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1. Materials, Preparation and General Characterization Methods.

All chemical reagents and solvents used in this work were purchased from J&K
Chemical Co., Energy Chemical Co., Innochem Co., and Sigma-Aldrich Co., and
were used without further purification. Column chromatography silica gel was
obtained from Qingdao Haiyang Chemical Co., Ltd. "H NMR spectra and *C NMR
spectra were recorded using a Bruker AVANCE 4001l MHz NMR spectrometer.
High-resolution MALDI-FTICR-MS was measured by the analytical testing center

of the Institute of Chemistry, Chinese Academy of Sciences.

UV/Vis absorption spectra and photoluminescence spectra were collected using a
Shimadzu UV-3600 spectrophotometer and Jasco FP-660 spectrofluorometer,
respectively. Fluorescence quantum yields were determined using an FLS980
steady-state and transient fluorescence spectrometer. Ultraviolet photoelectron
spectroscopy (UPS) was performed on the KRATOS Axis Ultra DLD
multifunctional photoelectron spectroscopy platform at the Institute of Chemistry,
Chinese Academy of Sciences. The sample for UPS measurement was prepared
by depositing a 15nm thin film of DPIDBSO on clean, bare silicon substrates
(size:1 cm x 1 cm) The highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) were calculated using density functional
theory (DFT) at B3LYP/6-31g (d, p) level."

OFET and OLET substrate preparation: 300 nm Si/SiO, wafers were first laser-cut
into 1 cmx1 cm and 1.5 cmx1.5 cm pieces using a laser marking system. The cut
substrates were then immersed in piranha solution (3:7 v/v H,0,/H,SO,) and
heated to boiling for 15 minutes. After cooling to room temperature, the substrates
were thoroughly rinsed with ultrapure water, followed by sequential ultrasonic
cleaning in acetone and isopropanol. The cleaned substrates were dried under a
nitrogen stream for subsequent use. The dried substrates were treated with
oxygen plasma and then spin-coated with PMMA solution for device fabrication.
The dried substrates were treated with oxygen plasma and then spin-coated (4000

rpm for 60 s) with PMMA solution and annealed at 90 °C for device fabrication. The



molecular weight of PMMA is about 350,000 and the concentration of PMMA

solution is 6 mg ml-! in chlorobenzene. The thick of PMMA layer is about 20 nm.

The electrodes were constructed by gold strip method. The gold electrodes were
formed by evaporating gold on substrate with a shadow mask (thickness: ~200
nm). The silver electrodes were also prepared by first evaporating a 20 nm layer
of silver, followed by the deposition of a 180 nm layer of gold onto the substrate

using a shadow mask.

All electrical characterizations were conducted in Nitrogen atmosphere glove box
using an FS-380 semiconductor test system. The charge carrier mobility was
calculated from the saturation regime of transfer characteristics using equation:
las = Cu(WI2L) (Vs = V1).2

The electroluminescence spectrum can be collected using a spectrometer from
Ocean Optics, and the acquisition of EQE is completed by collecting the
photoelectric current signals through a photomultiplier tube (PMT); EQE can be
obtained from the ratio of the number of collected photons (n,) to the number of

injected carriers (ne):

7-"U
EQE = —#..(2.1)
n

e

The detailed calculation process is as follows: The number of collected photons
(n,) can be calculated from the photocurrent obtained by the PMT, but needs to be
calibrated. The photocurrent (/pyt) measured by the PMT has the following

relationship when a standard light source is used for testing:

Ipyr = f P (Mn(Dda = f P (A)Bn(A)dA#...(2.2)

Here, P.(/) is the known optical power spectrum of the standard light source, while
n(A) and n(1) denote the spectral response curve and the normalized spectral
response curve of the PMT detector, respectively. Then the parameter B can be

calculated using equation (2.2). The optical power spectrum of the sample, Ps (1)



can be normalized as Py(1) = APs(L), where Pg()) is directly measured by the
spectrometer. Similarly, the photocurrent obtained from the sample follows the
relationship:

Ipyr = fAPS(A)BﬁS(/l)d/l#...(ZB)

The value of A can be determined using equation (2.3), enabling the calculation of
the sample's optical power spectrum Py(1). The number of collected photons can

then be obtained through the following expression:
P(A)AdA
n =f (D)

v

——#..(24)

Here, i is Planck's constant, ¢ is the speed of light, and the integration range
corresponds to the electroluminescence spectrum of the sample. The number of
injected carriers (n.) can be calculated from the source-drain current measured in
the OLET device as n. = Ig/e. Substituting this and equation (2.4) into equation
(2.1) yields the external quantum efficiency (EQE):

eP(D)A
da
hc
EQE="———#..(25)
Ids
2. Synthesis
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Scheme S$1. Synthesis of DPIDBSO.
3-bromodibenzo[b,d]thiophene 5,5-dioxide : Dissolve 5 g of dibenzothiophene

sulfone in a round-bottom flask containing 100 mL of concentrated sulfuric acid at
0 °C. 8.2 g of N-bromosuccinimide (NBS) was added into flask in batches, and
then stir the mixture at room temperature for 16 hours. After reaction, the reaction
mixture was poured into ice water, followed by extraction with chloroform. Dry the
solution over anhydrous magnesium sulfate and remove the solvent under reduced

pressure. Finally, the crude product was purified through column chromatography



using dichloromethane/petroleum ether mixture (1:1), yielding 7.8 g product as a

white solid (yield: 87%). This step refers to the literature.?

5,5'-(5,5-dioxidodibenzo[b,d]thiophene-3,7-diyl)bis(2-butylisoindoline-1,3-
dione) (DPIDBSO): In a 50 mL round-bottom flask under an argon atmosphere,
2-butyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) isoindoline-1,3-dione (500
mg, 2.06 mmol), 3,7-dibromodibenzo[b,d]thiophene 5,5-dioxide (880 mg, 2
equivalents), tetrakis(triphenylphosphine)palladium (247.15 mg, 0.2 equivalents),
and potassium carbonate (1.108 g, 6 equivalents) were added. Subsequently,
inject 16 mL of degassed toluene and 4 mL of water into the mixture. Then stir the
mixture at 90 °C for 25 hours. After the reaction, the mixture was washed with
water, extract with chloroform, and dry over anhydrous magnesium sulfate before
removing the solvent under reduced pressure. The product was purified using
column chromatography with chloroform, yielding 360 mg white solid (Yield: 43%).
"H NMR (400 MHz, CDCl3): 6 8.11 (s, 4H), 7.94-8.00 (m, 8H), 3.74 (t, 4H), 1.66-
1.74 (m, 4H), 1.37-1.43 (m, 4H), 0.97 (t, 6H). "3C NMR (101 MHz, CDCl;) 6 167.92,
144.55, 142.00, 139.24, 133.42, 132.99, 132.45, 131.86, 131.08, 124.08, 122.69,
121.70, 121.14, 38.10, 30.65, 20.13, 13.69. HRMS (MALDI-FT-ICR): [M+H] *
calcd. for C36H30N206S, 619.189734; found 619.190001. Elemental analysis: Anal.
calculated: C: 69.89%, H: 4.89%, S: 5.18% N: 4.53%. Experimental: C: 69.82%,
H: 4.78%, S: 5.38%, N: 4.51%.
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Figure S1. (a) Thermogravimetric analysis and (b) Differential scanning
calorimetry of DPIDBSO.
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Figure S2. a) Image of DPIDBSO powder obtained through sublimation
purification. b) Photoluminescence image of DPIDBSO in chloroform solution
under UV light (365 nm).

Table S1 Summary of optical properties for DPIDBSO.

DPIDBSO PLQY (%) 7 (ns) k. (s™)
Solution 84 1.35 6.4%x108
Powder 30 2.47 1.2x108
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Figure S3. UPS energy distribution curve of DPIDBSO (Epomo = -21.2 + (Ecytosf -
Eonset))-
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Figure S4. The AFM image of DPIDBSO crystals (Rq is the root mean square

roughness; The thickness of crystal is about 120 nm).



Figure S5. Crystal morphology of DPIDBSO simulated by the Bravais—Friedel-
Donnay-Harker method.

Table S2 Summary of transfer integrals of DPIDBSO based on crystal structure.

Electronic coupling LUMO-LUMO (meV)

t -40.226
t -10.679
t -40.229

{4 -10.681
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Figure S6. Examples for DPIDBSO-based devices with (a) Au electrodes or (b)

Ag electrodes along a-axis.
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Figure S7. Electron mobility statistics chart for DPIDBSO devices with a) Au

electrodes and b) Ag electrodes along a-axis.
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Figure S8. Typical output curves of DPIDBSO devices with a)

b) Ag electrodes along a-axis.

Au electrodes and



a)

Figure S9. Examples of DPIDBSO devices with a) Au electrodes and b) Ag
electrodes along b-axis.
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Figure $10. Typical transfer curves for DPIDBSO devices with a) Au electrodes
and b) Ag electrodes along b-axis. Electron mobility statistics chart for DPIDBSO
devices with ¢) Au electrodes and d) Ag electrodes along b-axis.
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Figure S11 Typical output curves of DPIDBSO devices with a) Au electrodes and

b) Ag electrodes along b-axis.

Table S3 Summary of electron mobility of DPIDBSO.

Ag
EIeCtrOde ”max IJave. IJmax I-lave.
(cm2V1s1) (em?2V1s1) (cm2V1s') (cm2V1s)
a-axis 0.02 0.01 0.07 0.01
b-axis 0.13 0.05 0.17 0.02




a)

106}
10-3~

10!

[gsl (A)

1072 4

105"

c)

-~

107+

109

sl (A)

-1
10 4

107!

Ve (V)

|Ids| (UA))HZ

llgs| (ua))"

b)
1.2x10®
ov
20V e
-« 40V T
8.0x107 60V
< + 80V 5
'-':.’ 100V -
= 4.0x107
0.0
0 20 40 60 80 100
VB V)
d)
« 0V
5x107 . 20V
« 40V
"
4x10 B0V
1 sov
— 235107
< 3x10 100 V
~F 2x107 > T S shie et e
1107 -
0 ¥ il
0 20 40 60 80 100
v, (V)

Figure S12 a) Typical transfer curves and b) typical output curves of devices with

evaporated silver electrodes along a-axis. ¢) Typical transfer curves and d) typical

output curves of devices with evaporated silver electrodes along b-axis.
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Figure S13 Some examples for typical transfer curves, normalized PMT
photocurrent (/,) and EQE of devices with Ag electrodes.
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Figure S15. '3C NMR spectrum of DPIDBSO in CDCl;
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Figure S$16 High-resolution mass spectrometry of DPIDBSO.



Table S4 Crystal data and structure refinement for DPIDBSO.

Parameters DPIDBSO
Empirical formula C36H30N206S
Formula weight 618.68
Temperature/K 170.15
Crystal system monoclinic
Space group 12/a
alA 28.8789(17)
b/A 7.3439(4)
c/A 41.767(2)
al° 90
pl° 100.278(5)
v/° 90
Volume/A3 8716.0(8)
z 12
Pcacg/cm? 1.414
pM/mm-1 1.431
F (000) 3888.0
0.2x0.15x0.1

Crystal size/mm?3
Radiation
20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

CuKa (A = 1.54184)
6.22 to 155.98

36<hs<34,-9<k<9,-50<|<52

44809

8874 [Rint = 0.1250, Rsigma = 0.0789]

8874/0/612

1.044
R1=0.0973, wR,=0.2590

R1=0.1564, wR,=0.3121
0.82/-0.57
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