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Figure 1 Chemical structures of PTO and NTO
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Q=2 R B EN B IRAY. 5 284 @ @k 2. 61g, 61%).' H-NMR (500MHz,
CDCI;) 8 9.53~9.47(m, 2H), 9.00~8.80(m, 2H), 8.90~8.60(m, 2H),5.24~5.12(m, 2H),
2.30~2.18(m, 4H), 1.90~1.78(m, 4H), 1.47~1.22(m, 24H), 1.00~0.75(m, 12H),* C-NMR
(126MHz, CDCl,): 8 138.44, 132.90, 130.41, 129.30, 128.47, 128.06, 127.22, 120.78, 55.00,
32.28, 31.73, 26.58, 22.57, 14.05,
NLN-XL(2-FE - Tk 3)-2,6- " R-1.4,5, 8-Z5 P HI R IF (M2) 1Y 45 1K«
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Scheme 1  Synthetic routes of the monomers

EHT B IR A Y 45 3 8 0 [EA (15. 28g, 62.2%) .' H-NMR (500MHz,CDCI;)8 9. 00 (s, 2H), 4. 24~
4,09 (m, 4H), 2.08~1.85(m, 2H), 1.47~1.22(m, 64H), 1.00~0.80 (m, 12H). "C-NMR
(126MHz, CDCl,) § 161.18, 139.16, 128.22, 127.75, 125.29, 124.09, 45.46, 36.47, 31.89,
31.56, 30.03, 29.60, 29.55, 29.31,26. 34, 22.68, 14.13,
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FHTC/K R BR B T4 . 38 3 e 2 28 R I L0 00 o FH A el Tk Sy 0 I 391 ok A J2 A 0 B IR 5 0 19 31RO 68
Wil (0.332,83%),' H-NMR (500MHz, CDCly) & 4.25~4.17(m, 4H), 3.39(s, 2H), 1.70~1. 60
(m, 2H), 1.55~1.25(m, 16H), 1.00~0.80(m, 12H). "C-NMR (126MHz, CDCl;) & 151. 36,
102. 38, 83.89, 75.49, 75.11, 39.99, 30.21, 29.06, 23.54, 23.07, 14.11, 11. 10,
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PTO WA 1L -

# 0. 2mmol M1 Al 0. 2mmol M3 & F 25mL FJELHH . SR 5 A 5mL &K 1. 5mL N,
PR A WA =R PABR 2403 A Tmg =R — AL A A Amg TILAR S i) P DK 2 07 I <
SRIGINFAZ 60°C R 2h, R ENREY PTO, REHREMEIITERE T B R BRI T 8. K5,
57 P 2R TR B MR VR T B L E O Be R85 X SRS W e AT 8 o SR 5 W S 0 A Wk 4 0 - Y U T 7 T B
o WERAGE T SRR A Y PTO, MRS 6 E 1A (183mg. 80%).'H-NMR (500MHz, CDCl;) &
9.90~10.10(m, 2H), 9.00~8. 75(m, 4H), 5. 30~5. 12(m, 2H), 4. 50~4. 30(m, 4H), 2. 35~2. 15
(m, 4H), 1.85~1.70(m, 6H), 1.45~1.25(m, 40H), 1.00~0. 75(m, 24H),

NTO HE L :
% 0. 2mmol M2 Hl 0. 2mmol M3 & T 25mL B SR )G A 5mL &AM 1. 5mL — R H I,
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Scheme 2 Synthetic routes of the polymers
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REWW sy FRAEA 1,2, 4- =G0RERE R 38 i 2 EERFHE 2 " PL-GPC 220 & il (a5 ik 7E 150°CF
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e P B AR A AL 00 Cln &y L SR AR SO i B RAF Mg M PTO il NTO (83 /8 34+
il SR GPC W, 45 Rk 1 iR, PTO B34 4r 1 & (M) N 30. 1kDa, NTO iy 5 7+ &=
(M) 31. 2kDa, FATTR #7347 AR 22 7% R A3 ALK PTO AT NTO [ #8247 T 3%
fiE . W 2Ca) Br7R  PTO FiI NTO [ #8455 fif il B2 B it 340°C . 2 HA I 45 2 Cin &l 2(b)) iR
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Figure 2 Thermogravimetric (a) and DSC analysis (b) of PTO and NTO
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(5. 5°) /T PDI 58 My = JE S 18 (O HLFE /A (11, 8°) . HAN/NAI L M i F5 NTO E A 035 10 45 S 1L fig
DA KO 3 B 3R IR R
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PTO Il NTO 7£ &R B BORE BOR S T W os 558 i UV-vis IIBOE A & . anE 4 iR, 1
B (a) . (b) 4350 PTO F NTO 72 % 8RN BRSNS . PTO (17 80F 8 B o5 7 36 1
300~700nm [y % % i Fl . Horfr 300 ~450nm 4b iy W g 9 25 F R &9 F 4 oon B FBREE. 500 ~
700nm Ab [ W YL 1T 45 T PDI B 50 FBE Wy 50T 22 (8] 58 14 43 F 0 L 75 B (ICT) . BRILZ 4, PTO [H
ICT WAl He FH B Y PDI 250 R & W s, U BH 58 45 o 7 B T g S0 ME W 1 5 AR K42 & T
PTO 53 F N H A 5% X TR m A S R A B R EZEEM . PTO BRIk 724nm,
FEE L I R 768nm . M TG A 44nm AR, X FEEHF PTO fEM RS T HAEIng
FP i HERR . NTO 775 W0ORT 3 BROIR 25 9 O 335 A 25, N'TO £ 500~ 750nm &b B AT fR 58 1 ICT I, 3X
52 Wi IE B9 NDI 2K B4 W AL a A R0 . NTO A9 % 38R 9 B0 e A R B R 747nm, R RS W
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Figure 3 (a) Top view of PTO dimer; (b) Top view of NTO dimer; (c¢) Side view of PTO dimer;
(d) Side view of NTO dimer
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Figure 4 The UV-vis absorption spectra of PTO and NTO in CB (a) and as thin films (b); CV curves
(¢) and energy level alignment diagram (d) of PTO and NTO.
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(CVO AT RE o SR S8k ) A0 Ak F A6 VB Dy A 22 67 » Buy NPF 2 i 1 WA F AR OV W, 206 5 1R
TR AL A R 0.42V, BREW R & S A BLIE (HOMO) fig % (Enowo) il I8 AR 5 A #LiE
(LUMO) BEZR (E Lowo) B 33 LR 8B A5 8] .

Enowo =—e(E, +4.38)(eV) ,Erpmo = — e (E .y + 4. 38) (eV)

K EoHFE. o533 AW S AL R i AL . ] 4Co) BF7R . PTO Fil NTO #9546 L A7 43
Wk 1. 63eV I 1. 53eV, i J5 HL 37 43 51 — 0. 59eV Fl — 0. 64eV, i3, PTO 5 HOMO fg 4% 1
LUMO REZ43 510 —6. 01eV Fl—3. 79¢V,NTO 1§ HOMO fg 4% Fl LUMO fgZ¢ 4> 5K —5. 91eV 1 —
3. 74eV i 4(D Fizn . NTO fl PTO # HA K E K LUMO G849, A F F H th #5143 45 55 1) TT % L i
(Vo) s N 3RAG R B e e 0 . RATTIe 2 TR &4 K PBDB-T 1y HOMO [EZ M LUMO fig
9,435 —5.33eV il —3.53eV, W[ IFH M, PBDB-T 5 NTO.PTO ) LUMO g% 22 K F 0. 2eV,
HOMO R8Z% 25 KT 0. 5eV, X A F T RA W45 2 R FL AL A B840 8

x1 RBRAYHRSBREE.DTFE . REGLFHEY
Table 1 Summary of Ty, M,, P, absorption edge, HOMO/LUMO energy level of copolymers

WK h / (nm)
Ta/ oy T — - HOMO/ LUMO/ Eop/
REW W R
(QOD] (eV) (eV) (eV)
M, /(kDa) b AW AW
PTO 343 30.1 2. 85 724 768 —6.01 —3.79 1.61
NTO 349 31.2 2.01 747 747 —5.91 —3.74 1. 66

2.5 RRMERE

K THRIEIT PTO FINTO 5214 1 4 4 W A BH Tt 25 14 10 6 AR M B L FRATT 0 4% T 45484 1TO/
PEDOT : PSS/PBDB-T : BE&W Z K #l/PFN-Br/Ag R IE2 5 2B &YW KHE M, PBDB-T /£X
BAEMEL PTONTO 23 5I0E R SZ M RL 4522 R BT ol 2+ 1, TR 0K . PEN-Br HIfE L F1%
W2 TR AR s R ERE N 2R AW R TV iKW E 5o
Re BT PTO Z AR 454 WA B HL i 1 BB B 54 AL AR 2. 7200, 3 F NTO A s Jth 25 14 1) B 1 5% e
ROREH 3.6500 ., MR TEAN S5 EE 2 FiR T LR BE, 36 F PTO A NTO 94 34 9 K FH f i i
L (T D4R 6. 68mAem P 7. 48mAcem . K THEIN T BIAERGYE, AT BIIAR T T
PTONTO 45 & WK BH it #5748 19 4h i 7208 (EQE) . EQE i Zen &l 5 (D iR, MBI ] LLE
#,PTONTO ¥y EQE i i i Ffl J& 300 ~750nm, % 5 © 1MW POL ik M 5. N EQE 4k L&,
PTO.NTO 1) EQE £ # /N T 3570 R T 3 T WA B G W 52 bR b 38 78 BAT IS T o1 i
K., T PTONTO M4 R4 Y i &5 240 78 B A B m i 1 B L (Vo) 43302 0. 78V il 0. 87V, X &
B 5 F o SAUHE IR 1 WE W (A5 IR A B B LUMO RS MR8 1 Ve

2 PBDB-T: BEWMZMHAMEMMNRERSE

Table 2 Photovoltaic parameters of polymer solar cells with PBDB-T : acceptors as active layer

. T/ rn/ pe/
T2 Ve / (V) ) FF/(%) PCE(%) PCE(max) ) )
(mAscm ™ ?) (107 *em?eV les ) (10 tem?eV les™ )
PBDB-T : PTO 0.784+0.00 6.68+0.06 52.10+0.93 2.72+0.07 2.8 7.84 3.25
PBDB-T : NTO 0.87-+0.00 7.48+0.17 55.83+1.17 3.65+0.02 3.7 11.9 5.35

2.6 HRFIEBE
N TR ET PTO M NTO B4 2R G 90 K BH AL It 25 1F 59 6 AR 1R fiE L B2 7RI B F 7 1) % 1

Ht
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Figure 5 (a) Device structure of all-polymer solar cell; (b) molecular structures of donor and interfacial material;

J-V curves (¢) and EQE curves (d) of all-polymer solar cells
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Figure 6 SCLC curves of electron-only devices (a) and hole-only devices (b) based on PTO and NTO
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Figure 7 AFM images of PBDB-T : PTO blend film (a) and PBDB-T : NTO blend film; (b). TEM images of
PBDB-T : PTO blend film(c) and PBDB-T : NTO blend film (d).
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Design. Synthesis and Photovoltaic Performance of Novel Conjugated
Polymer Acceptors Based on Alkoxy Substituted Diethynylthiophene

LIU Xiao-cheng', WU Shi-hao', HU Zhi-cheng'?, TANG Hao-ran', LING Hao', HUANG Fei'*"
(1.State Key Laboratory of Luminescent Materials and Devices, School of Materials Science and Engineering ,
South China University of Technology, Guangzhou 510640, China ;

2.South China Institute of Collaborative Innovation, Dongguan 523808, China)

Abstract: Two novel conjugated polymer acceptors (PTO and NTO) were designed and synthesized. PTO and NTO
possess alkoxy-substituted thiophene as electron donor moiety and ethynyl moiety as the n-bridge in the conjugated polymer
backbone, while perylene diimide (PDI) or naphdiimide (NDI) moiety are used as electron acceptor moiety in their
conjugated polymer backbones. Both PTO and NTO exhibited broad light-absorption spectra and low lowest unoccupied
molecular orbital energy levels (>>—23. 80eV). All-polymer solar cells (all-PSCs) were fabricated using these copolymers as
electron acceptors and a medium-bandgap conjugated polymer, PBDB-T, as the electron donor. The resulting all-PSCs
based on NTO exhibited a power conversion efficiency of 3.7% , which is higher than that of the devices with PTO as
acceptor (2.8%). The performance improvement was attributed to the higher open-circuit voltage, greater charge carrier
mobility of the PBDB-T:NTO based devices.

Key words: Alkoxy-substituted thiophene; Conjugated polymer acceptors; All-polymer solar cells
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