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Fig. 2 Chemical structures of the donor polymer PBDB-T and the acceptor materials, YTz-C11 and YTz-PhC6 developed in

this work.

IR FEAS RIMEE XS 7 25 A B s, R 2%
Pz e 3R (DFT) THE 1 2 Bl 7 2 AR I i e
TR B 3B, BTE /N1 2k
IR B 450 (B AT LR, B
RN MBI, YTz-C11 50748
AT TE A — e U ) 2-(5-1R -3- 48K -2,3- ZA-
VH-Bfi-1-V738) N 55 5 7 7 F 80 T M B

0.6°~0.7°38 K 2 YTz-PhC6 43 F H 4RI 3- CL- 2K
FEMEE ) 2-(5-1R-3-440-2,3- “ A -1H-Efi-1-T3E)
P SR 52y 1 AR T 7.8°~8.30. IX E
HH T YTz-PhC6 I K B 5l N, KIAXF C=N
FEAEHEFAER, BRI IC 3 55 5 v o0 i 42 8]
LT A, X ATAES]E 2 Fh NFAS ) 35 78 7 5 7
FHIH R ER.



4 CRE T

' , 5.00 800 nm, F 5 KR ICUE 53 3 2 F- 762 F1 759 nm,
« B | BORA T, YT2-ClL R, TR YTz
. !h R | PhC6 %ML #, ML F, YTz-PhCo K& T
. S . A MBURS T (B 4(b)), ZARME Y TZ-C11

{ FIY Tz-PhC6 H B (1 RSB Y Bl e 9 % 600~

LT S 920 nm, 5 KLU 3 HI4T 8 % 827 1830 nm,

o 7
ﬁﬁ“‘.d_“0¢‘ A
{4 29¢” Tp0y

°
¢ O e o
“"s L. VT SR (&

% a,‘..

20*97%0.6° 0.7° *%,3

2 BA L [ 2 2 7 A AE ELAE A B i 5 . X Fh 4
70 nm HZLAE ORI BB ORI DG T, A

k] Top view J‘:“ 25 AR PR IR K L AMEE AR 4T . 650 1 730 nm 4b
ey YTz-PhC6 MBI LL T YTz-C11 HU B T & 3 1 5

Hry R, RO T & RIR SR 5 AR

T ILHER) ARG TR SRR AR, YT2z-PhC6 /=
AT PR HERR, WL Ll T Y Tz-
C11FYTz-PhC6 TR CEE A6 5 (Aonsed) FIT 754 21
Fig. 3 DFT calculations of the optimized molecular geometry T%%%ﬁﬁ(ﬁi‘gom)ﬁ\%”% 139 MIL37 eV, TR
at BLYP/6-31G(d,p) level of YTz-C11 and YTz-PhC6. Fri%a 1 PBDB-TIHY ”&45135%%43& 450~§80 nm
TG, BT L2 PR S B S i S g A B AR Y
TE W FE 28 131075 mol-L-" ) # & A7 V& 1 WO REE PR AL R Hmr s, AT A T
PASCGHBEARAS Tl & 7 PBDB-T M2 Fi2 4k )% @AVUKHBERIE. E4(c)Ex, TREIEPBDB-T:
Ah-A] IL(UV-Vis)IR IO, MR a5 51F  YTz-PhC6 AHLL T PBDB-T:YTz-C11 HBL T 418,
x 1. mE 4R, WRARET, PBDB-T FUEE BB ZRIRB 5] NFEM [ 53 (8] 1) -0 HE
o WO Y5 Bl A 500~650 nm, YTz-C11 Ml YTz- S5, BS5HZREIEE R H 1.39 eVl a
PhC6 I il P ARBL, B IR WSV R 600~ 1.37 eV AR A IR 45 R — L.

° o
Side view Side view

Table 1 The optical and electrochemical properties of YTz-C11 and YTz-PhC6.

Amax (MM

Acceptors - (nm) - E2 (eV) Enomo/ELumo ° (€V) E, Ve (eV)
Solution Film

YTz-C11 762 827 1.39 -5.62/-3.79 1.83

YTz-PhC6 759 830 1.37 -5.57/-3.82 1.75

@ Estimated from the onset absorption of thin films E,% = 1240/A,,; ® Calculated from the onsets of reduction/oxidation
potentials; ¢ Calculated from E,*Y = E} ymo ~ Enowmo-

2RAEE MmN R R THUE PhC6 1 Enomo/ELumo 18 70 51 N —5.62/-3.79 F1-5.57/
(HOMO) A AL K 7 7> FHUB(LUMO)RE il -3.82eV. 5 YTz-C11 MLk, YTz-PhC6 R I H i
TERZFARIE A T ARXBATIE . Enomonomo = ERT AR, X 5 MWL) YTz-PhCo i
~€(Eo/Ered = $pepe +4.8) (eV) L Hrt, E o 0ff BT, YTz-Cl11 AR & M RARR 55T
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REA . BRI E VI L SRR RS R (Vo). /R YTz-PhC6 [ Vo 7] BEAR T
HOYIAZ B AL . B 4(d) AT &, YTz-C11HIE,  YTz-C11, {H AR WX B A 55 Wk 6
N E,ea 73 3N 1.294 f1-0.541 V, YTz-PhC6[WE,,  ARITLIE &M Jge. R, XegE TR, 78
M E e 73 108 1.235 H1=0.509 V. ¢ o HAGFI NFAs 73140 [F) A7 B kAT A 8]0 30O 3 sk
BART ORBRE T/ R EMIEFE R A R
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Fig. 4 (a) Normalized UV-Vis absorption spectra of the donor and acceptors in chloroform solution with a concentration of
about 1x107 mol-L!; (b) Normalized UV-Vis absorption spectra of the donor and acceptors as thin films; (¢) Normalized

UV-Vis absorption spectra of the blended films; Cyclic voltammogram (CV) curves of (d) NFAs and (e) Fc'/Fc, respectively,
scan rate: 10 mV/s; (f) Energy level diagram of the related materials used in the OSC devices.
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Fig. 5 (a) Schematic device configuration used in this work;

(b) Optimized J-V curves under AM 1.5G illumination;

(c) EQE curves of the corresponding optimized devices.
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Table 2 Summary the photovoltaic parameters of the optimized devices based on YTz-C11 and YTz-PhC6 under standard

AM 1.5G illumination, 100 mW-cm™.

Acceptors Voc (V) Jsc (mA-cm?) FF (%) PCE # (%)
YTz-Cl11 0.862 (0.859+0.002) 22.29 (22.05+£0.21) 55.56 (54.22+1.26) 10.67 (10.31+0.26)
YTz-PhC6 0.848 (0.844+0.003) 2631 (26.0620.20) 71.07 (69.3241.33) 15.87 (15.37+0.24)

2 The average parameters were calculated based on 10 independent cells.
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Fig. 6 PL curves of PBDB-T (excited at 550 nm), YTz-C11 (excited at 700 nm) and YTz-PhC6 (excited at 700 nm) neat
films; PL curves of PBDB-T:YTz-C11 and PBDB-T:YTz-PhC6 blend films (both blend films excited at 550 nm and 700 nm).
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Fig. 7 (a) J-V characteristics of electron-only devices based on the blend films; (b) J-V characteristics of hole-only devices
based on the blend films; (¢) Normalized TPC decays of the OSCs; (d) Normalized TPV decays of the OSCs.
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Research Article

Side Chain Engineering of Benzotriazole-based Non-fullerene Acceptors for
Tuning Structure and Photovoltaic Properties

Ge-jing Wang!, Long-zhen You!*, Zheng-qi Liu?, Ru-xue Ding?, Xu-bing Bai?, Xiao-ming Li?, Yun-hao Cai®*
(!School of Materials Science and Engineering, Linyi University, Linyi 276000)
(?School of Materials Science and Optoelectronic Technology, University of Chinese Academy of Sciences, Beijing 100049)
(3College of Textiles and Clothing, Qingdao University, Qingdao 266071)

Abstract Two novel benzotriazole-based non-fullerene acceptors, YTz-C11 and YTz-PhC6, were designed and
synthesized to systematically investigate the effects of replacing the linear functional group (z-undecyl) at the
[-position of the thienothiophene unit with a two-dimensional functional group (3-hexylphenyl) on their molecular
structure, physicochemical properties, thin-film morphology, and photovoltaic performance. Theoretical calculations
demonstrated that the introduction of the benzene ring in YTz-PhC6 leads to a significant increase (approximately
7.8°=8.3°) in the dihedral angle between the IC terminal group and the molecular backbone, thereby optimizing
the molecular packing behavior. Spectroscopic and electrochemical tests revealed that YTz-PhC6 exhibits a
narrower optical bandgap (1.37 eV) and a lower LUMO energy level (-3.82 eV). Organic solar cells based on
PBDB-T:YTz-PhC6 achieved a power conversion efficiency (PCE) of 15.87%, significantly higher than that of
devices based on YTz-C11 (10.67%). The superior performance was primarily attributed to faster charge transport,

more balanced charge carrier mobility (u/u.~1.05), and optimized nanoscale phase-separated morphology.
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Furthermore, transient optoelectronic tests indicated that YTz-PhC6 devices exhibit shorter charge extraction time
(0.42 ps) and longer carrier lifetime (0.95 ms). This study demonstrates that introducing a two-dimensional side

chain at the f-position of non-fullerene acceptors can effectively regulate their molecular packing and optoelectronic
properties, providing new insights for the material design of high-performance organic solar cells.
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