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Delicate Regulation of Central Substituents Boosts Organic
Photovoltaic Performance of Dimeric Acceptors

Xinyuan Jia, Yu Li, Xiangjian Cao, Xingqi Bi, Wenkai Zhao, Zhaoyang Yao,*
Guankui Long, Bin Kan, Yaxiao Guo,* Chenxi Li, Xiangjian Wan, and Yongsheng Chen*

Dimeric acceptors are expected to satisfy both excellent power conversion
efficiency (PCE) and operational stability of organic solar cells (OSCs).
However, comparing to highly planar and symmetrical monomer-like
acceptors, the quite different steric/spatial configurations of dimeric
acceptors affect device outcomes greatly. Herein, on basis of the same
dimeric molecular platform that constructed by bridging central units of two
monomer-like acceptor, diverse substituents (─OCH3 for D1, ─CH3 for D2,
and ─CF3 for D3) are grafted on central units to regulate the three dimensions
(3D) geometries of dimeric acceptors delicately. A systematic investigation
reveals the substituent-dependent variation of energy level, absorption, and
molecular packing behavior. Consequently, D2 acceptor, characteristic of more
favorable configuration, affords a superior film morphology and charge
transfer/transport dynamics in resulting OSCs, thus yielding an excellent PCE
of 17.50% along with a good long-term stability. This work manifests the
crucially important role of central substituents in constructing
high-performance dimeric acceptors.
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1. Introduction

Organic solar cells (OSCs), characteristic of
amazing merits in light acquisition abil-
ity, device flexibility, low cost, and tun-
able transparency, have attracted enormous
research and industrial attentions.[1–6] In
recent years, the power conversion effi-
ciency (PCE) of OSCs has stepped over
20%, mainly profiting from the advances in
photovoltaic materials and morphology op-
timization of photoactive layers.[7–12] With
the aim of meeting requirements for in-
dustrialization, plenty of efforts have been
devoted to overcoming the currently un-
satisfied long-term operational stability of
OSCs.[13] Among them, enlarging molec-
ular size of small molecular acceptors
(SMAs) to limit molecular diffusion in
blended films, such as exploring giant ac-
ceptors of dimer, trimer, and polymer, has
been regarded as a feasible but quite effec-
tive strategy to improve device stability.[14–18]

At present, nearly all the high-performance
giant acceptors are designed by directly coupling two electron-
withdrawing terminals of Y-series acceptors.[19–24] However, this
constructing pathway will bring about some inherent flaws. 1)
Insufficient terminal packing. The coupling reaction that occurs
mainly on terminal units will decrease the number of free ter-
minals, thus weakening intermolecular packings of giant accep-
tors by damaging 𝜋–𝜋 stacking of planar terminals.[25–27] Given
its important role of terminal stacking in constructing desir-
able 3D packing networks, the efficient charge transfer/transport
in OSCs may be inhibited to some extent. 2) Less halogen on
conjugated backbones. The conventional pathway to build gi-
ant acceptors will inevitably occupy the halogenated active sites
on terminals.[28,29] The lack of halogens on molecular back-
bones could also damage the halogen bonds between adjacent
molecules, which is unfavorable for efficient molecular pack-
ing and charge migration.[30–32] 3) Spatial isomerization. Cur-
rently, possibly the only high-performance terminal units to con-
struct SMAs are 1,1-dicyanomethylene-3-indanone (IC) and its
halides.[33] In order to conduct the terminal coupling reaction
successfully, it is quite essential to perform prebrominating on IC
group. However, due to the lack of reactive selectivity, a mixture
of two brominated isomers will be yielded. This usually results
in purification dilemma due to their highly similar polarity, fur-
thermore, gives rise to decreased PCEs if ignoring the problem
of isomerization.[34]
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Figure 1. a) The chemical structures of D1, D2, and D3. b) The illustration of dihedral angle between two wings in D1, D2, and D3, respectively. c) The
energy levels of PM6 and D1, D2, and D3. d) Normalized absorption profiles of D1, D2, and D3 based neat films, respectively.

Based on above analysis, a new type of dimeric acceptors has
been developed by extending linear molecular skeletons toward
three dimensions (3D).[35,36] These dimeric acceptors could be
easily constructed through the direct connection of central units
between two CH-series acceptors, rather than the terminal units
coupling that widely applied by numerous conventional dimeric
acceptors.[37–41] Theoretically, at the single-molecular level, such
a 3D molecule could yield enlarged absorption coefficient and
decreased reorganization energy benefiting from its significantly
extended conjugated plane, when comparing to their monomer
counterparts. Moreover, at the aggregation level, 3D acceptors
that featuring with a suitably twisted molecular plane or desired
steric hindrance may prefer to generate a more robust stacking
network, which was driven by both the strengthened 𝜋–𝜋 stack-
ing and noncovalent bonds.[29] This is conductive to enhancing
the morphological stability of D/A blended active layers, thus con-
tributing to highly stable and efficient OSCs.[42]

Bear these considerations in mind, three dimeric acceptors
were constructed by means of directly coupling central units of
two CH-series small molecular acceptors. All the three newly de-
signed 3D acceptors (D1, D2, and D3) have the same conjugated
backbones and four fluorine-substituted terminals (Figure 1a).
Moreover, substituents with quite different electrical properties
(─OCH3 for D1, ─CH3 for D2, and ─CF3 for D3) were grafted
on phenazine units, regulating conformations of acceptors del-
icately and further optimizing their molecular stacking, crys-
tallinity and charge transfer/transport behaviors in resulting
films. As a consequence, a remarkable PCE of 17.50% could be
afforded by D2-based binary OSCs along with an open-circuit

voltage (VOC) of 0.926 V, short-circuit current density (JSC) of
25.02 mA cm2, and fill factor (FF) of 75.50%. Meanwhile, a
good long-term stability could also be achieved by D2-based
OSCs. Our work manifests the crucially important role of central
substituents in structure optimization of dimeric acceptors and
provides a feasible strategy to improve performance of dimeric
acceptor-based OSCs further.

2. Results and Discussions

The synthetic routes to dimeric acceptors of D1, D2, and D3
were described in Scheme S1 of the Supporting Information.
As unveiled by density functional theory (DFT) calculations,
the dihedral angle between two conjugated planes of CH-series
SMAs increases gradually from D1 to D3 (Figure 1b; Figure S1,
Supporting Information). The central substituent of methoxy
group (─OCH3) on D1 is expected to form the noncovalently con-
formational lock through O–S interactions,[43,44] which should
account for its smallest dihedral angle. When replacing ─OCH3
group with methyl (─CH3), the dihedral angle in D2 enlarges sig-
nificantly, and further is inclined to become more uneven in D3
due to the increased steric hindrance of trifluoromethyl (─CF3)
group. The successful regulation of molecular geometries high-
lights the effectiveness of central substituents in configuration
control, which may also affect their resulting photovoltaic per-
formance greatly. Then, the DFT calculated energy levels and
frontier molecular orbital distributions were displayed in Figure
S2 of the Supporting Information.[45] Both the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular
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orbital (LUMO) energy levels gradually downshift as the electron
donating ability of central substituents decreasing from D1 to
D3. It is worth noting that a relatively larger change on HOMOs
(by ≈150 meV) than those of LUMOs (by ≈80 meV) can be
observed, thus giving rise to the stepwise enlarged bandgaps
from D1 to D3. Because of the strong electron-donating feature
of central donors, HOMOs fully delocalize on the skeleton of
S,N-heterocycle for all the three dimeric acceptors, while LUMOs
mainly distribute along the whole molecular backbones with
the maximum probability on fluorinated 2-(3-oxo-2,3-dihydro-
1H-inden-1-ylidene)malononitrile terminals. The extensive
spatial overlap between HOMOs and LUMOs is expected to
enhance intramolecular charge transfer of acceptors and further
render near-infrared absorptions. The experimental HOMOs
and LUMOs of D1, D2, and D3 can also be roughly estimated
by performing cyclic voltammetry (CV) measurements (Figure
S3, Supporting Information). As illustrated in Figure 1c, the
experimental HOMOs are −5.62, −5.72, and −5.77 eV for D1,
D2, and D3, respectively. While the LUMOs could be estimated
as −3.82 eV for D1, −3.81 eV for D2, and −3.87 eV for D3. The
gradually downshifted HOMOs will afford a larger driving force
for exciton dissociation in theory and are favor of more efficient
charge generation in resulting OSCs. Note that the relative layout
of HOMOs and LUMOs of D1, D2, and D3 including their corre-
sponding bandgaps keeps a good accordance with the results pre-
dicted by DFT calculations (Table S1, Supporting Information).

As presented in Figure 1d and Figure S4 (Supporting Infor-
mation), the absorption spectra of D1, D2, and D3 in chloro-
form solutions and spinning coating solid films were recorded
to demonstrate their light-harvesting abilities. In dilute chloro-
form solutions, the maximum absorption peaks of D1, D2, and
D3 locate at 755, 750, and 733 nm, respectively. Moreover, the
similar absorption patterns in range of 600–900 nm can be ob-
served in three neat films, with the maximum absorption peak
at 809 nm for D1, 801 nm for D2, and 783 nm for D3. The
optical bandgaps (Eopt

g ) could be roughly estimated through the
thin-film absorption edge, being 1.38, 1.43, and 1.45 eV for D1,
D2, and D3, respectively (Table S2, Supporting Information). The
gradually enlarged bandgaps from D1 to D3 agrees well with
the obtained results from both DFT calculation and CV. Com-
pared with D3 whose substituent is electron-withdrawing group
of ─CF3, D1 and D2 that are featured with electron-donating
─OCH3 and ─CH3 substituents, possess the obviously redshifted
absorptions. This has demonstrated the great potential to con-
duct bandgap engineering of dimeric acceptors by means of cen-
tral substituent tuning. It is also worth noting that D2 possesses
the sharpest absorption edge comparing to other two counter-
parts in the low energy region (proved by the slopes of −0.012,
−0.017, and −0.015 for D1, D2, and D3, respectively), suggest-
ing the more ordered intermolecular stacking and lower energy
disorder in D2 films (Figure S5, Supporting Information).[46,47]

Generally speaking, the unique geometry of 3D molecule may
play a crucially important or even determining role in molecular
packing, thus further affecting exciton separation, charge trans-
port, and photovoltaic performance in resulting OSCs.[48] There-
fore, we performed grazing incidence wide-angle X-ray scattering
(GIWAXS) to shed light on the different molecular packing be-
haviors of D1, D2, and D3.[49] As displayed in Figures S6–S7 of
the Supporting Information, all the three dimeric acceptors ex-

hibited (010) diffraction peaks at 1.60 Å−1 for D1, 1.58 Å−1 for
D2, and 1.56 Å−1 for D3 in out-of-plane (OOP) directions and the
similar (100) diffraction peaks locating at 0.28 Å−1 in in-plane (IP)
directions. The slightly enlarged 𝜋–𝜋 stacking distances (≈3.93
Å for D1, ≈3.97 for D2, and ≈4.03 Å for D3) were observed from
D1 to D3, which are mainly caused by the increase of steric hin-
drance. However, the interlayer distances for D2 and D3 (≈22.4
Å) are slightly smaller than that of D1 (≈23.3 Å), suggesting the
formation of more robust packing network and enhanced non-
covalent interactions between adjacent layers for D2 and D3.[50]

Moreover, the slightly larger crystal coherence lengths (CCLs) for
D2 (21.74 Å) can also be observed with respect to that of D1 (18.84
Å) and D3 (20.93 Å), indicating more ordered molecular pack-
ings in D2 aggregates. This agrees well with the sharpest absorp-
tion edge for D2 among the three dimeric acceptors (Figure S5,
Supporting Information). Generally, the more ordered molecular
stacking in D2 aggerate will lead to more favorable charge trans-
port/collection processes, thus possibly resulting in the improved
FFs and JSCs in OSCs.[51] The detailed parameters of 𝜋–𝜋 packing
distances and CCLs that could reflect molecular packing features,
have been illustrated in Table S3 of the Supporting Information
for a clear comparison.

The photovoltaic property variation caused by central sub-
stituents was further evaluated by fabricating OSCs with a device
structure of ITO/PEDOT:PSS/PM6:dimeric acceptor/PNDIT-
F3N/Ag. Due to the complementary absorption and suitable en-
ergy levels, high-performance PM6 was selected as the poly-
meric donor to blend with dimeric acceptors studied here (Figure
S8, Supporting Information).[52] The data of device optimization
were presented in Tables S4–S6 of the Supporting Information,
and the best current density–voltage (J−V) curves were shown in
Figure 2a. Benefiting from the desirable features of D2 at both
single molecular and aggregated levels, PM6:D2-based OSC af-
forded a champion PCE of 17.50% along with overall improved
VOC of 0.926 V, FF of 75.50%, and JSC of 25.02 mA cm−2 com-
paring to those of other two counterparts (Table 1). It is noticed
that PM6:D2-based OSCs show the best VOC of 0.926 V among
three systems. This is consistent with the data of electrolumines-
cence external quantum efficiency (EQEEL). As shown in Figure
S9 and Table S7 of the Supporting Information, the higher EQEEL
for PM6:D2 could be observed, leading to the lower non-radiative
energy loss (ΔVnr) of 0.194 V comparing to that of 0.211 V for
PM6:D1 and 0.228 V for PM6:D3. The best VOC for PM6:D2-
based devices might benefit from the lower nonradiative energy
loss.

As recorded in Figure 2b, the integrated JSCs calculated from
EQE plots match well with the values derived from J–V tests.
Note that EQEs and FFs of PM6:D2-based OSCs are much larger
than those of PM6:D1-based one. This may be attributed to the
more ordered molecular stacking of D2 and further the facilitated
charge generation/transport dynamics in PM6:D2-blended films.

It is notable that the similar EQE values could be obtained by
both PM6:D2 and PM6:D3 based OSCs when excluding the in-
terference of different absorption range. However, an obviously
lower EQE for PM6:D1 has been observed comparing to that of
PM6:D2 and PM6:D3. As known to all, EQEs are determined by
numerous factors, such as light harvesting capacity, charge gener-
ation/transport/recombination dynamics, etc., in active layers.[53]

The PM6:D2 blend showed the enhanced absorption in acceptor
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Figure 2. a) J–V curves of OSCs based on PM6:D1, PM6:D2, and PM6:D3 blends. b) EQE plots of OSCs based on PM6:D1, PM6:D2, and PM6:D3 blends.
c) Plots of Jph versus Veff. The efficiencies of charge generation and collection were also provided. d) Hole and electron mobilities of PM6:D1, PM6:D2,
and PM6:D3 blends.

Table 1. Summary of photovoltaic parameters for OSCs.

Active layersa) VOC [V] JSC [mA cm−2] Cal. JSC
b) [mA cm−2] FF [%] PCE [%]

PM6:D1 0.916
(0.917 ± 0.002)

23.03
(22.87±0.31)

22.37 71.24
(70.52 ± 0.90)

15.04
(14.78 ± 0.16)

PM6:D2 0.926
(0.929 ± 0.004)

25.02
(24.66 ± 0.31)

24.10 75.50
(75.16 ± 0.36)

17.50
(17.22 ± 0.19)

PM6:D3 0.919
(0.910 ± 0.008)

24.21
(24.09 ± 0.33)

23.33 74.63
(74.98 ± 0.75)

16.60
(16.43 ± 0.22)

a)
Average parameters derived from 15 independent OSCs (Tables S8–S10, Supporting Information)

b)
Current densities by integrating EQE plots.

region comparing to PM6:D1 and PM6:D3 blends (Figure S10,
Supporting Information), which will also contribute to the bet-
ter EQE response of D2-based OSCs. Besides, with the aim of
further shedding light on the EQE variation (employing PM6:D1
and PM6:D2 for a simplified discussion here), exciton dissocia-
tion efficiency (Pdiss) and charge collection efficiency (Pcoll) were
evaluated by measuring the dependence of photocurrent density

(Jph) versus effective voltage (Veff).[54] As displayed in Figure 2c,
Jph can quickly approach saturation with Veff increasing, indicat-
ing an efficient process of exciton dissociation. As a result, D1
and D2 based devices afforded the corresponding exciton disso-
ciation efficiencies (𝜂diss) of 95.8% and 97.7%, respectively. Mean-
while, the charge collection efficiencies (𝜂coll) can also be calcu-
lated to be 80.0% for D1 and 87.0% for D2-based OSCs. The
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Figure 3. a) AFM height images of blended films. b) AFM phase images of blended films. c) Statistical distribution of fibril diameters.

improved exciton dissociation and charge collection for D2-based
devices should mainly account for its larger EQE values compar-
ing to that of D1.

Note that the energy offset at D/A interfaces, which is usually
regarded as the driving force for exciton dissociation, is closely re-
lated to the 𝜂diss. Comparing to D1, D2 possesses the downshifted
HOMO energy levels, thus giving rise to an increased driving
force for charge generation. Thereby it is reasonable to find a
slightly larger 𝜂diss for D2-based devices. On the other hand, the
improved 𝜂coll of PM6:D2 may be determined by their ordered
molecular packing and optimized film morphology comparing
to that of PM6:D1 (discussed in detail below). The charge recom-
bination behaviors in D1 and D2 based OSCs were also exam-
ined by recording the light intensity (Plight) dependence of JSC
and VOC (Figure S11, Supporting Information).[55] The similar
but negligible bimolecular/trap-assisted recombination could be
observed, indicated by the derived slopes that close to unit.[56]

This agrees well with the similar transient photovoltage decay
kinetics of D1 and D2 based devices (Figure S12, Supporting

Information), charge carrier lifetime: 96 μs for PM6:D1; 97 μs
for PM6:D2). In addition, the charge extraction time of PM6:D2-
based device (0.41 μs) was slightly smaller than that of PM6:D1-
based device (0.65 μs), suggesting the faster charge transport-
ing in PM6:D2-based OSCs. Therefore, we further employed the
space-charge limited current method to monitor the carrier trans-
port features of D1, D2, and D3 films. Figure 2d illustrated the
hole (μh)/electron (μe) mobilities of two systems, being 6.17 ×
10−4/5.23 × 10−4 cm2 V−1 s−1 for PM6:D1 and 7.03 × 10−4/6.68
× 10−4 cm2 V−1 s−1 for PM6:D2, respectively. Moreover, the pure
film of D2 also showed a higher charge mobility comparing to
that of D1. Therefore, the slightly improved mobilities for D2
along with more balanced μe/μh ratio (1.05 for D2 and 1.18 for
D1) in blended films should be responsible for the larger EQEs
and FFs than that of D1-based OSCs (Figure S13 and Table S11,
Supporting Information).

The improved photovoltaic performance of D2-based OSCs
should be closely correlate with its better nanoscale morphol-
ogy in D/A blended films.[57,58] Therefore, we employed atomic
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Figure 4. a) 2D GIWAXS patterns of blended films. b) Extracted line-cut profiles from 2D GIWAXS patterns of blended films.

force microscopy (AFM) to unveil the film morphology differ-
ences. Generally, all the three blended films displayed appropri-
ate phase separations (Figure 3a,b), but gradually enlarged sur-
face root-mean-square roughness values (1.0 nm for PM6:D1,
1.2 nm for PM6:D2, and 1.4 nm for PM6:D3). By further car-
rying out a statistical analysis of nanofiber size, a stepwise en-
larged fiber size could be estimated as 8.9, 10.7, and 11.4 nm for
PM6:D1, PM6:D2, and PM6:D3, respectively (Figure 3c; Figure
S14, Supporting Information). These results imply the improved
molecular crystallinity of D2 and D3 comparing to that of D1.
In addition, the 𝜒D:A, which could reflect the miscibility between
donor and acceptor materials, increased from D1 to D3 (Figure
S15 and Table S12, Supporting Information), implying the de-
creased D/A miscibility from PM6:D1 to PM6:D3.[59] This may be
caused the different dihedral angles that affect the 𝜋–𝜋 stacking
of conjugated backbones between dimeric acceptors and PM6,
and should account for the enlarged fiber size in blended films
from PM6:D1 to PM6:D3. In light of the great effects of molecular
stacking on obtaining the superior photodynamics in OSCs, GI-
WAXS analysis of blended films was further carried out. All the
blended films exhibited the similar 𝜋–𝜋 stacking (010) diffrac-
tion peaks at 1.65 Å−1 in OOP direction and (100) diffraction
peaks at 0.28 Å−1 in IP direction (Figure 4a,b). Similar to neat
films of acceptors, the slightly larger CCLs (21.74 Å) for PM6:D2
and PM6:D3 can also be observed with respect to that of 20.93 Å
for PM6:D1, indicating the improved crystalline ordering of D2
and D3 could be maintained in resulting blended films (Table

S13, Supporting Information). To sum up, the suitable size of
nanofibers and improved crystalline ordering in PM6:D2 and
PM6:D3 blends should account for their facilitated charge sep-
aration/transport and better photovoltaic performance.[60,61] It is
worth noting that the crucial role of central substituents in mor-
phology control has been fully proved, thus providing a feasible
pathway to optimize photovoltaic performance of dimeric accep-
tors by introducing proper central substituents rationally.

Apart from the efficiency of OSCs, the desirable morphologi-
cal stability toward excellent device stability is also crucially im-
portant for the large-scale application of OSCs.[62,63] Therefore,
the storage stability of these dimeric acceptor-based OSCs as well
as their thermal stability were further evaluated. As depicted in
Figure 5a, all the devices maintained over 90% of their initial
PCEs after 2000 h, exhibiting the excellent storage stability. By
exerting thermal stress on OSCs at 65 °C in a nitrogen-filled
glovebox, the PCEs of OSCs based on PM6:D1 and PM6:D2 de-
creased with the aging time increasing, but still kept ≈80% of
their original PCEs after 600 h. However, the PCE of D3-based
OSCs suffered from a fast decay and dropped below 70% under
the same aging condition after 200 h (Figure 5b). To gain a deeper
insight into the time dependent PCE evolution, atomic force
microscopy-infrared absorption spectroscopy (AFM-IR) was con-
ducted to monitor the phase separation before and after thermal
aging. As presented in Figure 5c, the desirable D/A interpene-
trating networks at nanoscale could be achieved by all the three
systems. Among them, PM6:D2-based blend seems to exhibit the
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Figure 5. a) Storage stability and b) thermal stability of optimal devices. c) AFM-IR images of blended films without heat aging. d) AFM-IR images of
blended films after heat aging at 65 °C for a week.

more consecutive nanofiber network and appropriate phase sep-
aration, which are supposed to be the key factor of its efficient
charge transportation and extraction.[64,65] After thermal aging
for a week, all the three blends still maintained the desirable
D/A interpenetrating networks, however, the phase separation
size enlarged greatly (Figure 5d). Especially for PM6:D3 blend,
the markedly oversize D/A phases emerged, which should ac-
count for the dramatic PCE decrease of OSCs. Note that this dra-
matic morphology evolution of PM6:D3 blend after thermal ag-
ing should be ascribed to the relatively strong crystallinity of D3,
which is induced by the central substituents of trifluoromethyl
group.

3. Conclusion

In order to explore the effect of central substituents on molec-
ular configuration/stacking and photovoltaic performance, a se-
ries of dimeric acceptors were constructed on basis of the same
3D conjugated molecular skeleton but with diverse substituents

(─OCH3 for D1, ─CH3 for D2, and ─CF3 for D3) grafting on
central units. The introduction of ─OCH3 leads to the small-
est dihedral angle between two monomer-like conjugated planes,
owing to the formation of noncovalently conformational locks
through O–S interactions. When replacing ─OCH3 with ─CH3
and ─CF3, the dihedral angles increase greatly. Due to the en-
larged dihedral angles of D2 and D3, a more robust packing net-
work with enhanced noncovalent interactions between adjacent
layers was achieved. Moreover, not only does the molecular con-
formation change significantly, but also the absorption spectra
blueshifted gradually as the electron-donating ability of central
substituents weakens. When further blending dimeric acceptors
with PM6 donor, the desirable D/A interpenetrating networks at
nanoscale could be achieved by all the three systems. Among
them, PM6:D2-based blend seems to exhibit the more consec-
utive nanofiber network and appropriate phase separation due to
the improved crystalline ordering of D2 and suitable miscibility
with PM6 donor. As a consequence, benefitting from the facili-
tated exciton dissociation and charge collection, OSCs based on

Small 2024, 2405925 © 2024 Wiley-VCH GmbH2405925 (7 of 9)
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PM6:D2 achieve an excellent PCE of 17.50% along with a good
long-term stability. An inner morphology investigation has re-
vealed that the markedly oversize D/A phase separation emerged
after thermal aging, especially for PM6:D3 blend, in spite of the
remaining D/A interpenetrating networks. This should account
for the unsatisfied thermal stability for all the three OSCs. Such a
success in dimeric molecular design highlights the effectiveness
of central substituents in structure optimization and provides a
feasible pathway to construct much more efficient dimeric accep-
tors through central substituent regulation.
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