 6] 4 s o 46
PERIFF B HUE A 0.986 V, FEEK LI E FE N 7.53 mA/em?, AFERIFA 34.75%, ReRFE R A 2.58% (i
PRGN 8 A, SFIIME N 2.37%). SRR A S, WAL T2 RLZ IR AR 22, 3 L i FRL AL 2
FERBRF R T %, A, CLREY) PBDT4F N EF L, O-IDTBR MR, RIS 3RS T
M HE. X5 PBDT4F HA K HOMO RegiAt k.
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Fig. 4 J-V curve of solar cell with an active layer of PBDT4F: O-IDTBR
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(1) AT — 0T 2 5 DU G 2R 5L 5 17 B SR A 25 AR MBI PBDTAF,  Hot2f R N2.08 eV, HOMORE

% 5LUMOREZS 4 3 N—5.60 eVAI-3.06 eV, 5 EH1H)ZAKM ELO-IDTBRTE St itk W ISR FEAL £ E 2R - B A 1R
IR UG

(2) 2T PBDT4F 5 O-IDTBRILVRE 4 2 B AR 83 v 3RA58EE 1 VINFT G FL L, SRR R LR
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New WBG Polymer Donor

*HPush unitH Pull unitH~
n
N /x

A novel tetrafluorobenzene based push-pull wide band gap (WBG) conjugated polymer, PBDT4F, was designed

and synthesized.The photovoltaic devices were fabricated based on the composite films of PBDT4F electron donor

and O-IDTBR electron acceptor, and displayed a modest power conversion efficiency (PCE) of 2.58% with a high

Voec of 0.986 V. The new polymer PBDT4F is a promising wide band gap polymer electron donor for the

photovoltaic application in PSCs.
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