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Abstract: In high-performance organic solar cells (OSCs), efficient charge transport
hinges on a well-optimized morphology of the photoactive layer, which depends
critically on controlled aggregation and favorable interactions between donor and
acceptor materials. In this work, we introduce a cascade solvent system comprising
high-boiling-point ethylbenzene (EB) and low-boiling-point chloroform (CF) to finely
tune the aggregation behavior of the D18 donor and L8-BO acceptor. The incorporation
of EB not only promotes the H-aggregation of D18 and the J-aggregation of L8-BO but
also facilitates the formation of ideal nanoscale phase separation, thereby suppressing
bimolecular recombination. As a result, devices processed with the EB/CF solvent
blend achieve a best power conversion efficiency (PCE) of 19.6% and enhanced
operational stability, outperforming those fabricated with pure CF (17.1%). This study
offers a reliable and effective strategy for optimizing donor and acceptor aggregation,

providing a viable pathway toward higher-performance OSCs.



1. Introduction

Organic solar cells (OSCs) have gained significant attention owing to their notable
advantages, including flexibility, light weight, and suitability for large-area
fabrication[1-3]. Recent progress in the development of organic photovoltaic materials
has led to remarkable improvements in charge transport properties, with state-of-the-
art OSCs now achieving power conversion efficiencies (PCEs) beyond 20%(4, 5]. This
rapid advancement has been fueled by parallel innovations in multiple fronts, including
the development of novel device architectures such as layered all-polymer cells and
layer-by-layer processing[6, 7], as well as the incorporation of new functional materials
to manage energy loss[8]. A key factor driving this progress is the recognized
importance of molecular aggregation in governing charge transfer processes, which has
stimulated extensive efforts to precisely control molecular assembly and packing
behavior[9, 10].

It is well established that the molecular packing arrangements in organic
photovoltaic materials are key factors in regulating charge transport efficiency[11, 12].
Generally, the aggregation of organic photovoltaic materials can be categorized into H-
and J-type modes, distinguished by their distinct molecular packing geometries and
electronic coupling characteristics[13, 14]. H-aggregates typically form through head-
to-head m-stacking with dominant interchain coupling, whereas J-aggregates adopt a
head-to-tail arrangement favoring intrachain interactions[15-17]. Spectroscopic and
computational studies further suggest that hole transport correlates strongly with
interchain coupling in H-aggregates, while electron relaxation processes exhibit greater
dependence on the intrachain character of J-aggregates[18]. Therefore, J-aggregation is
typically associated with enhanced molecular planarity and favored intramolecular
electron transport, whereas H-aggregation facilitates coplanar stacking and promotes
intermolecular hole transport[19, 20]. This distinction suggests that rational control
over molecular aggregation can effectively modulate charge transport pathways,
offering a viable strategy for the simultaneous enhancement of both electron and hole

mobility[21-23]. This perspective outlines a fundamental design strategy in which H-



aggregation is promoted in the donor to enhance hole transport while J-aggregation is
steered in the acceptor to improve electron transport. Within this framework, the
deliberate control of aggregation type and extent becomes essential, which can offer a
clear route to optimized device performance[24-26].

Here, we developed a solvent strategy using a mixture of ethylbenzene (EB) and
chloroform (CF) to promote H-aggregation in the D18 donor and J-aggregation in the
L8-BO acceptor. Compared to films processed with pure CF, those fabricated with the
EB/CF blend showed distinct blue- and red-shifts in their UV-Vis absorption spectra,
confirming enhanced H-aggregation in D18 and J-aggregation in L8-BO, respectively.
The optimized aggregation behavior led to higher hole and electron mobilities in the
respective components, contributing to an increase in the device power conversion
efficiency from 17.1% to 19.6%. This work establishes solvent-mediated aggregation
control as an effective method for optimizing charge transport and improving the

performance of organic solar cells.
2. Results and Discussion

Figures la-c illustrate the chemical structures of D18, L8-BO, EB, and CF. The
UV-Vis absorption spectra of D18 film, L8-BO film, and D18:L8-BO blend film
prepared using CF and mixed EB/CF solvents are shown in ESI Figures S1-2,
respectively. To achieve optimal photovoltaic performance, we conducted a systematic
study on the processing parameters of the D18:L8-BO system. First, we optimized the
volume ratio of EB a high-boiling-point solvent additive - in the CF host solvent,
adjusting it from 0% to 20% (Table S1). The power conversion efficiency (PCE) first
increased and then decreased with the rise in EB content, reaching a maximum value
of 19.6% when the EB volume ratio was 10%. Thus, the 10% EB volume ratio was
determined as the optimal formulation for all subsequent studies. We further verified
the generality of this EB/CF solvent strategy in two other benchmark systems (D18:ec9-
2Cl and PM6:L8-BO) (Table S2). The results showed that both systems achieved
consistent performance improvements, indicating that EB has broad applicability in

promoting favorable aggregation and phase separation. For comparison, we also



evaluated other common solvent additives—chlorobenzene (CB), toluene (Tol), and
propylbenzene (PB)—in the D18:L8-BO system (Table S3). Although Tol (110 °C) has
a boiling point close to that of EB (136 °C), its lower polarity resulted in less effective
molecular aggregation in solution, leading to a lower PCE than that achieved with EB.
In contrast, while CB exhibits higher polarity, its excessively strong polarity suppressed
the necessary molecular self-assembly during film formation. Meanwhile, PB (159 °C),
with its overly high boiling point, led to excessively slow solvent evaporation, which is
unfavorable for forming an ideal nanoscale phase-separated structure. Therefore, EB,
with its appropriate boiling point and non-polar nature, strikes an optimal balance in
promoting favorable aggregation behavior for both the donor and acceptor, thereby
achieving the best performance. Finally, we optimized the thermal annealing
temperature for the active layer prepared using the optimal 10% EB/CF solvent system
(Table S4). Annealing at 100 °C resulted in the best device performance. Therefore, we
adopted the 100 °C annealing condition as the standard procedure to stabilize the film
morphology regulated by solvent engineering. The D18 donor exhibits a strong
absorption band in the range of 500-600 nm. Upon addition of 10% EB, a blue shift of
approximately 3 nm was observed, indicating enhanced H-aggregation of the D18
donor[27, 28]. The maximum absorption peak and the shoulder peak correspond to the
0-1 and 0-0 vibronic transitions of the m-m* electronic transition, respectively.
Compared to the D18 film prepared with CF alone, the film processed with EB/CF
mixed solvent showed a decreased intensity ratio of the 0-0 to 0-1 peaks, further
confirming the enhancement of H-aggregation[29]. In contrast, the L8-BO acceptor
exhibited a red shift of about 4 nm after the addition of EB, suggesting enhanced J-
aggregation[30]. The DI18:L8-BO blend film prepared with the mixed solvents
demonstrated a similar trend in molecular aggregation. We further investigated the
effect of thermal annealing on the UV-Vis spectra (Figure. S3—S4). The maximum
absorption peak and the shoulder peak of the D18 donor correspond to the 0-1 and 0-0
vibronic transitions of the n—r* electronic transition, respectively. Compared with the
as-cast D18 film, the film annealed at 100 °C shows a decreased intensity ratio of the

0-0 to 0-1 peaks, confirming enhanced H-aggregation. Meanwhile, the L8-BO acceptor



exhibits a red shift of approximately 5 nm upon EB addition after annealing, indicating
enhanced J-aggregation. Similarly, the annealed D18:L8-BO blend film shows a
consistent trend in molecular aggregation. Therefore, the thermal annealing treatment
further optimize the molecular aggregation to improve the morphology of active layer
for the device prepared by EB/CF mixed solvent. We attribute this phenomenon to the
low polarity of the EB solvent, which modulates the aggregation kinetics of the D18
molecules. The weak interaction between the nonpolar ethylbenzene and the polar
functional groups of the D18 donor slows the aggregation rate, thereby facilitating the
formation of H-aggregation - as evidenced by the blue-shifted absorption peak and
reduced coherence length observed in GIWAXS [22,27]. For L8-BO, however, the
nonpolar nature of EB complements its rigid structure, promoting ordered
crystallization via n-n stacking and van der Waals forces[31].

To clarify the underlying mechanism of the observed unique aggregation behavior,
we employed in-situ UV-Vis absorbance spectroscopy to track the film formation
processes of pure D18 and L8-BO films. As shown in Figure 1d-i, the variation of
maximum absorbance with spin-coating time was extracted to verify the film formation
process, where the color intensity represents the absorbance at specific times and
wavelengths. Based on the in-situ UV-visible absorbance measurements (Experimental
Section in SI for details), the film formation time for the neat D18 donor, determined
as the time for the absorbance to reach 95% of its saturation value, was 69 ms for pure
CF and 100 ms for the CF with 10% EB mixture. The time-dependent curves of
maximum absorption peaks clearly indicated a blue shift upon addition of 10% EB,
consistent with the aforementioned UV-Vis absorption results. Analysis of the time-
resolved UV-Vis spectra during film drying and the evolution of absorption intensity
within the 500-700 nm range (Figure S6) revealed that, over time, the absorption
intensity at approximately 520 nm gradually increased and eventually surpassed that at
around 600 nm. This suggests that the addition of EB promotes molecular H-
aggregation [32, 33]. On the other hand, the pure L8-BO film formation time in pure
CF and CF with 10% EB was 32 ms and 68 ms, respectively. The time-dependent

maximum absorption curves showed a distinct red shift with the adhibition of 10% EB,



again consistent with previous UV-Vis findings. Analysis of time-resolved UV-Vis
spectra during drying and absorption intensity evolution in the 500-1000 nm range

showed the attenuated absorption peak at 850 nm with 10% EB addition.
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Figure 1.a) Molecular structure of D18. b) Molecular structure of L8-BO. c) Molecular
structures of EB and CF. Time-dependent contour maps of in-situ UV-visible
absorbance spectra of D18 during spin coating with d) CF and e) EB/CF solutions. The
color scale represents the absorbance intensity. The time zero (t = 0) corresponds to the
start of the spin-coating process. f) Time evolution curves of the maximum absorption
wavelength of D18 in chloroform and with the addition of EB within 200 ms. Time-
dependent contour maps of in-situ UV-visible absorbance spectra of L§-BO during spin
coating with g) CF and h) EB/CF solutions. 1) Time evolution curves of the maximum
absorption wavelength of L8-BO in chloroform and with the addition of EB within 200

ms.

Subsequently, the crystallinity and molecular packing of the neat films were further

probed by GIWAXS (Figure 2, Tables S5, S6). For the neat D18 film, the addition of



EB led to a significant reduction in the coherence length (CCL) of the (010) n-w stacking
peak from 2.84 nm to 2.44 nm, while the n-n stacking distance remained virtually
unchanged within experimental error (0.372 nm for CF and. 0.374 nm for EB/CF). This
indicates that EB promotes the formation of H-aggregates with shorter-range ordered
domains, which is consistent with the blue-shifted absorption and contributes to
suppressing excessive crystallization of the donor. In stark contrast, for the neat L8-BO
acceptor, EB treatment induced a pronounced increase in the CCL from 2.33 nm to 3.14
nm, signifying a substantial improvement in long-range molecular order and
crystallinity. The concomitant slight tightening of the n-r stacking distance (from 0.360
nm to 0.357 nm) further supports this enhanced packing. These GIWAXS results
unambiguously confirm that EB facilitates the formation of highly ordered J-aggregates

in L8-BO, which is in full agreement with the observed red-shift in the UV-Vis spectra.
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Figure 2. 2D-GIWAXS patterns of the ordered films of DI18(a-b), L8-BO(d-e)
without/with EB treatment. ¢) 1D profiles of D18 2D GIWAXS data taken along q-
(solid line) and qxy (dash line) axes. d) 1D profiles of L8-BO 2D GIWAXS data taken

along g, (solid line) and gxy (dash line) axes.



After analyzing the aggregation behaviors of neat D18 and L8-BO films, we
further investigated the morphological evolution of the blend film treated with EB. The
2D time-resolved UV-Vis absorbance maps of the binary blend films were showed in
Figure 3a-b, and accompanied by the corresponding absorption curves (Figure S8). In
the D18:L8-BO blend system with 10% EB solution, the film formation time of L8-BO
was prolonged owing to the higher boiling point of EB reducing solvent evaporation.
Moreover, the time evolution of peak positions of L8-BO exhibited the maximum
absorption peak of L8-BO underwent a significant red shift (Figure 3d), proving the
enhancement of J-aggregation in the blend films[34-36]. Analysis of the time-resolved
spectra further supports the modulation of molecular aggregation. For the D18
component, the spectral evolution shows a blue-shift in the absorption edge around 580-
600 nm with the addition of 10% EB (Figure 3c), suggesting the enhancement of H-
aggregation.[37].

The GIWAXS was used to meticulously explored the effect of EB on the
crystallinity and molecular packing. The 2D GIWAXS patterns, corresponding 1D line
cuts, and statistical analysis of relevant parameters for the D18:L8-BO blend film were
shown in Figures 3e and S9. Detailed GIWAXS parameters were listed in Table S7. As
shown in Figure 3f, the D18:L8-BO blend film exhibited a distinct (010) peak at q =
17.0 nm™!, corresponding to a m-m stacking distance of 0.369 nm and a crystalline
coherence length (CCL) value of 2.22 A, indicating a preferential face-on orientation
of D18:L8-BO. After the introduction of EB, the n-n stacking distance of the D18:L8-
BO blend film remains essentially consistent within the experimental error range (0.369
nm for CF treatment and 0.364 nm for EB/CF treatment). However, the most notable
change is that the crystalline coherence length significantly increases from 2.22 nm to
2.40 nm after EB treatment. This result demonstrates that the addition of EB can
effectively enhance the aggregation ability of L8-BO and promote its crystallization.
The similar and relatively isotropic orientation observed in both the neat L8-BO and
the D18:L8-BO blend films suggests that the strong crystalline nature of the L8-BO
acceptor dominates the packing morphology in the blend. This isotropic character,

comprising a mixture of molecular orientations, is commonly observed in high-



performance NFA-based systems and is considered favorable for establishing a three-
dimensional charge transport network. Based on the characterization of active layer
morphology and crystallization, we speculated that the utilization of EB mitigated the
excessive aggregation of D18 and promoted more compact aggregation of L8-BO via
optimizing aggregation modes, respectively. The optimal aggregation behavior for
donor and acceptor facilitated the hole and electron transport, respectively, thereby
realizing the higher photovoltaic performance.

The active layer morphology plays an important role in the understanding of the
photovoltaic performance and working mechanism, the atomic force microscopy (AFM)
was used to confirm the neat D18 films and blend film based on DI18:L8-BO
morphology. As shown in Figures S10,11 the donor D18 exhibited decreased surface
roughness (Rg) from 1.36 nm to 1.26 nm after using EB, further confirming that EB
suppressed the molecular aggregation of DI18. In addition, the utilization of EB
increased the surface Rq of blend films from 1.42 nm to 1.98 nm, and the surface
morphology transformed from fibrous to crystalline. These results indicated that the
influence of EB on the molecular aggregation of active layer was L.8-BO acceptor as
dominance. Meanwhile, the introduction of EB facilitated more favorable aggregation
modes to form ideal nanoscale phase separation, establishing the advantageous charge

transport channel.
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Figure 3. a- b) Time-dependent contour maps of in-situ UV-visible absorbance spectra



of D18:L8-BO blends during spin coating without/with EB treatment. The color scale
represents the absorbance intensity. The time zero (t = 0) corresponds to the start of the
spin-coating process. c-d) Temporal evolution of peak positions and intensities of D18
and L8-BO over time without/with EB treatment. e) 1D profiles extracted from 2D
GIWAXS data of D18:L8-BO along the g, (solid line) and qxy (dashed line) axes. f)

Histograms of d-spacing and CCL for blend films with and without EB treatment.

To evaluate the photovoltaic performance of devices prepared by different solvents,
OSCs were fabricated on the basis of a conventional device structure of
ITO/2PACZ/D18:L8-BO/PDINN/Ag.  Detailed experimental conditions and
optimization procedures were documented in the ESI. The current density-voltage (J-
V) curves of the optimized ternary devices were exhibited in Figure 4a, and
corresponding detailed device parameters were listed in Table 1. The OSCs prepared
by pure CF yielded a PCE of 17.1%, with a Jsc of 25.7 mA cm™, a Voc of 0.91 V, and
an FF of 73.2%. When the EB was used to prepare OSCs, the device exhibited a
significantly improved PCE of 19.6%, with a Jsc of 27.5 mA cm, a Voc 0of 0.90 V, and
an FF of 79.0%. The statistical distributions of PCEs for the OSCs with and without EB
solvent were displayed in Figure 4b. The statistical distributions of all EB-treated
devices show smaller deviations, demonstrating excellent reproducibility of PCE and
Jsc. Besides, the corresponding external quantum efficiency (EQE) spectra were shown
in Figure 4c. The addition of EB enhanced EQE values in the wavelength range of 550-
700 nm, which contributes to the higher Jsc. Therefore, OSCs prepared by mixed
solvents had higher Jsc of 26.6 mA cm™ than that of OSCs prepared by pure CF (24.9
mA cm?), confirming the availability of the EB in improving the photovoltaic
performance of solar cells. Furthermore, the long-term operational stability of OSCs
prepared by pure CF and mixed solvents was investigated, respectively. As shown in
Figure 4d, the PCE of the device without the EB degraded to ~64% of initial value after
1000 hour’s light soaking stress (under 100 mW c¢m white LED illumination), with a

T80 lifetime (time to 80% of initial performance) of only 221 hours. In contrast, the



EB-treated device exhibited enhanced device stability under the same operating
conditions, with a T80 lifetime extended to 596 hours and retention of 76% of initial
PCE after 1000 hours of continuous operation. These results confirmed that the
favorable donor/acceptor aggregation behavior induced by EB treatment contributed to
enhanced device stability. In addition to photostability, the thermal stability of devices
is another key indicator for evaluating their potential in practical applications. To
investigate the effect of EB treatment on the thermal stability of the active layer, we
conducted thermal stability tests. Figure S18 shows the normalized efficiency decay
curves of the devices under a nitrogen atmosphere at a constant temperature of 60 °C.
For the devices treated with pure CF, their efficiency dropped to 80% of the initial value
within 300 hours. In contrast, the devices treated with the EB/CF mixed solvent
exhibited a slower decay, with the T80 lifetime extended to 400 hours. This enhanced
thermal stability can be attributed to the more stable active layer morphology induced
by EB. Together with the photostability test results, these findings indicate that our
solvent engineering strategy can simultaneously improve the photostability and thermal
stability of the devices, laying a more solid foundation for their practical applications.
To investigate exciton dissociation and charge collection behavior in the devices, we
measured the dependence of photocurrent density (J,») on effective voltage (Vey). Under
short-circuit conditions, the exciton dissociation probability (Paiss) can be estimated by
the ratio of Jyn/Jsar, While the charge collection probability (Pcor) can be similarly
evaluated at the maximum power output point using an analogous approach. Figure S19
show that the EB/CF-processed device exhibits superior exciton dissociation efficiency,
with a Pyiss of 97.66%, higher than the 95.44% of the CF-processed device, indicating
more efficient exciton dissociation. Furthermore, to study the charge recombination
mechanisms in the devices, we analyzed the variation of open-circuit voltage (Voc) with
light intensity (Piign:). The relationship between Voc and light intensity (Piignt) provides
insight into recombination behavior, where the slope of Voc versus In(Piigh), when
normalized by ksT/q (kgs: Boltzmann constant, T: temperature, q: elementary charge),
yields the recombination parameter f. A B value close to 1 signifies dominant

bimolecular recombination, while a value near 2 indicates strong monomolecular



recombination[38-40]. As shown in Figure S12, the device processed with pure CF
exhibits a B value of 1.409, whereas the mixed-solvent system shows a reduced B of
1.205. These results indicating that bimolecular recombination is the main loss
mechanism in both systems, and the mixed-solvent system effectively suppresses
charge recombination. In summary, the EB/CF processing not only improves exciton
dissociation and charge collection efficiency but also reduces charge recombination
losses.

Transient absorption spectroscopy (TAS) was employed to investigate the carrier
dynamics within the active layer and establish connections among film morphology,
exciton dissociation, and charge transport[41, 42]. Based on the normalized UV—vis
absorption spectra of the donor and acceptor, an excitation wavelength of 800 nm was
selected to selectively excite the L8-BO acceptor in the blend film, enabling clear
observation of hole transfer from L8-BO to D18. The TAS spectra of films processed
with pure CF and with 10% EB additive are presented in Figure S13. Following
excitation, both blend films exhibit a pronounced ground-state bleaching (GSB) signal
in the long-wavelength region (560—830 nm), accompanied by a gradually intensifying
negative signal in the short-wavelength region (510-620 nm). These spectral features
are attributed to exciton generation in L8-BO and the evolving hole transfer process,
respectively.

To quantitatively evaluate the hole transfer dynamics, kinetic traces at
representative wavelengths were extracted. As illustrated in the time-delayed TA
spectra (Figure S14), the GSB signal of L8-BO at 810 nm decays markedly, while that
of D18 at 594 nm rises simultaneously, indicating efficient hole transfer from L8-BO to
D18. The rise dynamics of the D18 GSB signal directly reflect the hole transfer kinetics.
We applied a bi-exponential fitting model to analyze the rising component of the D18
GSB signal at 594 nm, extracting two characteristic time constants: 11, representing the
ultrafast exciton dissociation at the donor/acceptor (D/A) interface, and 12,
corresponding to the total duration for exciton diffusion from the acceptor phase to the

D/A interface followed by dissociation. The results are summarized in Figures S15 and

Sl6.



For the D18:L8-BO system processed with pure CF, 11 = 0.46 ps and 12 = 12.5 ps,
whereas for the system with 10% EB additive, 1 = 0.36 ps and 12 = 10.6 ps. The shorter
71 and 12 values in the EB-added system indicate accelerated exciton dissociation and
reduced overall hole transfer time, suggesting that EB promotes more efficient
interfacial charge separation. The decrease in 1> indicates accelerated exciton
dissociation and a reduced overall hole transfer time in the EB-processed system. This
suggests that utilization of EB optimized molecular aggregation behavior to promote
more efficient interfacial charge separation, which aligns with the optimized nanoscale
morphology achieved through solvent engineering.

Considering the influence of donor and acceptor molecular aggregation modes on
charge transport, we employed the space-charge-limited current (SCLC) method to
measure the charge carrier mobilities of blend films fabricated using pure CF and mixed
EB/CF solvents[43, 44]. The relevant parameters are summarized in Figure S17 and
Table S8. The test results demonstrate that the use of EB optimized the aggregation
behavior of both D18 and L8-BO in the blend films. As a result, compared to the blend
film prepared with pure CF (with pn = 1.53x10* cm? V' s and pe = 1.01x10* cm? V-
I's™1), the hole and electron mobilities were significantly enhanced to 3.60x10™* cm? V-
L.st and 3.07x10% cm? Vs, respectively. Notably, the EB-treated blend film
exhibited a more balanced hole/electron mobility ratio (=1.17) compared to that of the
pure CF-based blend film (=1.51). Consequently, devices fabricated with the mixed
EB/CF solvent achieved a higher FF.

To gain deeper insight into the charge transport and collection processes within the
devices, transient photocurrent (TPC) measurement was performed on the organic
active layer films[45]. As shown in Figure 4e, the charge extraction time (t) under
operating conditions was determined through nonlinear fitting of the current-time and
voltage-time curves. Compared to the device fabricated with pure CF, the device
prepared with mixed solvents exhibited a shorter charge extraction time (decreased
from 0.486 ps to 0.362 ps). These results indicate that the incorporation of EB
effectively enhances charge carrier collection and suppresses charge recombination,

leading to an improved Jsc in the OSCs.



Further investigation into the impact of trap state density (N;) on device
performance was carried out using deep-level transient spectroscopy (DLTS)[46]. A
rapid increase in N is a critical factor contributing to the performance degradation of
OSCs. DLTS characterization revealed that the device prepared with mixed solvents
had a lower N; of 3.63x10"> cm™, compared to 4.11x10" ¢cm™ for the pure CF-based
device (Figure 4f). Therefore, the addition of EB effectively reduces the trap state
density in the device and slows molecular diffusion within the blend system, thereby

contributing to superior Jsc and FF.

a |' b 20 C 100
0
- == |
ﬁ 5 19
é_m cF ) S 604
= ——EBICF sbm Bl
2 | w w
£ g 2 40 CF
E ——EB/CF
g-20r 17
= 204
O 5L
. . L L 16 . . 0
00 02 04 06 08 10 CF EB/CF 400 600 800 1000
Voltage (V) Wavelength (nm)
d e f 14
1.0 10 CF
\%—xﬂgﬂ_ﬂ_‘ cr ©=0.4868 s =P ° EBICE
W 0.8+ e Qo8 o EBICF t=0.362 pus < 104
= =
3 0564 g 06 g 8%
8 N S 6
‘s €04 o
€ 0.4 s 8 4]
g CF = 0.2 ga
0.2 » EBICF 2-
0.0 2 0- =
0.0 . . - . T - . -
0 200 400 600 800 1000 0 1 2 3 4 5 0 1 2 3 4 5
Operational Time (hour) Time (us) Time (us)

Figure 4. a) The J-V curves of neat CF and EB/CF mixed solvent treated devices. b)
The statistical PCE of neat CF and EB/CF mixed solvent treated devices. ¢) EQE
spectra of neat CF and EB/CF mixed solvent treated devices. d) The long-term
photostability of neat CF and EB/CF mixed solvent treated devices. e) The TPC curves
of neat CF and EB/CF mixed solvent treated devices. f) The DLTS curves of t of neat

CF and EB/CF mixed solvent treated devices.

Table 1. The photovoltaic performance of D18:L8-BO without and with EB treatment

by 10 separate devices.



Solvent Voc [V] Jsc [mA/cm?) JscFQE FF [%] PCE [%]

[mA/cm]
CF 091 25.7 249 73.2 17.1
0.90+0.01)  (24.2%2.5) (70.1+  (16.8+0.3)
3.0)
EB/CF 0.90 27.5 26.6 79.0 19.6
(0.8940.01)  (26.1£1.7) (76.1+  (19.3%0.3)
3.0)

In conclusion, it was found that aggregation modes of D18 donor and L8-BO
acceptor could be tuned by using the mixed solvents of EB and CF. The utilization of
EB could induce the more H- and J-aggregation for D18 donor and L.8-BO acceptor,
which facilitated the hole and electron transport in the active layer, respectively.
Moreover, the optimal aggregation modes of D18 donor and L8-BO acceptor conduced
to forming ideal nanoscale phase separation, which effectively hindered bimolecular
recombination to improve charge transfer. Therefore, the OSCs prepared by mixed
EB/CF realized an impressive PCE of 19.6% with an enhanced Jsc of 27.5 mA cm™
and a higher FF of 79.0%. Furthermore, the optimal device exhibits simultaneously
enhanced photostability and thermal stability. Under continuous light illumination, its
T80 lifetime is extended from 221 hours to 596 hours; under thermal aging conditions
at 60 °C, its T80 lifetime is also prolonged from 300 hours to 400 hours. Hence, this
work provides a reliable strategy to optimize aggregation modes of donor and acceptor,
which contribute to improving the photovoltaic performance of OSCs in a targeted way.
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