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Synthesis and Photovoltaic Properties of Novel Benzodithiophene-Based
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Abstract: Two kinds of polymer donor materials based on the rigid and planar benzodithiophene units
and fluoro-substituted thiophene[ 3, 4-b]thiophene units were designed and synthesized. The photo-
physical and electrochemical properties, morphology of active layers, and photovoltaic properties of
two polymer donor materials were systematically studied. Compared to PBDTBTs-TT (with 6-position

of benzothiophene substituent) , PBDTTBs-TT (with 2-position of benzothiophene substituent) exhib-
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ited an enhanced photon capture capabilities, thereby increasing the short-circuit current of the de-
vices. With IT-4F as the acceptor material, the energy conversion efficiency and short-circuit current can be
improved from 6.43% and 14.21 mA/cm® for PBDTBTs-TT: IT-4F to 7.06% and 15.32 mA/cm® for
PBDTTBs-TT.IT-4F, respectively.

Key words: organic solar cells; polymer donor materials; benzodithiophene; fluoro-substituted thio-

phene[ 3,4-b Jthiophene
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1.2 LA

1.2.1 LEW2HMER

76 50 mL = EH PRI AL A 1(1.05 g, 1.41 mmoD) Ml 20 mL THF, 7 N, A H F . KR E
—78 “CL, & MA n-BuLi(2.2 mL, 3.52 mmoD , i} 2 h, FAIA=H &L (4.2 mL, 1.0 mol/L),
SRIG RS S 35 C R ML 3 he W EI B Z WG WU 2808 L BRI 720K & B rh 3R 47 T 45 & 5 30 a8
KN 73.40% ' H NMR (400 MHz, CDCly, &) 8.04 (s, 2H), 7.95 (d. J = 8.0Hz, 2H), 7.66
(d, J] = 8.0 Hz, 2H), 7.41 (dd, J = 12.0, 12.0 Hz, 4H), 3.05 (d, J = 4.0 Hz, 4H), 1.71 (dd,
J=8.0, 16.0 Hz, 2H), 1.51 (m, 10H), 1.35 (s, 8H), 0.94 (q. J = 8.0 Hz, 14H), 0.53~0.26
(m, 18H), ¥C NMR (101 MHz, CDCl,, §) 142.75, 142,33, 140.83, 140.37, 139.63, 137.19,
136.39, 130.65, 128.74, 126.90, 125.73, 123.57, 122.18, 42.16, 39.20, 32.16, 28.75, 25.41, 23.01,
14.13, 10.77, MS (MALDI-TOF) of C,sHy, S;Sn, for [M]7: 1 068.80 ; found: 1 068.80,
1.2.2 PBDTBTs-TT & B

25 mL W A i ALES Y 2(200 mg, 0.19 mmol), TT (87 mg, 0.19 mmol), Pd(PPh;),
(11 mg) .2 mL N,N-ZHIEH A 3 mL 2R, 78 N, L 110 "CTR [ 2 he S il 20 22 % i
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Fig.1 Synthesis of PBDTBTs-TT and PBDTTBs-TT

J& 7 T BT TR Al A R A . S T PR L O O e L AU e R I R T S DR AR
A A B 5 R AT RE 2 M 0 B . SR 28 1R R 4 R S AR A T B R R 2 b S R TR Al
e LT R 4l 5 B [E & PBDTBTs-TT (165 mg) ™ #%4 85.00% .,' H NMR (400 MHz, CDCl, ,
&) 8.13~6.12 (br, 10H), 3.49~2.80 (br, 4H), 2.07~0.48 (br, 45H), (M,= 2.2X10"'g *« mol ™',
M,= 4.3X10" g+« mol™ ', BEW/EIEE N 1.95),
1.23 HUEWMIWEN

12 50 mL = R R M AL &Y 2 (2.17 g, 2.93 mmol),40 mL THF, 7 N, 5 Bl T, FF &
40 minZE —78 CJg . Z i A #-BuLi(7.0 mmol, 4.5 mL)Z /% 2 h, fHIA (1.0 mol/L, 8.8 mL) =
FAAG R ] 35 CT N 3 he VW RERG T 28108 BRI 75 T0/K S BE rh A7 245 15 2
R RPN 79.80% ,' H NMR (400 MHz, CDCly, &) 7.93 (s, 2H), 7.86 (d, J = 8.0Hz, 2H),
7.64 (d, J = 20.0 Hz, 4H), 7.45 (dd, J=2.4, 8.0 Hz, 2H), 3.04 (d, J = 8.0 Hz, 4H), 1.67 (dd,
J=8.0, 16.0 Hz, 2H), 1.51 (m, 10H), 1.35 (s, 8H), 0.94 (q. 12H), 0.53~0.26 (m, 18H),
¥C NMR (101 MHz, CDCl,, &) 143.66, 141.73, 140.66, 138.21, 137.57, 133.84, 130.68, 126.69,
124.54, 124.13, 122.44, 39.10, 32.40, 28.82, 25.62, 22.97, 14.14, 10.81, MS (MALDI-TOF) of
Cis Hs, S¢Sn, for [M ]+ caled. 1 068.80 ; found: 1 068.81,
1.2.4 PBDTTBs-TT B9 & X

25 mL WO mALESY 20200 mg, 0.19 mmol), TT (87 mg, 0.19 mmol),Pd(PPh;,),
(11 mg),2 mL N, N-Z HI B F B e F 3 mL FH2R L FE N4 110 C R R 2 he RVIREH R ER)S .
FE R R R B S B R A E AR, A B A R LI L O bE S BV R A A S VR
158 B E R, 55 S RIEATREZ M 40 B . HEUE0H 28 18 Tk 0 T A O T RO O R B T B 2 h S R E DT
R g VML TS B 4l 72 5 A (9 [ 4R PBDTBTS-TT (156 mg) 72 %k 80.00% .' H NMR (400 MHz, CDCI, .
&) 8.13~6.66 (br, 14H), 3.38~2.86 (br, 6H), 2.09~0.44 (br, 68H), (M,= 2.8 X 10" g * mol ',
M, = 7.6X10" g+ mol™ ', BEW/HIIEEH 2.7D),
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o WA AL E= 1 240/2,,,PBDTBTs-TT Al PBDTTBs-TT St B 43 54 1.61, 1.53 eV,
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Table 1 The photophysical and electrochemical data of PBDTBTs-TT and PBDTTBs-TT

Optical properties Electrochemical properties
SMs Aabs?/ Aabs?/ Aon®/ E®V/ EosEd®/ Eu,EL?/ E®/
nm nm nm eV \% eV eV
PBDTBTs-TT 631, 674 631, 689 770 1.61 1.20,—0.78 —95.62,—3.64 1.98
PBDTTBs-TT 653 659, 707 809 1.53 1.17,—0.65 —95.59,—3.77 1.82

1) Measured in CHCljsolution; 2) Measured in the neat film;3) Estimated from the absorption edge in the films;4) The onset poten-
tial of oxidation and reduction as referenced to ferrocene (Fe)35) Euy= — ( Equ, ox + 4.8 eV) and E;. = — (E oy, rea T 4.8 €V). The poten-

tial for ferrocene vs Ag/AgCl is 0.44 V;6) Calculated from the CV measurement.

22 mBFEMERE

PBDTBTs-TT fil PBDTTBs-TT BJHLfb2# (CV) PEREWNE 3 rsn . k8 WL 3% 1. PBDTBTs-TT &
b /3R A B 4 B 1.20 V 1 —0.78 VL, PBDTTBs-TT [ & 4k /38 J5 e i v (7 43 5 Ry 1.17 V
—0.65 V,[H L, PBDTBTs-TT f PBDTTBs-TT ¥ HOMO F1 LUMO BEZ% 4 3y —5.62, —3.64 eV
M—5.59, —3.77 eV, %Z5H %W ,PBDTTBs-TT,PBDTBTs-TT HA M1 HOMO fE%% .

2.3 FiRiERE

Wi E ITO/PEDOT PSS/Polymers: IT-4F/PEN/Al 48 R 45 ¥ . R BWEIE T 4% F 4546 % 61k
PERE Y SZ IR . 38 o AT 15 PR 2 R A kL 32 B R 5 R B LA AR R 0 R B R 2 R R TR EGR ok
(thermal annealing, TAWREE (¢, D507 KA T B il s 50 B A R 50T 3k
PR R U - R 2R (J-V <R L HOBAR M RE R W 2.
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Fig.3 Cyclic voltammetry curves of PBDTBTs-TT and Fig.4 The J-V curves of PBDTBTs-TT and PBDTTBs-TT
PBDTTBs-TT based on photovoltaic devices

#& 2 EF PBDTBTs-TT #1 PBDTTBs-TT R 28 MBI 4 RE S )
Table 2 Photovoltaic properties of PBDTBTs-TT and PBDTTBs-TT based on photovoltaic devices

Active layer w(DIO) / % Voe/ V. Jo/(mAeem ) pe/ Y qeee/ %
m(PBDTBTs-TT) : m (IT-AF)= 1: 1.2 0.83 11.26 44.73 4.17
m(PBDTBTs-TT) ¢ m(IT-A4F)= 1: 1.2 (1,, =110 C) 1.0 0.79 14.21 57.20 6.43
m (PBDTTBs-TT) ¢ m(IT-4F) = 1+ 1 0.83 10.78 43.71 3.92
m(PBDTTBs-TT) : m(IT-AF)= 1% 1 (1,,=90 C) 0.5 0.79 15.32 58.26 7.06

M 2% 2 ], % F PBDTBTs-TT, B4 2K RE oA 1 L2, 3 1,8- o ke (DIO) i Fi & 4
ol 1.0%  HGR KGRE R 110 C B, ppe It KR 6.43%, Horp, V. =0.79 V,J . =14.21 mA » cm °,
Dee =57.20% . MEZRFREN 15 1,0(DIO) K 0.5% , #GE KR E K 90 CHf, 3 F PBDTTBs-TT
ER BRI 9o MT7.06 %0, Hoh V. =0.79 V, ] . =15.32 mA « cm *, 9., =58.26 %, diutal i,
PBDTBTs-TT # PBDTTBs-TT 8 F7E 2 it R Kb 5, H T F g #0424 5 . (ERE W,
FEGF B HL - BT 2 E e gt IR A R PBDTBZT-DTHBT (g, = 7.30%, Ve = 0.9 V, . =
12.93 mA » em™?, 9, =62.73%) ,PBDTBTs-TT
F1 PBDTTBs-TT 4 J .#BFE 12.93 mA « cm * DY 100  _g— m(PBDTBTs-TT): m(IT-4F)=1:1.2

. . o N —e— m(PBDTBTs-TT): m(IT-4F)= 1:1.2(1,,=110 C)

b X R TT BITHE N B+ 500 . RE 8 A 2L —a— m(PBDTTBs-TT): m(IT-4F)=1:1

N , —v— m(PBDTTBs-TT): m(IT-4F)= 1: 1(¢,,,=90 C)
S, A B e e T . M T PBDT-
BTs-TT,PBDTTBs-TT 9 J AW B, X
W BDT Soo 55 5L A A AL B 59 AS [\ 23 52 T
etk ERE . it — LR OB IR B RE .
MR TN [F) 25 48 F 8 148 19 40 i F 30K (External

80 +

External quantum efficiency/%

Quantum Efficiency, EQE), & R WK 5 . 300 450 600 750 900

Wavelength/nm
PBDTTBs-TT iB ‘k #3 - 7 380 ~ 480 nm #1 580

~ 800 nm 4k 7R T #id T PBDTBTs-TT f) EQE
{ - 76 690 nm LI BRI N 64.6 20, K W] PB-
DTTBs-TT HA 538 1906 74l 2 0 e £ i 42 g
R R B 6 AR RICR S 5 A OB O T ¥ Ak

B 5 PBDTBTs-TT #1 PBDTTBs-TT 3¢ {X 28 489 EQE fi £k
Fig.5 The EQE curves of PBDTBTs-TT and PBDTTBs-TT

based on photovoltaic devices
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BT
T3 A o 3 3k 18] A R ) g (SCLO) Mk, BF 58 1 i 40 109 Vi A% a1k BE o i ok ) B 25 /XA
(ITO/PEDOT: PSS/ 1)z /MoO, / AD Fl B, 18 fF (1T O/ ZnO/E 1 2/ Ca/ AD M 1K 45 2 &5 14 1 25
JOFIH IR R 30 M OCHUE W3 3. 45 R B W], 3T PBDTTBs-TT: IT-4F & {4 1) 25 /XA oL 1T B8 A AR
WS4 e XA A TR AR L T/ A O B RCR N TR S de 1F T AH L XS TV INAE R —E
%3 HTF PBDTBTs-TT 1 PBDTTBs-TT ¥ KBS R F IR E
Table 3 The charge transport properties for PBDTBTs-TT and PBDTTBs-TT based devices

PBDTBTs-TT.IT-4F PBDTTBs-BDD: IT-4F
Active layer
Spin coating Thermal annealing Spin coating Thermal annealing
pn/Cem? « Voo sl 1.64x10° 2.12x10°° 1.70x10° 2.67X107°°
po/Cem? « VoL e s71) 1.72x10°9 1.84x10 7.76 %109 5.89%10 7

3 & it

Bt G B T PR EE T RIS 1 4548 BDT f TT ST RS W4tk #4 8 PBDTBTs-TT #l PBDTT-
Bs-TT., RGM5E 1 BDT M GE QR ITEEH X 2R G Wy AR R P B BE » H Ak 27 1 BE RO AR M R 52
W, BF5E R I, M8 T PBDTBTs-TT, PBDTTBs-TT 3 5 H A 8 38 ZU A mom e A% g i, 3 31 B
2-WRAR R IF e W U B 5 LA AT LARKSE 20 (8] mome HERR, AT A R 20 10 1 T 1 o A OGIR MR
MR — 25 & B, 7E 5 52 (AR B BB % VT L AT U B4R 1, PBDTTBs-TT b PBDTBTs-TT ML 4T,
Horp 3F PBDTTBs-TT . IT-AF (88 4F 8on T 5w i tm b, Hie Kk EQE Hik#] 777.39% ./ F F
TR E 0 T o LA IT-AF S Z KM B, B2 F PBDTBTs-TT: IT-4F [ J6AREFAF ppee BT T o 5351
6.43% 1 14.21 mA « cm *, (i3 T PBDTTBs TT: IT-4F )6 R 215 npee T T AR RS S T 7.06 % F0
15.32 mA » cm 2,

S & k-
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