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Synthesis of New Donor-Acceptor Copolymer and Its Application in
Organic Bulk Hetero-junction Solar Cells
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Zou, Wenwu"

Abstract Alternative copolymer (PBDTDT) was synthesized from acceptor unit with strong electro-withdrawing structure of
dibutyl malonate in branch chain and donor unit based on benzo[1,2-b:4,5-b']dithiophene. And its thermal, optical, electro-
chemical properties and photovoltaic properties blending with [6,6]-phenyl-C;; butyric acid methyl ester as the active layer in
the bulk hetero-junction devices of organic solar cells were investigated. The influence of different ratio of polymer PBDTDT
and PC;;BM on the photovoltaic properties was also studied. And the open voltage reached 0.82 V, when the weight ratio of
PBDTDT and PC;;BM is 1 : 3, and its power conversion efficiency (PCE) was 0.90%, with ¥V, of 0.82 V, J,. of 3.25 mA/cm?
and FF of 33.8%. Comparing with the poly(3-hexylthiophene) (P3HT) in the same method, the solar cells with P3HT blending
with PC;;BM as the active layer can only get 0.55 V, which can be lower about 0.29 V than that of the PBDTDT. And the
possible factors resulting in low PCE and the higher open voltage than that of P3HT were analyzed.

Keywords dibutyl malonate; alternative copolymer; organic solar cells
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Table 1 Molecular weight and thermal properties of polymer
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Figure 1 Normalized UV-Vis absorption spectra of polymer in

chloroform solution and in thin films.
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Table 2 Electrochemical energy of polymer

Polymer #/nm Enomo Eiomo EffeV  E;leV

Solution Film

PBDTDT 550 615 —5.55 —3.69 2.01 1.86

M,/(kgemol™")  M,/(kgemol™") PDI  TyC T/C

6.808 16.786 246  368.5 86.8
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“ Estimated from the onset wavelength absorptions of the solid films.” Esti-
mated from the onset of corresponding potential

1.2 BEYIKPHAER RS & & E M aERNE

5 AW K B fg WLt (1) 45 49 24 - ITO/PEDOT:PSS/
polymer:PC;BM/LiF/AL. HH 1TO J 7 IR 28 1
K PR S AR P R O 20 min JE, 7EAUVUARR
W, 2% . PEDOT:PSS i J€ )5 LA 4000 r/min 48 Jig
W ITO K B, A WHI PCoBM DAAN [ (1o 2 Lt
AT E AT 54 ZER L v=1 )RR AT
A, MMM T, e )G, £ FEM T
FEERCH LL 1000 r/min [F38E HERR T 1TO b, AR5 7E 5T
ZRIEBEET 1X107 Pa £ F, K LiF A1 AL AR AR 7%
BE R AR, PR EE S A28 1R 100 nm, il &
(B IR A 0.1257 em?, ZEE IR RS b Ag &
SR NEAERRUR B 63 1.5 AM 44T, 1@
it Keithly 2400 Hijit H Hs IR ACREA T 5

http://sioc-journal.cn/ 1523



BHlLE

RGN PC7BM AR i LA i) % 1 28 1 F T 151
PCE WKl 2 iR, fER G5 PC/BM LA 113,
ISINFR 2% KB 1,8- —ly-4e(DIO)VAAT K, Frfs o
4 PCE £ 0.90%, FF#HL & Vo 4 0.82 'V, FiEgHLUL
Jo 155 3.25 mA/em?®, HFEIN T FF 4 0.338, AlAESEHE
# PC,BM (W& =M, BT ¥ E54S, i
PEm B T A R, B 3 R A YRR RS
JEESRM R T 1 BB AFM)E, WEH LA H, a, b
P T 2R84, BOHLRE, HHLL a, b K, ¢ BIMIERITTE
FUHA TR R, WA I S A B, AR
FHE AT (4L T, PR, X S AN 2R R e
RS, A RER PC,BM i YA HER A
Wik, SRS PC,BM A (MY BN, A B
FEAE T AR AT B0 B, (AL Bl T A i e A AN I 48,
ffif3 4 I B A IR R, B8N TR T
(K1, 3R T BRI RIS S EUT 88 F PCE M.

Current density/(mA/cm®)

T T T

: : ; :
0.0 0.2 0.4 0.6 0.8
Voltage/V

B2 EA5¥5 PCyBM JimEMA: 1:1,1:2,1:3 BLKk
P3HT FGAR R J- 1 2k

Figure 2 J-V curves of photovoltaic cells based on polymer
(weight ratio ranging from 1 : 1 to 1 : 3 with P;;CBM) and the
P3HT (weight ratio was 1 : 1 corresponding to PC;;BM), respec-
tively

B3 ab,c iAW PC,BMELEI N 111,122,113
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Figure 3 The AFM image of weight ratio ranging from 1 : 1 to
1 ¢ 3 for polymer and PC;,BM, respectively
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250 mL = PR, o\ 3-MEmy H i JE(4.48 g 10 mmol).
AN & %E(100 mL) ik ERZ84(4.5 g, 53 mmol), 7E
FURRE R, IRE(7.5 g, 46 mmol)il it 1H I =1 3Z i N
=R, RV 24 hJE, NG AR BN R 25 i
R, HBR NI . B S VIR S RN 25 2
TR, F AR 3 R, KRR T, kM
FEEMT A4 (OF bt/ LR B8, Vi V=10 : 1). f33IEF
{6 [E44(4.23 g, 7% 39.3%). '"H NMR (400 MHz, CDCl;)
5:9.79 (s, 1H), 7.33 (s, 1H).

2-(2,5- YRWEWY-3- L5 )N IR T FR()MRE
BR201MCE S . 76 50 mL = U N 2,5- 3% 3-
i FEWEWY(2.69 g, 10 mmol). H R — T FH(2.16 mL, 10
mmol). WRFE(0.1 mL), 7RG TAET, KVIHER 5 h, 6k
Feligth OB, H SR 3 IR, Jo/K iR BT,
WA JZ AT 4l (E b/ SR SR, V2 V=10 : 1),
PR AR (0.85 g, FFER 45%). 'H NMR (400
MHz, CDCLy) d: 7.58 (s, 1H), 7.01 (s, 1H), 4.28~4.30 (m,

2H), 4.22~4.25 (m, 2H), 1.62~1.73 (m, 4H), 1.34~1.45
(m, 4H), 0.92~0.96 (m, 6H); “C NMR (400 MHz,
CDCLy) 0: 166.09, 163.81, 134.51, 131.90, 128.54, 126.54,
119.20, 112.69, 77.46, 77.17, 76.82, 65.73, 30.51, 29.67,
19.14, 13.72.
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(VAT EE) @ V(= Z08)=100 :© 51753 311 ¥ (k5 A1 4
1.1 g, “% 47%. '"H NMR (400 MHz, CDCl3) o: 7.7 (t,
J=24 Hz, 2H), 7.34 (d, J=4 Hz, 2H), 6.89~6.90 (m,
2H), 2.87 (d, J=7 Hz, 4H), 1.54~1.61 (m, 16H), 1.34~
1.45 (m, 26H), 1.29~1.40 (m, 10H), 0.87~0.97 (m, 32H).
322 REMhihe

I 25 mL =10/, IALEY) 2 (140 mg, 0.3
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h, RS, B R BOE R M2 R, JIE, Kk
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MWRE, Edke. SUihde, BaviEabeirn, &
TN B R R, KR, 19 B R AL A
135.5 mg, 7% 51%. '"H NMR (400 MHz, CDCl;) J: 7.98
(br, 1H), 7.69 (br, 3H), 7.38 (br, 1H), 7.31 (br, 2H), 6.92
(br, 2H), 4.28 (br, 4H), 2.88 (br, 4H), 1.69 (br, 6H), 1.36
(br, 20H), 0.928 (br, 18H).
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