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Synthesis of solution processable photovoltaic materials
based on diketopyrrolopyrrole

YING Weijiang, HUA Jianli
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University of Science & Technology, Shanghai 200237, China)

Abstract: A new type of D-A-D type triphenylamine-diketopyrrolopyrrole-triphenylamine derivates
was synthesized via Suzuki coupling reaction, in which the structure and the performance were
characterized by nuclear magnetic resonance (NMR), mass spectra (MS), ultraviolet-visible (UV-
Vis) absorption and steady-state photoluminescence spectra, respectively. The compound has a good
solubility, wide absorption spectrum and fine film-forming properties. The steady-state
photoluminescence of DPPE and PCBM blends shows the donor of DPPE is strongly quenched, the
initial results suggest that the compound is a promising candidate for solution processable photovoltaic
materials.
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S EFEE ., DPPEURLEA R Wb, #FDRE2ER e, 76 300~600 nm it B R 58 M I ik
P, REBURH DPP 2—RAEET M TYREMAVLEE, 8 Z AR ERRE . B a4,
Mt A LS A& R A EERARZ EET N THRA R B RE, MEREKERT 4 MBRE TR
B DPP A7 Bl & R IF B MdE, Hik DPP XA RB A T EisFal Y, &, M
DPP A# A VN FEARKBHEE I P I AR R B gk IR TE ™ ), RIL BIFH GRS 0 K F1
HetRrERE, M=k (TPA) R—Hg) ZHTEERMRNRL ), HAeMERS TAYLKMH
REFEL AT R ) IR M R s AT S . BT U LA, &4 T UL DPP Ak, =HKEAAE
B —FEr 8 D-A-D B =2 -k g ik ik — B (DPP) -= %kt 4:% (DPPE), #BixGWER
ISR . SEAOBOLIE R B BB, T RVE RO TR AR, SR RS ML R
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1.1 ISP

N,N-ZHE P B EATK MgSO, THREK, B CaH, BEIWREBUNT G B EZERE; MW nkm A
KOH T4, £ mmBUNetEZRI1E. SEWARR, 2d (FS8HALT ). HamaRmmi
ReRIULH, BATTE e A,

JERTE X-4 RIS ISR BT E; EHM-1T WOEIEAE Varian Cary 500 BI4M60E T Eikfy; S8
HETER A Bruker AM-500 BUAZ ®E LRI 52 ; ik 32 E MA1212 F%UIE; R&EEEIEH
FluoroSENS %G GHEX I RE .
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Fig. 1 Synthetic route of DPPE

1.3 ARPBSERRIE
1.3.1 &Y 18R EFIE
7E 250 mL = O A 100 mL SUREE, FHEEREES] 40°CIEMA 4.2 g 8122, 90°C TR M
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2.5 h. FBERZ 60°C, MMA 10 g 2-FEEY, TR, A HEBEEA Il TZBR_RHE. 5%
FHEZ 90°C, KB 10 h. #EILRMJE, IIA 30 mL BERR, B, idmuk, 753 6oH ™ 5 P EE
W, Padik, BIAROEEE, =R 75% ), mp: 143~144°C, '"H-NMR (500 MHz, DMSO-d;
107). &, 8.15 (dd, 1H), 7.92 (dd, 1H), 7.24 (t, 1H).
1.3.2 L&Y 2 HAERSFRIE

#£ 100 mL = OB, A 2.0 g (6.66 mmol) HbA# 3, 2.76 g (20 mmol) K,CO;, B
P, A 45 mL £BEH DMF, fI#AE 120°C, &% 1 h. EEHGRRHEEHEA 3 mL (16. 6 mmol)
ER¥ER (BT 15 mL DMPE), f#E 130°C, KM 24 h. LR, ¥RMBEA 600 mL KH, #i
e, trl Bk, ik, AAMWME : —&F k=2 1 HEN, BRIFaEK 2.2 ¢, =X 63.2%.
mp: 142~144°C;'H-NMR (500 MHz, CDCl;, 107°): &, 8.94 (d, J=4.0 Hz, 2H), 7.65 (d, J=
4.8 Hz, 2H), 7.29 (d, J=5.0 Hz, 2H), 4.08 (m, 4H), 1.75 (m, 4H), 1.48~1.18 (m, 20H),
0.88 (m, 6H).
1.3.3 &Y 3 NARSFRIE

100 mL BT OB (B4R FIMA 1.58 g (3 mmol) kA5 4, NBS 1.12 g (6.3 mmol),
50 mL CCl,, REMAY, WK 48 h. FIERMN/G, FERPIMAFPBRERILE, REREERG,
MMFREAE VR, WUk, B8 1.53 ¢ FAEMK, % 74.7%. mp: 194 ~195C, 'H-NMR
(500 MHz, CDCl;, 107°): &, 8.69 (d, J=4.0Hz, 2H), 7.25 (d, J=4.0 Hz, 2H), 3.99 (m,
4H), 1.72 (m, 4H), 1.44~1.24 (m, 20H), 0.88 (m, 6H).
1.3.4 L&Y 4 HERSFRIE

FE250mL =M MA 8.8 g (40 mmol) XFHLAEE, 8.5 g (44 mmol) IEW ¥4, 10 g
(80 mmol) K;CO;, 6 g (40 mmol) KI, 80 mL DMF, &SA#¥7. 90°C FHHE 24 h, BIAKT, =¥
AE R, BK%, K MgSO, T, AAMEBERETS 2 REABE, ™3 86.3%.
I'H-NMR (500 MHz, CDCl;, 107%); &, 7.53 (d, J=8.8 Hz, 2H), 6.66 (d, J=8.8 Hz, 2H), 3. 90
(m, 2H), 1.75~0.88 (m, 15H).
1.3.5 &Y s HARSHRIE

TE 100 mL = OB IIA 4 g (6 mmol) L& 4, 560 mg (3 mmol) FKEE, 0.4 g SBIEZ k,
0.4 g CuCl, 2.54 g KOH # 35 mL 2K, FSMAP, MHMER 24 h. RM5EE, BEESSCESL,
ABERERAK, B, BIEKE, €T, Hamb - —8FK%=38: 1 B, BIAREAE
% 1.90 g, =% 63.3%. ' H-NMR (500 MHz, CDCl;, 107°), &: 7.28~6.83 (m, 13H), 3.95 (m,
4H), 1.80~0.92 (m, 30H).
1.3.6 L&Y 6 HERSFRIE

7E 50 mL BB IMA 1.5 g (3 mmoD) EH 5, 534 mg (3 mmol) NBS 20 mL THF, &
S, FEOCTFRM 3 h. EMBEBIAKS, AZEHLEZER, JKMgSO, T4, Si&, kt. A
AR —EF =8 1 2N, EESHT, B HABMWK 1.58 g, XK 90.8%. 'H-NMR
(500 MHz, CDCl;, 107%); §, 7.23 (m, 2H), 7.01 (m, 4H), 6.79 (m, 6H), 3.92 (m, 4H),
1.77~0.92 (m, 30H).
1.3.7 HE™% DPPE &R 5RAE

D BUFRANTHRI/E, 7 25 mL RIRRMEHFIMA 1. 16 g¢ (2 mmoD) &Y 6, EMIHEIEE
A 10 mL EZM THF %%, —78°C TR 0.5 h. BB THEA 1.9 mL (3 mmol) T, KA
30 min JFHEA 0. 82 mL (3 mmol) WEE=THER, KM 2 h. NAGEYLREH, FREMN 2 h. R
RS 3 mol/L LR, WWIBEASE, ELEBRBRAEENL, i pH=1~2, FHKNEAS
B IR AIR K,CO;, BB EANEHARMTAE.
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2) £ 100 mL Z O A 341 mg (0.5 mmol) &% 3, 1 g K,CO;, 5 mL K, #{E
[Pd(PPh;),], 20 mL THF, £ 50°C F4##F 30 min. ¥ 1 F EEBKRALEEA=ZORS, ER
15 h, EERMN, 4%, RERBR. XK E THF, CH,ClL, %%, J/K MgSO, T4, S, i
+. HAmE : —EF k=2 1 RN E 4B R 647 mg WEAREMK, ™% 85%. 'H-NMR
(500 MHz, CDCl;, 107%), &, 8.98 (d, J=4.1 Hz, 2H), 7.46 (d, J=8.7 Hz, 4H), 7.33 (d, J=
4.1 Hz, 2H), 7.08 (d, J=8.9 Hz, 8H), 6.91 (d, J=8.7 Hz, 4H), 6.85 (d, J=8.9 Hz, 8H),
4.10 (m, 4H), 3.94 (m, 8H), 1.78 (m, 12H), 1.45 (m, 12H), 1.31 (m, 48H), 0.90 (m,
18H) ;*C-NMR (125 MHz, CDCl;) §: 155.99; 139.85; 127.07; 126.82; 119.56; 115.37; 77. 35;
77.04; 76.72; 68.28; 31.84; 30.05; 29.40; 29.35; 29.27; 26.95; 26.10; 22.69; 22.65; 14.13; MS
(ESD m/z (%): 1523.1 ((M+H]", 100).

2 HR5WR

2.1 fE&PNERITE

HEHEAEY 16, RMVEFERSMAY, BIEERERR T ARSI REE; hE4Y 2 WaRP,
FERHm#GR S 1 h JFEMARELE, BRERE=%; 3 28R B hmEik, ApEfEE R
AR A R R BRBCE Y AR, RACH DAUECRE 2 : NBS=1: 2.1 8B b B iE, Hi, BR™
YIa] LR AW EE 2 PIRMR 5 A R R, ENSI/RERMAS#HIT, —HBFEREIE,
FIORA, MABBRE 10%AEAFIT UAER LB R, LAY 3 T 6 @it Suzuki HEEFIH
¥R7F=%) DPPE, T2 RN EHITHEETRERK, KFEYE5REI8%RE. RiES6EHiE.,

DPPE ZEEAEMEN DA RFHEREYE, BHERRERRER LB R—EEE; F#, DPPE M
PCBM B e A I, B IIZAL &Y R —FE7E R ATV O T e e R A1 8L, BT LA AT b il A=
1k S R 45 K B BB HR b 2% 4
2.2 &R
2.2.1 AeB YRGS WIRIBOK %

& 2 >4 DPPE )& 45 % ¥ 1B 04 28 410 W] 0 TR e o't
&, WETE 300~400 nm Fl 500~700 nm & WL, 4351 081
R DPP MR ER M, WEERF LIRS . 4
AP R BB MBS, REOLERKK
% . DPPKRi4Y) (DPPE) MM EKZ —E
REHAT WEX MR KFLE, EitkEAE DPP Bl e
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2.2.3 RERE

W ARG/ ZRR G YRR RSN LT AT RIBE S /e B3 ER, BhE
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Fig. 3 Measurement of the optical density of Fig. 4 Steady-state photoluminescence of DPPE and
DPPE films and DPPE/PCBM (1 : 1) blends DPPE/PCBM (1 : 1) blends (spun from chloroform).

PCBM #BFUBER (~95%), PEBI7E DPPE #l PCBM [AA] §E R4 T L F/RE 1534, ¥BE T 610 nm
KFEBHE T, WUBRBIEEBER . XS TRERRERTFH S FY 8K E A= XS,

3 Hig

u DPP FIERE, 29t 5 /RE RN Suzuki (HER S 28 R N3 8] B An7=4) DPPE, 4588
WEERIERIE, Wi Z, LAY DPPE ZEF &, &%, &5, WEmEE HER PHENR
tﬂfﬁ!&ﬂﬁ#&fﬁ e, SN SEEE SR AFE S . Bi57=Y DPPE MRS AIRETER] WOk XA J8 i R U,
FF HV] AR 45 PCBM IR GEIRBUE . XA B BAG MM . BUBRPE 58 RIS 7 DPPE 1k
AN FAKR RS KHaEmR M, HERAT TR/ FIERERR IR EA R T,
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