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Non-fullerene Organic Small Molecule Electron-Acceptors
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Abstract To achieve high efficiency organic solar cells (OSCs), the development of donor and acceptor materials for the
bulk-heterojunction (BHJ) blend is the most important part and has attracted great interest. So far, the study of donor materials
is still dominant and devices with efficiency exceeded 8% are reported by many research groups. On the contrary, the devel-
opments of new acceptor materials are relatively limited, and most of them are focused on the derivatives of fullerene. Re-
cently, organic small molecule acceptors (OSMAs), which are potential alternative to fullerene derivatives, have drawn sig-
nificant interest. Compared to fullerene derivatives, OSMAs are much easier to be synthesized and purified, and the bandgap
could be finely adjusted by proper molecule design. Recent reports on OSMAs show great improvement and the efficiency has
reached 4%. In this review, several kinds of OSMAs, covering new molecule design and application in device fabrication are
comprehensively introduced. Finally, critical challenges that determine photovoltaic performance and prospects for future
directions are discussed.
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Figure 1 Structure of bulk heterojunction (BHJ) solar cells
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. 47E CO)—CO)EP G Im—A 75, At
FVRIR, B TR R 57 B HES 99BF 15— ANk
POZ, EAERE AT RRER, Bk BEA 12048
) PR B e A sk, AT DA e AR e s o e A,
T 045 110 B BE A 5L B8 0 i n s e 3 ok SE B, TR b
99'BF &t Lb & By 5 R 3% 14 52 4L A REOMO 1 4 0 1)
LUMO FeZR e 1R 75 by Huil ok 57 75 PR (¥ 41 [ 55 R
W, T RSB G RN AR B LUMO 22, Afijssb
K BH B HLTh R RE BT R, Wudl 2515 5% T 9,9 4 4
A 32~33, Hh bl 12-3,6- - H 4 3k~ -9- W H
F)-12H-—ZKIF 5 (D99'BF, 33)& A, ‘&5 P3HT (1)
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LUMO 7 HA470.12 eV, {HEHIFER P3HT VUL 2% A FH
ey, WEPEZM P3HT © D99'BE 4 1@ 1.5 JB4A, 205
1 Al, Ba #1 --Bu-PBD-SO;Na/Al 1E %, W57 %I Ba
VERIRRISE, Voo PTLARLE] 1.1 V, it Jo=3.9 mAecm 2,
FF=40%, PCE=1.7%, uF&32 A2 [A] 56 1 LUMO 2%
HAIE BT B b Ziifr), 1 P3HT : D99'BF 4 10 1.5
TRA IR Hb T, S i) Ve ik B 1.2 v, IXME S B
WALEAL, VEWILEAR ST Ras K Re i p v, (i
AW PARMHAS R 2 AT R,

g

Ry

C@QO
(3

MeO OMe

D99'BF
33

31aR'=OCH;, R? = H
31b R' = OCy4Hye, R? = H
31cR'=H,R?=Br
31dR'=H,R?=C

31e R' = H, R? = COOCH,
31fR' = H, R? = OCH,4

Bl6 Az ik
Figure 6 Bifluorenylidene derivative acceptors

WK IS MR G I S 77 % m, BA5EW
WEISALRI Gk, & — I I BEAR S AR R, LI 2 o3
BT N Z AR BLRIE R 280, JETT B8 i s # L 4R
e, ARG LGRS, DRI e 48 A vy DA it 19 0 6 2
WL AR RGNS B RERIAE T By, BNy i
WA AT LG IR, B s AR R R R, A9 3 s
ESIEAOD

6 Mg IHFNLg —ER(DPP)3E

DPP /& — 2547 fi St IL A RO, 1 T DPP A
5 LUMO #1 HOMO REZLARLLIRAR, W it FHE (DL =36
FH L R LN — R B B A W) I 5 I AT DAE— 28
SRS L TR, M T TR 52 b

Sonar ZEE LT 4 FPLL DPP #0244 AR
(34~37), T & 1R WEwy SR s -] DPP
W Z TR A B B, XSS RERL ) RE B4 (1.81~1.94
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eV), H P3HT 1EA RS e TR A HIFE i, 230 30% i
Rt 42 35, PCE=1.0%, L V,.=0.81V, J,=2.36 mA
cm 2, FF=52%. 94k, RNRMEEFIN S ErE et i
Wi: %F 34 F135, FORAEW RN PERR R, XF 36137, H
SRR EL I Erid. 2B L, Karsten 25187 DPP 1) 2
Ao I N TR LTI, S RCT 38 F 39, RILEESL
IR YIH) LUMO REFFK T2 0.4 V, il K
5 7 [ 3 THI (1) i AR 2, 2 3 A B T H 1A
B, BT LA S E0O6 AN S I BRI, DRI T R
W AR, PRI E 38, L5 P3HT AL (1R
%, 80 C TRk 5 min 281, V,.=0.52 V, J,=1.93
mAscm %, FF=31%, PCE=0.31%. 4 PB4 7Fix
T A REZHEI, 2012 FEAATH = 28k 4tk
JGv DPP N ARHIG, AT — =4 A RVNY T S
(TPA-DPP) 40, 5 P3HT A& KBHAEH M, T
LUMO A8 s (—3.26 eV), HLHL Vo is % 1.18 V, R
1.2%, 2013 £EABATTOS A i T —ANERTE > T 41, X5
FAET DG A AN g W, T HAEIR PRl P3HT
IR UL, LA P3HT/DBS-2DPP ik 1k /2 1) Ha i i %
A LLIAF] 2.05%.

DPP 52 AR ] WG X A 5 i Has e, 5
P3HT REZLULHL, TR T, 5 P3HT MR A K
RETE AN K RS RS 4%, fefh A B s I RE R 5 10
W AHJE, HATHGE R DPP 2R MR T Bl
DG IR, 5 — Sl P AR R AL A 7 2 2
i D-A W51, X2 A A R BE () 4% v B Rk )
LUMO fedt, BEAK T X2 AMBHEE . Bk,
A ZELRIE DPP 22 AR RMIL S IR G M RE TR [T, B
X ZEMEHY LUMO, £ & S5 e el gl & nT
e — MR UF TSR 1.

7 HipyhaFEE
71 EEBMENTESE

SEBREE N P R AP AT B L
HAERZ KR Chen 25171 DLFKF 4 (CuPe) 1E 2 44,
4,4' 4" = (2- LRI IR = RN AR 4 AR 4 il 221, PCE
LA F] 1.03%. £ EFARMLLEIN F JET R N4
JE KT 1) n BURFAE, 100, 17N 5K 42 7E37 80,
WEOFET)H MM FiEBREH 5x10°°
cm?eV ST 2 42 Bk SRR A ODUZ S R4 H
W, PCE 5% 0.18%, FHEEKEACHE 0 NI A,
PCE #25%3 0.56%%. Torres 2577V 4 7 — & 5 AL
AR RS, 78 DX SR L 52 A4 B 252, 43
h A IR A g RS AR RO B, iR 2] 0.96%,
H J.=2.1 mAescm ™%, V,.=0.94 V, FF=49%. 4XIfi,
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B 7 st i (DPP)ZR 32 4k
Figure 7 Diketopyrrolopyrrole (DPP) derivate acceptors

EANCRAT IR L & 47 0 2 AR AR ROR 22, RS
(1 J5 R G s TR P K5 R IR R A, R
S R F BRI A B S SRR 4 . Jones 2 7Y)
KIL, K 43 HFF 3l (44) n] IR RCR, LL44 %2
A PR A 25 AR BRI B8R 0TIE . 2.68%, ‘BT
W H AR, AT 131 V. R R e AR R Y B
K5, 43 P4 T IE MM S HOMO 1 LUMO R Z 12
74, [ LT R A Bt KA. Verreet 251717
T T PR S AR IR A AR B 45, SR
WS e 5T 1T L5 0 A S TR 75 P IR AT 0 e, A TR I T 7
45 RZE A BN BR S AE %), Kt J.=78
mAecm 2, Voe=0.95 V, FF=54%, Xt J& 418 (1)t i %
HIAEE B b ZARRUZ G R —.

Chin. J. Org. Chem. 2014, 34, 1021~1033

© 2014 Chinese Chemical Society & SIOC, CAS

72 ECNENYF

AU E &AL, ON R B i 35, 1R %
IEAARPRLER AT LLZERE ON B4 I S Ak 2 AR R 461!
JE T AN URFIL(DCV) ML, & W s AR 9,
L E] 600 nm, IR LS 52 AR A LG FIRLE K41,
2L P3HT 46 231F/) PCE 147 0.14%, SEEER
IS T2 AR L TR ARG, A 115X 1077 em’
VolesT EBURURE I R AR T DOV BUR Y g
B A=A A WK B 3244 47, S A4E 650~700
nm 76 Bl N #G W M, 47 5 P3HT IR A 4% (1 e AR 22
#: V=048 V, J.=5.72 mAscm 2, FF=57%, PCE=
1.57%, 47 BARM LUMO BEZ S EOUT o A W] 21
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Figure 8 Metal phthalocyanine and subphthalocyanine acceptors

P, Meredith 25205 HL (K45 . AR FFIE R — 5
SAE O RA T M2 AR 48, BT LR
AR AEAEAR T DLV % A3 B JC 8 TR, AR R i
TR ] DA RS 25 S0 A, N T R0 AL, P3HT
(48)IR B TETR & A, BCF I 0.04%, {HE4E 65
"C FIE /K20 min Ji5, PCE42 5% 0.73%. i, i A1
¥ 48 I e BT, 1331 49, XA T
BEBRIRMR, HF 1.7 eV, X'e 5 P3HT UL 10 1 JLEH,
AT LLARF] 1.43% 1) B 30K
7.3 W

D5 A i — AR R 2k, B N AR
AR A AR Bl R 2 56 e T
I AE K BHBE i, LA MEH-PPV g4 4A bRl KRR
HVE AT 3244, 1K MR 7% H AR o 110 W 4R B 2 11 9
Rg, FLHLIR Vo T BAEA 1.25 V, (HEEA TG R EIR
1%, ML RCRIR AT 0.01%, $RE A f e R e W4
WA B 5 R 2,5- -0 2R ER(50), fEBK R 500
nm f{EISR, PCE 4 0.028%.
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8 HZitSRE

TEARRIRICH, ATSS T ILRITEA VOB RE T
VEZ AR AR S BRI/ AR, B aE . T
RETR 5 N T R 5 A0RHRESL . 0 5 WALy [T A B 338 T
PR ERR E P, AR R 70 ARG HL A SR AR
i, RV I I R K B IR KA TR BAIE 2 4
AR RE, AHJEIX LN T2 AR A 1 TE S S IR
1) & SIS AR LA SR AH 22 iz, PCE AUAN & —
NEESEONA MR T RES L, AR AR
PEFIZR AL ACAR 45 & 34510, TERTE /N 152 M L)
REFEe, AL S N AT g2 (1) A BRI = 19
JGRELIE G, QKRR R, 2
PRI B4 AR T G)EM T Rl 7 I K e %
T, ZAEPE B A LUMO 6824, fEmb Rk, 18
FITE R Ve DR FIER R, AFHEITHSF—
WA TR, B4 RIS o YERUZ R
TEMEHER RN R, 4, SRR R
VCRE B4 AT 19 2= 1 FF #1 PCE.
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#1 HANREKAIVN D T2 E SR RES 5
Table 1 Representative parameters of devices utilizing oganic small molecule acceptors
Acceptor Donor Joo/(mAscm?) VoV FF/% PCE/% Ref.
2a CuPc 23 0.45 65 0.95 [10]
2a ZnPc 4.9 0.48 56 1.3 [19]
2b CuPc 3.66 — — 0.93 [20]
4a 6 6.8 0.88 47 2.85 [29]
4b 7 6.3 0.95 53 3.17 [30]
4c 8 8.3 0.90 52 3.88 [31]
11 PBDTTT-C-T 8.86 0.85 54 4.03 [34]
12 5a 0.03 0.69 40 1.95 [35]
13 P3HT 7.4 0.78 55 3.17 [36]
14 ZnPc 2.11 0.50 51 0.54 [37]
15 P3HT 3.51 0.82 52 1.50 [38]
16j PCz 1.14 1.36 49 0.75 [40]
18 P3HT 3.00 0.76 48 1.10 [43]
18 POPO 5.50 0.62 40 1.40 [43]
21 P3HT 0.54 1.93 41 0.43 [49]
25a P3HT 3.72 0.84 41 1.29 [50]
26 P3HT 1.05 1.93 39 0.80 [51]
30a P3HT 0.24 0.93 21 0.06 [55]
30b P3HT 0.48 1.04 32 03~0.4 [56]
33 P3HT 3.9 1.1 40 1.7 [64]
35 P3HT 2.36 0.71 52 1.00 [671]
38 P3HT 1.93 0.52 31 0.31 [68]
40 P3HT 2.68 1.18 37.9 1.2 [69]
41 P3HT 491 0.97 43 2.05 [70]
42 p-6P 0.96 0.42 — 0.18 [75]
42 SubPc 2.54 0.40 55 0.56 [76]
43 SubPc 2.1 0.94 49 0.96 [77]
44 SubPc 3.53 1.31 58 2.68 [78]
45 SubPc 7.8 0.95 54 4.0 [79]
46 P3HT 0.66 0.78 27 0.14 [80]
47 P3HT 5.72 0.48 57 1.57 [81]
48 P3HT 2.36 0.62 50 0.73 [82]
49 P3HT 4.85 0.54 54 1.43 [83]
50 MEHPPV 0.023 1.25 22 0.028 [84]

W SEARPPRLAT B IR, FEHlE R G AR
B, G2 RMENTR G IR S E 8RR T v PRI AR
H, BRIZ AN, RN I) T SR 6 J0UE 75 5 1 4%,
fIRBAS, s ReoE, Arim Hong DU XS BEER. X X0
JE 534S OPV, R AEJZ e 45 dt v LR iy s A 280,
EGEXF P AR S, TR R RO B SE 1) BAR 2
eyt it A2 SCE LY, TP S5 A4 A A AL 3 A AN [ 1) g
U AR A T A 2 R A5 AR M R T IR R,
(E 1o L 45 R B BUKTIAR AR 2> 1, DRI IR
WRPRHES TEZ P I RS R, Al A e
SLREAN G SEARPRIO LEGT Y. 55 OB 10 E & B8
INIYTREARIN, BRSO T AT AR RE AT 1, U
WL 7> T ARk T BE OGBS RZI A
A AR R RS, TS M de 0 7 aeilh, XA

Chin. J. Org. Chem. 2014, 34, 1021~1033
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A REAE B AT 1 253 10 K B RE FLHL B2 AR e 13
AR AR .
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