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General information

All reactions were performed under Argon protection. The solvents were purified and dried
according to standard procedures. The chemicals were purchased from Alfa Aesar, Sigma-
Aldrich, Acros Ltd and used as received.

NMR spectra were recorded with a Bruker AV 300 Spectrometer at 300 MHz ("H NMR) and 75
MHz (13C NMR). High Resolution Mass Spectra (HRMS) were recorded on Waters ACQUITY
UPLC® System. The Thermogravimetric analysis (TGA) analysis of thionated NDI derivatives
were recorded under a nitrogen atmosphere on a TA Instrument 2950. The differential scanning
calorimetry (DSC) analysis of thionated NDI derivatives were recorded under a nitrogen
atmosphere on an Instrument TAQ-10 at heating rates of 10°C min!. UV—Vis absorption spectra
were taken on a SHIMADZU UV-2501PC. Electrochemical cyclic voltammetry (CV) was
analyzed on a CHI 660C Electrochemical Workstation. In the CV measurement, a Pt disk was
used as the working electrode, one Pt wire as the counter electrode and another Pt wire as the
reference electrode were used in dried solution of methylene chloride with 0.1 M
tetrabutylammonium hexafluorophosphate (NBu,PF¢) at 100 mV s-!. Meanwhile, CV of ferrocene
was also taken for comparison.



1. Cyclic voltammetry of ferrocene
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2. X-ray diffraction (XRD) for thionated NDI
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3. Molecular length for thionated NDI

molecular length for EH-NDI:
23.46045 A*6.71465 A

molecular length for EH-NDI-4S:
23.38696 A*6.71489 A



4. NMR spectra for thionated NDI
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r 2E+08

r 2E+08

r 2E+08

r1E+08

U
S8°0
580
£8°0
880
68°0
160
£6'0—

21—
ﬁm.ﬁ\
§6'F

S6'T-7
L6T \

i4%4
9T'T
81T

L0
60t
1%
452
€Ty
sty
sot
89
oLy
iy
Uy
vy
sy
8Lt

0’8 —
198 —

206
s06/

86’
10’

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
f1 (ppm)

9.5

© ] © © ] ® © N
=] =] =] o ® ow =] =] ©
+ + + 2+ © 419 + + +
N LR R I
) ) ) .o N ,ﬂ o, 1 N N
§ 9T [
901 o7z [ B
NHS\ o.MNV - 0
oyl 0'€T —
LY
0z — — F [
ol
vl L ~ ]
£ —
L o
69 — NS [
Ny
bl
e 98z r B
N -
805 — 987" = L _
£°0€ r
roE —~ [
r oM
9TE— -
4
4 =z
O 8
) ©
) [e] +
w w w w
< (] N - o
0'sZT L 1 L 1 L
Tser
zoet L
9'921 .
0'set
89t N.mwﬁv 3
T'0€T H]
S0€T z9TT — a4y -
60ET W 9921 7 =3 e |
STET— 8921 e
0'9€T — —
T0ET ~_ d L m\m)
S0ET— S| Ha
60ET \H e
STET B L o
L
8'09T — [
<
S'€E9T — L & z
-
09ET — —
©
L M
Lol
S'E6T — 1

50 40 30 20 10

70 60

150 130 110 90 80
f1 (ppm)

170

190



NDI-2S-trans

om 1N oVvINMANOOY HONIMYT OANN FNGOWONIM
eQ wve RRRNRRNRCQ Nrdrda m0nN oo wwod3E+8
Ao w0 TS NANANANNS - poocoooog
~ e RS f———
B I 2E+08
(
| I 2E+08
|
S N__0 / | 26+08
; /
;o OO J s J - 2E+08
o~N I 2E+08
I 1E+08
“ I 1E+08
I 1E+08
! I 8E+07
| - 6E+07
F4E+07
u K F2E+07
I
N 1 . Lo
T s n T T
o (= o - wn a
e 8 3 g g g 26407
T i T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
ﬁ : 3 ::: =] -] @ woo onN r4E+08
2 1 9 4as IN 2 n &RIRES
| | bl | | P b [4E+08
r3E+08
r3E+08
r3E+08
(=] O_ ©° MO_
" n & NA F4E+08 [3E+08
Lo - - o
r3E+08
| | | N | 3408 Se_N__0
r 2E+08
aes0s OO
r2E+08
F2E+
2E+08 0PN | 2+08
r2E+08 r 2E+08
r1E+08 r 2E+08
I I
J J | I r5E+07 r1E+08
I u Lo r1E+08
T T T T T T T T 71E+os
138 135 132 129 126
f1 (ppm) r 8E+07
r 6E+07
r4E+07
r2E+07
A AR kT AP ro
F-2E+07
T T T T T T T T T T T T T T
190 170 150 130 110 90 70 60 50 40 30 20 10 O
f1 (ppm)



-CIS

NDI-2S

r3E+08

r3E+08
r3E+08
r2E+08
2E+08
r2E+08
r2E+08
2E+08
r1E+08
r1E+08
r1E+08
r8E+07
r6E+07
r4E+07
r2E+07
r-2E+07

ro

780

[16'64

99y
89'v
oLy
LA 4
wy
1744
T4 4
8LV

oW —
€6'8 —

Forez

I €1

sty

= 002
= 66'1

M

r4E+08

0.0

0.5

35 30 25 20 15 1.0

4.0

55 50 4.5
f1 (ppm)

6.0

6.5

80 75 7.0

8.5

9.0

9.5

L£'0T—
0T —
T'€T

0'vT V
98T —

0'LE—

8'0S —

0'LL—

0'szT

£97T -
8'82T
sreT /.
sseT/

T'19T—

9'€6T —

r 3E+08
r2E+08
r2E+08
r2E+08
r1E+08
r5E+07

60 50 40 30 20 10

70

80

150 130 110 90
f1 (ppm)

170

190




NDI-3S
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5. HR-MS spectra for thionated NDI

NDI-1S:
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6. Output characteristics of thin-film OFETs
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Output characteristics of thin-film OFETs of thionated NDIs after annealing at optimized
temperature (a: NDI-1S, b: NDI-2S-trans, c: NDI-2S-cis, d: NDI-3S).
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