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ST P 300 4 22 TG K TG S8 Ak 3.+ 2 A v
FHRE I Sy 43 A 40 (05 56 v 2 D) At i A 18541
W TCRE 8 W, 349 A T 0 A b 0T B A A A
T8 X-4 AVECT W G0 s A 10 5 58 Ah-m] DL ik
JEIEAE R HEAS Cary 5000 B 43560 3T b k4T
S R FH 35 B Varian UNITY INOVA 400
MHz #% % 2 4= 5% 3% A0 22 5 57 3% H HPLC/Q-
TOF MS3[E Micromass 2y 7)) Wl 28 ; Bk 24 %K
P CHI610D Hi Ak 2 T4E 5 I 5
1.2 AR5 HEERITL

G 1 H BSCERE9 & . k&9 2 A 2F-
TT-BT AL &Y 1 20 5 5 X5 WP 3 28 0 i #n
3.5- ORI R 1 3 Suzuki K &N A K. LA
P2CN-TT-BT W Hik&W 2 5N _F&H
Knoevengel 4i& 1. 8 1 4 THHEWH &
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BEE .

L3 LAY &R S &R

L3.1 w&#h2 b mbkiz 76850 mL =M
HPImAALE Y 1(276 mg.0. 25 mmol) X B Bk
FIRIELE (75 mg, 0. 5 mmol) . U ( = % 3 B 48
(15 mg, 0.013 mmol ). Na,CO, (848 mg,
8 mmol) . il H 25 A A 3 G MAH 2K 8 mL,
K 4 mL,EtOH 2 mL;{RG¥TE 110 “C T HEHE 0
i 24 bR BTV FE A 10 mL 7K I 5
FHBEAE I, 5 1A MUAR I TS 7K B30 1R T 8. B 77
JiETJE DA 5 e (1 2 DIRE N R IFF
RSkl A5 2 5 B A G 2,77 % 95 %.
&l 2 1 3 ﬁﬂﬂéﬁtﬂTﬂﬁ%% 2 f'H NMR i 1
“C NMR i%.'H NMR (400 MHz, CDCl;):6 =
9.97(s,2H),8.56(d,J=4.0 Hz,2H),7.86(d,
J=8.0 Hz,4H),7.73(d,J=8.4 Hz,4H),7. 33
(s,2H),7.27(d,J=3.6 Hz,2H) ,4.2(t,J=7.0
Hz.4H),2.90(t,.J=7.6 Hz,4H)>,2. 03(t,] =
7.4 Hz,4H), 1. 77(t, J=17.2 Hz,4H), 1. 28 ~
1.55(m, 40H), 0. 87 (t, J = 6. 4 Hz, 12H).
¥C NMR(100 MHz,CDCl;)6=191. 38,151. 60,
150.79,141.04,140.04,139.80,137.56,135.01,
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Fig. 3 C NMR spectrum of Compound 2
134.52, 133.02, 131.44, 130.49, 128.28, PO (=2 KLl 41 (15 mg,O 013 mmol) . Na,CO,
125.86, 125.57, 117.30, 74.57, 31.91, (848 mg,8 mmol) , il 75 A A 3 Wa MAH
30.55, 29.68, 29.38, 26.13, 22.70, 14.12. # 8 mL,/K 4 mL,EtOH 2 mL;IR&¥7E 110 C

HRMS(MALDI-TOF) ;1 152.503 5; [M* ] (calced
for Cos Hyy N, O,S; :1 152,503 5).

1.3.2 AL&# 2F-TT-BT #9 &M 5 & 42 T
50 mL = H i m AL &% 10276 mg, 0. 25

TE AR (95 mg, 0. 5 mmol) .

mmol) . 3, 5- i A

TR 24 hooB R VR A A 10 mL
K I AW B AR I, A I A HLAR A HLAR
KB PR B T . K i R E T S DA A S
BE (1 + 1) IR A WN JE& JF 30 2ok A 2 B 25 03 1 4
ai AR R AL S Y 2F-TT-BT, 7% 95%. K
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45 R T ARE Y 2F-TT-BTH'H NMR
JEAC NMR 3. 'H NMR (400 MHz, CDCI,)

8=8.60(s,2H),7.30(s,2H),7.29(s,2H),7. 22
(s,2H),7.12(d,J =6.4 Hz,4H),6. 74 (t, ] =
8.0 Hz,2H).,4. 2(t,J =7.0 Hz,4H),2. 90 (t,
J=2.6 Hz,4H),2.03(t,J=7.6 Hz,4H).,1. 75
(t,]=7.6 Hz,4H),1.28~1.55(m,40H) 0. 87

(t, J = 6.4 Hz, 12H). "C NMR (100 MHz,
CDCly): 6 = 164. 60, 162. 10, 151. 56, 150. 78,
140.73,139.22,137.17,134.41,132.09,131. 39,
127.60,125. 78,117. 27,108. 20,102, 53,74. 55,
31.91,30.55,29.68,29.40,26.14,22. 71,14. 11.
HRMS(MALDEI-TOF) : 1 168.471 15 [M" J(caled
for Css Hgo N, O, S;F, 21 168,476 0).
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1.3.3 4449 2CN-TT-BT ¥4 &M 5 £ 4 7
25 mL BB om A ALO, (41 mg, 0. 4
mmoD) .tE¥ 2(116 mg,0. 1 mmol) , il E 25 1@
A3 WE A 10 mL CH,CL , P i (14 plL,
0.22 mmoD) ;IR EWTE 40 “C FHIFEIIE 24 h; ¥
5 eI DR TR U 2R R BR I R L AR
YIS A B s DR AN R IT ) gt
AL RN A B 4 2l 45 2 R B A fL 54 2CN-TT-
BT./=% 80%. Kl 6 45 T4 &% 2CN-TT-BT

AY'H NMR 3%. 'H NMR(400 MHz,CDCl;) : 6=
8.60(d,J=2.4 Hz,2H),7.94(d,J =8. 4 Hz,
4H),7.74(d, J =8. 4 Hz,4H).,7. 71 (s, 2H),
7.40Cs, 2H), 7. 34(d, J=4.0 Hz,2H), 4. 2 (t,
J=7.0 Hz,4H),2.90(t,J=7.2 Hz,4H),2. 03
(t,J=7.6 Hz,4H),1. 77(t,J=7.4 Hz,4H),
1.25~1. 38 (m, 40H), 0. 87 (m, 12H). HRMS
(MALDI-TOF): 1 249, 528 3; [ M™ ] (caled for
CruHgs Ng O, S5 :1 249, 538 8).
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Fig.6 'H NMR spectrum of 2CN-TT-BT
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484 nm M1 523 nm 4b, i 2CN-TT-BT % Bk
2 R [T 285 B ) B R W AT U 4 S FE 518 nm A 644
nm b, AHXF T BOIR A o 1 A BSOIR 2SR /9 P A AL
BRI KR TR RINELLH (4351 39 nm
F1 126 nm) , 3 F B 7F [ 2 BOR & T 72 78 50 1Y)
3 F (B A FLAE FH T TG 7 2 1 TR A 3 1] A
RS /Ny F 2CN-TT-BT # 4} F 2F-TT-BT &
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Fig.7 Normalized UV-vis absorption spectra of
2F-TT-BT and 2CN-TT-BT in chloroform and in

film
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Tab.1 The UV-vis absorption spectra and cyclic

voltammetry of small molecules 2F-TT-BT

and 2CN-TT-BT

wan Agglydon /- 2flm /- E9/ Enomo/ Erumo/  E§/
=
nm nm eV eV eV eV

2F-TT-BT 484 523
2CN-TT-BT 518 644

1.90 —5.31 —3.18 2.13
1.67 —5.34 —3.50 1.84

Uit T 322 i A S [, 2CN-TT-BT K 3 F 2 10 P 4>
CN 5L 9 W2 H 1 FH 228 3 3 i T 3% 78 2F-TT-
BT 4+ FARmM P A F JEF.IF HRW#EA CN
e iU R SRS A 1 S o 1K O N =
TR 4T A A BLVE H.
2.2 Wiy LA YRR

HORRE A F AR 2 R AR AR R
PLBE R B Sk T H A, AR E R Sk X AR
Ag/Ag" WAEK T W AE R 2 LR 7E RS
PR AE IR M AE 0. 1 mol/L U T % 70 3
MR & /) CH, CL ¥ W h 47, 45 38 %y 100
mV o s 'R T R A A O ik R G A
AR R A A1 D A R I E A1 R HOMO
A LUMO BEZ. >R %8k B X (Fe/Fe D E N
AR, ¥R HOMO REZ% . LUMO fig 9¢ fl
A2 9 () AT LA i S04k H A (E0 AR iR
WIFHALCE O AR, AT .

Enomo=—(Eo—E,;;(Fc)+4.8) eV
Eiomo=—(E—E,(Fo)+4.8) eV
EY =Eiuuo — Enono
H E M E. o BT Ag/Ag’ B A AL A
WG AR AT E, . (Fo) b B Al i, &
YT Ag/Ag™ I{E R 0.05 eV.

8 dtfigz T A4 AL 4 28 AR 2 3 il 2% L 3 4
(G PR AR 2 25 R AE 2 1 g . R AT LA
F /NG T 2F-TT-BT A 2CN-TT-BT £ FHAR J&
BT PR R 3 0 SR 0 TRD R B R Ak A s BT
X AT IR R, 26 1A TN TR A Y HAR
Ak 2= Bdls. b ARG W 2F-TT-BT 1
HOMO B84l LUMO BEZK 43 3 A —5. 31 eV il
—3.18 eV, i 2CN-TT-BT # HOMO HE %%
LUMO fig4%43 % 5 —5. 34 eV Fl—3.50 eV.
T K BH B FEL L 2 4 T (6 H R R K BH A FL Y Y
—AEESHO Wk T Z KK LUMO fg %M 4%
fRE) HOMO B89 = 2% , i A% 3CH /Y 1 A4S 7N o3 F

HBEA K ) HOMO RE 2. 1t ) 156 B 2 21 iz
FHF AR B0 2 47 3 K JF I Fi . ) B 1 A4 70
5 F 1 LUMO BE % 5 % /& #4 Bt PC,y BM 1
LUMO REAHVC L, (45 45 Z (R A ae % 7= A=
B FL AT 43

/ 2CN-TT-BT

2F-TT-BT

20 15 1005 0 05 10 15
UV

/M8 2F-TT-BT #n 2CN-TT-BT # {8 3 tk %
MK b %

Fig. 8 Cyclic voltammetry curves of 2F-TT-BT and
2CN-TT-BT
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HIFE, F == 43 A0 1 0L 38 18 Gaussian 09 A4 LU
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AT, B9 g ih T H R AR RS T AR
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T I T R E. BRI S R R,
P~ 4rF1 HOMO REZLN L F = LT 43 53 2%
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Fig.9 The electron cloud distribution of the
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calculated energy levels obtained from DFT
calculations on the small molecules

2CN-TT-BT and 2F-TT-BT
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F B L far i B8 (ICT). T A0 X F 2F-TT-BT 2k
¥, /N7 2CN-TT-BT LUMO fe P T =
TOM A R TR T B i R X
& T 0 T R vt A PSR 3R ) L IR T L
A, B AL 45 M R, 2CN-TT-BT i+ 5 FF 18 1y
HOMO # LUMO BEZ&{A 537 i — 5. 21 eV il
—3.09 eV, HIIREFTER R 2. 12 eV. 2F-TT-
BT # HOMO fig 4. LUMO fig 9% F1 B 16 25 45 5
FEAT & —4. 96, —2. 62 Fl 2. 34 eV. Mg A
JUT AT B 55 0 BR AR 22 1 T T s e A WA H
EHISITA K HOMO 5 LUMO fg8 %% /) 508 2
1o TG PR AR 2 325 I I B0(A S 3 AE G AR B R 2R AR
388 B L I AN 52 K S50 45 S 10 A
2.4 JEARTER RV

K10 Ca) 4l 7 56 AR 2% 78 # B P3HT,
PCq BM.2CN-TT-BT.2F-TT-BT % i 1§ ¥ 1k 2¢
REge [, N m] LUE /g3 F 2F-TT-BT Al
2CN-TT-BT # HOMO #1 LUMO fE%% 5 2 1A+
B PCs BM AHPEHEL , 5 Ff /53 F 1 LUMO REZE
5 PCy BM 1§ LUMO fEEZ 2 ¥ KT 0.3
eV, N T 1 J2 v 4 A7 4 B T AT A0 R A 43 S A A
TR IR J1. WA /N F B HOMO fg 9 fE

R 4t
o] S
3™ 5 — =
Ssfo i 1 °
~ 2 EEE
boa Z e ey
7L R = EEa
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Fig. 10 The energy-level diagram of the PV materials

and I-V characteristics of the PV device

HRAE T P3HT 9 HOMO BEZA , &K i HOMO
B 2 AR A BT B s ORI, 53 4h . /N r
2CN-TT-BT #y HOMO #il LUMO BE4R 5 45 1R+
£ PSHT £ HOMO #1 LUMO fEZAH DT . R )tk
2CN-TT-BT 7EJ6 AR & 1 v BE 7T LUAE Ry 45 16 44
B SR T TE 1 SZ AR AL R

N1 TNy B AR PR RE S R
2F-TT-BT 1E R 45 1K #4 KL, PCs, BM AE Jy 32 1K #4
B £ 7 W W ok 2 BH] K BHAE s b, 454 A
ITO/PEDOT :PSS/2F-TT-BT: PCy; BM (i £ I
1= 2)/ALKE 10 (& T8 -V h £ 18, il
/N F K BH fig b R A T R B I S R
0.73 V, MEKHEREE 3 mA/cm®, fE B 3R
4 0.53%. /Ny T 2CN-TT-BT | i1k 22 %
A AT HIE SR CF 0 i — 25 Ptk KX T /N4y
F 2CN-TT-BT B it 0 s w58 i A b 47 .

3 & i

AR SCPIZE I E s Ry 0 2293 Suzuki R
1 Knoevengel 4 & 55 22 W14 AL W T & 8 T
PR BT A-n-A-m-A BN F 8B 2F-TT-BT
A 2CN-TT-BT, i 1o 4% 0, 5 43 98 o 335 % F 43+
SEAUEAT T RAE 38 2 % 3% A Ak 2 O T O
2 BR FE S T X O A A AL v R AT TS
55 K PR MBI . BIFOT 25 R B R AL A e
TR VER AT Y S A R R AR R B
ARG 1 375 i 5 SR AR- 1] DLW O i i & ARG
Yy A5 VRN AR ST A 58 A1 DL XA 55 5 1)
WA o 38 2ok 0 AR 22 3 5 e H 5 w] LLE
/Ny THOBE B A 5 PCyy BM AL Y HOMO
MLUMO 82 . {1 15 45 52 1K 5L 1 B 8% 7 A= A 50
ML a7 2 2. [8) BF /N4> F 2CN-TT-BT # HOMO
M LUMO Re 5 45K M ¥t PSHT B AH VL L,
B 2CN-TT-BT 7E G4k #5844 v BE 7T AR S 45 1k
MR, SURWETE R ZARMRL. S 1 026 B 5861 LY
SR MERE % T UL 2F-TT-BT H %1k, PCs, BM
R ZZ A BHI K BH BE H it , 75 8] T B R T iR
JE 0.73 V. BB 4803 0. 53 %0 TR A48 14 10
b TAE IEAE 21T
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Research of synthesis and properties of
benzothiadiazole-based A-n-A-n-A-type small-molecule photovoltaic materials

WANG Li-hui'?, YIN Lun-xiang', ZHANG Yu', LI Yan-qgin™'

( 1. College of Chemistry, Dalian University of Technology, Dalian 116024, China;

2.Chemistry and Chemical Engineering College, Inner Mongolia University for the Nationalities. Tongliao 028043, China )

Abstract: Two novel benzothiadiazole-based small molecules with the electron-withdrawing fluorine
atom and cyanogroup as ending-group, namely 2F-TT-BT and 2CN-TT-BT, were synthesized
successfully by Suzuki coupling and Knoevengel condensation reaction, respectively. Their molecular
structures were characterized by NMR and HRMS, and their properties were investigated by density
functional theory (DFT) calculations, UV-vis absorption spectroscopy and cyclic voltammetry
experiments. The photophysical and electrochemical properties show that the synthesized compounds
exhibit broad absorption range covering the whole UV-vis spectral region of the sunlight and keep
appropriate HOMO and LUMO energy levels with PCs; BM to satisfy the basic requirements of
solution-processable preparation for OSCs. Therefore, the photovoltaic (PV) property of 2F-TT-BT
as donor was investigated by fabricating the bulk-heterojunction (BH]) solar cells with a typical
structure of ITO/PEDOT :PSS/2F-TT-BT:PCs BM (mass ratio: 1: 2)/Al. As a preliminary result,
it reveals a performance with a PCE of 0. 53%. The experimental results indicate that these small

molecules are potential PV materials for OSCs.

Key words: organic synthesis; benzothiadiazole; solution-processable; bulk-heterojunction (BHJ);

photovoltaic materials



