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1. General methods

General. '"H NMR data were recorded on a 400 MHz spectrometer at room
temperature. All chemical shifts are quoted in ppm, relative to tetramethylsilane, using
residual solvent peak as a reference standard. The following abbreviations were used to
explain the multiplicities: s = singlet, d = doublet, m = multiplet and “br” represented a
broad peak. Absorption spectra were recorded on a Shimadzu UV-3600 plus.
Photoluminescence spectra were recorded on a Thermo Scientific Lumina. Absolute
fluorescence quantum yields were recorded on a British Edinburgh FLs980 full-
function stable and steady-state fluorescence spectrometer. Elemental analysis was

carried out on Elementar (Vairo EL).

2. Additional characterization of new compounds

The neutral compounds were prepared as the synthetic procedures described in main
text. General procedure for perflurobutoxyl/perflurohexyoyl substituted pentacenes
(P1-PFB and Pi-PFH): To the solution of P1-OH (1.0 mmol) in dry DMF (40.00 mL),
K>COs and nonafluorobutanesulfonyl fluoride or perfluorohexanesulfonyl fluoride (2.4
mmol) were added. The resulting mixture was stirred overnight at room temperature.
After completion of reaction, the solution was diluted with ethyl acetate (200 mL) and
water (100 mL), and washed with water (50 mL) several times. Finally, the organic
layer was washed with brine (40 mL) and dried by anhydrous Na>SOs. After filtration,
the organic solvents were evaporated to dryness. The residue was purified by flash
column chromatography on silica gel (petroleum ether/tetrahydrofuran = 10:1) to afford
corresponding pure compounds. Further crystallization from tetrahydrofuran/menthol

afforded molecular materials used in device.
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P1-OH was obtained as an amaranth solid. 'H NMR (400 MHz, CDCl3) § 7.50 (d, J
=7.5 Hz, 2H), 7.44 (d, J= 6.7 Hz, 2H), 7.37 (t, J = 8.3 Hz, 1H), 7.29 - 7.32 (m, 4H),
7.14 (t,J=17.9 Hz, 1H), 6.71 (br, 1H), 6.14 (br, 1H), 5.83 (br, 2H), 5.35 (br, 2H), 4.64:
(s, 1H), 4.49 (s, 1H), 4.21 (s, 2H); *C NMR could not be well-recorded due to its
insufficient solubility in various organic solvents and strong intermolecular aggregation
as well. Its chemical structure was further confirmed by the single crystal X-ray analysis.

HRMS (APCI) m/z: calcd for C39H21CleO4 [M+H]*: 762.9555; Found: 762.9566 (error

= 1.3 ppm).

P2-OH was also obtained as an amaranth solid. "H NMR (400 MHz, THF-ds) & 8.20
(s,2H), 7.55 (d, J=8.0 Hz, 4H), 7.47 - 7.31 (m, 6H), 7.26 - 7.20 (m, 2H), 5.93 (br, 2H),
5.78 (br, 2H), 5.25 (br, 2H), 4.18 (s, 4H). 3*C NMR could not be well-recorded because
of suffering from similar solubility problem and aggregation issues. P2-OH was
converted into P2-OMe, which was further confirmed. HRMS (APCI) m/z: caled for
Cu6H24Cl304 [M]": 924.9157; Found: 924.9221 (error = 6.6 ppm).

Compounds N1-OH/N,-OH
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N1-OH was obtained as a deep blue solid. '"H NMR and *C NMR could not be
recorded due to due to its poor solubility and strong aggregation. HRMS (APCI) m/z:
calcd for CesHzoCl1006 [M]": 1255.8921; Found: 1255.8922 (error = 0.1 ppm).

N2-OH was obtained as a deep blue solid, which is supported by mass spectroscopy
and UV-vis-NIR spectroscopy as mentioned in main text. HRMS (MALDI-TOF) m/z:
calcd for C72H34C11206 [M]*: 1419.8501; Found: 1419.8529 (error = 2.0 ppm).

Compounds P;-OMe, P,-OMe and Ni-OMe

P1-OMe was obtained as an amaranth solid. "H NMR (400 MHz, CDCls) § 7.52 (d,
J=18.0 Hz, 2H), 7.43 (d, /= 8.0 Hz, 2H), 7.37 (t, /= 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz,
3H), 7.14 (t, /= 8.0 Hz, 1H), 6.75 (d, J= 8.7 Hz, 1H), 6.59 (br, 1H), 6.09 (s, 1H), 5.87
(d,J=5.4 Hz, 2H), 5.44 (br, 1H), 5.37 (br, 1H), 4.18 (s, 2H), 3.63 (s, 3H), 3.61 (s, 3H).
Its chemical structure was confirmed by the single crystal X-ray analysis. HRMS (APCI)
m/z: calcd for C41H25ClsO4 [M+H]™: 790.9860; Found: 790.9879 (error = -2.4 ppm).
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P2-OMe was obtained as an amaranth solid. 'H NMR (400 MHz, CDCls) § 7.45 (d,
J=17.8 Hz, 4H), 7.30 (d, J= 8.0 Hz, 6H), 7.13 (t,J = 7.7 Hz, 2H), 6.05 (s, 2H), 5.81 (s,
2H), 5.32 (br, 2H), 4.17 (br, 4H), 3.61 (s, 6H). Its chemical structure was confirmed by
the single crystal X-ray analysis. HRMS (APCI) m/z: calcd for CagHsClsO4 [M]":
947.9478; Found: 947.9490 (error = 1.3 ppm).

P:-PFB was obtained as an orange solid. 'H NMR (400 MHz, CDCl3) § 7.52 (d, J =
8.0 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.40 (br, 1H), 7.34 (br, 3H), 7.19 (br, 1H), 6.93
(s, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.30 (s, 1H), 6.22 (d, J= 7.5 Hz, 2H), 5.56 (br, 1H),
5.47 (br, 1H), 4.28 (s, 2H). '°F NMR (376 MHz, CDCl3) & -80.64 (s), -108.61 (s), -
120.79 (s), -125.86 (s). '>*C NMR could not be well-recorded because of suffering from
strong aggregation. MS (MALDI-TOF) m/z: caled for C47Hi3ClF13804 [M]": 1197.9;
Found: 1197.2; Anal. Calcd for: C, 46.99; H, 1.51; Found: C, 46.91; H, 1.52.

CeF 130

P1-PFH was obtained as an orange solid. *H NMR (400 MHz, CDCls) § 7.52 (d, J =
8.0 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.38-7.42 (br, 1H), 7.35 (br, 2H), 7.33 (br, 1H),
7.17-7.21 (br, 1H), 6.93 (s, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.30 (s, 1H), 6.22 (d,J=7.5
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Hz, 2H), 5.56 (br, 1H), 5.47 (br, 1H), 4.28 (s, 2H). 9F NMR (376 MHz, CDCl3) 5 -
80.68 (s), -108.45 (s), -119.92 (s), -121.64 (s), -122.60 (s), -126.02 (s). *C NMR could
not be well-recorded because of suffering from strong aggregation. MS (MALDI-TOF)
m/z: calcd for Cs1H1sCisF2604 [M]": 1397.9; Found: 1397.3; Anal. Calcd for: C, 43.71;
H, 1.29; Found: C, 43.69; H, 1.30.

Ni1-OMe was obtained as a deep blue solid. 'H NMR (400 MHz, THF-ds) § 7.56 (m,
8H), 7.50 - 7.44 (m, 3H), 7.41 (d, J = 8.8 Hz, 3H), 7.27 (d, /= 7.6 Hz, 1H), 6.80 (d, J
= 8.7 Hz, 1H), 6.68 (br, 1H), 6.03 (s, 1H), 5.94 (s, 1H), 5.91 (s, 1H), 5.77 (s, 2H), 5.44
(s, 1H), 5.33 (br, 3H), 4.19 (s, 2H), 3.58 (s, 6H). Its chemical structure was confirmed
by the single crystal X-ray analysis. HRMS (APCI) m/z: calcd for C¢7H34Cl1006 [M]":
1288.9215; Found: 1288.9257 (error = 3.2 ppm).

3. Reaction optimization and proposed reaction mechanism

To obtain optimized reaction condition, the cross-condensation reaction was
conducted under several conditions. General procedure: a solution of hydroquinone
(100 mg, 1.82 mmol) and 2,6-dichlorobenzaldehyde (158 mg, 1.82 mmol) in acetic acid
(15 mL) or in mixed solvent of acetic acid and xylene, was purged with nitrogen for 10
min. To the reaction mixture, a catalyst amount of concentrated hydrochloric acid or
concentrated sulfuric acid or boron trifluoride diethyl etherate was added slowly. The
mixture was heated to reflux under inert atmosphere, and the reaction was monitored
by thin layer chromatography (TLC). After reaction quenching and treatment of the

crude solid, the product was isolated by chromatography on silica gel.
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Reaction condition screening

Entry Conditions

Results (yield)

1 Con.HCI (cat), AcOH, 127 °C, 72 h
3 BFs(OEt), (cat.), ACOH, 127 °C, 168 h
4 Con.H,SO; (cat.), AcOH, 127 °C, 20 h

5 Con.H;S04 (cat.), AcOH/xylene, 140 °C, 30 h

P1-OH (~25%), P>-OH (trace)
trace
P1-OH (54%), P2-OH (16%), N1-OH (trace)

N1-OH (37%), N>-OH (1%)

OH

W w0

= (€]
Cl Cl _H* cl Cl OH
-H*

OH OH cI

‘ ‘ <
R —
cl -H,0
OH
4

Scheme S1. Proposed reaction mechanism for O-doping pentacene P1-OH.

4. Single-crystal X-Ray analysis

4.1 Crystallographic data for P2-OH
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Figure S1. Crystal structures (thermal ellipsoids are shown at 30%) of P2-OH (a) and
molecular packing features via intermolecular hydrogen/halogen interactions (b).

Table S1. Crystal data and structure refinement for P2-OH.

Identification code

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA
b/A
c/A

o

o/
pre
v/°
Volume/A3
Z
peaicg/cm?

wmm™

S9

P,-OH

Ca6H24Cl304
996.35
100(2)

monoclinic
P2i/c
24.2970(13)
7.8094(4)
23.9522(12)
90
98.529(2)
90
4494.5(4)
4
1.472

4.980
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F(000) 2032
Crystal size/mm? 0.366 x0.123 x0.122
20 range for data collection/© 3.679 10 68.241
Index ranges -27<h<29,-9<k<9,-28<1<27
Reflections collected 45841
Independent reflections 8241 [Rint = 0.0452]
Data/restraints/parameters 8241/40/617
Goodness-of-fit on F? 1.064
Final R indexes [[>=20 (I)] Ri1=10.0464, wR> = 0.1138
Final R indexes [all data] R1=0.0532, wR, = 0.1181
Largest diff. peak/hole / e A® 0.544/-0.535

Table S2. Bond lengths [A] for P2-OH.

CI(1A)-C(12A)  1.749(3) C(4B)-C(8B) 1.397(4)
CI3A)-C(22A)  1.735(3) C(5B)-C(6B) 1.443(3)
O(1A)-C(1A) 1.370(3) C(6B)-C(23B)  1.429(3)
0(2A)-C(5A) 1.371(3) C(7B)-C(17B)  1.489(3)
C(1A)-C(9A) 1.388(3) C(9B)-H(9B) 0.9500
C(2A)-C(3A) 1.390(3) C(0B)-H(10C)  0.9900
C(3A)-C(4A) 1.381(3) C(11B)-C(12B)  1.388(4)
C(4A)-C(8A) 1.396(3) C(12B)-C(13B)  1.389(4)
C(5A)-C(6A) 1.440(3) C(13B)-H(13B)  0.9500
C(6A)-C(23A)  1.432(3) C(14B)-H(14B)  0.9500
C(TA)-C(17A)  1.489(3) C(15B)-H(15B)  0.9500
C(9A)-H(9A) 0.9500 C(17B)-C(22B)  1.398(4)
C(10A)-H(10A)  0.9900 C(19B)-C(20B)  1.384(4)
C(11A)-C(12A)  1.386(4) C(20B)-C(21B)  1.378(4)

C(12A)-C(13A)  1.383(4) C(21B)-C(22B)  1.390(4)
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C(13A)-H(13A)
C(14A)-H(14A)
C(15A)-H(15A)
C(17A)-C(22A)
C(19A)-C(20A)
C(20A)-C(21A)
C(21A)-C(22A)
C(23A)-C(5A)#1
CI(1B)-C(12B)
CI(3B)-C(22B)
O(1B)-C(1B)
0(2B)-C(5B)
C(1B)-C(9B)
C(2B)-C(3B)
C(3B)-C(4B)

0.9500
0.9500
0.9500
1.391(3)
1.371(4)
1.379(5)
1.392(4)
1.357(3)
1.742(3)
1.738(3)
1.380(3)
1.366(3)
1.381(3)
1.386(4)
1.375(3)

C(23B)-C(5B)#2

0(18)-C(1S)
C(15)-C(2S)
C(1S)-H(1S2)
C(2S)-H(251)
C(35)-C(4S)
C(35)-H(352)
C(4S)-H(4S2)
O(1T)-C(4T)
C(1T)-H(1T)
C(2T)-C(3T)
C2T)-H(2T2)
C(3T)-H(3T1)
C(4T)-H(4T1)

1.351(4)
1.459(6)
1.459(6)
0.9900
0.9900
1.498(8)
0.9900
0.9900
1.463(6)
0.9900
1.457(7)
0.9900
0.9900
0.9900

4.2 Crystallographic data for P1-OMe

Figure S2. Crystal structures (thermal ellipsoids are shown at 30%; hydrogen atoms
are omitted for clarity) of P1-OMe and its packing (b).

Table S3. Crystal data and structure refinement for P1-OMe.

Identification code

P;-OMe
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Empirical formula Ca1H24ClsO4
Formula weight 793.30
Temperature/K 296(2)

Crystal system monoclinic
Space group P21/n
alA 10.195(4)
b/A 13.289(7)
c/A 16.613(8)
a/® 73.338(15)
p/o 86.579(14)
v/° 84.425(14)
Volume/A3 2144.8(18)
VA 2
peaicg/cm? 1.228
wmm™ 0.437
F(000) 808
Crystal size/mm3 0.200 x 0.160 x 0.130
20 range for data collection/° 1.747 to 24.999
Index ranges -12<=h<=12, -15<=k<=15, -19<=l<=19
Reflections collected 28434
Independent reflections 7455 [R(int) = 0.0952]
Max. and min. transmission 0.7456 and 0.4904
Completeness to theta = 25.242< 96.2
Absorption correction Semi-empirical from equivalent
Refinement method Full-matrix least-squares on F2
Data/restraints/parameters 7455/ 0/ 463
Goodness-of-fit on F? 1.026
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Final R indexes [[>=2c ()] R; = 0.0835, wR, = 0.2171
Final R indexes [all data] R; =0.1317, wR, = 0.2528
Largest diff. peak/hole / e A® 0.515/-0.334

Table S4. Bond lengths [A] for P1-OMe.

CI(1)-C(28) 1.739(5) C(17)-C(18) 1.392(6)
Cl(2)-C(32) 1.721(6) C(18)-C(19) 1.404(6)
CI(3)-C(35) 1.746(6) C(18)-H(18) 0.93

Cl(4)-C(39) 1.732(5) C(19)-C(20) 1.444(5)
CI(5)-C(26) 1.736(5) C(20)-C(21) 1.479(5)
Cl(6)-C(22) 1.730(5) C(21)-C(26) 1.381(6)
O(1)-C(9) 1.362(5) C(21)-C(22) 1.402(6)
o(1)-C(1) 1.387(5) C(22)-C(23) 1.390(7)
0(2)-C(12) 1.368(5) C(23)-C(24) 1.336(8)
0(2)-C(14) 1.394(4) C(23)-H(23) 0.93

0(3)-C(4) 1.353(5) C(24)-C(25) 1.361(8)
0(3)-C(40) 1.419(6) C(24)-H(24) 0.93

0(4)-C(17) 1.362(5) C(25)-C(26) 1.423(7)
0(4)-C(41) 1.409(6) C(25)-H(25) 0.93

C(1)-C(2) 1.362(6) C(27)-C(32) 1.392(6)
C(1)-C(6) 1.385(6) C(27)-C(28) 1.392(6)
C(2)-C(3) 1.382(6) C(28)-C(29) 1.371(7)
C(2)-H(Q2) 0.93 C(29)-C(30) 1.358(9)
C(3)-C(4) 1.411(6) C(29)-H(29) 0.93

C(3)-C(33) 1.504(6) C(30)-C(31) 1.361(9)
C(4)-C(5) 1.385(6) C(30)-H(30) 0.93

C(5)-C(6) 1.396(5) C(31)-C(32) 1.402(7)
C(5)-H(5) 0.93 C(31)-H@31) 0.93

C(6)-C(7) 1.451(6) C(33)-C(34) 1.513(6)
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C(7)-C(8) 1.375(5) C(33)-H(33A) 0.97
C(7)-C(27) 1.492(6) C(33)-H(33B) 0.97
C(8)-C(13) 1.418(6) C(34)-C(39) 1.371(6)

C(8)-C(9) 1.441(6) C(34)-C(35) 1.410(7)
C(9)-C(10) 1.353(6) C(35)-C(36) 1.356(8)
C(10)-C(11) 1.432(6) C(36)-C(37) 1.359(9)
C(10)-H(10) 0.93 C(36)-H(36) 0.93
C(11)-C(20) 1.367(5) C(37)-C(38) 1.351(8)
C(11)-C(12) 1.442(5) C(37)-H(37) 0.93
C(12)-C(13) 1.353(5) C(38)-C(39) 1.399(7)
C(13)-H(13) 0.93 C(38)-H(38) 0.93
C(14)-C(15) 1.369(6) C(40)-H(40A) 0.96
C(14)-C(19) 1.383(5) C(40)-H(40B) 0.96
C(15)-C(16) 1.372(6) C(40)-H(40C) 0.96
C(15)-H(15) 0.93 C(41)-H(41A) 0.96
C(16)-C(17) 1.382(6) C(41)-H(41B) 0.96
C(16)-H(16) 0.93 C(41)-H(41C) 0.96

4.3 Crystallographic data for P.-OMe

Figure S3. Crystal structures (thermal ellipsoids are shown at 30%) of P.-OMe (a) and
its packing diagrams (b).

Table S5. Crystal data and structure refinement for P2-OMe.
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dentification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
alA
b/A
c/A

(o]

o/
pr°
v/°
Volume/A3
VA
Pealcg/cm?®
wmm™
F(000)
Crystal size/mm?

20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Completeness to theta = 25.242<
Absorption correction
Max. and min. transmission
Refinement method

Data/restraints/parameters

P>-OMe
Ci48H23ClgO4
952.30
173
monoclinic
P2i/c
11.333(2)
7.4415(15)
25.055(6)
90
92.183(7)
90
2111.4(8)
2
1.498
0.580
968
0.100 <0.060 <0.040
1.627 to 24.999
-13<h<13,-8<k<8§,-29<1<29
21183
3690 [Rint = 0.1175]

96.6 %
Semi-empirical from equivalents
0.7456 and 0.4575
Full-matrix least-squares on F2

3690/0/272
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Goodness-of-fit on F? 1. 090
Final R indexes [[>=2c (I)] R1=0.0794, wR2 = 0.2006
Final R indexes [all data] R1=0.1133, wR> = 0.2260
Largest diff. peak/hole / e A® 0.458/-0.721

Table S6. Bond lengths [A] for P--OMe.

CI(1)-C(12) 1.729(6) C(10)-C(11) 1.490(7)
C1(2)-C(16) 1.735(6) C(11)-C(12) 1.388(7)
CI(3)-C(19) 1.731(6) C(11)-C(16) 1.399(7)
Cl(4)-C(23) 1.742(6) C(12)-C(13) 1.396(8)
O(1)-C(7) 1.367(6) C(13)-C(14) 1.362(9)
o(1)-C(1) 1.378(6) C(13)-H(13) 0.95
0(2)-C(4) 1.380(6) C(14)-C(15) 1.378(9)
0(2)-C(24) 1.425(6) C(14)-H(14) 0.95
C(1)-C(2) 1.388(7) C(15)-C(16) 1.378(8)
C(1)-C(6) 1.396(7) C(15)-H(15) 0.95
C(2)-C(3) 1.388(8) C(17)-C(18) 1.516(7)
C(2)-H(2) 0.95 C(17)-H(17A) 0.99
C(3)-C(4) 1.410(7) C(17)-H(17B) 0.99
C(3)-C(17) 1.518(7) C(18)-C(19) 1.383(8)
C(4)-C(5) 1.371(8) C(18)-C(23) 1.387(8)
C(5)-C(6) 1.415(7) C(19)-C(20) 1.396(8)
C(5)-H(5) 0.95 C(20)-C(21) 1.381(9)
C(6)-C(10)#1 1.452(7) C(20)-H(20) 0.95
C(7)-C(8) 1.347(7) C(21)-C(22) 1.360(10)
C(7)-C(9)#1 1.454(7) C(21)-H(21) 0.95
C(8)-C(9) 1.428(7) C(22)-C(23) 1.381(8)
C(8)-H(8) 0.95 C(22)-H(22) 0.95
C(9)-C(10) 1.380(7) C(24)-H(24A) 0.98
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C(9)-C(7)#1 1.454(7) C(24)-H(24B) 0.98
C(10)-C(6)#1 1.452(7) C(24)-H(24C) 0.98

4.4 Crystallographic data for N1-OMe

'”azi 0
co lc11 c13 o5 Ci6

Z10 Tmz w2 "‘"’v}e&c“"
c18

c27 c25 g24 czz ZVL\A)QGT
06

e e

Figure S4. Crystal structures (thermal ellipsoids are shown at 30%) of N1-OMe (a) and
its packing diagrams (b).

Table S7. Crystal data and structure refinement for N1-OMe.

Identification code Ni-OMe
Empirical formula Ce7H34Cl1006
Formula weight 1289.44
Temperature/K 170.01
Wavelength 1.34139
Crystal system Triclinic
Space group P-1
a/A 11.5455(12)
b/A 18.2487(17)
c/A 22.786(2)
a/° 107.665(6)
p/e 96.056(7)
v/° 96.264(7)
Volume/A® 4498.1(8)
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Z 2
pcaMg/cm?® 0.952
w/mm’! 0.075
F(000) 1308

Crystal size/mm? 0.15x 0.1 x0.01

20 range for data collection/® 3.280 to 55.343

Index ranges -12<=h<=14, -22<=k<=22, -27<=1<=27

Reflections collected 53216

Independent reflections 16979 [R(int) = 0.0975]

Completeness to theta = 53.594° 99.4 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7508 and 0.4559

Refinement method Full-matrix least-squares on F?

Data/restraints/parameters 16979 /0 /750

Goodness-of-fit on F> 0.834
Final R indexes [I>=2c (I)] R;=0.1280, wR> = 0.3000
Final R indexes [all data] R1=0.2021, wR, = 0.3547
Extinction coefficient n/a

Largest diff. peak/hole / e A3 1.158/-0.532

Table S8. Bond lengths [A] for Ni-OMe.

CI(1)-C(41) 1.714(9) C(26)-C(27) 1.387(9)
Cl(2)-C(37) 1.730(9) C(27)-C(28) 1.458(9)
CI(3)-C(44) 1.714(10) C(28)-C(29) 1.392(9)
CI(4)-C(48) 1.731(8) C(28)-C(49) 1.574(12)
CI(5)-C(54) 1.844(12) C(29)-C(30) 1.395(9)
C1(6)-C(50) 1.533(10) C(30)-H(30) 0.95

CI(7)-C(56) 1.720(11) C(30)-C(31) 1.355(9)
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CI(8)-C(60) 1.731(11) C(32)-C(33) 1.369(9)
C1(9)-C(66) 1.762(9) C(33)-H(33) 0.95
C1(10)-C(62) 1.729(9) C(33)-C(34) 1.381(9)
O(1)-C(1) 1.370(8) C(34)-C(35) 1.517(9)
0(1)-C(42) 1.427(8) C(35)-H(35A) 0.99
0(2)-C(31) 1.367(8) C(35)-H(35B) 0.99
0(2)-C(32) 1.395(8) C(35)-C(36) 1.551(9)
0(3)-C(7) 1.331(8) C(36)-C(37) 1.437(11)
0(3)-C(8) 1.425(8) C(36)-C(41) 1.362(11)
0(4)-C(24) 1.374(8) C(37)-C(38) 1.390(11)
0(4)-C(25) 1.377(8) C(38)-H(38) 0.95
0(5)-C(14) 1.370(8) C(38)-C(39) 1.391(13)
0(5)-C(15) 1.377(8) C(39)-H(39) 0.95
0(6)-C(18) 1.403(9) C(39)-C(40) 1.346(13)
0(6)-C(67) 1.392(9) C(40)-H(40) 0.95
C(1)-C(2) 1.393(9) C(40)-C(41) 1.407(11)
C(1)-C(34) 1.376(9) C(42)-H(42A) 0.98
C(2)-H(Q2) 0.95 C(42)-H(42B) 0.98
C(2)-C(3) 1.452(9) C(42)-H(42C) 0.98
C(3)-C(4) 1.449(9) C(43)-C(44) 1.377(11)
C(3)-C(32) 1.385(8) C(43)-C(48) 1.397(11)
C(4)-C(5) 1.367(9) C(44)-C(45) 1.428(11)
C(4)-C(43) 1.510(9) C(45)-H(45) 0.95
C(5)-C(6) 1.400(9) C(45)-C(46) 1.291(12)
C(5)-C(31) 1.464(9) C(46)-H(46) 0.95
C(6)-H(6) 0.95 C(46)-C(47) 1.395(13)
C(6)-C(7) 1.388(10) C(47)-H(47) 0.95
C(7)-C(29) 1.438(9) C(47)-C(48) 1.370(9)
C(8)-C(9) 1.357(9) C(49)-C(50) 1.472(14)
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C(8)-C(27) 1.395(9) C(49)-C(54) 1.267(14)
C(9)-H(9) 0.95 C(50)-C(51) 1.448(11)
C(9)-C(10) 1.383(9) C(51)-H(51) 0.95
C(10)-C(11) 1.423(9) C(51)-C(52) 1.358(15)
C(10)-C(25) 1.403(9) C(52)-H(52) 0.95
C(11)-C(12) 1.389(9) C(52)-C(53) 1.350(16)
C(11)-C(55) 1.491(9) C(53)-H(53) 0.95
C(12)-C(13) 1.432(9) C(53)-C(54) 1.494(15)
C(12)-C(24) 1.439(8) C(55)-C(56) 1.388(12)
C(13)-H(13) 0.95 C(55)-C(60) 1.331(12)
C(13)-C(14) 1.373(9) C(56)-C(57) 1.427(13)
C(14)-C(22) 1.444(8) C(57)-H(57) 0.95
C(15)-C(16) 1.353(9) C(57)-C(58) 1.366(18)
C(15)-C(20) 1.399(9) C(58)-H(58) 0.95
C(16)-H(16) 0.95 C(58)-C(59) 1.233(19)
C(16)-C(17) 1.428(10) C(59)-H(59) 0.95
C(17)-H(17) 0.95 C(59)-C(60) 1.433(13)
C(17)-C(18) 1.395(10) C(61)-C(62) 1.423(11)
C(18)-C(19) 1.397(10) C(61)-C(66) 1.347(10)
C(19)-H(19) 0.95 C(62)-C(63) 1.351(11)
C(19)-C(20) 1.355(9) C(63)-H(63) 0.95
C(20)-C(21) 1.462(9) C(63)-C(64) 1.337(14)
C(21)-C(22) 1.370(9) C(64)-H(64) 0.95
C(21)-C(61) 1.468(9) C(64)-C(65) 1.400(15)
C(22)-C(23) 1.421(9) C(65)-H(65) 0.95
C(23)-H(23) 0.95 C(65)-C(66) 1.423(12)
C(23)-C(24) 1.378(9) C(67)-H(67A) 0.98
C(25)-C(26) 1.392(9) C(67)-H(67B) 0.98
C(26)-H(26) 0.95 C(67)-H(67C) 0.98
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5. Additional optoelectronic properties of neutral compounds
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Figure S5. UV-vis-NIR absorption spectra of compounds P2-OH/OMe, N2-OH, Pi1-
PFB and P1-PFH recorded in DCM.
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Figure S6. Normalized emission spectra of P1-OH/OMe and P.-OH/OMe in DCM
upon excitation at Aexc = 540 nm and P1-PFB and P1-PFH in DCM upon excitation at
Aexc =520 nm.
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Figure S7. Solvent-dependent absorption spectra of P1-OH (a), P2-OH (b) and Ni-
OH (c).
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Figure S8. Cyclic voltammogram (black curves) and differential pulse voltammograms
(red curves) of P1-OH (a), P2-OH (b), N1-OH (c), N2-OH (d), P1-PFB (e), and P1-PFH
(f) solution in DCM (1.0 mM): redox potentials were determined by using 0.10 M n-
BusN*"PFg as a supporting electrolyte; the electrode potential was externally calibrated
by the ferrocene/ferrocenium redox couple.

Table S9. Summary of the photophysical and electrochemical properties of new

compounds.

Cmpds P;-OH/OMe  P»-OH/OMe P31-PFB/PFH  N;i-OH/OMe N2-OH
Aabs™ (M) 536/538 544/546 523/528 690/699 696
Aem™ (nm) 560/561 559/564 550/548 - -
E (eV)? 2.14/2.14 2.15/2.18 2.24/2.21 1.45/1.48 1.48
Ei™d (V) -/-1.87 -/-1.92 -1.76/-1.77  -1.74/-1.58 -1.70
E1p"2 (V) /- /- -2.04/-2.03 -/-1.80 -
E1n°*! (V) -0.09/0.03 -0.09/-0.03  0.35/0.36 -0.16/-0.18 -0.17
E1p2 (V) 0.43/0.61 0.44/0.58 0.91/0.93 0.06/0.09 0.05

LUMO (eV)>  -2.53/-2.83 -2.56/-2.88  -3.13/-3.16  -3.22/-3.15 -3.22
HOMO (eV)>  -4.71/-4.81 4.71/-4.77  -5.11/-5.10  -4.64/-4.62 -4.62
LUMO (eV)*  -2.08/-2.01 2.07/-2.00  -2.46/-2.45  -2.44/-2.40 -2.40
HOMO (eV)®  -4.34/-4.26 -430/-4.23  -4.79/-478  -4.07/-4.03 -4.03

lBIEstimated from absorption onsets; PIEstimated from onsets of oxidative and reduction waves in CV

measurements; [CIEstimated from Gauss calculation.
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6. Theoretical calculations of neutral compounds

6.1 DFT and TD-DFT simulations of neutral compounds

DFT and time-dependent DFT (TD-DFT) simulations were performed using the
Gaussian 09 software package.! The geometries were optimized at the B3LYP/6-31G
(d,p) level, and energies were calculated at the same level of theory. TD-DFT
calculations were conducted at PBE/6-31 G(d) level and Um06/6-31 G(d) 2.
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Figure S9. Calculated (PBE/6-31+G*) absorption spectrum of P1-OMe.
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Figure S10. Calculated MOs profiles of P1-OMe at the PBE/6-31+G* level.

Table S10. Major electronic transitions of P1-OMe calculated by TDDFT method.

1 2.17499 570.11697 0.8759 HOMO->LUMO (99%)
2 2.27251 545.65327 0 HOMO->L+1 (100%)
3 2.31021 536.74764 0 HOMO->L+2 (100%)
4 2.35992 525.44218 7E-4 HOMO->L+3 (99%)
5 2.38702 519.476 0.0045 HOMO->L+4 (100%)
6 2.40592 515.39465 1E-4 HOMO->L+5 (100%)
7 2.43403 509.4438 0.0042 HOMO->L+6 (99%)
8 2.53174 489.78169 6E-4 H-1->LUMO (94%)
9 2.85938 433.6598 4E-4 HOMO->L+7 (87%)
10 3.0088 412.12384 0.0441 H-2->LUMO (93%)
11 3.06831 404.13096 0 HOMO->L+8 (100%)
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12 3.13152 395.97374 3E-4 HOMO->L+9 (100%)
13 3.14132 394.73825 0.0013 HOMO->L+10 (100%)
14 3.26474 379.816 0 H-1->L+1 (100%)
15 3.30234 375.49089 0 H-1->L+2 (100%)
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Figure S11. Calculated (PBE/6-31 G*) absorption spectrum of P2-OMe.
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Figure S12. Calculated MOs profiles of P2-OMe at the PBE/6-31+G* level.
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Table S11. Major electronic transitions of P2-OMe calculated by TDDFT method.

o o vl
1 2.12789 582.738 1.0215 HOMO->LUMO (98%)
2 2.2648 547.50866 0.0016 HOMO->L+1 (100%)
3 2.30091 538.9174 1E-4 HOMO->L+2 (100%)
4 2.35152 527.3194 0 HOMO->L+3 (99%)
5 2.37842 521.3546 0.0042 HOMO->L+4 (100%)
6 2.39362 518.04344 1E-4 HOMO->L+5 (100%)
7 2.42143 512.09507 0.0027 HOMO->L+6 (99%)

H-1->LUMO (36%),
8 2.50354 495.29936 0.0033

HOMO->L+7 (61%)

H-1->LUMO (52%),
9 2.53624 488.91256 0.0024 HOMO->L+7 (23%),

HOMO->L+8 (21%)

HOMO->L+7 (12%),
10 2.57825 480.94704 0.0033

HOMO->L+8 (76%)
11 2.84038 436.56104 0 HOMO->L+9 (86%)
12 2.9998 413.36046 0.0409 H-2->LUMO (90%)
13 3.05571 405.79759 0 HOMO->L+10 (100%)
14 3.12492 396.81017 2E-4 HOMO->L+11 (100%)

15 3.13272 395.82204 0.0012 HOMO->L+12 (100%)
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Figure S13. Calculated (B3LYP/6-31 G*) absorption spectrum of P1-PFB.
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Figure S14. Calculated MOs profiles of P1-PFB at the B3LYP/6-31 G* level.

Table S12. Major electronic transitions of P1-PFB calculated by TDDFT method.

excited Wavelength Osc.

E -l M - -
state nergy (cm-+) (nm) Strength ajor contribs
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10

11

12

13

14

15

19446.02728

25217.73078

25798.44997

25811.35484
26135.58972
27229.27752

27555.12551

28948.85157

29358.58122

31089.44702

31231.4006

32231.52809

32250.8854

33108.25276

33335.70111

514.2438532

396.5463859

387.620187

387.426389
382.6200253
367.2517566

362.9088895

345.4368467

340.6159149

321.6525528

320.1905713

310.255225

310.0690067

302.0394967

299.9786916

1.1634

0.0005

0.0002

0.0005

0.0026

0.0003

0.0012

0.0037

0.0006

0.008

0.0004

0.0003

0.0794

0.0009

HOMO->LUMO (100%)
H-1->LUMO (11%),
HOMO->L+1 (82%)
H-1->LUMO (83%),
HOMO->L+1 (11%)
HOMO->L+2 (95%)
HOMO->L+3 (98%)
HOMO->L+4 (97%)
HOMO->L+5 (60%),
HOMO->L+6 (19%),
HOMO->L+7 (16%)
HOMO->L+5 (33%),
HOMO->L+6 (57%)
HOMO->L+6 (22%),
HOMO->L+7 (69%)
HOMO->L+8 (82%)
H-3->LUMO (38%),
HOMO->L+9 (54%)
H-5->LUMO (41%), H-
4->LUMO (48%)
H-5->LUMO (52%), H-
4->LUMO (44%)
H-3->LUMO (47%),
HOMO->L+9 (41%)
H-2->LUMO (98%)
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Figure S15. Calculated (B3LYP/6-31 G*) absorption spectrum of P1-PFH.
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Figure S16. Calculated MOs profiles of P1-PFH at the B3LYP/6-31 G* level.

Table S13. Major electronic transitions of P1-PFH calculated by TDDFT method.

excited 1 Wavelength Osc. : .
- M
state Energy (cm-) (nm) Strength ajor contribs
1 19404.08645  515.3553621  1.1847 HOMO->LUMO (100%)
H-1->LUMO (13%),
2 25180.62927 397.1306631 0.0006
HOMO->L+1 (80%)
3 25718.60108  388.8236366  0.0003 HOMO->L+2 (98%)
H-1->LUMO (84%),
4 25758.12224  388.2270573  0.0006
HOMO->L+1 (12%)
5 26042.0294 383.9946513 0 HOMO->L+3 (97%)
6 2713491065  368.5289451  0.0025 HOMO->L+4 (97%)
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HOMO->L+5 (19%),
7 2748172906  363.8781235  0.0002  HOMO->L+6 (47%),
HOMO->L+7 (28%)
HOMO->L+5 (78%),

8 2869720658  348.4659725  0.0005
HOMO->L+6 (15%)
HOMO->L+6 (34%),
9 29108.54934  343.5416819  0.0026
HOMO->L+7 (59%)
H-2->LUMO (17%),
10 31095.0929  321.5941509  0.0015
HOMO->L+8 (64%)
H-2->LUMO (25%),
11 311942991  320.5713957  0.0067  HOMO->L+8 (19%),
HOMO->L+9 (43%)
12 3229847211  309.6121688  0.0001  H-4->LUMO (90%)
13 3231057043 309.4962382  0.0006  H-5->LUMO (90%)
H-2->LUMO (46%),
14 33030.82353  302.7475228  0.0829
HOMO->L+9 (43%)
15 33526.04795  298.2755383  0.0002  H-3->LUMO (96%)
®
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Figure S17. Calculated (PBE/6-31 G*) absorption spectrum of N1-OH.
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Figure S18. Calculated MOs profiles of Ni-OH at the PBE/6-31+G* level.

Table S14. Major electronic transitions of N1-OH calculated by TDDFT method.

excited Energy Wavelength Osc. Major contribs
state (eV) (nm) Strength
H-1->LUMO (46%),
1 1.5164 817.7241567 0.0596 HOMO->L+1 (51%),
HOMO->LUMO (3%)
2 1.54831 800.8742112 1.9717  HOMO->LUMO (100%)
3 2.11888 585.2135214 0.0002
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4 2.12739 582.8749783 0.0001 HOMO->L+3 (100%)
5 2.17049 571.2991275 0.0047 H-2->LUMO (95%)
6 2.1982 564.0990793 0.0013 HOMO->L+4 (94%)
7 2.1997 563.7143614 0 HOMO->L+5 (99%)
8 2.2143 559.9970038 0.0001 HOMO->L+6 (98%)
9 2.2382 554.016429 0.0001 HOMO->L+7 (100%)
10 227421 545.2453346 0 HOMO->L+9(98%)
11 227731 544.5030155 0.0001 HOMO->L+8(94%)
12 2.30451 538.0754129 0.0012 HOMO->L+10 (95%)
13 231051 536.6779354 0.0003 HOMO->L+11 (97%)
H-3->LUMO (50%),
14 2.35302 526.9831965 0.0017 H-1->LUMO (24%),
HOMO->L+1 (20%)
H-1->L+1 (62%),
15 2.39992 516.6833499 0.1106
HOMO->L+12 (31%)
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Figure S19. Calculated (PBE/6-31 G*) absorption spectrum of Ni-OMe.
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Figure S20. Calculated MOs profiles of N1-OMe at the PBE/6-31+G* level.

Table S15. Major electronic transitions of N1-OMe calculated by TDDFT method.

excited Energy Wavelength Osc. Major contribs
state (eV) (nm) Strength
H-1->LUMO (46%),
1 1.5131 819.5078 0.0726 HOMO->L+1 (51%)
HOMO->LUMO (4%)
2 1.54041 804.9821 2.0072 HOMO->LUMO (100%)
3 2.10068 590.2844 0 HOMO->L+2 (100%)
4 2.11058 587.5152 0 HOMO->L+3 (100%)
5 2.17509 570.0908 0.0033 H-2->LUMO (24%),
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HOMO->L+4 (74%)

6 2.17879 569.1225 0 HOMO->L+5 (100%)
H-2->LUMO (72%),
7 2.18509 567.4814 0.0024
HOMO->L+4 (22%)
8 2.19509 564.8958 1.00E* HOMO->L+6 (98%)
9 2.2168 559.3654 0 HOMO->L+7 (100%)
10 2.2384 553.9669 0 HOMO->L+8 (100%)
11 2.2548 549.9372 0 HOMO->L+9 (95%)
12 2.2694 546.3987 0.0017 HOMO->L+10 (97%)
13 2.28771 542.0274 0 HOMO->L+11 (99%)
H-3->LUMO (41%),
14 2.35052 527.5438 0.002 H-1->LUMO (30%),
HOMO->L+1 (25%)
H-1->L+1 (60%),
15 2.38812 519.2367 0.1098
HOMO->L+12 (34%)
P1-0H; P,-OH 3 3 P,-OMe P,-OMe H
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Figure S21. LUMOs (top) and HOMOs (bottom) of O-pentacenes (P1-OH, P2-OH, P1-
OMe and P2-OMe) and their energy band gaps obtained from DFT calculations at the

B3LYP/6-31G (d,p) level.
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Figure S22. LUMOs (top) and HOMOs (bottom) of O-nonacenes (N1-OH, N2-OH and
Ni-OMe) and their energy gaps obtained from DFT calculations at the B3LYP/6-
31G(d,p) level.

7. Characterization of positively charged O-pentacene and O-nonacene

7.1 UV-vis-NIR spectroscopic characterization of cationic radical
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Figure S23. UV-vis-NIR spectrum of (P1-OMe)™* and (N;-OMe)** via in situ measurement of

one-electron oxidation of P:-OMe and N1-OMe by the electrochemical method (DCM solution
containing 0.1 M n-BusNPFg).

7.2 TD-DFT simulations of positively charged species
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Figure S24. Calculated (UMO06/6-31+G*) absorption spectrum of (P1-OMe) **SbFs .

Table S16. Major electronic transitions of (P1-OMe)**SbFs calculated by TDDFT
method.
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ited Wavelength Osc.
exette Energy (cm™) aveleng > Major contribs
state (nm) Strength
HOMO(A)->LUMO(A) (16%),
1 10849.03856 921.7406634 0.015
HOMO(B)->LUMO(B) (81%)
HOMO(A)->LUMO(A) (72%),
2 12405.69936 806.0811172 0.2883
HOMO(B)->LUMO(B) (13%)
H-1(A)->LUMO(A) (10%),
3 14297.88912 699.4039411 0.0388
H-2(B)->LUMO(B) (77%)
4 15953.7568 626.8116109 0.0018 H-1(B)->LUMO(B) (99%)
5 18059.68496 553.7195152 0.0001 H-3(B)->LUMO(B) (99%)
6 18465.38464 541.5538422 0.0015 H-4(B)->LUMO(B) (99%)
H-1(A)->LUMO(A) (66%),
7 19041.26848 525.1750959 0.0012 H-2(B)->LUMO(B) (15%),
HOMO(B)->L+1(B) (12%)
8 19361.4728 516.489634 0.0114 H-5(B)->LUMO(B) (98%)
9 19872.83184 503.199548 0.4333 H-6(B)->LUMO(B) (82%)
10 21068.15376 474.6500388 0 H-7(B)->LUMO(B) (98%)
H-4(A)->LUMO(A) (42%),
11 21773.0872 459.2825954 0.1355 H-9(B)->LUMO(B) (31%).
H-2(B)->L+1(B) (10%)
H-1(A)->LUMO(A) (13%),
15 22878.0744 437.0997237 0.0007

HOMO(B)->L+1(B) (59%)
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Figure S25. Calculated (UMO06/6-31+G*) absorption spectrum of (N1-OMe) "*SbFs.

Table S17. Major electronic transitions of (N1-OMe) **SbFs~ calculated by TDDFT
method.

ited E Wavelength Osc.
excite ner;_gly aveleng sC Major contribs
state (cm™) (nm) Strength

HOMO(A)->LUMO(A) (59%),
1 6991.26208 1430.356906  0.0383
HOMO(B)->LUMO(B) (40%)
HOMO(A)->LUMO(A) (30%),
2 10627.23456  940.9785719  2.0576
HOMO(B)->LUMO(B) (53%)
H-1(A)->LUMO(A) (41%),
3 11619.30336  860.6367947  0.0078 HOMO(A)->L+1(A) (21%),
HOMO(B)->L+1(B) (33%)
4 14510.0144 689.179192  0.0018 H-1(B)->LUMO(B) (82%)
5 15988.43888  625.4519328  0.0116 H-2(B)->LUMO(B) (73%)
H-1(A)->LUMO(A) (39%),
6 16271.54144  614.5699249  0.0048
HOMO(A)->L+1(A) (56%)
H-1(A)->L+1(A) (30%),
7 18480.70928  541.104773  0.2815
HOMO(B)->L+2(B) (34%)

8 18817.0448  531.433076  0.0115 H-4(B)->LUMO(B) (53%)
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H-1(A)->LUMO(A) (12%),
9 1942357792 514.8382055 0.0006  HOMO(A)->L+1(A) (11%),
HOMO(B)->L+1(B) (50%)
H-2(A)->LUMO(A) (56%),
10 19642.15568  509.1090898  0.0114
H-2(B)->LUMO(B) (10%)
H-3(A)->LUMO(A) (41%),
11 21356.90224  468.2327 0
H-4(B)->LUMO(B) (16%)
12 21857.776  457.5030872 0 H-3(B)->LUMO(B) (94%)
H-5(A)->LUMO(A) (18%),
13 2229573808 4485162126 0.0113  HOMO(A)->L+2(A) (20%),
H-10(B)->LUMO(B) (16%)
HOMO(A)->L+2(A) (12%),
14 23139.39984  432.1633262  0.0033
H-6(B)->LUMO(B) (62%)
H-2(A)->LUMO(A) (12%),
15 233055512  429.082321  0.0115 H-6(B)->LUMO(B) (12%),

H-1(B)->L+1(B) (43%)
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Figure S26. (a) ESR spectra of (P1-OMe)***SbFs™ (g. = 2.0032) and simulated one with
the coupling constants (b), and (c) (N1-OMe) " *SbFs (g. = 2.0029) recorded in
degassed DCM solution at room temperature.

7.3 Spin density of radical cation

Figure S27. Spin density maps of (P1-OMe)"*SbFs (a) and (N1-OMe)***SbFs (b).
Hydrogen atoms are omitted for clarity.

7.4 Calculated aromaticity of radical cation.
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Figure S28. NICS values of n-framework (P1-OMe)* (a) and (N1-OMe)™* (b),
obtained from DFT calculations at the GIAO-B3LYP/6-311+G(d, p) level.

7.5 Dications of P1-OMe and N1-OMe
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Figure S29. Calculated MOs profiles of (P1-OMe)?* at the M06/6-31+G* level.
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Figure S30. Calculated MOs profiles of (N1-OMe)?** at the M06/6-31+G* level.
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Figure S31. UV-vis-NIR absorption spectrum of (N1-OMe)** recorded in DCM.
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Figure S32. Calculated (M06/6-31+G*) absorption spectrum of (N1-OMe)?*.

Table S18. Major electronic transitions of (N1-OMe)?* calculated by TDDFT method.

excited Energy Wavelength Osc. ) )
Major contribs
state (cm™) (nm) Strength
1 12543.53448  797.2234633 2.3776 HOMO->LUMO (102%)
2 14029.20774  712.798626 0.0031 H-1->LUMO (97%)
3 15325.34071  652.5140414 0.0077 H-2->LUMO (93%)
4 16471.45455  607.1109246 0 H-3->LUMO (95%)
H-4->LUMO (37%),
5 16955.38721  589.7830511 0.0096
HOMO->L+1 (57%)
H-4->LUMO (53%),
6 17248.97302  579.7446601 0.014
HOMO->L+1 (33%)
7 18308.78554  546.1858723 0 H-6->LUMO (92%)
8 18378.95577  544.100553 0.0002 H-5->LUMO (98%)
9 18571.72228  538.4530227 0 H-7->LUMO (98%)
10 19378.27671  516.041759 0.0002 H-8->LUMO (88%)
11 19519.42374  512.3102062 0.0058 H-9->LUMO (78%)
12 20836.52712  479.9264265 0.0001 H-1->L+1 (95%)
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8. OFET devices

8.1 Thin film deposition and device fabrication

Bottom-gate/bottom-contact OFET devices were fabricated by using Si/SiO>
substrates where Si and SiO> were worked as the gate electrode and the gate dielectric,
respectively. The source and drain gold electrodes with thickness of 50 nm using 2 nm
of chromium as an adhesion layer were formed by standard lithography procedures.
Prior to deposition, the wafers were cleaned up with ultrapure water, acetone,
isopropanol, and then treated by oxygen plasma and passivated by
trichloro(octadecyl)silane to reduce the traps. Finally, the films were deposited by spin-
coating at 1500 rpm. The length and width of channel were 80 um and 1000 um,

respectively.
8.2 The parameters of charge carrier mobilities

The charge carrier mobilities of OFETSs were calculated in the saturation regime
from a plot of the square root of the drain current vs. gate voltage using the following

equation:

W<, 5
Ips = oL uVe —Vr)

where Ips is the drain-source current, C; is the capacitance per unit area of the gate
dielectric(10 nF/cm?), L is the channel length, W is the channel width, Vs and Vr are

the gate-source voltage and threshold voltage,respectively.
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Figure S33. Transfer (left) and output (right) characteristics of P1-PFB thin-film based
bottom-contact bottom-gate OFET (lps = source-drain current, and Vs = gate voltage,
Vbs = source-drain voltage).
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Figure S34. Transfer (left) and output (right) characteristics of P1-PFH thin-film based
bottom-contact bottom-gate OFET (Ips = source-drain current, and Vgs = gate voltage,
Vps = source-drain voltage).
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Figure S35. Transfer (left) and output (right) characteristics of P1-OMe thin-film based
bottom-contact bottom-gate OFET (Ips = source-drain current, and Ves = gate voltage,
Vps = source-drain voltage).
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9. SCLC device.

9.1 Thin film deposition and device fabrication

The indium tin oxide (ITO) glass substrate (10 Q sq™) was cleaned by ultrasonic
treatment with detergent, deionized water, acetone and ethyl alcohol for 20 min and
dried with nitrogen. Then, the ITO substrate was treated with ultraviolet ozone
generator for 15 min to remove organic residues. A thin film of poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) was spin coated on the
ITO glass substrate at 7000 rpm for 45 s and annealed on a hot plate at 140 <€ for 15
min as hole transport layer. After that, the active material (Pi-OMe) with a
concentration of 10-20 mg/mL in trichloromethane was spin casted on PEDOT:PSS
layer at 1000 rpm for 60 s and selectively annealed at 100 °C for 10 min. At last, 100
nm of Au electrode was thermally deposited to fabricate the hole-only device. Electrical

measurements (J-V) were carried out with Aglient B 1500A.
9.2 The parameter of hole-only device fabrication.

To evaluate the capability of O-doped acene as organic semiconducting materials,
compound P1-OMe was used as the channel material in space charge limited current
(SCLC) devices. To be noted, the device fabrication is conducted in the air. With
respect to a device configuration of ITO/PEDOT:PSS/P1-OMe/Au, based on the Mott-

Gurney equation:

_ 9goepV?
~ 8d3

where ¢ Is the vacuum permittivity, e (~ 3) is the relative dielectric constant of active
material estimated from capacitance measurements, d (~180 nm) is the film thickness,

jLis hole mobility.
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Figure S36. Measured J-V characteristics by the space charge limited current (SCLC)
method for P1-OMe, the hole mobility was measured to be u; = 8.5 x 10 cm?V-ls!,
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10. NMR spectra and mass spectra for isolated compounds
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Figure S37. *H NMR spectrum (400 M) of compound P1-OH in CDCls at 298 K.
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Figure S38. *H NMR spectrum (400 M) of compound P2-OH in THF-ds at 298 K.
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Figure S39. *H NMR spectrum (400 M) of compound P:-OMe in CDCls at 298 K.
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Figure S40. *H NMR spectrum (400 M) of compound P2-OMe in CDCl; at 298 K.
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Figure S42. *F NMR spectrum (376 MHz) of compound P1-PFB in CDCl; at 298K.
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Figure S44. *F NMR spectrum (376 MHz) of compound P1-PFH in CDCl; at 298K.



Electronic Supplementary Information - Journal of the American Chemical Society

Ll R T P o T =] L ) — = =2 =
P R R R ] CedT ag S ] I
chhlnm‘oﬁ:ﬁoc [= - E—Nw = o oL oL o
Hoanin w9 E 8 S35e I4 = i &
Lol ol ol ol e e~ R =t E= N ) Wi =t o —
he—— SAhA S | |
o-r
SV, m
g n j |
et e T
bl B ur) v v =
I=R=2=] =} =} =]
o o o) - — —
T T T T T T T T W-w'
7.6 7.4 7.2 7.0 6.8 1
1
or
| fg
h Fvm e a
T i ] I ‘,,h,,ld' € kcb 1 A
P H‘lh_‘ W }[\ >I| (bth\l\_‘ >’|l T T i =T i .I‘
I=R=R=N- =21 o353 83 =} v =
‘Lo o s e == T T o o T T — T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0

Figure S45. 'H NMR spectrum (400 M) of compound N1-OMe in THF-ds at 298 K.
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Figure S46. HR mass spectrum (APCI) of P1-OH.
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Figure S47. HR mass spectrum (APCI) of P>-OH.
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Figure S48. HR mass spectrum (APCI) of P1-OMe.
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Figure S49. Mass spectrum (MALDI-TOF) of P1-PFB.
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Figure S50. Mass spectrum (MALDI-TOF) of P:-PFH.
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Figure S51. HR mass spectrum (APCI) of P2-OMe.
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Figure S52. HR mass spectrum (APCI) of N1-OH.
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Figure S53. HR mass spectrum (MALDI-TOF) of N2-OH.
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Figure S54. HR mass spectrum (APCI) of N1-OMe.
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