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Abstract: A new donor material PTT-FTQ for organic solar cell (OSC) was synthesized and investigated. With the PTT-FTQ:

PCBM as active layer, the factors which influenced the performance of OSC such as the ratio of donor/acceptor, the film thickness
of active layer, the various acceptors and the additive were studied and optimized. The results showed that when the ratio of do-
nor/acceptor was 1: 2, a better interpenetrating network between PTT-FTQ and PCj, BM was formed and the active layer has a more
smooth surface morphology. When the film thickness of active layer was 120 nm, the power conversion efficiency (PCE) of OSC
was 2. 12% . Using 1, 8-diiodooctane (DIO) as the additive, PCE of OSC was 2. 18% . The current density of OSC with PC, BM
as acceptor is much greater than that of PC BM while the voltage is slightly lower. This is mainly due to the lower LUMO energy

level and stronger spectral absorption of PC, BM. High PCE of 2. 78% was achieved with PC,, BM as acceptor.
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Fig. 1  Molecular structure of PTT-FTQ
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Fig. 2 Ultraviolet — visible absorption spectra of polymer

PTT-FTQ film and in solution with CHCI,

R T BT RAL T A W) PTT-FTQ (L fb 2= Pk fg, 78
AR 2 9 Aok I %2 HOMO il LUMO 84 . 7 = I i
SRR, LLO. 1 mol/L )Y T HE 7N S B R %% ( Bu, NPF, )
CIEVEWRAE AR, Ag/Ag” fE RS R, R
(Fe/Fe™ )M pidn, L 100 mV/s [ F1 4 3 0t 47 00 &
HF ek (Fe/Fe' ) 19 S AL IR B BE 0 AH X B 25 gE 9l
-4.8 eV, Frih, AR5 24 5 HOMO/LUMO fE4
= —e[E,. + 48] VHE, =E,, —E. , ItELEAY
i) HOMO #1 LUMO REZ DL KRB . B 3 A EREY
PTT-FTQ [ 1 S (K & i &, 1A 45 %, HOMO BB N
-5.14 eV, ULH] PTT-FTQ HRIF MR EM:, WA & 15 M
LUMO fig# ( - 3.30 eV) G F T TR M E. W BN
1.84 eV, X 5REGYE T WO IR 4 T i,
AR5 5 1 BE A9 K PH BB 3R A AR IR
3.2 AZEIFIREEILER TREEENIN

PL PTT-FTQ #4514k, PC, BM %k, BF5E 7 A4



160 Hh [ b ekt

%34 &

ZAR BT 28 v RE TR B )2 0 IR HEAT T
oo MICESRILIE 4, 1, K2 PR,

1.0+
051

0.0

-05| l///

-15 e——————— -
25 -20 -15 -10 -05 00 05 10 15

Paotantial / \V
cowental /v

Normalized Current / a.u.

3 REY PTT-FTQ MR IR % il £
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Fig.4  J-V curves of OSCs with different ratios between PTT-FTQ
and PC,; BM

ME 4 KXF1VALUES, EARSGZEWLHT, &
PERIUE T AR B9 M RE, UL B 3% R 2 09 & B 2 100 nm,
HIEMERIRET, MEZRIEI N 1:2 8¢ 1:3 #f, 4
PRhE B A BE J 76 7. 10 mA/em” B b, BH 8L TF KA
o1l R 14 WA, CHECBIDh 1 20, A R O
BEJ. . FFEEHLE V, FUEFEF FF 48504 7.29 mA/cm’ |
0.57 V. 0.50, AR baiRik B R KM 2.09% . X F
ERE N YL Z A H Dy 1:2 B, PTT-FTQ fig 5 PC,, BM
TE 1l B 5 1 IO 2% 25 4

%1 PIT-FTQ 5 PC, BM 7£ 7[5 b il B & BA Bk FE ith B9 48 < M 8¢

Table 1 Performance of OSCs with different ratios between PTT-

FTQ and PC,, BM

Donor/Acceptor  J,,/mA - cm* V,./V FF PCE /%
1:1 4.79 0.57 0.33 0. 89
1:2 7.29 0.57 0.50 2.09
1:3 7.12 0.56 0.47 1.87
1:4 6.18 0.56 0.43 1.49
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Table 2 Performances of OSCs with different thicknesses of

active layer
Thickness/nm  J_/mA « em® V. /V FF PCE /%
80 5.53 0.57 0.37 1.18
100 6.95 0.57 0.51 2.09
120 7.32 0.58 0.50 2.12
150 5.24 0.56 0.40 1.17
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Fig. 5 AFM images of film surface with different ratio
between donor and acceptor: (a) D/A = 1:1
and (b) D/A = 1:2



2 %

A5 R PRRE B BT 21 3R & W 2 IRbF BH PR BB AIE 5 161

3.3 F{k PC,BM #1 PC,, BM X788 414 &t i 2 i
PC,, BM F1 PC, BM [f] 2 & ¥ i AT AE W, #5A R4
B FERAE S . FATHHIE S T PTT-FTQ: PC,, BM =
1:2 1 PTT-FTQ: PC, BM = 1:2 [ Fl¥ B H 20 mg/mL
FIERIE R o S fhhl st B, #4000 1 2 BEJE 120 nm
224, F 120 CiB K 15 min, £ AM 1. 5 100 mW/cm’
T, MIAER R RE S . B 6 R J-V RR
Mgk, 223 XN MTERES .
2

o

|

n
T
L[]
)
o
©
<

|
[}

-

Fo o4 ......o."

Current Density / mA - cm~
A
T
w
®

|
[o}

0.0 0.2 0.4 0.6
Voltage / V

P 6 ASIR] 2 PR I R B AE Lt B J-V Rl 2

Fig. 6 J-V curves of OSCs with different acceptor
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Table 3 The device performance of OSCs with different acceptor

PTT-FT( -2

cc V.,./V
Acceptors JPCBM J../mA - cm o FF  PCE/%
PC4, BM 1:2 7.32 0.58 0.50 2.12
PC,, BM 1:2 8.29 0.56 0.60 2.78
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Table 4 The device performance of OSCs under different doping

volume of DIO

Viw/Veg  J/mA + cm ™2 V,./V FF PCE(% )
0% 7.32 0.58 0.50 212
1% 7.52 0.57 0.51 2.18
3% 6.74 0.57 0.43 165
5% 6.06 0.56 0.37 1.26
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Fig. 7 Schematic diagram of influence of DIO on mesh structure
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