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ABSTRACT: The use of harmful halogenated or aromatic solvents such as chloroform (CF),
chlorobenzene (CB), and o-xylene (o-XY) is one of the greatest barriers to the industrial-scale
manufacturing of high-performance organic solar cells (OSCs). Therefore, it is necessary to
eliminate the effects of these solvents to ensure practical feasibility of OSCs. We found that
the anthracene-terminated polymer donor and small-molecule acceptor BO-4Cl had good
solubility in 3-methylthiophene (3-MeT). There were no toxicity labels in the SDS and
exposure control limits for 3-MeT. An overall power conversion efficiency of 16.87% was
achieved by using 3-MeT as the solvent for solar cell fabrication, which was higher than that
of the cells made from CF (16.18%) and o-XY (15.69%). The best OSC based on
PM6:D18:L8-BO and fabricated with 3-MeT exhibited a high PCE of 18.13%, which is one of
the highest values for cells fabricated from halogen-free solvents. These results indicate that 3-
MeT is an eco-friendly and low-toxicity solvent for the sustainable fabrication of the OSC
active layer.
KEYWORDS: 3-methylthiophene, conjugated polymer, organic solar cells, green solvent, sustainable

1. INTRODUCTION
Solution-processable conjugated polymers are widely used in
the fields of solar cells, light-emitting diodes, and field-effect
transistors.1−3 Among them, organic solar cells (OSCs) have
the advantages of a simple preparation process, being
lightweight and flexible, and having an easy large-area
preparation, demonstrating great potential for commercial
applications and thus becoming one of the research hotspots in
the energy field in recent years.4−7 Owing to the development
of new active layer materials, interfacial layer materials, and
new device preparation processes, the field of OSC has made
remarkable achievements, and the power conversion efficiency
(PCE) has increased from less than 1% to more than 20%,
showing excellent development potential and application
prospects.8−12 In the pursuit of developing practical
applications for OSCs, it is essential to consider the
sustainability of the processes for OSC fabrication, especially
the environmental impact of solvents used in the production
process, in addition to the PCE.5,13

Conjugated polymers tend to exhibit poor solubility due to
the strong π−π stacking of the rigid aromatic backbone; their
solubility is generally improved by introducing alkyl chains. In
addition, solution processing is achieved by solvents with
better solubility such as chloroform (CF), chlorobenzene
(CB), and toluene. Solvents such as halogenated hydro-
carbons, aromatic hydrocarbons, ethers, amides, etc., which are
used as solvents in the preparation of highly efficient OSC
active layers in the existing technology, are extremely

hazardous to the environment and the human body. For
example, solvents such as CF,14,15 CB,15−18 and dichlor-
obenzene,14,19 which contain halogenated elements, cause
serious damage to the ozone layer. Aromatic compounds such
as toluene,20−22 xylene,23−26 and trimethylbenzene20,27−29 still
have high teratogenic toxicity. Nonaromatic compounds such
as tetrahydrofuran30 and N-methylpyrrolidone31 still have high
teratogenic and reproductive toxicity. Some low-toxicity OSC
processing solvents have also been reported, e.g., 2-
methyltetrahydrofuran,32−34 anisole,33,35 carbon disulfide,36

and D-limonene,37 but the device efficiency is much lower
than other solvents (<16%). Terpene from renewable
feedstocks was used to fabricate organic electronic devices
such as high-performance OSC light-emitting diodes and field-
effect transistors. Due to the poor solubility of terpenes, the
addition of highly toxic tetrahydronaphthalene was required to
dissolve the conjugated polymers.2 If these solvents are utilized
for large-scale production, then the production process will
require strict worker protection and will also result in the
emission of large quantities of toxic gases and liquids. These
issues will definitely lead to a significant increase in the cost of
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disposal of waste liquids, gases, and solids as well as great
damage to human health or the environment. Thus, these
seriously limit its large-scale preparation as well as commercial
promotion and application.
In addition, the application of water/alcohol solvents for the

preparation of OSC active layers has also been reported in
some studies.38 The molecules of water/alcohol-based
ecosolvents are strongly polarized, but highly efficient active
layer materials usually have weak polarity and strong molecular
stacking. According to the theory of like dissolves like, active
layer materials have poor solubility in these strong polar
environmental solvents, and the photoelectric conversion
efficiency of the photoactive materials prepared based on
dissolution or dispersion in water or ethanol is generally low.
With the help of surfactants, water or alcohol nanoparticle
solutions of the active layer can be formed. However, most of
these surfactants are insulators and the surface defects of
nanoparticles lead to poor photovoltaic performance.39−45

Further, in order to improve the performance of the active
layer material, its solubility or dispersion ability in polar
solvents can be improved by introducing strongly polar atoms
(oxygen or nitrogen) into the side chains or by employing
anionic/cationic surfactants. However, the low oxidation
potential of nitrogen atoms traps holes and adversely affects
the OSC device performance.46 Changing the side chains into

strongly polar oligo(ethylene glycol) monomethyl ether and
other nonionic building blocks not only achieves eco-solvent
solubility or dispersion of the conjugated polymers but also has
adverse effects on the material’s conductivity and device
performance.47−52 Obviously, the photoelectrochemical con-
version efficiency is no longer sufficient for the industrialization
of OSCs.
Therefore, finding environmentally friendly and low-toxicity

organic solvents that can dissolve or disperse conjugated
polymers and enhance the performance of the final films is of
great value. Currently, the properties of active layers prepared
with environmentally friendly and low-toxicity organic solvents
do not meet the needs of commercialization. Among them, the
molecular electrostatic potential, orientation, and structure of
solvents have a significant impact on the morphology of active
layer films. Therefore, it is of great significance to study the
effects of different organic solvent molecules on the
morphology and properties of the films prepared by them
and to summarize the constitutive relationship between
solvents and the final photovoltaic properties for the
development of OSCs.
Based on the theory of like dissolves like, polymer building

blocks should dissolve conjugated polymers and small
molecules. For example, benzene is one of the common
units for organic semiconductors, and its derivatives (toluene,

Figure 1. (a) Chemical structures of PM6An and BO-4Cl. Gaussian 09-calculated electrostatic potential of the PM6An end group and BO-4Cl. (b)
Chemical structures and electrostatic potentials of 3-MeT, CF, and o-XY.
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xylene, and trimethylbenzene) have been used to dissolve
active layer materials. Similarly, thiophene and its derivatives
should be a potential solvent for polymers. However, they have
not been used and recognized as solvents so far.53−55 Among
various thiophene derivatives, 3-methylthiophene (3-MeT)
was first chosen because it is cheap and has no poison symbol
in its Safety Data Sheet. Here, we have first used 3-MeT to
fabricate OSCs with both a higher PCE and lower toxicity than
CF or o-XY.

2. EXPERIMENTAL METHODS
2.1. Material Synthesis. The PM6An:Tin monomer (200 mg,

0.213 mmol), bromine monomer (190 mg, 0.248 mmol), and 60 mL
of dry toluene were added to a dry 100 mL Schlenk bottle. The
mixture was purged with nitrogen, and then, Pd(PPh3)4 (2 mg, 1.73
μmol) was added. The resulting mixture was purged with nitrogen
again for 30 min and then stirred at 90 °C for 20 h. After the mixture
was cooled to room temperature, tin monomer (66.7 mg, 0.071
mmol) was added to the mixture, and then stirring was continued at
90 °C for 4 h. Pd2dba3 (2 mg, 2.18 μmol) and P(o-tol)3 (4 mg, 13.14
μmol) were added to the mixture, followed by 2-bromoanthracene
(36.5 mg, 0.142 mmol). The reaction mixture was then heated to 90
°C for 24 h, and then, the temperature was raised to 110 °C to
continue the reaction for 24 h. Finally, the reaction mixture was
cooled to room temperature, and the product was precipitated using
methanol. The black solid was collected by filtration, the polymer was
dissolved in CF solvent, and CF was used as an eluent to pass through
a coarse silica gel flash column. The polymer solution was rotary-
evaporated to remove the solvent and then dropped into methanol.
The target copolymer was obtained by filtration and dried in a
vacuum oven at 40 °C overnight to obtain a purple-black solid with
metallic luster (335 mg, 79%).
2.2. Device Fabrication. Organic photovoltaics were fabricated

on glass substrates commercially precoated with a layer of ITO with
the conventional structure of ITO/PEDOT:PSS/active layer/
PDINN/Ag. Prior to fabrication, the substrates were cleaned using
detergent, deionized water, acetone, and isopropanol consecutively for
15 min in each step and then treated in an ultraviolet ozone generator
for 15 min before being spin-coated at 3500 rpm with a layer of
PEDOT:PSS (Baytron P AI 4083). After baking the PEDOT:PSS
layer in air at 150 °C for 15 min, the substrates were transferred to a
glovebox. The PM6An:BO-4Cl active layer was spin-coated from a 22
mg/mL 3-MeT solution (D:A = 1:1.2, 50 wt % DIB) at 75 °C and
3500 rpm for 30 s. The PM6An:BO-4Cl active layer was spin-coated
from 22 mg/mL o-xylene (o-XY) solution (D:A = 1:1.2, 50 wt % DIB)
at 75 °C and 3500 rpm for 30 s. The PM6An:BO-4Cl active layer was
spin-coated from 16.5 mg/mL CF solution (D:A = 1:1.2, 50 wt %
DIB) at 3500 rpm for 30 s. The PM6:BO-4Cl active layer was spin-
coated from 22.5 mg/mL 3-MeT solution (D:A = 1:1.2, 50 wt %
DIB) at 75 °C and 3500 rpm for 30 s. The PM6:L8-BO active layer
was spin-coated from 22.5 mg/mL 3-MeT solution (D:A = 1:1.2, 50
wt % DIB) at 75 °C and 3500 rpm for 30 s. The PM6:D18:L8-BO
active layer was spin-coated from 22.5 mg/mL 3-MeT solution (D:A
= 0.8:0.2:1.2, 50 wt % DIB) at 75 °C and 3500 rpm for 30 s. Then, an
extra preannealing step at 100 °C for 10 min was performed. A thin
layer of PDINN was spin-coated from 1 mg/mL methanol solution at
4000 rpm for 40 s on the top of the active layer. Finally, the Ag (100
nm) electrode was deposited by thermal evaporation to complete the
device with an active area of 6 mm2, and the testing aperture area was
4 mm2.
2.3. Computational Details. The ESPs of the molecules were

calculated using density functional theory with the B3LYP/6-31G**
basis set, and the calculations were performed using Gaussian 09.56

The ESP statistics of each atom were conducted by using Multifwn.57

3. RESULTS AND DISCUSSION
3.1. Solvent Properties. As shown in Figure 1, 3-MeT,

CF, and o-XY were used to fabricate OSCs based on

PM6An:BO-4Cl in this paper. Some physical properties of
the solvents are summarized in Table 1. As shown in the table,

the boiling point, dipole moment, vapor pressure, and size of 3-
MeT are between those of CF and o-XY. It should be noted
that even though they had been used to fabricate high-
performance OSCs, OSCs fabricated by CF usually exhibited
higher PCE than o-XY in most cases. Thus, we chose 3-MeT
because it has a moderate boiling point, vapor pressure, size,
and dipole moment between CF and o-XY, with the
expectation that it may exhibit advantages of both CF and o-
XY. Compared to o-XY, CF has a relatively lower boiling point
and higher vapor pressure, which is unsuitable for future large-
area printing. It should be noted that 3-MeT had a medium
boiling point and vapor pressure, which may exhibit a proper
solvent drying time for the active layer. Additionally, the
moderate size and dipole moment of 3-MeT may induce an
appropriate interaction with donor/acceptor molecules and
phase separation. All of these solvents had enough solubility to
fabricate OSCs. In addition, the end groups of PM6An, BO-
4Cl, and three solvents were simulated by density functional
theory, and the corresponding dipole moment and electrostatic
distribution were obtained. The dipole moments of the end
group of PM6An and BO-4Cl were 0.51 and 0.08 D,
respectively. Usually, a larger dipole moment can cause higher
relative permittivity and stronger intermolecular interactions.58

To form proper phase separation within the best exciton
diffusion length, the solvent should not be too large or small. 3-
MeT has a moderate dipole moment and may interact well
with the donor receptor. A higher permittivity can reduce the
exciton binding energy and charge recombination loss; strong
intermolecular interactions can promote tight packing between
molecules, which is beneficial for charge transfer. Thus, it may
be a suitable candidate for processing the OSCs. We
synthesized an end-capped PM6An according to our previously
reported end-capping method.59 PM6An:BO-4Cl was selected
as the active layer to study the photovoltaic properties of OSCs
fabricated with different solvents.
3.2. Photovoltaic Performance. Then, photovoltaic

properties of OSCs fabricated with different solvents or active
layers were investigated and are summarized in Table 2 and
Figure 2a,b. We have reported that end-capped PM6E7 has a
better photovoltaic performance.59 Based on this, a better end-
capped polymer PM6An was synthesized in our lab. Thus,
PM6An was first chosen as the donor material due to its high
performance and low cost to compare the difference of these
solvents. When processed with CF, the PM6An:BO-4Cl-based
best device exhibited a moderate Voc of 0.848 V, with a low Jsc
of 26.52 mA cm−2 and FF of 71.99%, all of which contribute to
an overall PCE of 16.18%. In going from CF to o-XY, the
corresponding OSCs showed even worse efficiency (15.69%).
When fabricated with 3-MeT, the best device showed a higher

Table 1. Boiling Point, Dipole Moment, Vapor Pressure,
and Size of the Solvent Molecules

solvent
Tb

(°C)a
dipole

moment (D)
PVapor

(mmHg)b
dmin × dmax

(Å)c
S

(mg/mL)d

3-MeT 115 0.83 23.8 0.40 × 5.57 7.4
CF 61 1.02 197.0 0.51 × 2.93 8.8
o-XY 143 0.57 6.0 0.40 × 5.99 12.8
aBoiling point. bMeasured at 25 °C. cMinimum and maximum
molecular size. dSolubility of PM6An in a solvent.
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PCE of 16.87%, with a high Jsc of 26.98 mA cm−2, FF of
72.91%, and a reasonable Voc of 0.858 V. The commercial
high-performance PM6 was further used to test the universality
and photovoltaic performance of 3-MeT for both binary and
ternary OSCs. PM6:BO-4Cl and PM6:L8-BO-based best
devices showed moderate PCEs of 17.41 and 16.52%,
respectively. When the code was changed to PM6:D18:L8-
BO, the corresponding best OSC exhibited a remarkable PCE
of 18.13% with a relatively high FF of 76.34%.
From the perspective of large-scale production in the future,

the extensive use of solvents may cause serious harm to both
personnel and the environment. Solvents without toxicity
labels in the SDS are potential candidates for addressing
pollution. Then, some representative research on polymer solar
cells processed with relatively “green and environmental”
solvents is summarized in Figure 2c and Table S4. The toxicity
of solvents without toxicity labels in the SDS is typically
evaluated by using oral-LD50 to assess the degree of toxicity.
However, considering that the primary route of exposure to
these solvents during the production process is inhalation
rather than ingestion, this article employs inhalation LC50 to
investigate the toxicity of the solvents. The orl-rat LD 50 and
ihl-rat LC50 values of 3-MeT in rats are higher than those of
other solvents, indicating that it is more friendly to humans
and the environment. It should be noted that due to the
relatively high reactivity of β-methyl, S, or α-H in 3-MeT, 3-
MeT should be much easier to gather, treat, and dispose of
than CF and o-XY. To the best of our knowledge, 3-MeT
exhibited a relatively high PCE as shown in Figure 2c. In
addition, it should be noted that high-performance conjugated
polymers such as D18 and PM6 usually have high molecular
weights and can only be dissolved in a few solvents. According
to literature records, 2-methylanisole, anisole, LM, and
eucalyptol cannot dissolve these polymers well. However, 3-
MeT has a higher solubility, making it a strong candidate for
green and eco-friendly solvents for conjugated polymers.
3.3. Absorption, SCLC Mobilities, and Device Physics.

The absorption properties of PM6An, BO-4Cl, and PM6An:-
BO-4Cl in thin films were measured and are shown in Figure
2d,e. Obviously, different solvents had different effects on film
absorption, especially the BO-4Cl neat films. The PM6An:BO-
4Cl film fabricated with 3-MeT showed a slightly higher
absorption intensity at some wavelength, which may be
because 3-MeT had some effects on the molecular packing.
The space charge limiting current (SCLC) method was utilized
to calculate the charge transport mobility of films prepared
with different solvents. Compared to CF and o-XY, both μh
and μe of the active layer film were improved when using 3-
MeT, resulting in much more balanced charge transport
mobilities (μh/μe = 1.26).
In order to investigate the charge dissociation and collection

process in depth, we further measured the device's photo-

generated carrier properties such as the device’s photocurrent
density (Jph = JL − JD, where JL and JD are the current densities
of the device in illumination and darkness, respectively), the
effective voltage (Veff = V0 − Vbias, where V0 is the voltage at
which Jph is 0 and Vbias is the applied bias voltage), the exciton
dissociation efficiency (Pdiss), and the charge collection
efficiency (Pcoll). Jsat is mainly the number of photons collected
by the active layer, which represents the saturation current
density reached when Veff = 2 V. The current density at the
short-circuit and the maximum power output conditions are
represented by Jph* and Jph&, respectively. Under short-circuit
conditions, the exciton dissociation efficiency (Pdiss) could be
calculated by using the formula Pdiss = Jph*/Jsat, and the charge
collection efficiency (Pcoll) could be calculated by using the
formula Pcoll = Jph&/Jsat.

60 The Pdiss and Pcoll values of OSCs
fabricated by 3-MeT were slightly higher than those of CF and
o-XY, indicating that the thiophene solvent may improve the
exciton dissociation and charge collection.60

To study the charge recombination of OSC, the light
intensity dependence of Voc and Jsc was measured. The
dependence of Jsc on Plight can be expressed as Jsc ∝ Plight

α. As
the value of α gets closer to 1, it indicates that bimolecular
recombination is inhibited. The relationship equation between
Voc and Plight was Voc ∝ n((kT/q) ln Plight. The trap-assisted
recombination can be completely suppressed when the n value
is equal to 1. The α and n values of devices based on 3-MeT,
CF, and o-XY solvents are 0.941/1.01, 0.937/1.02, and 0.936/
1.05, respectively. 3-MeT inhibited both unimolecular
recombination and bimolecular recombination in the OSCs,
which benefited the enhancement of the efficiency of charge
transport and extraction.
TPC and TPV measurements were also performed for

different devices. The charge extraction times of the devices
with 3-MeT, CF, and o-XY are 0.40, 0.60, and 0.68 μs,
respectively. Carrier lifetimes are 34.32, 33.91, and 31.11 μs. In
general, a relatively shorter charge extraction time and longer
recombination lifetime benefited more efficient carrier trans-
port.61 From 3-MeT to CF or even to o-XY, the charge
extraction time of their fabricated devices increases, but the
recombination lifetime decreases. Thus, using 3-MeT as a
solvent to fabricate devices, carrier extraction transport is the
fastest and the recombination lifetime is the longest among
these solvents, which will result in a 3-MeT-based photovoltaic
device with the highest FF.62

3.4. Nano Morphology of Blend Films. The morphology
of the active layer had a significant effect on the charge carrier
transfer/transport and photovoltaic performance. The surface
morphology of the hybrid films was probed by atomic force
microscopy (AFM). As shown in Figure 3a−c,d−g, the
PM6An:BO-4Cl hybrid films processed by 3-MeT and CF
exhibited smooth surfaces with root-mean-square (RMS)
roughness values of 1.21 and 1.19 nm. When o-XY was used,

Table 2. Photovoltaic Properties of OSCs Fabricated with Different Solvents and Materials

solvent D:A Voc (V) Jsc (mA/cm2) FF (%) PCEa (%)

3-MeT PM6An:BO-4Cl 0.858 26.98 72.91 16.87 (16.70 ± 0.15)
CF PM6An:BO-4Cl 0.848 26.52 71.99 16.18 (16.00 ± 0.13)
o-XY PM6An:BO-4Cl 0.843 26.28 70.83 15.69 (15.52 ± 0.24)
3-MeT PM6:BO-4Cl 0.845 27.22 75.66 17.41 (17.30 ± 0.15)
3-MeT PM6:L8-BO 0.885 24.93 74.84 16.52 (16.23 ± 0.26)
3-MeT PM6:D18:L8-BO 0.883 26.91 76.34 18.13 (17.36 ± 0.52)

aIn parentheses are the average values based on more than eight independent devices.
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the hybrid films exhibited a slightly enlarged RMS roughness of
1.29 nm. The morphological differences among the three
mixtures were also further confirmed by transmission electron
microscopy (TEM) measurements. It was clear that the 3-MeT
hybrid film exhibits proper phase separation with an improved
dark/light contrast, which could be favorable for exciton
dissociation and charge transport. In contrast, the films
fabricated by CF and o-XY tend to have worse phase
separation and large grains to some extent. Meanwhile, both

the TEM and AFM images indicated that the films fabricated
by 3-MeT exhibited a more pronounced fiber interpenetrating
network structure, which could be one of the main reasons for
the device performance improvement.
Grazing-incidence wide-angle X-ray scattering (GIWAXS)

was also performed to investigate the molecular stacking and
crystallinity of the active layers. The two-dimensional (2D)
GWIAXS images shown in Figure 3i−n, along with the
corresponding out-of-plane and in-plane line-cut profiles in

Figure 2. (a) Current−voltage and (b) EQE characteristics of different solvent-processed PM6An:BO-4Cl solar cells under the AM 1.5 condition
(100 mW/cm2). (c) orl-rat LD50 and ihl-rat LC50-PCE of solvents without hazardous symbols in SDS from Sigma-Aldrich. Absorption spectra of
(d) PM6An, (e) BO-4Cl, and (f) PM6An:BO-4Cl in thin films. (g) Voc and (h) Jsc of the OSC dependence on Plight. (i) Jph−Veff curves, (j) transient
photocurrent (TPC), (k) transient photovoltage (TPV) measurements, and (l) SCLC mobilities of devices fabricated with 3-MeT, CF, and o-XY.
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Figure 3h, and the relevant parameters of the ordered structure
of the blend films are provided in Table S3. All films displayed
a face-on orientation, characterized by π−π stacking peaks at
around 1.75 Å−1 in the out-of-plane (OOP) direction and
lamellar stacking peaks at around 0.300 Å−1 in the in-plane
(IP) direction.63 As shown in Figure 3, different solvent
treatments had a certain impact on the molecular packing in
the active layers. The π−π stacking distances in the out-of-
plane (OOP) direction for the active layers treated with 3-
MeT, o-dichlorobenzene, and CF were 3.57, 3.61, and 3.60 Å,
respectively, while the layer stacking distances in the in-plane
(IP) direction were 21.02, 21.09, and 21.02 Å, respectively.
The active layer treated with 3-MeT exhibited relatively
smaller π−π stacking distances and layer stacking distances.
The smaller π−π stacking distance might have been due to the
stronger intermolecular interactions between the receptors
after treatment with 3-MeT. The crystal coherence lengths
(CCLs) of 3-MeT, CF, and o-XY fabricated films in the IP
direction were calculated by the Scherrer equation to be 87.3,
85.1, and 84.2 Å, respectively. The change of CCL reflected

the crystallinity of the films, which was consistent with
corresponding device PCEs. 3-MeT contributed to the highest
CCL value, crystallinity, and PCE among these films. These
results showed that 3-MeT can effectively control the
crystallinity and photovoltaic properties of the active layer.
The CCLs of 3-MeT, CF, and o-XY blend films in the OOP
direction were 19.6, 18.9, and 19.5 Å, respectively. Obviously,
the film fabricated by 3-MeT showed better crystallinity in
both the OOP and IP directions, which should be the main
reason for the improved FF and PCE.
To further study the compatibility between polymer donors

and acceptors, the contact angles of different materials with
CF, o-XY, and 3-MeT in water and ethylene glycol were
measured, and the Flory−Huggins interaction parameters were
calculated. As shown in Figures 3d, S3, and Table S2, the
interaction parameter based on the 3-MeT solvent was the
smallest, indicating that the compatibility between the donor
and the acceptor should be the best.

Figure 3. AFM height images of PM6An:BO-4Cl blends fabricated by (a) 3-MeT, (b) CF, and (c) o-XY. AFM phase images of the active layer
fabricated by (e) 3-MeT, (f) CF, and (g) o-XY. (d) PM6An:BO-4Cl interaction parameter with different solvents. TEM images of blend films
fabricated by (i) 3-MeT, (j) CF, and (k) o-XY. (h) 2D GIWAXS out-of-plane and in-plane scattering profiles for the optimized blend films. 2D
GIWAXS patterns of the active layer fabricated by (l) 3-MeT, (m) CF, and (n) o-XY.
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4. CONCLUSIONS
In summary, a green and environmentally friendly solvent (3-
MeT) was used to fabricate PM6An:BO-4Cl-based OSCs with
a reasonable PCE value of 16.87%, which is higher than CF
and o-XY. Different solvents have various effects on mobility,
crystallinity, and morphology. When changed to PM6:D18:L8-
BO ternary devices, the highest device fabricated with 3-MeT
exhibited a high PCE of 18.13%. 3-MeT exhibits the highest
ihl-rat LC50 value among the solvents, which can dissolve
conjugated polymers and has no dangerous label in SDS.
These results indicated that 3-MeT was a competitive solvent
for OSC fabrication, especially for large-scale printing. This
research provides an efficient solution for the preparation of
OSC reactive layers using environmentally friendly and green
solvent treatments and paves an efficient way for large-area
printing of OSCs.
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