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Non-halogenated Solvent Processable Wide Bandgap Polymer
Based on Quinoxaline Units with Isomerized Side
Chain for High-efficiency Organic Solar Cells
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Abstract: Quinoxaline units have been widely employed in the construction of high-performance wide-
bandgap polymer donors due to their moderate electron-deficient characteristic, strong quinoid form and
multiple sites for structural modification. In this work, two novel polymer donors, PQx-1 and PQx-2,
are designed and synthesized using phenyl-substituted quinoxaline as the electron-deficient unit. The
positional isomerism of the alkoxy chain on the phenyl group can significantly influence the material
properties. When the alkoxy chain is located at the meta-position of phenyl group, polymer PQx-2 exhibits
a deeper HOMO energy level, favorable phase-separated morphology, and higher hole/electron mobilities
compared with polymer PQx-1 featuring para-position substituted phenyl group. Consequently, the device
based on PQx-2:BTP-eC9 can achieve a remarkable power conversion efficiency (PCE) of 17.16%
using the non-halogenated solvent o-xylene as the processing solvent, significantly outperforming the
photovoltaic performance of polymer PQx-1. The results demonstrate that positional isomerism of side
chains can effectively tune the photovoltaic properties of materials, providing a viable strategy for the
development of non-halogenated solvent processable wide bandgap polymer.
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J1% (0.5 mL), Bt /< 3~5 ¥k, MDY (=2 FE %) 48
(5 mg, 0.007 mmol), fit#:" < 3~5 %, FHilf % 110 °C
BidE24 he AHIE =R, FH BRI, B HRH
FE A . &UH e =S B ilt 47 Rk, H
P U7 B 43 1) 28 £ [ 44 2R & ) PQx-1(65 mg, 7= %
58%). il 5t i 15 38 03 (GPC): M,=14.5 kDa,
M,=28.1 kDa, PDI=1.92.
1.1.2 EEYPQx-2 &k

I IR R SV PQx-1 & (B 1). &
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AN 2 88 T 7K AR UG 7 7 ¥ 20 min, - md TG
H T 150 °C# & b 4L #% 10 min, B J5, 7E Plasma
Hi% 4L 20 min J5, % PEDOT:PSS ¥4 i i i T 1TO
BE L, BE435 0m. BEEMEERGKEL
7 mg/mL) Fl /N 53 - 52 4 (1 SL VR )V AR AE TR X
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1 h DL R 78 20 VA AR SR R TR T kR
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DA mg/mL [ il 9K IR ETE 2 B BN
HAEGEESE Ag ik, BP15 OSCs g8 1. 7EF
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Figure 1 Synthesis route of polymers
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Figure 2 Basic optical, thermal, and electrochemical characterizations of PQx-1 and PQx-2: (a) UV-Vis absorption spectra
of PQx-1 and PQx-2 in chloroform solution and thin films, and UV-Vis absorption spectrum of small-molecule acceptor BTP-
eC9 thin film; (b) Temperature-dependent UV-Vis absorption spectra of PQx-1 in chloroform solution; (c) Temperature-
dependent UV-Vis absorption spectra of PQx-2 in chloroform solution; (d) TGA curves of polymers PQx-1 and PQx-2; (e) Cyclic
voltammograms of PQx-1 and PQx-2; (f) Energy level diagram of the polymers and acceptor BTP-eC9
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135 1 FF,
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FeARMERE I BB R 2. 38 I A [A] H e B ) E O
(SCLC) T EHE AL 1T 24 585 W) PQx-1 M PQx-2
FL VR B 1) 2 X (uay) A1 R T () 1T AE 3, SR AT 45 1
43 3N ITO/PEDOT:PSS/ i 14 /2 /MoO,/Ag F11TO/
ZnO/ 3% 1% 2 /PDINN/Ag. 11 & 3(e). 3(f) Al % 3
Bt 7%, PQx-1:BTP-eC9 AT 3t i A (1) 0, A1 e, 73 731
9 1.58x107* F10.62x107* em*/(V-s), £ Jy %f ke,
PQx-2:BTP-eCO FLIR M B 1 B B4 i 110 gy, A1 s
45 51 5y 4.86x107* 1 3.38x10°* cm*/(V+s). [d I},
PQx-2:BTP-eC9 1 B fii 38 5 7% Hy B /I B gaye 1,
KA R . Sz, BT ERAY
PQx-2 JLIR MR BA = 1) 2 XM B i 2, 9 H
FEAGT SR NP4, 3X AT DARRRE FL A i 1) J, A FF
24 HERENNERFIRFRA

FIH LST-ISQY Ji A B3 A > i il X 2 4 % il

=1 PQx-1.PQx-2 it HL 4k 25 1 Jifi
Table 1 Optical and electrochemical properties of PQx-1, PQx-2

EEY M, (kDa) M, (kDa)  PDI A (nm) Jm)  Epomo®(€V)  Epvo°(€V)  EQPUC(eV)
PQx-1 14.5 28.1 1.94 584 591 -3.52 —5.26 1.73
PQx-2 20.1 52.8 2.63 624 634 -3.51 —5.34 1.70
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Figure 3 Photoelectric performance testing of PQx-1: BTP-eC9 and PQx-2: BTP-eC9 devices: (a) J-V curves; (b) EQE curves;
() Jpp-Vegrdiagram; (d) Dependence of Jy on light intensity; (e, f) Holes and electron mobility

F2  HTPQx-1. PQx-2 B IFIDEIR L fE
Table 2 Photovoltaic performance of PQx-1 and PQx-2-based devices

W Voo (V) Jy (mA/cm?) Jeat (MA/cm?) FF (%) PCE (%)
PQx-1:BTP-eC9 (1:1) 0.78 19.99 19.86 44.68 6.85 (6.67)
PQx-2:BTP-eC9 (1:1) 0.84 27.57 26.22 74.05 17.16 (16.98)

%3 PQx-1:BTP-eC9 1 PQx-2:BTP-eC9 3 i JIF ft) 4% 7 AN
T IER R

Table 3 Holes and electron mobilities based on PQx-1:
BTP-eC9 and PQx-2: BTP-eC9

a0 n (e/(Ves)) g (em/(Ve9)) i
PQx-1 1.58x1074 0.62x107* 2.55
PQx-2 4.86x107 3.38x1074 1.44
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