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Supplementary Fig. 1. Chemical structures of PCBM series acceptors (PCBM!,
PC71BM? and ICBA?) investigated in this work.



Supplementary Fig. 2. Chemical structures of ITIC series acceptors (ITIC-4F4, ITICS,
IPICS and ITTC) investigated in this work.
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Supplementary Fig. 3. Chemical structures of M3 series acceptors (M3%, M36°,
M81°, MQ6'° and M80°) investigated in this work.
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Supplementary Fig. 4. Chemical structures of Y6 series acceptors (Y6'!!, BTP-eC9'2,
L8-BO, Y6-O'4, BTP-4Cl-1215, Y20'®, BTP-2F2CI1'7, Y7-BO!, Y6-BO-eC9",
DTY6%, Y7?!, BTP-3FCl and Y6-OD??) investigated in this work.
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Supplementary Fig. 5. J-V curves of the devices composed of PM6 as the donor and
PCBM series as the acceptor fabricated by low-speed and high-speed coating
processes.

Supplementary Table 1. Summary of the PCE of the device of PM6:PCBM series
acceptors fabricated under normal speed and high speed.

Acceptor Speed Voc Jsc FF PCE?
(m min") V) (mA c¢cm?) (%) (%)
PCBM 0.930 19.22 57.99 10.37 (9.81£0.56)
ICBM 1.8 0.960 16.03 66.94 10.30 (10.22+0.08)
PC71BM 0.916 12.70 47.60 5.54 (5.12+0.42)
PCBM 0.941 11.93 53.42 6.00 (5.53+0.47)
ICBM 30.0 0.970 14.77 34.90 5.00 (4.33+0.67)
PC71BM 0.708 12.74 37.31 3.37 (3.15+0.22)

9The average PCE values with standard deviations were obtained from 10
independent cells.
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Supplementary Fig. 6. J-V curves of the devices composed of PM6 as the donor and
ITIC series as the acceptor fabricated by low-speed and high-speed coating processes.

Supplementary Table 2. Summary of the PCE of the device of PM6:ITIC series
acceptors fabricated under normal speed and high speed.

Acceptor Speed Voc Jsc FF PCE?
(m min!) (V) (mA cm) (%) (%)
IT-4F 0.849 23.89 66.83 13.56 (13.1+£0.46)
ITIC 13 0.994 15.24 66.28 10.04 (9.86+0.18)
IPIC 0.994 8.60 61.09 4.75 (4.49+0.26)
ITTC 0.853 23.16 63.18 12.48 (11.86+0.61)
IT-4F 0.817 21.67 67.08 11.88 (11.48+0.40)
ITIC 300 0.985 15.14 46.85 6.99 (6.96+0.03)
IPIC 0.881 5.50 56.71 2.75 (2.50+0.25)
ITTC 0.782 18.78 40.22 5.90 (5.22+0.68)

9The average PCE values with standard deviations were obtained from 10
independent cells.
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Supplementary Fig. 7. J-V curves of the devices composed of PM6 as the donor and

M3 series as the acceptor fabricated by low-speed and high-speed coating processes.



Supplementary Table 3. Summary of the PCE of the device of PM6:M3 series

acceptors fabricated under normal speed and high speed.

Acceptor Spe.ec%l Voc Jsc 2 IZF PSEa
(m min') V) (mA cm™) (%) (%)

M3 0.909 24.44 75.29 16.73 (16.26+0.47)
M36 0.896 26.60 72.70 17.32 (16.64+0.68)
MS80 1.8 0.805 3.94 50.16 1.59 (1.37+0.22)
MS1 0.857 20.85 61.19 10.93 (10.59+0.34)
MQ6 0.867 24.78 75.13 16.14 (16.00+0.13)

M3 0.837 24.74 70.15 14.52 (14.37+0.15)
M36 0.880 25.04 69.67 15.34 (14.71+0.63)
MS80 30.0 0.800 3.55 48.53 1.38 (0.84+0.54)
MS1 0.867 15.23 65.92 8.70 (8.59+0.11)
MQ6 0.869 21.70 74.98 14.14 (13.79+0.35)

9The average PCE values with standard deviations were

independent cells.

obtained from 10
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Supplementary Fig. 8. J-V curves of the devices composed of PM6 as the donor and
Y6 series as the acceptor and fabricated by low-speed and high-speed coating
processes.



Supplementary Table 4. Summary of the PCE of the device of PM6:Y6 series

acceptors fabricated under normal speed and high speed.

Acceptor Spe.e(h Voc Jsc o EF PSEa

(m min') V) (mA cm™) (%) (%)
Y6 0.853 25.63 75.59 16.53 (16.34+0.09)
Y6-BO-eC9 0.855 27.02 75.37 17.41 (16.82+0.59)
BTP-eC9 0.850 27.29 76.24 17.69 (17.55+0.14)
BTP-3F1Cl 0.858 27.11 75.64 17.59 (17.254+0.34)
BTP-2F2Cl 0.837 27.15 74.80 17.23 (17.11£0.12)
L8-BO 0.876 26.47 76.46 17.72 (17.5340.19)
Y6-O 0.947 21.58 73.49 15.02 (14.81+0.21)
Y7 0.824 25.78 72.14 15.32 (14.69+0.63)
Y7-BO 0.823 26.56 72.26 15.80 (15.16+0.64)
BTP-4F-12 0.834 26.51 69.82 15.43 (15.27+0.16)
BTP-4CI-12 '8 0.849 26.69 74.13 16.80 (16.7540.05)
Y6-OD 0.865 23.58 74.15 15.12 (14.65+0.47)
DTY6 0.852 25.57 75.59 16.48 (16.22+0.26)
Y20 0.847 26.36 70.19 15.66 (15.29+0.37)
Y6 0.843 23.83 67.99 13.65 (13.43+0.12)
Y6-BO-eC9 0.837 26.90 73.19 16.47 (16.16+0.31)
BTP-eC9 0.851 27.84 73.51 17.41 (17.134£0.28)
BTP-3F1Cl 0.850 27.00 75.01 17.21 (16.77+0.43)
BTP-2F2Cl1 0.838 26.44 72.06 15.96 (15.89+0.06)
L8-BO 0.890 23.84 75.72 16.06 (15.72+0.34)
Y6-O 0.944 19.65 72.88 13.52 (13.19+0.33)
Y7 300 0.817 25.39 70.85 14.69 (14.45+0.24)
Y7-BO 0.829 25.77 71.05 15.18 (15.04+0.13)
BTP-4F-12 0.844 24.28 60.95 12.49 (12.41+0.08)
BTP-4CI-12 0.848 26.54 73.66 16.57 (16.18+0.39)
Y6-OD 0.849 19.65 72.77 12.15 (11.94+0.21)
DTY6 0.858 27.79 65.55 15.63 (15.15+0.48)
Y20 0.834 24.93 66.82 13.9 (13.84+0.06)

9The average PCE values with standard deviations were obtained from 10

independent cells.



Supplementary Table 5. Full names of acceptor material and corresponding code
names and  value.

Acceptor Mark Average
PCBM series
PCBM S-F1 0.578
ICBA S-F2 0.475 0.510
PC;1BM S-F3 0.478
ITIC series
IT-4F S-T1 0.742
ITIC S-T2 0.696
IPIC S-T3 0.579 0-654
ITTC S-T4 0.599
M3 series
M3 S-M1 0.868
M36 S-M2 0.886
M80 S-M3 0.867 0.859
MS81 S-M4 0.796
MQ6 S-M5 0.876
Y6 series
Y6 S-Y1 0.845
Y6-BO-eC9 S-Y2 0.946
BTP-eC9 S-Y3 0.984
BTP-3F1Cl S-Y4 0.979
BTP-2F2Cl1 S-Y5 0.926
L8-BO S-Y6 0.906
Y6-O S-Y7 0.900
0.917
Y7 S-Y8 0.959
Y7-BO S-Y9 0.961
BTP-4F-12 S-Y10 0.809
BTP-4CI-12 S-Y11 0.986
Y6-OD S-Y12 0.804
DTY6 S-Y13 0.948

Y20 S-Y14 0.888




Supplementary Note 1.

Simulation of fluid flow within the meniscus at various printing speeds:

A two-dimensional model was built using COMSOL Multiphysics to simulate the
fluid flow in the coating blade under two different coating speeds (1.8 m min™' and 30
m min'). The solution was swept out by sheer force under the blade, and the
movement of the substrate drove the flow of the solution. Considering computing
power constraints and grid density. In this study, we only research the effect of
coating speed on fluid flow distribution. Geometric parameters of blade edge in the
model are measured from real blade used in this research, as shown in
Supplementary Table 6.

Multiphase material including air and coating solution was used for flow calculation.
The two-phase flow field driven by airflow physical and Laminar flow physical fields
were used to simulate fluid flow.

In the laminar physical field, the fluid was modeled using the Navier-Stokes equations

and was described as an incompressible Newtonian fluid as follows:
) = )eF
=0

where p is the liquid density, u is the velocity vector, p is the pressure, ux is the
viscosity, and F is the body force.
In the two-phase flow physical field, the evolution of phase boundary was modeled

using the fluid dynamics and stresses formulas in a multi-phase system as follows:

2 < ,1—0.5>+ ( 2—0.5) <A _a_)
_p1+p2 P1 | P2 ' EZqJ 6(1)

1-¢ _1+¢

1T 2T at 2=1

where Fy; is the stress or force, p; and p; are the density of two flows, V;; and V> are
relevant volume fractions, the H function typically denotes a Heaviside step function,

ds, re1s the characteristic dimension defied by the index flow property, @ is the stress



or displacement gradient between two flows, is a squared parameter related to

permittivity or porosity, A describes the interaction strength between different phases
or components in the material.

As illustrated in Supplementary Fig. 9, the edge of the blade head and baseplate
were set as the wetted wall. The black line were set as inlet and open boundary,
respectively. To apply a sheer force on the solution, the green line was set as a Navier
slip wall with a slip speed that was equal to the coating speed. The place with a blue
color shadow was filled by coating fluid in the initial condition. Simulation results
were obtained by the combination of phase initialization and time-dependent study.
The fluid flow at different printing speeds was calculated by parametric sweep. To
emphasize the formation process of the wet film, the observation range was set in the
blue dot line area. Corresponding press gradient data were extracted to highlight the

most predominant wet film formation behavior.

[\B / A

Supplementary Fig. 9. The wall and study regime in the simulation model.

Supplementary Table 6. The geometric parameters of the simulation model.

Parameter Value Description

G 0.4 mm Blade gap

W 4 mm Blade width
Eu 45° Upstream die angle
E d 45° Downstream die angle
Lu 5 mm Upstream length
Ld 5 mm Downstream length

S blade 0.03/5ms’! Coating speed

S in 0.03/5m s Inlet speed
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Supplementary Fig. 10. /n-situ ultraviolet-visible (UV-vis) spectrum of blends of
PM6:SMAs, the codes of acceptors were (a) S-F1, (b) S-F2, (¢) S-F3, (d) S-T1, (e) S-
T2, (f) S-T4, (g) S-M2, (h) S-M4, (i) S-M4, (j) S-Y6, (k) S-Y7 and (1) S-Y9,
respectively.



PCBM series

a b c
~ 1.0 S-F1 310 S-F2 510 S-F3
s < s
> 08 Z 03 2 0.8+
A 2 ["]
c o i=
- o 4
2os £ 06 gos
o P
g 0.4 1 % o4 % 0.4
2 £04 g
T 0.24 £ E 0.2
E S 0.24 E
Z 0.0 2 0.0
0.0 . r r r . .
800 900 1000 600 00 800 900 1000 600 700 800 900 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
ITIC series
d e f
~1.0- ST 5 104 721 _40 S-T4
‘:’ 0.8 S o8 E
.84 2 084 >0.84
z % z
G 0.6 $ 06 5
E ] E ] £ 0.6
= E
Z 0.4 & 0.4 T
E _ﬁ g 0.44
5 0.24 s 0.2 8
g £ g 0.2
5 0.0+ Z 0.04 s
. . - . i . r . 0.0
600 700 800 900 1000 600 700 800 900 1000 600 700 800 900 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
M3 series
h i
S-M4

-
(=}
-
=]
[
i
=
=

Normalized PL intensity (a.u.) @
o e o o o
o N B = -
> |
=
N
Normalized PL intensity (a.u.)
e o o o o b
o N -~ o ]
Normalized PL intensity (a.u.
o o o o
N -~ o ©
)

)
o

800 900 1000 800 900 1000 600 700 800 900 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

e
o

~
=
o

Y6 series I

—
=

-
=3
(7]
X
~
=
o
e
S

Normalized PL intensity (a.u.)
O~ ~
=} N - [=2]
@
>
Normalized PL intensity (a.u.)
o o o
N » ]
Normalized PL intensity (a.u.)
o o o (=]
o N » (=]

=
[=]

o
©
o
©

o
©

0.0+ T T T T
600 700 800 900 1000 600 700 800 900 100 800 900
Wavelength (nm) Wavelength (nm) Wavelength (nm)

1000

Supplementary Fig.11. [n-situ photoluminescence (PL) spectrum of blends of
PM6:SMAs, the codes of acceptors were (a) S-F1, (b) S-F2, (¢) S-F3, (d) S-T1, (e) S-
T2, (f) S-T4, (g) S-M2, (h) S-M4, (i) S-M4, () S-Y6, (k) S-Y7 and (1) S-Y9,
respectively.



Supplementary Table 7. The HSP value of pure solvents and blends. The codes b-
CH, b-CM, and b-CP mean the blends of chloroform and n-hexane, chloroform and
methanol, chloroform, and propylene carbonate, respectively. The number behind the
code means the percentage of poor solvent in blends, for example, b-CM7 means
blend consisting of 30% chloroform and 70% methanol. HSP values of chloroform, n-
hexane, methanol, and propylene carbonate are provided by the standard solvents’
HSP list, while the HSP values of blends were calculated according to the linear rule.

Solvents Dispersive (MPa'?)  Polar (MPa'?)  H-bond (MPa'’?)
chloroform 17.8 3.1 5.7
n-Hexane 14.9 0 0
methanol 14.7 12.3 223
propylene carbonate 20 18 4.1
b-CH1 17.51 2.79 5.13
b-CH2 17.22 2.48 4.56
b-CH3 16.93 2.17 3.99
b-CH4 16.64 1.86 3.42
b-CH5 16.35 1.55 2.85
b-CH6 16.06 1.24 2.28
b-CH7 15.77 0.93 1.71
b-CHS 15.48 0.62 1.14
b-CH9 15.19 0.31 0.57
b-CM1 17.49 4.02 7.36
b-CM2 17.18 4.94 9.02
b-CM3 16.87 5.86 10.68
b-CM4 16.56 6.78 12.34
b-CMS5 16.25 7.7 14
b-CM6 15.94 8.62 15.66
b-CM7 15.63 9.54 17.32
b-CM8 15.32 10.46 18.98
b-CM9 15.01 11.38 20.64
b-CP1 18.02 4.59 5.54
b-CP2 18.24 6.08 5.38
b-CP3 18.46 7.57 522
b-CP4 18.68 9.06 5.06
b-CP5 18.9 10.55 4.9
b-CP6 19.12 12.04 4.74
b-CP7 19.34 13.53 4.58
b-CP8 19.56 15.02 4.42

b-CP9 19.78 16.51 4.26




Supplementary Table 8. The HSP value of pure solvents and binary solvent.

Acceptor Disper?/izv © POlall;z H-bo?/gl R01/2 DSAl/z DADl/z Pdc-z
(MPa'’) (MPa'?) (MPa'?) (MPa's) (MPa'?) (MPa'’?) (x107)

S-F1 17.04 4.96 7.89 4.9 3.68 5.83 -3.33
S-F2 16.49 4.41 7.82 5.1 4.00 6.27 -5.42
S-F3 16.77 4.7 8.08 4.8 3.96 6.20 -8.07
S-T1 16.74 3.87 7.07 4.2 2.99 5.32 -0.55
S-T2 16.49 4.41 7.82 4.5 4.00 6.27 -11.78
S-T3 16.75 4.29 7.53 54 3.43 5.71 5.59
S-M3 16.98 5.23 7.01 5.6 3.30 5.25 10.18
S-M4 16.4 3.62 6.49 4.9 3.17 5.36 4.64
S-M5 16.68 3.51 5.22 4.1 2.28 4.13 13.85
S-Y3 17.4 4.99 4.17 5 2.25 2.76 39.50
S-Y10 17.3 5.17 5.87 5.02 242 4.02 23.78
S-Y15 17.2 4.1 4.73 4.4 1.61 3.05 44.47

Note: Dispersive, Polar, H-bond are the dispersive force, polar force and H-bond

force component of cohesion energy, respectively. Rois the radius of solute sphere,
Dsa isthe HSP space distance between the solvent and acceptor, Dap is the HSP space

distance between the donor and acceptor, P is defined as the priority of donor

crystallization during the film formation process.



Supplementary Note 2.

Hansen Solubility Parameters:

Gradient measurement®* was employed to determine the HSP (Hansen Solubility
Parameters) point coordinates (H-bond, Polar, Dispersive components) and the radius
of the solubility sphere. We utilized three groups of good solvent-poor solvent blends
as test solvents (Chloroform: n-Hexane, Chloroform: Methanol, and Chloroform:
Propylene Carbonate). Each group consisted of 9 mixed solvents, starting from pure
chloroform, with the poor solvent gradually introduced at 10% volume fraction
increments, until the poor solvent reached 90% of the total volume. The HSP points of
the resulting mixed solvents will follow a linear rule in HSP space, forming a claw-
like pattern. The target acceptor material is soluble in chloroform, and by scanning in
three distinct directions in HSP space, the solubility radius, and center can be
determined with greater precision than typically achieved with conventional solvent
mixtures. Considering the minimum concentration of dilute solutions suitable for
high-speed processing is typically around 5 mg mL", we used this value as the

threshold to define “soluble” and “poorly soluble” states.

Donor-acceptor-solvent triangle model and Calculation of Pa. Value:

In this article, an HSP model was established to calculate the donor-acceptor-solvent
triangle relationship and corresponding crystal behavior during the crystallization
stage in film formation process. The corresponding module illustration and

parameters are listed below.

Supplementary Table 9. The parameters list of HSP triangle model.

Parameter Description
Pac The priority of donor crystallization
Ro The solute sphere radius of the solute
Dpa The HSP space distance between the donor and acceptor
Dsa/ Dsp The HSP space distance between solvent and acceptor/ donor
Ra/Rp The solute sphere radius of the acceptor/ donor

REDA/REDp The relative energy differences of the acceptor/ donor




Solvent

Rp
Donor
1
Py = ( —RED))/((Dpa/Rp+ DDA/RA)/(E))
=(RED;,—RED,) (H(R;,R;)Dp4)

=(RssRp = RspRy) /(Rpa (Rp,Ry))

Supplementary Fig. 12. The D-A-solvent triangle and the corresponding parameters.

According to formula 2=2046%( -8 )2+ (B -8 )+
( — )2 given in the HSP guidebook, each solute/solvent can be determined as
a point in the HSP 3D space, in this work, we define their point position as a vector
Px, and the difference between two solutes can regarded as Euclidean distance
between two vectors. For the solute point, as the set of boundary concentration, a
soluble edge was attached to the solute in HSP space, the solute point was
transformed into the solute sphere, and the radius of the sphere was used to measure
the solute's inclusiveness to the solute. For a certain kind of solvent, we used the RED
value (The solute-solvent point distance divided by the solute sphere radius) to
compare the crystallization priority of different acceptors in the same solvents. By
extension, the miscibility behavior of the donor and acceptor was accounted for by the
solute-solvent point distance divided by the solute sphere radius. The explanation
above can be summarized in the formula below:
= (20466 ,6 ,0 )
=1 =
= /

inwhichd ,0 ,0 mean dispersion, polar and H- Bonding, respectively.



Rsa1 = Rsaz ’ R1 > Rzi
RED, < RED,

Crystal priority on Solute 1

CF RED

Rsa1 = Rsaz ; R1 = RZ;
RED, = RED,

0 Solute 2 Synchronous crystallization

CF RED

Supplementary Fig. 13. The relationship between RED values difference between
two solutes, and corresponding crystallization sequence.
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Supplementary Fig. 14. The relationship between solute sphere radius and boundary
concentration. The higher the defined boundary concentration, the smaller the radius
of the solute sphere. When the boundary concentration is set to 0, all solvents behave
as good solvents, causing the radius of the solute sphere to become infinite. Arrow 1:
During the crystallization process, the concentration of the solution increases steadily,
and the radius corresponding to the actual concentration shifts in the direction
indicated by the arrows in the figure. Arrow 2: the solute sphere's surface reaches
chloroform at the corresponding concentration, and the solution concentration reaches
saturation concentration, resulting in the formation of a solid phase. At this point, the
integration sphere continues to contract inward. In solutions where solid and liquid
phases coexist, chloroform acts as a poor solvent.



PCBM series

a b c
20 20 0
_ 60 o (MN m) PM6:S-F1 60 o (mMNm™) PM6:SF2 _ & g(mr: T;) PMESF3
= — Virop (1L) 26.431 mN m”' Ex Vrop (L) 26.431mNm"! = — Varop (Ul 26.504 mN m”
£ 50 drop L16 "~ 50 irop | £ 50 P L16
z i = °7 = 2
£ = £ S £ 40 =
=40 o £ 40 ° = o
s M2e < F12 2 s 12E
] 5 S E o 5
2 30 3 2 30 S 230 [
8 8 3 2 8 5 £ -8 H
8 20 a 820 = g2 3
£ 4 & 5 s 8 g L4 &
@ 10 @ 10 @ 10
0 0 0 T T T T 0 0 T T r r 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Frame Frame Frame
ITIC series
d e f
20 20
60 G(MNm')  PM6:S-T1 60 o (mN m) PM6:S-T3 60 cmNmY  PwesTa |2
Ten —V, L 4 S —V, L 26.368 mN m”' = X
= 50 rop (W) 26.431 mN m 6 E 50 arop (ML) mNm - e 50 Varop (UL)  26.645 mN m 164
E e = = = ]
Es0 © Ea © Ea0 ©
< b12 g p b2 < 12 E
@ 30 3 2 30 3 2 30 2
c w
g20 5 820 = 220 2
T s & £ s & £ 48
o 10 a 10 210
0 T T T T 0 0 T T T T 0 0 T T T T 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Frame Frame Frame
M3 series
(< JP9 20 h & 20 i g 20
o (mNm) PM6:S-M3 o (mN m) PM6:S-M2 o (mN m") PM6:S-M4
—— Vypop (UL 26.922 mN m™! T —V, L 26.603 mN m"! o V, L] 26.536 mN m™'!
= 50 arop (UL) mNmt e = 50 arop (ML) L1s_ < 50 arop (L) L1
z 2 z 3 z 2
=40 12 g Eao0 12%’ E40 122
c F c k12 g
o E] K] E] K] F
2 30 [ 30 3 % 30 ]
2 g % 8 8 g g L8 g
§ 20 g 420 a 820 5
E 46 £ s 2 g la £
@ 10 210 Q 210
0 T T T T 0 0 0 0 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Frame Frame Frame
Y06 series
J 60 20 k 20 I 20
G(mMNm')  PM6:S-Y7 60 o(mNm7) PVES-VIO_ 60 G(mNm')  PMe:SY11
e V. L . 4 26.913 mN m" o | — 4
z 50 arop (L) 27.184 mN m 6 50 Virop (L) 16 T 50 Varop (1) 26.678 mN m l1e _
z :':5 z = - =
E 40 > Ea0 ER T b
= F12 £ 5 12 g s F12 g
== - 3
o 30 ° 0 30 E] @ 30 °
c
& 85 8 '8 & 8 s
320 3 920 tg 8 20 5
£ 4 & £ L4 2 £ L4 g
@ 10 310 o a 10
0 r v v v 0 0 T r T T 0 0 T T T r 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Frame Frame Frame

Supplementary Fig. 15. The evolution of the surface tension and droplet volume of
PMG6: acceptor solutions, the codes of acceptors were (a) S-F1, (b) S-F2, (¢) S-F3, (d)
S-T1, (e) S-T3, (f) S-F4, (g) S-M2, (h) S-M3, (i) S-M4, (j) S-Y7, (k) S-Y10 and (1) S-
Y11, respectively.
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Supplementary Fig. 16. Photographs of deionized water and ethylene glycol droplets
on the top surfaces of PM6:S-F1, PM6:S-F2, PM6:S-F3, PM6:S-T1, PM6:S-T3,
PM6:S-F4, PM6:S-M2, PM6:S-M3, PM6:S-M4, PM6:S-Y7, PM6:S-Y10, and
PM6:S-Y11. The measurement is conducted at the center of the substrates.




Supplementary Table 10. Investigations of the contact angles and surface energy
values of solid films of PM6:S-F1, PM6:S-F3, PM6:S-T1, PM6:S-T3, PM6:S-M2,
PM6:S-M4, PM6:S-Y 10 and PM6:S-Y11.

Contact angle (°)

Surface energy

Sample Water Ethylene glycol (mN m)
PMeé: S-F1 99.82 61.53 27.84
PM6: S-F2 99.51 72.54 27.48
PMé6: S-F3 93.29 70.62 22.56
PM6: S-T1 103.53 76.03 31.15
PMé6: S-T3 106.03 71.90 30.83
PM6: S-M2 97.30 66.96 36.98
PM6: S-M3 98.34 67.11 34.89
PM6: S-M4 96.10 74.32 35.92
PMeé6: S-Y7 100.34 67.11 38.74
PM6: S-Y10 98.80 66.30 41.86

PMé6: S-Y11 104.23 73.24 38.80




Supplementary Table 11. Summary of surface energy values of solid films and
solutions of PM6:S-F1, PM6:S-F3, PM6:S-T1, PM6:S-T3, PM6:S-M2, PM6:S-M4,
PM6:S-Y10 and PM6:S-Y 11, and corresponding calculated spread force.

Two-phase Tension (mN m") Spread Force
Sample . — 1
Solid-Gas Liquid-Gas (mN m™)
PM6: S-F1 27.84 26.43 1.41
PM6: S-F2 26.41 27.48 -1.07
PM6: S-F3 22.56 26.50 -3.94
PMe6: S-T1 31.15 26.48 4.67
PMé: S-T3 30.83 26.37 4.46
PMe6: S-T4 31.56 26.65 491
PMé6: S-M2 36.98 26.92 10.06
PMé6: S-M3 34.89 26.60 8.29
PMé6: S-M4 35.92 26.54 9.38
PMeé: S-Y7 38.74 27.18 11.56
PM6: S-Y10 41.86 26.91 10.57

PM6: S-Y11 38.80 26.68 12.37




Supplementary Note 3.

Saturation concentration measurement: The saturation concentration of solution
can be calculated by analyzing the solution PL intensity as a function of heating-

evaporation time.

The solution photoluminescence spectrum intensity can be calculated by:
I (A) =nNpL Paps(A) 1excN) L C

where the pp is photoluminescence quantum efficiency, representing the probability
of emitting one photon per absorbed photon, ®,,,(A) is the flux of absorbed photons
at wavelength 1, ...( ) is the absorbed photon flux can be expressed in terms of the
absorbance A(ML), L is the path length of the sample, typically the thickness of the

cuvette or sample holder, C is the concentration of a solution.

For a series of solutions of different concentrations of the same acceptor mounted in
the same size quartz dish, the first four parameters are consistency. We can get the

relationship below:

pL( )

We can calculate the solution concentration by PL spectrum peak intensity in
controlled conditions. Thus, in this measurement, solutions of different acceptors at a
concentration of 20 mg mL™! are prepared, record the PL intensity of solutions is
diluted 1000 times, thereby they are placed openly on a hotplate at a temperature of
45 °C to evaporate the solvent and concentrate solution. Every 2 min, remove the
solution from the hotplate and still it for 5 minutes, then pipette the upper solution and
measure the PL intensity of solutions diluted 1000 times. The test operation above can

be terminated after the peak remains stable three times.

Finally, the saturation concentration can be calculated by:



20

Where is the final PL spectrum intensity,  is the PL spectrum intensity of
solution at a concentration of 20 mg mL".
Dynamic pendant drop measurements: The pendant drop silhouette images were

instantaneously captured, by which the surface tension was calculated with below

Young-Laplace equation below in real-time:

Where y denotes the surface tension of the solution, Ap denotes the density difference
between the solution and air, g represents a gravitational constant, D. denotes the
maximum diameter of the pendant drop, Ds denotes the diameter at the height of D.,
and H represents a shape factor of the pendant drop, which can be calculated with two
parameters of D. and D from the images and a correction constant off. To prevent
surface crystallization, the solution was continuously and slowly injected into the
droplet, the geometry of the threshold volume droplet will stabilize briefly before

dropping, corresponding calculated value is the intrinsic surface tension.

All corresponding data in this work were measured under a controlled atmosphere

with 25 °C and 38% humidity to exclude the air’s influence on the evaporation rate.

Spread force calculation: In this study, the spreading force at the three-phase contact

point was calculated using the equation:

Where Fipread represents the resultant force of the three interfacial tensions at the three-
phase contact point, osg is the solid-gas interfacial tension, ois is the liquid-solid

interfacial tension, and oy, is the liquid-gas interfacial tension. The variable denotes



the contact angle between the liquid film's edge and the solid phase at the three-phase
contact point. Given that the wet film thickness during actual processing is negligible
compared to the device size, we assume the contact angle and , which are
approximately 0. Additionally, since the solution near the solid phase interface is
close to a semi-solid state, we ensure that the value of  is constant.In this work, we
focus on comparing the changes in the resultant force caused by variations in the

solid-gas and liquid-gas interfacial tensions:

The surface tension of the solid-gas interface is obtained via contact angle
measurements, while the surface tension of the solution-gas interface is measured

using the dynamic pendant drop method.
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Supplementary Fig. 17. The GIWAXs figures of PM6:(a) S-F1, (b) S-F2, (¢) S-T1,
(d) S-T2, (e) S-M2, (f) S-M4, (g) S-Y6, (h) S-Y9 film fabricated by low speed.
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Supplementary Fig. 18. The GIWAXs figures of PM6:(a) S-F1, (b) S-F2, (¢) S-T1,
(d) S-T2, (e) S-M2, (f) S-M4, (g) S-Y6, (h) S-Y9 film fabricated by low speed.



Supplementary Fig. 19. The GIWAXS figures of PM6:S-F1, S-F2, S-T1, S-T2, S-

M2, S-M4, S-Y6, S-Y9 film fabricated by low speed and high speed.
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Supplementary Table 12. Summarized parameters of PPM6:S-F1, S-F2, S-T1, S-T2,
S-M2, S-M4, S-Y6, S-Y9 film fabricated by low speed and high speed. calculated
from 1D-GIWAXS scattering profiles

Out-of-plane (OOP) In-plane (IP)
Speed Sample q d-spacing FWHM CCL q d-spacing
(A (A) (A1 (nm) (A (A)
PM6: S-F1 1.292 4.863 0386  29.230 0.295 21.306
PM6: S-F3 1.263 4.976 0.365 30.986 0.296 21.198
PM6: S-T1 1.688 3.723 0.360 31.416 0.302 20.840
PM6: S-T2 1.690 3.717 0.345 32.782 0.296 21.198
Low o i6: soM2 1.708 3.680 0.290 30.060 0.288 21.786
PM6: S-M4 1.758 3.575 0.230 39.173 0.293 21.452
PM6: S-Y6 1.720 3.653 0.325 34.800 0.286 21.977
PM6: S-Y9 1.695 3.707 0.260 32.500 0.287 21.862
PM6: S-F1 1.315 4.778 0332  29.0651 0.301 20.909
PM6: S-F3 1.238 5.077 0420  26.928 0.290 21.636
PM6: S-T1 1.698 3.701 0.295 36.338 0.298 21.092
. PM6: S-T2 1.688 3.723 0.335 33.760 0.302 20.778
High  ovi6: s 1.683 3.734 0.290 39.000 0.291 21.562
PM6: S-M4 1.758 3.575 0.245 46.162 0.301 20.847
PM6: S-Y6 1.740 3.611 0270  41.888 0.304 20.641

PM6: S-Y9 1.665 3.773 0.275 41.126 0.288 21.786
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Supplementary Fig. 17. The TEM figures of PM6:(a) S-F1, (b) S-F2, (¢) S-T1, (d) S-
T2, (e) S-M2, (f) S-M4, (g) S-Y6, (h) S-Y9 film fabricated by low speed and the
figures of PM6:(i) S-F1, (j) S-F2, (k) S-T1, (1) S-T2, (m) S-M2, (n) S-M4, (o) S-Y6,
(p) S-Y9 film fabricated by high speed.
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