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ring substitution on non-fullerene
acceptors boosts the performance of organic
photovoltaics

Ruibin Bian,a Xiangjian Cao,a Zhaoyang Yao, *a Wenkai Zhao,b Shuhui Ding,a

Guankui Long, b Xiangjian Wan, *a Chenxi Lia and Yongsheng Chen *a

Molecular packings of non-fullerene acceptors (NFAs), which are determined by not only end groups but

also central cores, affect the power conversion efficiency (PCE) of organic solar cells (OSCs) greatly.

Compared to typical halogen and alkyl substitutions, aromatic moieties are usually more powerful in

tuning molecular packing due to their p–p stacking ability. Herein, two NFAs, CH-Ph and CH-Th, were

designed and synthesized with phenyl and thiophene substitutions on the central phenazine cores,

respectively. A systematic investigation reveals that different aromatic substitutions on the central core

result in diverse molecular planarity and frontier orbital distributions, which greatly influence the

crystallinity of NFAs and their photo-dynamics in blend films. Benefiting from the enhanced crystallinity,

the PM6:CH-Th-based binary organic solar cells achieved a high PCE of 18.96%, outperforming the

PM6:CH-Ph-based devices (PCE = 17.89%). By incorporating CH-Th as a third component, the ternary

OSCs of PM6:CH6F:CH-Th further attained an excellent PCE of 19.94%. Our findings emphasize the

crucial role of aromatic substituents on the central core in tuning the crystallinity of non-fullerene

acceptors and enhancing the PCE of organic solar cells.
Introduction

Organic solar cells (OSCs) have attracted considerable research
interest due to their inherent mechanical exibility,1–5 low
cost,6–10 semi-transparency,11–16 and solution processability.17–20

The rapid development of non-fullerene acceptors (NFAs) has
propelled the power conversion efficiency (PCE) of single-
junction OSCs beyond 20%.21–28 The signicant enhancement
in both the short-circuit current (JSC) and open-circuit voltage
(VOC) of the OSCs can be accounted for by the distinct advan-
tages of A–D–A-type NFAs: their strong light-harvesting capa-
bility and their readily tunable energy levels, respectively.29

Among them, ITIC analogs30–33 were one of the most successful
categories of NFAs, in which the end groups (E) determine
molecular packings. In contrast, the superstar Y-series NFAs
exhibit a three-dimensional (3D) packing arrangement, with
both central unit (C) and end groups participating in intermo-
lecular stackings.34–36 This 3D molecular packing in Y-series
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NFAs has been proven to enhance charge transfer and trans-
port dynamics, thereby improving the PCE of the corresponding
devices.37–40 With the advent of NFAs with two-dimensionally
extended central units, the central units have exhibited great
merits in enhancing the strength of molecular packing and
optimizing the 3D packing networks. For example, a series of
two-dimensional acceptors were developed by our group, and
the conjugation extension of the central unit has successfully
modulated molecular packing into a mode more favorable for
electron transfer.41–43 Then, Wei's group synthesized two
acceptors Qx-1 and Qx-2 with aromatic modications on the
central core and the PM6:Qx-2 based devices achieved a favor-
able PCE of 18.2%.44 Recently, Luo's group introduced naph-
thalene into the central core innovatively and synthesized three
acceptors NaO1, NaO2 and NaO3. Among them, the PM6:NaO1
based devices reached an excellent PCE of 19.11%.45 Moreover,
two-dimensionally extended central units also offer extra
chemical active positions for further structural modications.
Therefore, the molecular stacking of NFAs and further the
phase separation features of active layers could be optimized
conveniently by designing new central cores of NFAs.46

Several types of moieties have been employed to modify the
central core, including halogens,47,48 alkyl and alkoxyl
groups,49–51 triuoromethyl groups,52,53 and so on (Fig. 1a).
These groups greatly impact the energy levels, absorption
spectra, intermolecular interactions, and crystallinity of NFAs.32

Compared to other functional groups, the unique feature of
This journal is © The Royal Society of Chemistry 2026

http://crossmark.crossref.org/dialog/?doi=10.1039/d5ta10460b&domain=pdf&date_stamp=2026-04-23
http://orcid.org/0000-0003-1384-183X
http://orcid.org/0000-0002-1826-3736
http://orcid.org/0000-0001-5266-8510
http://orcid.org/0000-0003-1448-8177
https://doi.org/10.1039/d5ta10460b
https://pubs.rsc.org/en/journals/journal/TA
https://pubs.rsc.org/en/journals/journal/TA?issueid=TA014024


Fig. 1 (a) Various substituents on the central phenazine core of NFAs. (b) Chemical structures of CH-Th and CH-Ph. (c) Molecular frontier orbital
distributions with energy levels.
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aromatic moieties is the planar conjugated backbone with p–p

stacking ability,54–56 which may exert more effects on molecular
packing behaviors of NFAs and miscibility between donor and
acceptor materials.57 Herein we designed and synthesized two
This journal is © The Royal Society of Chemistry 2026
NFAs, CH-Ph and CH-Th (Fig. 1b), based on a high-performance
molecular platform of CH6F (Fig. S1),47 with phenyl and thio-
phene substitutions on central phenazine cores, respectively.
The quite different electrostatic and geometric features of
J. Mater. Chem. A, 2026, 14, 15008–15017 | 15009
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benzene and thiophene result in diverse molecular planarity
and frontier orbital distributions. In particular, the noncovalent
bonds between S-atoms on thiophenes and N-atoms on phen-
azine units help to maintain the planarity of CH-Th to some
extent,41 which improves the crystallinity of CH-Th and its
photo-dynamics in blend lms signicantly. Consequently,
PM6:CH-Th-based binary devices achieved a good PCE of
18.96%, surpassing the 17.89% for PM6:CH-Ph. By incorpo-
rating CH-Th as a third component, the ternary device
PM6:CH6F:CH-Th attained an excellent PCE of 19.94%. Our
ndings highlight the effectiveness of the central aromatic
substituent in adjusting the crystallinity of NFAs and, further,
the PCE of OSCs.
Results and discussion

The synthesis of CH-Th and CH-Ph is outlined in Scheme S1,
with detailed experimental procedures described in the
Synthesis section (SI). Density functional theory (DFT) calcula-
tions (B3LYP functional58 with 6-31G(d) basis set59) were per-
formed to investigate the impact of substituted aromatic rings
on the phenazine core. Both CH-Ph and CH-Th exhibit a rela-
tively planar backbone and a typical A–D–A type structure, as
indicated by the apparent peak–valley–peak property of frontier
orbital charge density differences and an electrostatic surface
potential analysis (Fig. S2). As thiophene is substituted on the D
part of the molecule and owing to the electron-donating prop-
erty of the thiophene ring, CH-Th exhibits a more pronounced
A–D–A feature (Fig. S3). An enhanced A–D–A feature may enable
Fig. 2 (a) The absorptions of CH-Ph and CH-Th in dilute chloroform s
tammetry (CV). (c) TGA curves of CH-Ph and CH-Th. (d) DSC curves of C
cuts derived from 2D-GIWAXS of neat films.

15010 | J. Mater. Chem. A, 2026, 14, 15008–15017
NFAs to have a superior molecular stacking, better charge
separation and transport, and smaller energy loss in the
resulting OSCs.60–63 Besides, Ch-Th presents a slightly larger
polarizability than CH-Ph, which is also benecial for
enhancing dielectric properties and improving exciton dissoci-
ations (Table S1).64–66 CH-Ph is less planar than CH-Th with
a dihedral angle of 53.6° between substituted aromatic rings
and phenazine core, much larger than that of CH-Th (33.2°).
This could be induced by the strong noncovalent S–N secondary
interactions between S-atoms on the substituted thiophene ring
and N-atoms on the phenazine unit (Fig. S4). The distribution of
frontier molecular orbitals of CH-Ph and CH-Th is quite
different, as CH-Th has a more rigid and planar backbone. The
highest occupied molecular orbital (HOMO) of CH-Th spreads
to the substituted thiophene on the phenazine unit, while the
corresponding phenyl rings contribute little to the HOMO of
CH-Ph (Fig. 1c). The different distribution of the HOMO orbitals
of CH-Th and CH-Ph results in a slightly down-shied HOMO
energy level of−5.54 eV for CH-Th compared to that of−5.51 eV
for CH-Ph. Despite the diverse distribution of the HOMO, the
distribution of the lowest unoccupiedmolecular orbital (LUMO)
remains unchanged, resulting in nearly the same LUMO energy
level. This resulted in a slightly larger bandgap for CH-Th than
CH-Ph, which should account for the blue-shied absorption of
CH-Th in dilute chloroform solutions (Fig. 2a).

Cyclic voltammetry (CV) was performed to evaluate the
energy levels of CH-Ph and CH-Th (Fig. S5). The HOMO/LUMO
energy levels are estimated as −5.60/−3.90 eV for CH-Ph and
−5.68/−3.87 eV for CH-Th (Fig. 2b). The derived bandgap of CH-
olutions and neat films. (b) The energy levels evaluated by cyclic vol-
H-Ph and CH-Th. (e) and (f) Out-of-plane (OOP) and in-plane (IP) line

This journal is © The Royal Society of Chemistry 2026
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Ph is 1.70 eV, which is smaller than that of CH-Th (1.81 eV).
Therefore, the absorption of CH-Ph lms is red-shied with the
maximum peak at 818 nm, followed by CH-Th at 809 nm. Due to
the extended conjugated backbones enabled by the central
aromatic rings, larger molar extinction coefficients of 2.62 ×

105 M−1 cm−1 for CH-Th and 2.63 × 105 M−1 cm−1 for CH-Ph
were observed, with respect to that of 2.10 × 105 M−1 cm−1

for CH6F (Fig. S6). Both CH-Ph and CH-Th exhibit excellent
thermal stability, with decomposition temperatures exceeding
310 °C (Fig. 2c). Differential scanning calorimetry (DSC) curves
(Fig. 2d) reveal exothermic peaks at 265 °C for CH-Ph and 250 °C
for CH-Th, with corresponding melting enthalpies (DHm) of
10.13 and 19.34 J g−1, respectively. The higher melting enthalpy
of CH-Th suggests stronger crystallinity compared to CH-Ph.67

As illustrated in Fig. S7, CH-Th has a smaller exciton binding
energy (Eb) of 72.2 meV than CH-Ph (93.5 meV). In theory,
a smaller binding energy enables the dissociation of photog-
enerated excitons in CH-Th into free charges with a lower
driving force, thereby further reducing the energy loss in
OSCs.68,69 We used grazing-incidence wide-angle X-ray scat-
tering (GIWAXS) on neat lms of the acceptors to investigate
their molecular packing (Fig. S8). As shown in Fig. 2e and f, both
acceptors exhibited a strong (010) diffraction peak in the OOP
direction and a distinct (100) diffraction peak in the IP direc-
tion, consistent with a preferential face-on molecular orienta-
tion. In the OOP direction, CH-Th showed a p–p stacking
distance of 3.65 Å, smaller than that of 3.69 Å for CH-Ph (Table
S2). Moreover, CH-Th also displayed a notably larger crystal
coherence length (CCL) of 23.77 Å compared with 16.30 Å for
CH-Ph, indicating that CH-Th possesses better molecular
crystallinity.

Single crystals were employed to elucidate the inuence of
substituted aromatic rings on molecular packing. As shown in
Fig. S9 and Table S3, both acceptors adopt a C-shaped confor-
mation with planar backbones. The dihedral angles between
the two terminal planes are 10.0° for CH-Ph and 7.5° for CH-Th.
Furthermore, the dihedral angles between the aromatic side
groups and the central phenazine core are 45.9° for CH-Ph and
37.6° for CH-Th, indicating that CH-Th possesses a more planar
backbone—a nding consistent with earlier DFT calculations.
The enhanced planarity of CH-Th promotes molecular packing
and crystallinity, as conrmed by GIWAXS analysis of neat
lms. The planarity and rigidity of CH-Th can be attributed to
an intramolecular S–N interaction between the sulfur atom of
the substituted thiophene ring and a nitrogen atom of the
pyrazine core. The measured S–N distance derived from the
single crystal is approximately 3.10 Å, which is signicantly
shorter than the non-bonding distance (z3.50 Å), supporting
the existence of noncovalent interactions (Fig. S9).41 In contrast,
CH-Ph lacks such a strong non-covalent interaction between its
phenyl substituent and the phenazine core. CH-Th and CH-Ph
exhibit rectangular-shaped voids with dimensions of z34.4 ×

8.3 Å and 31.4 × 14.4 Å, respectively (Fig. 3a). The size and
planarity of these aromatic substituents on the phenazine
moiety give rise to distinct crystalline architecture and three-
dimensional stacking networks, which may further affect
This journal is © The Royal Society of Chemistry 2026
charge separation and transport properties in photovoltaic
devices.

The variation in stacking networks arises from differences in
intermolecular packing modes. To analyze this, key packing
modes with intermolecular interaction energies exceeding 80 kJ
mol−1 were identied (Fig. 3b). Moreover, the single crystal of
CH6F without central aromatic substitutions was also obtained
from the literature in order to make a clear comparison
(Fig. S10). Molecular packing usually involves three moieties:
the ending group (E, red), central unit (C, blue), and bridge unit
(B, yellow). Unlike CH6F, where the strongest interaction
corresponds to the E/E + C/C packing mode, both CH-Th and
CH-Ph exhibit a dual E/C packing mode as the dominant
interaction, with energies of −448.7 kJ mol−1 and −460.3 kJ
mol−1, respectively (Fig. 3c), which is signicantly higher than
that of CH6F (−236.5 kJ mol−1). A common trend is that
substitution on the phenazine core substantially increases
intermolecular interaction energies and shis the dominant
packing mode from E/E + C/C to dual E/C.41 This highlights that
both the end and central groups play key roles in driving
molecular assembly. The extended conjugation in the central
unit enhances p–p interactions between molecules, leading to
the emergence of the E/C packing mode. The p–p stacking
distances for the strongest packing modes are 3.46 Å (CH-Th),
3.55 Å (CH-Ph), and 3.57 Å (CH6F). CH-Th shows a notably
shorter p–p stacking distance, which promotes tighter molec-
ular packing—a feature benecial for charge separation and
transport.47,70 As summarized in Table S4, the dual E/B packing
mode yields the highest electron transfer integrals: 25.7 meV for
CH-Ph and 12.8 meV for CH-Th. Other packing modes
contribute little to electron transfer in CH-Ph, whereas in CH-
Th, the C/C + E/E mode also provides another electron-
transfer pathway, with an integral of 9.4 meV.

To investigate the impact of different aromatic substituents
on photovoltaic performance, OSCs with conventional archi-
tecture were fabricated. Regarding the active layers, PM6 (ref.
71) was chosen as the donor for its matched energy levels and
complementary absorption spectra with acceptors. The detailed
device parameters are provided in the SI (Tables S5 and S6). The
device based on PM6:CH-Ph achieved a better PCE of 17.89%,
with a higher VOC of 0.914 V, a JSC of 25.30 mA cm−2, and an FF
of 77.36%, compared to CH6F47 (Table S7). Notably, the
PM6:CH-Th based OSC rendered a further improved PCE of
18.96%, with a VOC of 0.932 V, a JSC of 26.41 mA cm−2, and an FF
of 77.01% (Fig. 4a and Table 1). Although CH-Th has a similar
bandgap with CH-Ph, CH-Th based devices exhibited higher
VOCs than CH-Th based devices, suggesting a lower energy loss
and suppressed charge combination. Notably, CH-Th-based
devices also presented better EQEs than CH-Ph (Fig. 4b), indi-
cating better charge transfer/transportation dynamics, which
results from a more planar backbone and stronger crystallinity
of CH-Th. To achieve a higher PCE, CH6F was selected for
fabricating ternary devices due to its red-shied absorption in
neat lms and excellent miscibility with CH-Th (Fig. S11 and
Table S8). As expected, the PM6:CH6F:CH-Th-based device
achieved a champion PCE of 19.94% with a VOC of 0.876 V, a JSC
of 28.24 mA cm−2 and an FF of 80.62% (Table 1 and S9). The
J. Mater. Chem. A, 2026, 14, 15008–15017 | 15011
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Fig. 3 (a) Topological structure of the 3D single-crystal packing from the top view. (b) The dominant intermolecular packing modes in NFAs. (c)
Intermolecular potentials of the packing modes.
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signicantly improved JSC and FF of the ternary devices
enhanced the efficiency, which can be attributed to better light
harvesting and superior charge separation and transport prop-
erties (Fig. S12). We have also fabricated devices with a non-
15012 | J. Mater. Chem. A, 2026, 14, 15008–15017
chlorinated solvent o-xylene. Due to the relatively low solu-
bility of CH-Th in o-xylene, the PCEs of CH-Th based binary and
ternary devices (16.24% for PM6:CH-Th binary devices and
16.62% for PM6:CH6F:CH-Th ternary devices) were lower than
This journal is © The Royal Society of Chemistry 2026
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Fig. 4 (a) J–V characteristics of the optimal devices. (b) EQE spectra and integral JSC values of the corresponding devices. (c) Photo-
luminescence (PL) spectra in neat and blend films showing PL quenching efficiency. (d) Jph versus Veff curves indicating hdiss and hcoll. (e) Plight
dependence of VOC. (f) The EQEEL plots for optimized devices.

Table 1 Photovoltaic parameters for OSCsa

Active layer VOC [V] JSC [mA cm−2] JEQESC
b [mA cm−2] FF [%] PCE [%]

PM6:CH-Ph 0.914 (0.910 � 0.002) 25.30 (25.06 � 0.38) 24.28 77.36 (76.60 � 0.91) 17.89 (17.48 � 0.30)
PM6:CH-Th 0.932 (0.927 � 0.003) 26.41 (26.55 � 0.14) 25.09 77.01 (75.84 � 0.41) 18.96 (18.67 � 0.09)
PM6:CH6F:CH-Th 0.876 (0.873 � 0.002) 28.24 (28.13 � 0.09) 26.86 80.62 (80.55 � 0.16) 19.94 (19.79 � 0.08)

a Average parameters with standard deviation obtained from 15 independent OSCs. b Current densities derived from integrating EQE plots.
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those processed from chloroform. Comparatively, PM6:CH-Ph
based devices maintained a PCE of 16.71%, which beneted
from its good solubility both in o-xylene and chloroform (Tables
S10–S12).

Photoluminescence (PL) measurements were performed to
study charge transfer between the donor and acceptor. All
binary blends exhibited strong PL quenching of acceptor
emission. PM6:CH-Th showed the highest quenching efficiency
(97.16%), followed by PM6:CH-Ph (94.49%) (Fig. 4c). This result
indicates more efficient charge transfer within the PM6:CH-Th
blend, which is consistent with its higher EQEs observed in
the corresponding binary devices. Charge generation, transport,
and recombination characteristics are further summarized in
Fig. 4d and e. The exciton dissociation efficiency (hdiss) was
94.13% for PM6:CH-Ph and 97.15% for PM6:CH-Th. The charge
collection efficiency (hcoll) reached 81.86% for PM6:CH-Ph and
83.09% for PM6:CH-Th. Trap-assisted recombination was
analyzed using the exponential factor S in the relationship VOC
f S$ln(Plight). A value of S closer to kT/q indicates weaker trap-
assisted recombination. The PM6:CH-Ph device gave the
This journal is © The Royal Society of Chemistry 2026
largest S (1.20 kT/q), followed by PM6:CH-Th (1.12 kT/q), con-
rming that trap-assisted recombination is suppressed in
PM6:CH-Th-based devices. The energy loss of PM6:NFA-based
devices was analyzed quantitatively to evaluate the impact of
aromatic substituents on the phenazine core (Fig. S13).
According to the detailed balance theory, the total energy loss
(Eloss) can be partitioned into three parts: DE1 is the Shockley–
Queisser limit of VOC, DE2 is the radiative energy loss and DE3 is
the nonradiative energy loss. The overall Eloss for PM6:CH-Ph
and PM6:CH-Th were 0.527 and 0.522 eV (Table S13). Particu-
larly, the smaller nonradiative recombination energy loss value
(DE3) indicated by the larger EQE of electroluminescence
(EQEEL) of PM6:CH-Th can account for the overall smaller Eloss
(Fig. 4f). The charge mobilities for the hole (mh) and electron (me)
were measured by the space-charge limited current (SCLC)
method and are illustrated in Fig. S14 and S15. PM6:CH-Ph/
PM6:CH-Th exhibited a hole mobility of 6.60/6.73 × 10−4 cm2

V−1 s−1 and electron mobility of 5.75/5.92 × 10−4 cm2 V−1 s−1,
respectively. The NFAs with substituted aromatic cores exhibi-
ted moderately high hole mobility and balanced hole-to-
J. Mater. Chem. A, 2026, 14, 15008–15017 | 15013
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electron mobility ratios. This is helpful to facilitate efficient
charge extraction and suppress recombination. Notably, incor-
porating CH-Th into PM6:CH6F enhanced both hole and elec-
tron mobilities in the resulting ternary device with a more
balanced charge mobility, which likely contributes to the
highest observed FFs in these devices (Table S14). The PM6:CH-
Ph and PM6:CH-Th based devices retained 90% of their initial
efficiency aer 230 h and 248 h, respectively aer thermal aging
at 65 °C (Fig. S16). Besides, the PM6:CH-Ph and PM6:CH-Th
based devices retained 70% and 61% of their initial efficiency
aer 188 hours of light aging under the maximum power point
(MPP) condition (Fig. S17).

The surfaces of PM6:CH-Ph, PM6:CH-Th and PM6:CH6F:CH-
Th based blends were relatively smooth, with root-mean-square
roughness (Rq) values of 0.82, 0.86 and 0.89 nm, respectively
Fig. 5 (a) AFM phase images of blend films. (b) AFM-IR images of blend fi

15014 | J. Mater. Chem. A, 2026, 14, 15008–15017
(Fig. 5a), which is sightly rougher than that of PM6:CH6F
(0.79 nm, Fig. S18). To investigate how the substituted aromatic
rings on the phenazine core affect phase separation, we per-
formed AFM-based infrared (AFM-IR) spectroscopy to charac-
terize the brillar networkmorphology and the nanoscale phase
distribution of donor and acceptor materials in the blend lms.
The cyano group on the acceptor end-unit exhibits a distinct
infrared absorption at 2216 cm−1, which served as a spectro-
scopic label for acceptor mapping (Fig. 5b). In the correspond-
ing AFM-IR images, donor and acceptor domains are colored
blue and red, respectively. All binary blend lms showed
a typical co-continuous interpenetrating network.

To probe the molecular packing within blend lms, GIWAXS
measurements were performed and the corresponding data are
summarized in Fig. 5c, S20 and Table S15. All blend lms
lms. (c) OOP and IP line cuts derived from 2D-GIWAXS of blend films.

This journal is © The Royal Society of Chemistry 2026
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maintained a predominantly face-on molecular packing, evi-
denced by a strong (010) diffraction peak in the OOP direction.
Owing to the substituted aromatic rings on the phenazine core,
the p–p stacking distances for PM6:CH-Ph and PM6:CH-Th
were 3.63 Å and 3.60 Å, respectively. The ternary blend
PM6:CH6F:CH-Th showed a slightly smaller p–p distance of
3.46 Å. The CCLs along the OOP direction were 28.42, 32.90, and
41.39 Å for PM6:CH-Ph, PM6:CH-Th, and PM6:CH6F:CH-Th,
respectively. Correspondingly, the CCLs along the IP direction
were 94.55, 103.85, and 190.85 Å for the same blends, showing
a consistently increasing trend that correlates well between
both orientations. Such an enhanced long-range ordering in
ternary devices is expected to facilitate charge transport and
suppress recombination. Besides, during lm formation,
PM6:CH6F:CH-Th ternary lms exhibited the smallest crystal-
lization time of ∼2.0 s (Fig. S21), shorter than that of PM6:CH-
Th (∼2.3 s) and PM6:CH-Ph (∼3.1 s). This indicates that CH-Th
possesses strong crystallinity and can induce rapid crystalliza-
tion of CH6F.

Conclusion

With the aim to enhance the intermolecular packing strength of
NFAs, two new small molecule acceptors CH-Ph and CH-Th
were designed and synthesized through employing different
aromatic rings substituted on a specic position of the central
phenazine core. Our research has revealed that the presence of
different aromatic rings on the central core can cause a signi-
cant difference in molecular planarity, which in turn results in
diverse packing and crystallinity in the active layer. To be
specic, CH-Th, with its planar molecular structure resulting
from noncovalent S–N secondary interactions, exhibited high
crystallinity and achieved good morphology in the active layer.
Consequently, the PM6:CH-Th-based binary cell achieved
a good PCE of 18.96%. Given that CH-Th shows goodmiscibility
with CH6F and can enhance its crystallinity, while CH6F itself
exhibits a red-shied absorption compared to CH-Th, the
ternary OSCs of PM6:CH6F:CH-Th achieved a better PCE of
19.94% with a VOC of 0.876 V, a JSC of 28.24 mA cm−2, and an FF
of 80.62%. Our work demonstrates an effective strategy for
tuning crystallinity through central-core aromatic substitution,
offering a practical method to guide the molecular design of
high-performance NFAs.
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