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EL @il GRS, 2428 A4 PBDTDT Ml PC.BM i bl 1:3 Hl4c o284, HOIOTEHRIAE T 0. 82V, fgE
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Synthesis of New Donor-acceptor Copolymer and its Application in
Organic Bulk Hetero-junction Solar Cells

Zou,Wenwu?® Liu,Ying” Jia,Qingming**  Ge Ziyi *
(* Faculty of Chemical Engineering , Kunming University of Science and Technology, Kunming
Yunnan Province,650500)

(° Ningbo Institute of Materials Technology & Engineering , Chinese Academy of Sciences.
No. 519 Zhuangshi Road Zhenhai District Ningbo City Zhejiang Province 315201)

Abstract Alternative copolymer (PBDTDT) was synthesized from acceptor unit with strong elec-
tro-withdrawing structure of dibutyl malonate in branch chain and donor unit based on ben-
zo0[1,2-b:4,5-b'|dithiophene. And its thermal, optical, electrochemical 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 0.82V, when the weight ratio of
PBDTDT and PC;BM is 1:3, and its power conversion efficiency (PCE) was 0.90%, with V. of 0.82V, 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 0.55V, which can be lower about 0.29V than
that of the PBDTDT. And the possible factors resulting in low PCE and the higher Open voltage than that of
P3HT was analyzed.

Keywords dibutyl malonate; alternative copolymer; organic solar cells;

A 4 B R U5 75 K48 I LA BN FREE R 3 i, R AR . V5V ) BE VR e JEE, 70 4R KB e 8 U8
KARAEIIEN LA — A VIR, 5 IHIRKPHAE It AR L, B PR BH 8 fayt DR L 4 f B, AR,
B, T R B SE, MRR RN o HRTR 3-CUIEMEYY (PSHT), [NILEAT BT AW
TUAETERI BN, O V2RI, H TR 3- CUEWEWS (¥) HOMO REZ A, 1A% T -5.17eV™, 5 WLA2 1A PCaBM 1)
RAEEIE (LUMO) REZRERME, 7 P3HT L5 PCoBM il 4 1Y) PH AE B ) 3345 v, oo T it B AR ABIS 31 0. 58V, BRI
T 5 3- CURRWEM KB g At ) B S F 3R 4 o A LR S A BRI R B G i A R S 57, AN Rig 5 KB DG
HIVCHES, FEOITHI# KR AR I A RE R AL CR (PCE) MFImAAR, SERbK L i F 45 5 A4k B0, S HT
YR TCA R SR AL D-A RUR A, SR BRGS0 RS, A 3RS M T WS e R 5 O BH Y S
JEREVCHS, JR AL S A BH A G A R AT AR K LA IR SR e e ) R R
k. HATR &R AEHRIBN PCE Tl 9% "o ASCR T EH AL, 2-b:4,5-0" 1 - WEWHE RS IR IC Y
1R T Rk OB 1 52 A B TCEA T AT R A (FDBT 2 D-A SR G, JFRHZ R A S PCoBM AN [ it L il 45 11
KBHBE AT T 04K, 13RI E 0 &R PCBM B Ly 1:3, BRI ARG 2% 1, 8- —fllyke. ¢
XAZAT N PTG as T A 2] T 0. 82V, e HARALE (PCE) Ay 0. 90%, BLEEHLMA: 3. 25mA/cm’, SHFE A T

FF 4 0. 338,
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1 &REWE
1.1 REVHIEMRIE
L L RSP R

REWERy TR G, BSTE G, REYHEEEE (PDDD UL R (Td) R AL
B (T AT TRRL ARGV MEE SR AT T, LU0C/minfid N TR B ASR
JZ (Tg) N 22 m H  E ACAT IR 1 . NIRRT LUE Y, S W0 ifil BE 1L B 7368, 5°C, %
DU R A7 AR E L.

Table 1 Molecular weight and thermal properties of Polymer

KL REDIN 7SR

Mn(kg/mol) My(kg/mol)  PDI T4 (°C) T, (°C)

PBDTDT  6.808 16.786 2.46 368.5 86.8

L 1 25 S WRDG 2 1 i

1 1A 2R 5 A SR OV TR o 1) 38 AT RO 1 ], ARy, SR e 423nm AT UMK B, It 28
Y - LRSS R MR, 1525nmACAT RIS, A TBE R4S AR 0 52 AR BT I 43T Y IR LA AR AR
5 RS IR AL o B o 1y 58 S0 T LIRS TS AR PR 52 A0 P IR S P 2088 T 249 40nm, (AT 5 R B R STHEEA K
LS

—=— in solution
——in film

Normalized absorption

400 500 600 700
Wavelenath (nm)
BIL SR WA S Vs S A0 S JE b () VA — A 28 b m DR i ]
Fig 1 Normalized UV-vis absorption spectra of polymer in chloroform solution and in thin films.
L. 1. 3ZRA Y Ak = M T
SR B v o AT U (HOMO) AR AR AUl (LUMO) A2/ 1T0 K )v bige FERGWIME N TAERM, Ag/AgCl HZ 1L
FLBIC LR A B AR A 0. IM BuuNPFs ¥) LMo i g AT B 1Y), b 2 L AR AE 28R H Fe/Fe+id [0 AT
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We. SEAIIG HOMO FEZR 15 LUMO BEZLSRITI 260 433k HOMO = (1 (BSF (ETSFS82 ) 80) (eV), LUMO=1] (B[S [ glorraesss
i &l

+4.80) (eV) " HELAF Y, ok 4.80eV & NI FIOAES. B (eV) and BEESGLAZ LI ARAE S bRAERY

B AT, ZBAH HOMO 5 LUMO ReZk 41 T-% 2.
2 BEYN AL A R

Table 2 Electrochemical energy of polymer

A(nm) Eg® Eg®
Polymer Enomo  Erumo
Solution  film (eV) (eV)
PBDTDT 550 615 [15.55 113.69 2.01 1.86

* Estimated from the onset wavelength absorptions of the solid films.
® Estimated from the onset of corresponding potential

1.2 BEYAPRAE R A0 & REMRENN E

RAEWRBIRE BS54 1TO/PEDOT: PSS/polymer: PCABM/LiF/AL AR ITORE F 4 v H 2588 7K. A
SR O UE20min 5, EEVTIN A T, & . PEDOT: PSSi g LA4000rpmf% s fig v - 1TOHE i 1.
RAWRPC BMEAAN A (R R LG o3 T80 548 — 50K (1 3) R AW, (oA FHiRE, frsfiz
Jois AEFEH R R OCK LL1000rpm )38 B ek T-1T0 L, ARJ5 76 B A 245 T-1X 10 'padefh N, KGLiFAIALH
WK R ZE B B3 P 2210, W9 IR R BE 4390 4 oA 100nm, R 9 FL it A5 R THT Ry (0. 1257) em’, ZRA WK BH g Ha it

BRI AE R R B3 A 1. 5 AMIAE R, JlidKeithly 2400 HL 3 H s AR ASCGEEA T <

R 5PCBMAN [ JF i LE A5 )45 1 2% PR TAS A PCE L B 2T/, 72 A 5 PCBMB i L Ay 123, S I A 29 (A AR
o1, 8-k (DI0) 4&AF N, FifdssfEPCEILEI0. 90%, JF#HLIK VA0, 82V, K fi il A F3. 25 mA/cm’, H17E
PIFFF40. 338, W REZREHEPCBMAY & G0, 8400 7y @ e, Imde s 2] 1 8RRk it . BI32 2K
EPDCAR RIBIE T Z TS R T ) WA, AP A, a, b TR, BOMKIEE, AHtta, bE, c&
(R T 30 BA SN B3, B U B R o i, AR TR s (AL, S, X AN AR AR H
Vit 2 — B . HARERIPCBMIL T2 e R G, RECR G W AIPC B R AR 73 BN, A3 ™ A 1
Ber ARea R, N B TR RSRAR AN IELL, i Al R BOR 7 2 A MRS R, N T8 T4, G
T RERIBR™ Y, T B FPCERIK.
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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) , respectively.

20.000m

45.00nm 4.500m

40.000m 4.000m
35,000m 3.500m

30.00mm

15.000m
3.000m
2.500m
2.00am

25.00nm
20.000m

10.00nm

15.000m
10.00nm
5.000m

1.500m
100am
0.300m

5.00nm

Onm - Oam

K3 a, b, c/rBIERAYRPCBMELEIA1:1, 1:2, 1: 3 IAFME
Figure 3 The AFM image of weight ratio ranging from1:1 to 1:3 for polymer and PC7;BM, respectively.
M6 4% IIP3HT SR A 0K PH i HLI 25 38 21 T 1. 83%,  JLARP3HT 5 PCBMJF i LU 1 LA I AR LE 1% 119
1, 8 fm . SR PIPBDTDT e i e 4 B AR LU ARG, W RS KA 5 H 1 B 0 KB il iR 499 « AR
TERIBKEE T, IR B, 1 EP3HT % 1 38 U 30 B IR T3, 3B AP 3HT 4 ) R 8 1
I, BT w-w MERL, AR TG RIS, SRR AR, SPSHTARLE, SR-GWIPBDTDTA A& AN 4L i IR F
Her e, TAF)T0.82V, AHXERIPSHT AN L 470. 55V, nJ fiE i1 -F-P3HTIHOMORE L A1-5. 17eV™, ifii PBDTDT[¥IHOMO
REZEAE-5. 55eV, FEM[F]BZARPCBMIFIZEF T, I ER &M ATHOMORE 2 55 PC.BMITILUMO RE 2 2 72 K T-P3HT¥JHOMOfig
HPCBMI AR 2, AL SR -G K BH i PV ) T2 P s 5 5 IHOMOBE 4 15 PC BMIFILUMORE 2R 26 2 S IE LB Fry
AT 2R A ) K B e PO i ¥ 2 H Fs ARDRPSHT i £ (R K BH e it A5 T IR R L s o ARV s K A — BRI 25 1)
FINBIRESYRB e by, A7 Bh T4 s 2RS4 1) I % i s
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AR SO I TR VR A T SRR TR AT, A T RN A AR L ER A, SR EY S AR
PC:BM LIRS il 24 ROK B B Ha i, 7S WA PCABM VA LA 1:3, DL 2%ARFR LUK DIO /A nsmliy, KB BE it
FFis i IE S T 0. 82V, fEiFARAE (PCE) 2 0. 90%, RiIEK LA : 3. 25mA/cm’, SHFRIA T FF 24 0. 338, [AJiN 55 %
HARERAERDGARAAEL PIHT ] % MK At HUMBAL T LEHE, JEA W IT % iR LE P3HT %5 T 0. 29V,

3 SREEMH
3.1 SR

WA TALdrichal JeKE R EA R, JE/KPUZIRIG (THF) JefE 2K EIVE TR Al e b, Rl
BRKo N, N- UL EZ (DMF) W& AEJC KB IREE T4 )5, FL 2813 2R . 42 [E Bruker 22 W]DMX400 AL M3
ACCH NMR, C NMR), UV-2401PC Shimadzu%¢4h-r] WOGIHEAL, Waters 26954ER751% (4154 (GPC) LATHFIE A i sl AH ,

LNEH I BCR AR OHbaAE e Pyris—IE AT CEUAE20 ml/ min, FHELGEZE A 10°C/ min), JR3~ 1 B O

JRAUKANESE PR A E] ), Dektak 150 stylus surface profiler JEJEAX.
32 EWHE
3. 2. 1 HARIA RR
2, 5= RN -3 FF I (1) AR SCER Y et S ke 7F 250m] = EUf R, N 3-MEmy FIEE RS (4. 48g 10mmol), N

AN E B (100m) , FRIREEN (4.5g , 53mmol) , FERIZUBFE T, WE (7. 5g, 46mmol) JH i I8 H I~} 32 i in A\ 2]
— A, &M 24h 5, IIAGRARHRIREIER L B E, HE RN EEIERE. BN YEIN LB TFKE,
P A A =, OKmREE T . fEIRMEN 4t GECKS/ LB OEE, 10:1, v/v). 153k (4. 23g,

yield 39.3%) ., 'H NMR (400MHz, CDCls): & (ppm) = 9.79 (s, 1H), 7.33 (m, 1H).

2= (2,5~ IRBEN-3-ZARF) R T ER(2)  MRAESCER SO . AE 50ml =AU 2, 5- iR 3~
M FEELY (2.69 g, 10mmol) , P P& T & (2. 16ml, 10mmol), WREE (0. 1ml), ZEGRET, KM 5h, ¥
Fejieth 40, SR REAEI =K, OKGRIREE T, bRk ET 4t QE e/ SR LWE, 10:1, v/v), 7=
YR AR (0. 85g 7. 45%) 'H NMR (400 MHz, CDC1,): 8 (ppm) 7.58 (s, 1H), 7.01 (s, 1H), 4.30 (m,
J=12Hz, 2H), 4.25 (m, J=16Hz, 2H), 1.68 (m, J=36Hz, 4H), 1.40 (m, J=44Hz, 4H), 0.94 (m, J=12Hz, 6H) ;
“C NMR (400 MHz, CDC1,): 8 (ppm) 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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Brz C4Hg
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s CH.Cl Br—Ng~pBr Plperldlne 0

I\
Br S Br
1

K1 AR A K

Scheme 1 synthetic route of monomer 2
A4 ARSI A, TR E ATl CHMIE/ = Z05=100: 5) 13303 CORBIMBIAL. 1g, 7=

47%. 'H NMR (400 MHz, CDCls): & (ppm) 7.7 (t, J=24Hz, 2H), 7.34 (d, J=4Hz, 2H), 6.9 (

m, J/=2Hz, 2H), 2. 87
(d, /=THz, 4H), 1.56 (m, J=32Hz, 16H), 1.34 (m

, J=44Hz, 26H), 1.29~1.40 (m, /=16Hz, 10H), 0.87~

0.97(m, /=40Hz, 32H).

R R
S/ S/
/ S 1) n-Buli y S
S P (C4Hg)3Sn S /)~ SNn(C4Ho)s
2) (C4Hg)sSNnCl
s ~s
R R R=2-ethylhexyl
3 4

K2 FARAR) A R

Scheme 2 synthetic route of monomer 4

3.2.2 EAEUINA R

Ry LL J)
Y O,
S o} O

S
(C4Hg)zSN—\ IS\ Sn(C4Hy)3 6 Pd(®Phy),
N

1\ DMF/toluene
B Br
g r--s

2

polymer

Scheme 3 synthetic route of polymer

3 REWERELGR
BN 25m1F4 = U, InAL-&42 (140mg, 0. 3mmol) F4L&HM94 (347mg, 0. 3mmol), JIATC/KH A 12ml,
JeKN, N-— H L F e %3m], EASARY R, MAPd (PPhs) . (35mg, 30mmol) , KN{E120°C Fabfr4s8h, KN

S5, R R OVE R R R, Lk, KOJT TR, ECke S, KRR EZ A, BEEA
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PR EEd, Wk, BT, A RIR A (A E 44 135. 5mg, 2 #51%. 'H NMR (400 MHz, CDCls): & (ppm)7.98

(broad, 1H), 7.69( broad, 3H), 7.38 (broad, 1H),7.31 (broad, 2H), 6.92 (broad, 2H), 4.28 (broad,

4H), 2.88 (broad, 4H),1.69 (broad, 6H), 1.36 (broad, 20H),0.928 (broad, 18H).
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Synthesis of New Donor-acceptor Copolymer and its Application in Or-
ganic Bulk Hetero-junction Solar Cells
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Strong electro-withdrawing group, dibutyl malonate, was easily introduced into the acceptor unit in branch chain, and
the polymer solar cells was fabricated from the obtained alternative polymer PBDTDT, resulting from the polymerization of

the donor unit and the acceptor unit. The photovoltaic properties of cells were investigated and open voltage of the cells can

be higher than that of the P3HT.
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