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AL TR T RE D), RSO 1S 1 R B
O3 T FL AT 8 154 L Al R A2 A 4k
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A TAER 26 T Re BRI ER 5] N3 52
TS, EIDTTSS ¥ (1) I ey 2 g o
B, FIAN—FEAMRE, & 7T 5% H
WEE Wy LK R 1) 1 (T 1), JHER REE MR = 4 T 10
HOMOGREZL, /MR,  JET A 40T IR ot 1
L%, ARG, BAS T A BhEsE T %
THEB R RTAT M. SLie g R oR, F5] LR
ZHIAHEE, 27 B KRS 2L 211843 nm, T
Wk 1R 21956 nm, PRISOLIE IR AR, DLHSNZ
EIPEE PMO LS A 4 B K BH RE FRIB AR, 3R
37 Fil120.61 mA cm [ % FL I 25 EEF110.85%
MR LA SR.

IDTO2HT-2F

Fig.1 The chemical structures of IDTO2HT-2F and ITIC

1 SEIEER4y

1.1 iRF

AT B B RS TG ) i3 B 1 A2 7 U
N AR B Schlenk 43 AR RGBT . 3- FF A Jk g
Wy F12,5- IR 2K ZHR — B8 TR R H AR
FORATF R, 1-9R-4-CEFEWT FigEaE
HRHERAR, ETREME. BTIEkRm. =
TR T A REREARAR, ReaWes

I EIPMOIE T I LG VLG iR A R A A H
it it Y JEORL AR M P 24w B 3K, ke
IR 8 LA

HER, pbiral, A RN <e e Al — 2K F
AW SUTWEARRRLER), sriral, EHETE
IKBRRRENIR I WRNE, Z0Arall, (60 AT Jo/K AR
BNIRIA.
1.2 {UFRERIE

1% W 3% 4R S35 A AZ 1 L IR 5k 1 H Bruker
AVANCE 400 MHz spectrometeril] #5 . 1t & % ]
G- P R o BRSO AR O PR RS KA I )
{% (Bruker Autoflex III TOF/TOF)#ll15. 484 m] I,
F i JASCO V-570 spectrometerill #5. fEIAR
2 M 2 i R EE 22 ) BFLK9SB 11 Microcomputer-
based Electrochemical AnalyzerHi 4, 2% T i il
3, KRH=ZmE R, 780 M AN G R
Je, CABR AR O TAE R, WWAH Rk NS
PO RLAR, A 22 D9k . R ARV 09 0.1 mol L'
Bu,NPF ) LIEHR, 3H5IEEEH100 mV s~

FITF 3% ) Fi 7 R 48R 21 5 APhilips Technical
G2 F20 at 200 kV. &1 KB GAS UL 2% IS AN-
EI XES-70S1 (AM 1.5G), =& 4 Wi % & A
Computer controlled Keithley 2400 Source Measure
Unit. &b & 7 203 MR AR Dy 16 5 38 J LG HL(7-
SCSpec A FH fE HEL B Ik & 48). Fig iH H AL A
Gaussian 1651481,
1.3 EWFHE

B R EMIAH L ) 254 =X DL 112,
131 2-= SN AL AR b AL-3- F AL IEY (2) 145 1L

H53-FH A FEEWY(21.6 g, 189.2 mmol) A F]
500 mL=HBJEREHE T, 7850 il UG I T4
fUTHF100 mL, Kf S v B B T-78 °CHIMKIR X
PLgs, HX2 mol LAY — 5 A Ak i S A A IE ke
YAT(99.3 mL, 198.7 mmol)iZ i i in 3 jz 5 W
B, INTEEESE . CREE-T8 °CHEREL h, KR A
RETEETHEHBE b HREES-78 °C, %
&30 N =57 9 AL S EBE(41.9 g, 217.6 mmol). i
ngese, B R B =R IR SO RO 58
5, BIEREINT00 mLABEK T, H &R iae
HU(50 mL x 3), Jo/KBRRRAA T, easER AL
WA, HENR T OmAE Y342 g, 7% 67%.
'"H-NMR (400 MHz, CDCls, 6): 7.49 (d, 1H), 6.99
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(\_S./Z TIPSCI \s/ tips (1) n-BuLi, THE, -78 °C
LDA, 78 ° (—Z/
- ,—78°C oMe  (DBusSnCLrt
1 2

BerECOOEr
EtOO0C Br
— -

Pd(PPhs),, toluene,
110 °C, overnight

Bu3Sn__S_TIPS
o

COOEt Br—©—c H
MeO A Sl TIPS 67713 TfOH
I ;_<, />—<\ I 5
TIPS” 5 2 OMe  (1)n-BuLi, THF,~78°C,1h  Toluene, 70 °C
¢ s (2) THEF, r.t. overnight

(1) n-BuLi, THF, 78 °C
(2) BuySnCl, rt.

DCHOIDTO2HT

—_—
(1) BFyE,0, THF, 10 °C
(2) THE, 66°C

IDTOMe

QBr

COOEt

Pd(PPhj),, toluene,
110 °C, overnight

CeHis CeHys
DSnIDTOMe
NaBH, (1) POCl;, DMF, DCE, 0 °C, 1 h

(2) 80 °C, overnight

IDTO2HT-2F

Fig. 2 Synthetic routes to compound IDTO2HT-2F

(d, 1H), 3.81 (s, 3H), 1.42 (m, 3H), 1.12 (m, 18H).
BC-NMR (101 MHz, CDCl;, d): 164.82, 129.84,
116.17, 108.95, 58.16, 18.75, 12.05.
132 2-= SRR SE-3-H 0L -5- = T L8 b
FEBEW (3)A

2- = 5 T I R e i 3-SR S E I (17.5 g
64.7 mmol)7£250 mL — M [AJEHENE H % T-100 mL
THEITHF, <, KA R R 278 °C,
HY2.4 mol L™'H1E T 48 (1) 1E LB ¥ 1(29.6 mL,
71.2 mmol)i& i i I B ) R, e S,
TR¥F-78 °CHEFEL h. 7E-78 °C N EEME WM =1E T
&M (25.3 g, 77.6 mmol), MR E, T
A=, SR RNERE, FHEREA

50 mLZE 1K, H ZBEAEEL(20 mL x 3), Jo/K
BRIRIN T, IEZEBREANIEA, BEREHEANT —
R
133 EW@Em

7£250 mLX F i i AA 3 (36.2 g,
64.7 mmol). 2,5-iRX K HE Z ABE(11.2 g,
29.4 mmol) 1100 mL AR, SR M b
3R IMANELLFIPA(PPh,), (1.70 g, 1.47 mmol),
S S HEFE R4 he RN SSRGS R
NKH, A& R REERGIR. GFA A, Kbk
JE FTCKBRER N T8 TR 2 Fr HANIEA G, 19
SRR =PI TRE AT 2T A B At 1930
I Rk & Y7204 (15.4 g, 69%). "H-NMR (400
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MHz, CDCls, §): 7.77 (s, 2H), 6.98 (s, 2H), 4.20
(m, 4H), 3.80 (s, 6H), 1.40 (m, 6H), 1.15 (m, 6H),
1.10 (m, 36H). “C-NMR (101 MHz, CDCl;, 9):
168.38, 164.11, 144.39, 133.72, 133.32, 130.80,
116.12, 111.47, 61.72, 58.33, 18.74, 13.83, 12.06.
1.3.4 fLEWIDTOMeRE L

HY1-1R-4-C.%5(20.28 g, 84.1 mmol)i& T T
(VUSRI AW, RS N R =3Ik, KR
JRGENRE T—78 °CHMIKIR [ S gs 1, HX2.4 mol/L
[P IE T R B IE BT (35.1 mL, 84.1 mmol)
BTN B N, s, REF-T78 °C
wREL b Bk S04 (7.98 g, 10.5 mmol) ) PH &k
WV IR I 21 SRR & b, i hnsebe, #E-78 °C
N30 min, FEFBIER, RN KM
FERE, S WA, JoKBRBRENT . fig
ABRFANER, KT TR F R,
WAT0 °C, W= RRECH, TLCRRIREE
RN, RN SRR, AEEER, R PR
B, TooKBRRREN T8, TeZ8 bR A LER, Lrih
TR V(&) = LUARBIH, HE e
R F=917.03 g, 72 % 69%. 'H-NMR (400 MHz,
CDCls, d): 7.32 (s, 2H), 7.19 (d, 8H), 7.03 (d, 8H),
6.15 (s, 2H), 3.71 (s, 6H), 2.60 ~ 2.49 (m, 8H), 1.68 ~
1.48 (m, 8H), 1.40 ~ 1.16 (m, 24H), 0.87 (t, 12H).
BC-NMR (101 MHz, CDCl;, d): 154.13, 153.62,
143.90, 141.22, 140.58, 140.53, 135.31, 128.32,
127.90, 116.89, 98.58, 63.40, 57.33, 35.64, 31.77,
31.32, 29.25, 22.64, 14.14. MS (MALDI-TOF),
Ce6H750,S,, THEAE: 966.544, SHllff: 966.546.
1.3.5 1A WDBIDTOMel) &,

H{IDTOMe (8.38 g, 8.66 mmol)V& fift T =4
e, @R =3, #E, o
ANBS (3.39 g, 19.06 mmol). = ¥ Je it %,
TRWREEER, KRR T IEZERR Z AL
WA, KRS R G E AR 8.54 g, T E88%.
'H-NMR (400 MHz, CDCl;, d): 7.27 (s, 2H), 7.16
(d, 8H), 7.07 (d, 8H), 3.43 (s, 6H), 2.56 (m, 8H),
1.61 ~ 1.54 (m, 8H), 1.33 ~ 1.29 (m, 24H), 0.87 (t,
12H). *C-NMR (101 MHz, CDCl;, 6): 153.70,
152.15, 146.48, 141.78, 139.74, 138.48, 135.38,
128.25, 128.20, 116.40, 99.20, 64.11, 60.57, 35.57,
31.74,31.33,29.11, 22.63, 14.12.

13.6 ALAHWDSnIDTOMeRY & i

1k & ¥ DBrIDTOMe (4.75 g, 4.22 mmol){E
250 mLXY 1[5 & B i A i T 100 mLF- 8 1 PO &L
WRIEVA R, ORI T A3k, B0 H iR
R E T 78 °CHIMKIRH, HX2.4 mol/LIfJIET £
B IE CUBE (.79 mL, 21.11 mmol)iZ i
B, WmsEEe s, {RFE-78 °CHiHE] h
TE—78 °C TN LE18 W N = 1E T &1 #(8.93 g,
27.44 mmol), WINTEEE, FHER=ER, W
W RSERUG, FREIAS0 mLA K F, H
LTFZERL(20 mL x 3), JooKBRERAN T8, TeZkhx
FENERN G HHEARN N — B R
1.3.7 IDTOMe-TCOOE’ 4 i

FE£100 mLXU i IADSnIDTOMe (6.52 g,
4.22 mmol). 2-BMEWY-3- 2L L ME(2.28 g, 9.70
mmol) 130 mLFEM H 2K, GRS T HiiR=
37K, IINAE AL FIPA(PPh;), (0.24 g, 0.21 mmol),
S G REEE [EIR24 b, N EER G, N R3]
AN, A& R ARG IR, AIEE VM, Kk
Ja FE /K BRER AN T4, e bR LA MLERIE, 18
BT = AT RE IR AT Z T A s alidh, 15 20K T
O E A=) (2.10 g, 39%). 'H-NMR (400 MHz,
CDCls, d): 7.45 (d, 2H), 7.35 (s, 2H), 7.27 (d, 2H),
7.24 (d, 8H), 7.06 (d, 8H), 4.15 (q, 4H), 3.18 (s,
6H), 2.56 (t, 8H), 1.60 ~ 1.56 (t, 8H), 1.29 ~ 1.25
(d, 24H), 1.09 ~ 1.05 (t, 6H), 0.88 ~ 0.85 (t, 12H).
BC-NMR (101 MHz, CDCl;, d): 163.36, 154.25,
152.15, 147.12, 141.51, 140.24, 140.21, 140.16,
135.49, 130.88, 129.58, 128.38, 128.08, 125.37,
117.49, 116.87, 63.80, 60.74, 60.13, 35.60, 31.75,
31.38, 29.73, 29.14, 22.63, 14.12, 14.08. MS
(MALDI-TOF), CggHggO¢S4, 1T 1H: 1274.562,
SEINME: 1274.752.
1.3.8 IDTOCOTIH& I

Y IDTOMe-TCOOEt (0.78 g, 0.61 mmol)i%
T R, AR PR3k, UK
KR, 01 mol/L = AL B i — & H e v Wi
(3.67mL, 3.67 mmol), WIN5EE, ZFEidXMN2 h,
FINZERK S, SRR, KRR T
e, EABREANIER G, B[RS T T
FRF 2R, IO F R IR — K & 4013 g,
0.67 mmol), [FIi1 h, FFZE=IR, FHAZEMEK
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o, SRR AL, oK IR ER AN TR A A
ERT e aift, 1533 ARE£0.68 g, F=H96%.
'H-NMR (400 MHz, CDCl;, 6): 7.56 (d, 2H), 7.48
(s, 2H), 7.26 (d, 8H), 7.17 (d, 2H), 7.10 (d, 8H),
2.65 ~ 2.44 (m, 8H), 1.65 ~ 1.47 (m, 8H), 1.37 ~
1.19 (m, 24H), 0.94 ~ 0.79 (m, 12H). “C-NMR
(101 MHz, CDCl;, 6): 157.60, 154.51, 147.42,
146.00, 142.75, 142.25, 141.32, 139.12, 135.46,
128.55, 128.03, 126.89, 122.97, 121.43, 117.74,
116.54, 63.91, 53.38, 31.62, 26.94, 22.68, 22.61,
14.11. MS (MALDI-TOF), C;,H,,0,S,, 15 1A
1154.447, SZUME: 1156.028.
1.3.9 IDTO2HTHI A,

M EAL9(0.20 g, 5.32 mmol)i% T VY & 15k R
W (15 mL), SRS T <3R, UKKIEG,
IDTOCOT (0.93 g, 0.81 mmol). =3 ALH Bk
2.5 mLiEA T 10 mL TP Emkmg b, 2218
TN RA,  OREFRVARRIRE A0 °C.
WnsEse, InIERL h BEE A0 °C, Nk R
fefl, —RHBEREEL, JeZERR L. F2 mol L
[)NaOHIE W AE80 °C N IN#420 min, FH & H
FEAHL, To/KIRER AN T 1. A Z 0 7 s 4 4l 3
0.48 g ZLEFEAENA, 77353%. 'H-NMR (400 MHz,
CDCls, 6): 7.31 (s, 1H), 7.24 (d, 8H), 7.06 (d, 8H),
7.04 (d, 2H), 6.77 (d, 2H), 5.20 (s, 4H), 2.56 (t,
8H), 1.62 ~ 1.55 (m, 8H), 1.29 ~ 1.26 (m, 24H),
0.88 ~ 0.86 (m, 12H). >*C-NMR (101 MHz, CDCl,,
): 153.35, 146.84, 143.62, 141.56, 140.58, 137.92,
135.27, 130.79, 128.47, 128.25, 126.37, 123.91,
121.21, 116.93, 116.07, 67.66, 63.38, 35.76, 31.88,
31.75, 31.46, 29.35, 22.80, 22.74, 14.18. MS
(MALDI-TOF), C;,H;50,S,, 115 {H: 1126.488,
SEE: 1126.502.
1.3.10 DCHOIDTO2HTIH4 I

HY2.2 mL N,N-—H L H % T 10 mL#
B, SR N A3, UOKIR, 42
&I =5 &1 0.24 mL, 2.55 mmol), iR T
FiEFES b, il g [R5, IDTO2HT (0.48 g, 0.43
mmol)¥ T-1,2- S &k, &R T i<
3 BT INAERE), =i T HHEL b, B
R IMABSRREN, RBLBEIANZEE K, H=
AP REAE, TOKBREREN T, e 28 BR 2 WL

A, KRR AR O 4025 g, 77 % 50%. 'H-
NMR (400 MHz, CDCls, 6): 9.76 (s, 2H), 7.41 (s,
2H), 7.38 (s, 2H), 7.21 (d, 8H), 7.08 (d, 8H), 5.24
(s, 4H), 2.57 (t, J = 7.5 Hz, 8H), 1.70 ~ 1.50 (m,
8H), 1.35 ~ 1.13 (m, 24H), 1.04 ~ 0.70 (m, 12H).
BC-NMR (101 MHz, CDCl;, ¢): 181.45, 154.12,
149.65, 143.54, 142.25, 142.00, 141.13, 139.69,
138.89, 135.45, 132.73, 128.34, 127.99, 126.47,
117.57, 115.43, 67.06, 63.35, 35.59, 31.73, 31.35,
29.73, 29.20, 22.73, 22.63, 14.12, 14.08. MS
(MALDI-TOF), C;6H7504S,, TF5HH: 1182.478,
SEE: 1182.990.
1.3.11 IDTO2HT-2FIJE

# 1 & %) DCHOIDTO2HT (0.12 g, 0.10
mmol). 5,6- - F-3-(FIE N AL BEfR (81.7 mg,
0.35 mmol)i& A F30 mL T & 45 . | AR
T, dA3)E, N0.5 mLuEsEfE AL, &
SR, BRRMEE. RNERE, FIAH
B, R, SRS AT RE R
MRS R B alifh, 153 BamEsiE
IDTO2HT-2F (56 mg, 34%). '"H-NMR (400 MHz,
CDCl,, 0): 8.76 (s, 2H), 8.50 (dd, 6.5 Hz, 2H), 7.63
(t, 2H), 7.50 (s, 2H), 7.47 (s, 2H), 7.21 (d, 8H),
7.11 (d, 8H), 5.33 (s, 4H), 2.68 ~ 2.42 (m, 8H),
1.77 ~ 1.48 (m, 8H), 1.40 ~ 1.16 (m, 24H), 1.11 ~
0.64 (m, 12H). BC-NMR (101 MHz, CDCl;, 9):
186.37, 158.13, 155.24, 151.74, 150.38, 146.72,
143.92, 142.29, 141.21, 139.05, 136.61, 136.47,
136.10, 134.25, 133.85, 129.69, 128.66, 128.59,
128.45, 127.96, 118.87, 118.23, 116.73, 114.92,
114.64, 112.37, 112.18, 66.83, 63.37, 35.60, 31.71,
31.29, 29.19, 22.60, 14.11. MS (MALDI-TOF):
C100HgoF4aN4O,S,, THEAE: 1606515, SEllfE
1606.810.
1.4 BHLKPHEE R A H & FAMLK

AHOCREA R T s raifg: A
B 'S HBIEITO)/ A 57/ 5(9,9- £ 3£475-9,9-(XL
(3"-(N,N- F 8 )-N- 2, 8 )T 55 ) 27 ) — 1R (PFN-
Br)/i i 2/ = S AL EH/AR.

ALK BH &g HEL b 1 o] % e 2 o 0 220 T e 1
ITORHE /3 M HAE R K. BT K. WEFI R
BEEE 15 minf5, AR FERIN R
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RGP ARTE20 min. SR AL BRI AOITO E g
FEAERE IR BRI, WEURPFN-Br, JEiRiEMEE
(FANIER), e BT 4 a8 A AR ) 25 4%,

IR )4 B 1) HEVZE 100 mW em 2 AM 1.5
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Table 1 OSC performance of devices based on PM6:IDTO2HT-2F

Treatment Voc (V) Jsc (mA cm™) FF (%) PCE (%)
Without post treatment 19.30 55 9.13
0.5% DIO + thermal annealing 20.61 62 10.85
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Fig. 7 Current density-voltage (J-V) curves of the devices based on PM6:IDTO2HT-2F (a) and EQE curves based on the

devices (b)
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Synthesis and Properties of a Conjugated Acceptor Material for Organic
Solar Cells Based on Indacenobis(dithieno[3,2-b:2’,3’-d]pyran)

Xin Ke, Ling-xian Meng, Xiang-jian Wan, Xin Zhang, Mei-jia Chang, Chen-xi Li, Yong-sheng Chen*
(State Key Laboratory and Institute of Elemento-Organic Chemistry, Centre of Nanoscale Science and Technology, Key
Laboratory of Functional Polymer Materials, College of Chemistry, Nankai University, Tianjin 300071 )

Abstract We designed and synthetized a new non fullerene acceptor with an A-D-A structure, named
IDTO2HT-2F, based on indacenobis(dithieno[3,2-b:2’,3’-d]pyran) for organic solar cells. The dithieno[3,2-b:2',3'-
d]pyran will improve the electron-donating capability of the unit and lift the highest occupied molecular orbital
(HOMO). Thus, the band gap decreases, making the maximum absorption peak red-shift. Theoretical calculation
based on density functional theory (DFT) proved the feasibility of this molecular design. The molecule IDTO2HT-
2F has a narrow bang gap of 1.30 eV with the solid absorption edge extended to 956 nm, which is complementary
to that of the polymer PM6 film. The broad absorption of the active layer ensures the photovoltaic device to
produce high photocurrent. With 0.5% DIO additive and thermal annealing at 120 °C for 10 min, the organic solar
cell based on the acceptor IDTO2HT-2F and the polymer PM6 exhibits a power conversion efficiency (PCE) of
10.85% with a short circuit current density (J.) of 20.61 mA cm™2, an open-circuit voltage (V,,) of 0.86 V and a
fill factor (FF) of 0.62. The results indicate that the strategy of introducing pyran into the molecular backbone is an
effective way to tune the absorption and energy level of the molecules, which is also a promising method to design
new non fullerene acceptors.

Keywords Organic solar cells, Acceptor materials, Dithieno[3,2-b:2",3'-d]pyran
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