


1. Synthesis
General: The reagents and starting materials employed weremercially available and
used without any further purification if not specified elsewheéwehydrous and @free
diethyl ether, THF, CkCl, and toluene were purified by an Advanced Technology-Bote
PSMD-4 system’H-NMR (400 MHz) or**C-NMR (100 MH2) specta were recorded on a
Brucker AANCE |11 spectrometer. Chemical shi ft
million using residual solvent proton$4NMR, ti4 = 7.26 for CDC}; **C-NMR, Uc = 77.16
for CDCh) as internal reference. Mass spectra weoerded on a Thermo Finnigan MAT 95
XL spectrometerBruker 9.4T FTICR MS (solarix3pectrometeror Bruker Autoflex speed
MALDI -TOF MS spectrometerMelting points were measured using a Nikon Polarizing
Microscope ECLIPSE 50i POL equipped with an INTEC$3802 heating stage without
calibration.
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biphenylene 8
Monopyridineiodine (I) chloride (PyICl) was synthesifollowing the reported procedurk

with minor modification. To a solution of pyridine (8.08 mL, 200 mmol, 1.05 eq) in 5@fmL

dry CH,CI, was added a solution of ICI (5 mL, 95.5 mmol, 1 eq) in 200 mL of dryGGH

over 2 h at room temperature. After being stirred for another 1 h, the solvent was removed
under reduced pressure to give a brown red solid. The solid was washedthénhol to

afford 21.7 g (89.9 mmol, 94%) of monopryridineiodine (I) chloride as a light yellow solid.
PyICl: m.p.: 133135°C; *H NMR (400 MHz, CDC)): ii = 8.67 (d,*J(H, H) = 4.8 Hz, 2H),

8.03 (t,3J(H, H) = 8.0 Hz, 1H), 7.48 (£J(H, H) = 6.4 Hz, 2H) ppm**C NMR (100 MHz,
CDCl): Ui=148.4, 140.2, 127.1 ppm.

Biphenylene was synthesized from =j®romobiphenyl ? following the reported
procedures.

2,3,6,7Tetraiodobiphenylene (8)was synthesized following the reported procedbineith
modificationas detailed below

To a stirred of solution of HJ(CCF;), (6.09 g, 14.3 mmol, 4.3 eq) in dry GEl, (100 mL)
was added a solution of biphenylene (500 8189 mmol, 1 eq) in 12 mL of CE&lI, at room
temperature. The mixture waept in darkand stirred at room temperature for&yd To the
mixture was added saturated solution of Ca£({3.16 g, 28.5 mmol, 8.6 eq) in 25 mL of
methang| and theresultantmixture was stirred for another 3 h. The obtained light yatibw
green slurry was filtered to afford yelléstn green solid and the solid was washed with
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CH.CI; . Then the solid was suspended in dry,CH (100 mL), and monopyridineiodine (1)
chloride (9.51g, 39.5 mmol, 12 eq) was addéedo this suspensionThe color of mixture
changed from yellovgreen to dark brown, then quickly to orange. Afieingstirredat room
temperature for another 42 h, the product was filtered off and the yellow solid washeld wi
M HCI (30 mL), HO (30 mL), MeOH (30 mL), acetone (50 mL) and £ (30 mL)
successivelyo give 484 mg (0.74 mmol, 22%) of 2,3,8etraiodobiphenyleng8) as light
yellow powder.

8:m.p.: >3502; 'H NMR (400 MHz, CDC}): U= 7.23 (s, 4H) ppm; HRIZEI" (m/2: calcd.
for CioHals [M] " 655.6486; found, 655.6489.

SiPrs SiPry SiPry
It It Il
" ) NHz  py(0AC), RuPhos, Cs,COy /NN\
| | NH, toluene, 95°C, 2.5 h NV 7
I 7a It 3a Il
SiPrs SiPrs SilPry

A mixture of 8 (28 mg, 0.043 mmol, 1 eq), 3kBs((triisopropylsilyl)ethynyl)benzene
1,2-diamine {a, 40 mg, 0.085 mmol, 2 eq), Pd(OA¢#.8 mg, 0.021 mmp0.5 eq), RuPhos

(20 mg, 0.021 mmol, 0.5 eq) and,C&; (82 mg, 0.25 mmol, 6 eq) in 4 ml of toluene was
stirred at 9% for 2.5 h. After cooled to room temperature, the reaction mixture was filtered
and the solid was washed with 20 mL ©H.Cl,. The reailting filtrate was concentrated
under a reduced pressure and then purified by column chromatography on silica gel using
CH.Cly/hexane (1/3, v/v) as eluent. After rewad of solventunder a reduced pressutbe
product was washed with acetone, yieldingvd (0.014 mmol, 33%) daas a orange solid.

3a: m.p.:>350°C; 'H NMR (400 MHz, CDC}): U= 7.90 (s, 4H), 7.89 (s, 4H), 1.27 (s, 84H)
ppm; °C NMR (100 MHz, CDCJ): U = 149.4, 147.2, 143.1, 134.0, 124.3, 121.2, 103.6,
100.9, 19.0, 11.6 ppm; HRMS (E®l calcd. for GgHoaN4Sis [M+H] " 1077.6472; found,
1077.6462.

SiEt, SiEts SiEts
Il I Il
| - | + NH2  py(0Ac), RuPhos, Cs,CO4
| |O O | NH, toluene, 95°C, 6h
. Il 7 I |
SiEts Sikts SiEts

A mixture of8 (28 mg, 0.043 mmol, 1 eq), 3ibs((triethyisilyl)ethynyl)benzend,,2-diamine
(7b, 32.8 mg, 0.085 mmol, 2 eq), Pd(OA¢.8 mg, 0.021 mmol, 0.5 eq), RuPhos (10 mg,
0.021 mmol, 0.5 eq) and &30; (82 mg, 0.25 mmol, 6 eq) in 4 ml of tole was stirred at
95€ for 6 h. After being cooled to room temperature, the reaction mixture was filtered and
the solid was washed with 20 mL 6H,Cl,. Theresulting filtrate was concentrated under a
reduced pressureand then purified by column chromgtaphy on silica gel using
CH.Cly/hexane (1/2, viv) as eluerfter removal of solvent under a reduced presstire,
product was washed with acetone, yielding 5.0 mg (0.0056 mmol, 13%%) a$ a orange
solid.

3b: m.p.: >356C; *H NMR (400 MHz, CDC}): U = 7.93 (s, 4H), 7.91 (s, 4H), 1.22 {§(H,

H) = 7.6 Hz, 36H), 0.85 (¢tJ(H, H) = 8.0 Hz, 24H) ppm**C NMR (100 MHz, CDGJ): U =
1495, 147.3, 142.9, 134.3, 124.1, 121.2, 102.8, 102.0, 7.8, 4.6 ppm; FTICR/EtS&lcd.

for CseHsgN4Sis [M+H] * 909.45%; found, 909.4558.
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4,5-Diiodo-1,2-dinitrobenzene (10) was synthesized following the reported procedtiwih
minor modification.

To stirred oleum (~20% free SO10 mL) wereadded 4 (9.4 g, 37 mmol, 1.1 eq) and N&alO
(5.8 g, 29.3 mmol, 0.91 eq) in portions, ahe resulting mixture wastirred for 10 min.
Then 1,2dinitrobenzene was added into the mixture slowly. When the addition was finished,
the mixture was heated to180 and stirred for 12 h. When cooled to roemperature, the
mixture was poured into ie&ater and extracted with ethyl acetate (100 mL). The separated
organic phase was washed with water and satura®&,0 aqueous, and dried with
anhydrous Nz50O,. After removing the solvent, the crude productswacrystallized from
ethanol, gaving 5.88 g (14 mmol, 43%) of-djtbdo-1,2-dinitrobenzene as a yellow solid.

10: m.p.: 188189°C; 'H NMR (400 MHz, CDC)): t = 8.31 (s, 2H) ppm. It was the same as
that literature reaported

4,5-Di((triisopropylsilyl)ethynyl) -1,2-dinitrobenzene (11a)

To a suspension of 4diiodo-1,2-dinitrobenzene (500 mg, 1.19 mmol, 1 eq), Pd@grRB9

mg, 0.06 mmol, 0.05 eq) and Cul (28g, 0.12 mmol, 0.1 eq) in dry & was add
triisopropylsilylacetylene (800 L, 3.57 mmo
mixture was heated to 8{C and stirred for 4 h. When cooled to room temperature, the
mixture was extracted with ethycetate (30 mL) and washed with water and brine. The
organic phase was separatettied over anhydrous N80, and concentrated under a
reduced pressur&.he residue was purifiedy column chromatography on silica gel using
CH,CI, /hexane (1/4, viv) as elog yielding 410 mg (0.775 mmol, 68%) tia as a light
yellow solid.

11a: m.p.: 5556 €; *H NMR (400 MHz, CDCJ): ti= 7.93 (s, 2H), 1.14.23 (m, 42H) ppm;

¥C NMR (100 MHz, CDGJ): U = 141.2, 130.8, 129.7, 104.9, 101.7, 18.8, 11.3 ppm;
HRMS-EI" (m/2: calcd. for GgHaaN-0,Si» [M]* 528.2834; found, 528.2844.

4,5 Di((triethylsilyl)ethynyl) -1,2-dinitrobenzene (L1b)

To a suspension of 48iodo-1,2-dinitrobenzene (200 mg, 0.48 mmol, 1 eq), PdgRRERS8

mg, 0.024 mmol, 0.05 eq) and Cul (9.1 mg, 0.048 mmol, 0.1 eq) in di \Eas add
triisethylsilylacetylene (256 ¢L, 1.8B8 mmol ,
mixture was heated to 8{C and stirred for 4 h. When cooled to room temperature, the

5. J.Wang, L. Vdng, CN18878512007.

6. W. J Youngblood J. Org. Chem2006 71, 3345 3356
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mixture was extracted with ethyl acetate (20 mL) and washed with water and Tnme.
organic phase was separated, dried over anhydroySQaand concentrated undea
reduced pressurdhe residue was purifiey column chromatography on silica gel using
CH2CI2 /hexane (1/3, v/v) as eluent, yielding 184 mg (0.414 mmol, 87%}bods a light
yellow solid.

11b: m.p.: 9193 €. *H NMR (400 MHz, CDC)): U= 7.94 (s, 2H)1.07 (t,3J(H, H) = 8.0 Hz,
12H), 0.75 (qJ(H, H) = 8.0 Hz, 18H) ppm**C NMR (100 MHz, CDG)): i= 141.2, 131.1,
129.1, 105.6, 100.8, 7.6, 4.2 ppm; MALDOF MS (/2: calcd. for G:H3N204Si, [M]*
444.1895; found, 444.1893.

4,5-Bis((triisopropylsily l)ethynyl)benzenel,2-diamine (9a)was synthesized following the
reported proceduré with minor modification.

To a solution oflla (200 mg, 0.38 mmol, 1 eq) in 25 mL of absolute ethanol and 2.5 mL of
acetate acid was added zinc dust (544 mg, 8.32 mmagqRkh portions. After being stirred
for 30 min, the reaction mixture was filteréal remove the excessianc dust. The filtrate
was diluted with ethyl acetate (40 mL) and washed with water, saturated ago&dits of
NaHCG;, and brine. The organichpse wasseparateddried over anhydrous N8O, and
concentrated under a reduced pressiine reglue was purified bycolumn chromatography
on silica gel using CkCl, /hexane (1/1, v/v) as eluenielding 121 mg (0.26 mmol, 68%) of
9aas a off white sdid.

9a: m.p.: 100102 €. *H NMR (400 MHz, CDCJ): ti= 6.79 (s, 2H), 3.47 (bs, 4H), 11210

(m, 42H) ppm:**C NMR (100 MHz, CDGJ): ti = 135.1, 120.8, 117.7, 106.3, 91.6, 18.9, 11.5
ppm; HRMS-ESI" (m/2): calcd. for GgHagN2Si, [M+H] * 469.3429; found, 469.3427.

4,5 Bis((triethylsilyl)ethynyl)benzene-1,2-diamine (9b) was synthesized following the
reported procedurewith minor modification.

To a solution ofL1b (184 mg, 0.414 mmol, 1 eq) in 25 mL of absolute ethanol and 2.5 mL of
acetate acid was added zinc dust (596 mg, 9.11 mmol, 22 eq) in portiomsheftg stirred
for 30 min, the reaction mixture was filtered to remove the ereegsic dust. The filtrate
was diluted with ethyl acetate (40 mL) and washed with water, saturated ago&dis of
NaHCG;, and brine. The organic phase wseparateddried over anhydrous N&Q,, and
concentrated under a reduced presstine residuewas purified bycolumn chromatography
on silica gel using C}Cl, /hexane (1/1, v/v) as eluentielding 151 mg (0.393 mmol, 95%)
of 9b asoff white solid

9b: m.p.: 5658 €. *H NMR (400 MHz, CDCJ): ti = 6.79 (s, 2H), 3.45 (bs, 4H), 1.06 (t,
3J(H, H) = 8.0 Hz, 12H), 0.69 (¢,)(H, H) = 8.0 Hz, 18H) ppm**C NMR (100 MHz, CDG)):

U = 135.1, 120.4, 117.9, 105.4, 92.9, 7.77, 4.66 pptRMS-ESI" (m/2: calcd. for
CooH3s5NLSi, [M+H] * 385.2490; found, 385.248

2,3,10,11Tetra((triisopropylsilyl)ethynyl)cyclobuta[1,2 -b:3,4-b'ldiphenazine (4a)

A mixture of 8 (28 mg, 0.043 mmol, 1 eq), 4lBs((triisopropylsilyl)ethynyl)benzene
1,2-diamine Pa, 40 mg, 0.085 mmol, 2 eq), Pd(OA¢}#.8 mg, 0.021 mmol, 0.5 eq)uRhos

(20 mg, 0.021 mmol, 0.5 eq) and,C&; (82 mg, 0.25 mmol, 6 eq) in 4 ml of toluene was
stirred at 11& for 3 h. After cooled to room temperature, the reaction mixture was filtered
and the solid was washed with 20 mL @H,Cl,. The resulting filtrae was concentrated
under a reduced pressure and then purified by column chromatography on silica gel using
CH,Cly/hexane (1/3, v/v) as eluent, yielding 23.0 mg (0.019 mmol, 45%a a$ a red solid.

7. J. D. SpenceA. C. Rios, M A. Frost, C M. McCutcheon, CD. Cox, S. Chavez, R

FernandezB. F. GhermanJ. Org. Chem2012 77, 10329110339
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4a m. . >350C; *H NMR (400 MHz, CDC}): Ui = 8.31 (s, #), 7.86 (s, 4H), 1.18 (s, 84H)
ppm. C NMR (100 MHz, CDCJ): = 149.3, 147.7, 142.1, 134.6, 127.3, 120.9, 104.6, 99.3,
18.9, 11.5 ppm; HRMSESF (m/2): calcd. for GgHgaN4Sis [M+H]™ 1077.6472; found,
1077.6479.

2,3,10,11Tetra((triethylsilyl)ethynyl)cyc lobuta[1,2-b:3,4-b|diphenazine (4b)

A mixture of8 (28 mg, 0.043 mmol, 1 eq), 4ths((triethylsilyl)ethynyl)benzené,2-diamine
(9b, 33 mg, 0.085 mmol, 2 eq), Pd(OAg®.8 mg, 0.021 mmol, 0.5 eq), RuPhos (10 mg,
0.021 mmol, 0.5 eq) and &30; (82 mg, 025 mmol, 6 eq) in 4 ml of toluene was stirred at
100€ for 3 h. After cooled to room temperature, the reaction mixture was filtered and the
solid was washed with 20 mL &H,Cl,. The resulting filtrate was concentrated under a
reduced pressure and thenriped by column chromatography on silica gel using
CH,Cly/hexane (1/3, v/v) as eluent, yielding 12.5 mg (0.014 mmol, 32%b at a red solid.
4b: m.p.: >350 €. 'H NMR (400 MHz, CDC}): Ui = 8.28 (s, 4H), 7.86 (s, 4H), 1.13 {§(H,

H) = 7.6 Hz, 36H), 0’8 (q,3J(H, H) = 7.6 Hz, 24H) ppm**C NMR (100 MHz, CDGCJ): U =
149.2, 147.7, 142.2, 134.1, 127.3, 120.9, 103.7, 100.1, 7.8, 4.5 ppm; HRMIScAlcd. for
CseHesN4Sis [M] 908.4516; found, 908.4531.

SiPPra Si'Prg
@OH KzCr07, 1M H;80, EI HZNI CHCI3/AcOH N
OH CHCl3/H,0 EI HoN 35% N

7a  SiPr, 5a  SiPPry

1,4-Di((triisopro pylsilyl)ethynyl) phenazine (5a)

To a solution of KCr,0O; (3.53 g, 12.00 mmol, 12 eq) in 70 mL of 1 M3D, were added a
solution of catechol (0.66 g, 6.00 mmol, 6 eq) in 140 mL of chloroform. The mixture was
stirred at room temperature for 15 min. Ther tirganic layer was separated and washed
with brine, driedover anhydrousNa,SO.. After remowal of Na;SQ,, the solution of crude
1,2-benzoquinone in chloroform wasmixed with acetic acid (6 mL) and
1,4-di((triisopropylsilyl)ethynyl)phenylengliamine (470 rg, 1mmol, leq) The resultant
mixture was stirred at 4% overnight, and theooncentrated under a reduced pressune. T
residue was puriyed by col umny Clghexarefi&tvbi)yr ap hy
as eluent, yielding 190 mg (0.35 mmol, 3586paas a yellow solid.

5a m.p.: 9698 €; 'H NMR (400 MHz, CDC)): ti = 8.25 (dd2J(H, H) = 6.4 Hz,*J(H, H) =

3.2 Hz, 2H), 7.94 (s, 2H) 7.86 (dti(H, H) = 6.8 Hz,*J(H, H) = 3.2 Hz, 2H), 1.2i71.25 (m,

42H) ppm; The'H NMR data are consistent with theported’

EIO HzND[ _CHCIg/AOH @ Q:Br Pd(PPh3),Cly, Cul @[N\
.
0 HN ~20°/ T EGNTHE Nig
55% 6a SilPrg

Si'Pry

7\

2,3-Dibromophenazine(12).

To a solution of KCr,0O; (3.53 g, 12.00 mmol, 12 eq) in 70 mL of 1 M3D, were added a
solution of catechol (0.66 g, 6.00 mmol, 6 eq) in 140 mL of chloroform. The mixture was
stirred at room temperature for 15 min. Then the organic layer was separated and washed

8. J. J. Bryant, Y. Zhang, BD. Lindner, E. A. DaveyA. L. Appleton, X. Qian U. H. F.
Bunz J. Org. Chem.2012 77, 7479 7486
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with brine, driedover anhydrousNa,SO.. After removal of NaSQ,, the solution of crude
1,2-benzoquinone in chloroform was mixed witkacetic acid (6 mL) and
2,3-dibromophenylaediamine (266 mg, 1mmol, 1edhe resultant mixturevas stirred at 45

°C overnight, and then concentrated under a reduced pressuee. Tr e si due was
column chromatography on silica gel using LLH/hexane (1/1, v/v) as eluent, yielding 68
mg (020 mmol, 20%) ofLl2 as a pale orange solid.

12: m.p.: 249250 €. 'H NMR (400 MHz, CDCJ): ti = 8.61 (s, 2H), 8.23 (ddJ(H, H) = 6.8

Hz, “J(H, H) = 3.4 Hz, 2H), 7.90 (dfJ(H, H) = 6.8 Hz,*J(H, H) = 3.4 Hz, 2H) ppm¥3C

NMR (100 MHz, CDC)): U = 144.0,142.4, 133.5, 131.6, 129.9, 127.7 ppm; MALDDF
HRMS (m/2): calcd. for GoHeBraN, [M+H] " 338.8950; found, 338.8942.

2,3-Di((triisopropylsilyl)ethynyl) phenazine (6a)

To a suspension df2 (50 mg, 0.15 mmol, 1 eq), Pd(Ph(10.4 mg, 0.015 mmol, 0.1 eq)
and Cul (2.8 mg, 0.015 mmol, 0.1 eq) in 2 mL of dryNeand 2 mL of THF was acd
triisopropylsilyl acetyl enanitrogeraunospgherat radom 6 0
temperature. The mixture was heated to°80and stirred for 39 hAfter cooled to room
temperature, the mixture was extracted with ethyl acetate (10 mL) and washeehver and
brine. The organic phase was separatkted over anhydrous N&Q,, and concentrated
under a reduced pressufiéhe residue was purifieldy column chromatography on silica gel
using CHCI, /hexane (1/2, v/v) as eluent, yielding 44 mg (0.081amrB5%) of6a as a
yellow solid.

6a: m.p.: 166168 €. 'H NMR (400 MHz, CDCJ): ti = 8.41 (s, 2H), 8.21 (dd)(H, H) = 6.8

Hz, “J(H, H) = 3.6 Hz, 2H), 7.85 (dfJ(H, H) = 6.4 Hz,"J(H, H) = 3.2 Hz, 2H) ppm*C
NMR (100 MHz, CDC}): u = 144.1, 142.7, 134.9, 131.2, 129.9, 127.0, 104.7, 99.1 ppm;
MALDI -TOFHRMS (m/32: calcd. for Ga4H4sN2Si; [M] ™ 540.3356; found, 540.3337.

. Stability test

Differential scanning calorimetry (DSC) thermograms were measured on a Mettler Toledo

DSC3 STAR systentH-NMR (400 MHz) spect were recorded on a BruckevANCE 1|
spectrometer, using residual saiveprotons YH-NMR, Uy = 7.26 for CDCJ) as internal
reference. UWis absorption spectra were recorded on a Shimadzu360@ Plus
UV-VIS-NIR spectrophotometer.
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Figure S1.DSC thermograms of heating and cooling 3ar 4a, 5a and6a. The heating rate
used for heating antboling of all samples was 10 € mih
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Figure S2. Partial 'H-NMR spectra of3a-b, 4a-b, 5a and 6a in CDCL. All samples were
heatecat 200 € for 4hin air before dissolved in CDglor test with'H-NMR.
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Figure S3 Absorption spectra d.01 mMsolutions of3a and4a before(blue)and after(red)
being stored for 3 months under ambient conditiohh in light and 10 h in dark per day at
room temperature)

. Single crystal structures

X-ray crystallography data were collected on a Bruker AXS Happexll Duo
Diffractometer or Bruker D8 Venture Diffractometer. The single crystal3bofvere grown
from a solution in mixed solvents of GEl./ethyl acetate (v/v, 2:1) by slow evaporation of
solvents. The single crystabf 4a were grown from a solutiorof 4a in mixed solvents of
CH.Cl,/acetone (v/v, 3:1) by slow evaporation of solvents. The single @ystdéla were
grown from a solution oba in mixed solvents of CkCl,/ethyl acetate (v/v, 1:1) by slow
evaporation of solvents.

Table S1.Crystallogaphic data 08b, 4aand6a.
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3b 4da 6a
Empirical Formula C56H68N4Si4 C68H92N4Si4 C34H48N28i2
Space Group PO PO P2/n
Temperature (K) 296(2) 296(2) 302(2)
Crystal system Triclinic Triclinic Monoclinic
Unit Cell a 7.19 11.30 7.70
Lengths (A) b 13.24 12.86 38.40
c 15.09 13.68 11.92
Unit Cell U 74.08 66.85 90.00
angles 9) b 85.47 71.17 100.98
) 85.63 70.62 90.00
Cell Volume (&) 1375.04 (16) = 1682.21(15)  3460.3(4)
Z 1 1 4
Final R indices R; 0.0819 0.0720 0.0778
[ 1 >20(wWR 0.2116 0.1997 0.2028

Table S2.Analysis of bond angle in the carbon ring (C#) in3b, 4a, 5aand6a.?

§1 120.36 120.57 119.09/118.55 118.64
§2 115.70 116.05 121.06/120.72 119.59
§3 123.46 123.27 119.68/121.01 121.62
§ 4 123.53 123.21 120.92/120.81 121.49
§5 115.76 115.90 121.04/119.09 119.66
§6 121.18 120.86 118.06/119.80 118.98

®Bond angles were calculated fraimgle crystal structures.

Figure S4. Crystal structures oBb and 4a showing “-overlap (C and N atoms in the
polycyclic backbone are shown as ellipsoids at the 50% probability level; the substituents and

hydrogen atoms are removed).
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4. Cyclic voltammetry
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Figure S6. Cyclic voltammograms of3a-b, 4a-b,

FeCp'/FeCp’ as the internal standard.
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Cyclic voltammetry was performed on BAR Potentiostat/Galvanostat Model 263A
Electrochemical Statior{Princeton Applied Researchjt a scan rate of 50 mVs All
compounds were dissolved inanhydrous CBCl, that contained 0.1 M of
tetrabutylammonium hexafluorophosphate fBBF;) as the supporting electrolyteA
platinum bead was used as a working electrode, a platinum wire was used as an auxiliary
electrode, and a silver wire was used as a pseefdoene. Ferrocenium/ferrocene was used

as an internal standard.

UV-vis absorption and emission spectra

UV-vis absorption spectra were recorded on a Shimadze860@ Plus UWIS-NIR
spectrophotometer. Fluorescence spectra were taken Hitaehi 7000 fluoresence
spectrometer.
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Figure S7. Emission spectraf 5aand6ain CH,Cl, (0.01 mM)when excited at 442 nm and
419 nm, respectively, and measured under the same condition. X@itetien wavelengths
correspond to thenaximum absorption wavelength
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Figure S8. Absorption spectrumb{ueline) andemission spectrum (rdohe) of 3b in CH,CI,
(0.01 mM) at room temperatureTfie excitation wavelength @84 nmcorresponds to the
maximum absorption waveleng}h.
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Figure S9. Absorption spectrumb{ue line) andemission spectrum (rdohe) of 4b in CH,CI,
(0.01 mM) at room temperatureTfie excitation wavelength of 511 nm corresponds to the
maximum absorption waveleng}h.

Quantum yields

The fluorescence quantum vyields )( of 3ab, 4ab, 5a and 6a were determined by
comparing the photoluminescence integrated intensities and absorbance intensities with a
standard, fluoresceim (= 0.925)° or perylene { = 0.920)!° The quantum yields werthe
calculated by using the follang equatione./

O 0 -

O 0 -

WhereF is the integrated intensities (area under emission pAak)the absorbance,is the
refractive index andi is the quantum yield, the subscriptand r refer to sample and
referencerespectively.

Fluorescein was dissolved in 0.1 M NaGdHH1.33), perylene was dissolved in etharpt(
1.36) and the samples3ab, 4a-b, 5a and 6a) were dissolved in C}Cl, (d = 1.42).
Absorbance values were kept below 0dd%he excitation wavelength in order to minimize

n

re-absorption effects.

Table S3.Relative fluorescence quantum yields.

Sample | . Integr_ated Absorbance Refractive Quantum yield
intensities ) at 470 nmA) index @) (@)
Fluorescein 358083 0.013 1.33 0.93
3a 23141 0.031 1.42 0.029
3b 27588 0.025 1.42 0.042
da 136166 0.011 1.42 0.47
4b 77754 0.005 1.42 0.60
Sample | . Integr_ated Absorbance intensity Refractive Quantum yield
intensities ) at 400 nm A) index @) (@)
perylene 24394 0.032 1.36 0.92
5a 196 0.014 1.42 0.018
6a 40 0.022 1.42 0.0024
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6. DFT calculationsand analysis of molecular orbitals

To better understand the different photophysical properti€3aaind 4a, the frontier
molecular orbitals o8ai 6awere calculated using simplified model malexs3a’i 6a’, which
have smaller trimethylsilyl (TMS) groups replacing the TIPS grdopeduce computation
cost All the calculation were conducted usittee Gaussian 09W software package.he
geometries of these simplified molecules were optimizedeaBBLYP level of DFT with the
6-31G(d,p) basis set, and the molecular orbitals were then calculated wit3iie-6G(d, p)
basis set.Excitation energies and oscillator strengths for the optimized structures were
calculated with the TEDFT method at th®&3LYP/6-31G(d,p) level.The NICS values were
obtained with the GIAO method at the B3LYR3®1+G(d,p) level.

Table $A. Selected excitation energies and oscillator strength8 afd g 6 a@&nd 6 a 6
calculated by the THDFT method.

State|  CXcltation energy S%Seﬂg‘?ﬁoé Excitation Weight
[eV] [nm]

T | 2.2506 | 55090 | 00000 [HOMO Y LUM{ 0.70288

2 [ 2.3484 | 527.94 | 0.1425 |HOMO-I Y L UM]| 0.70231
HOMO-3 Y L UM] -0.10806

3 | 2.8087 | 44142 | 09613 |HOMO2 Y LUM| 0.66945

3a HOMO Y LUM( 0.18340
4 | 282 | 42012 | 00020 |HSMO-> Y LM 0.20727

5 | 29138 | 42550 | 00000 |HOMO-> ¥ LM 0.86510

1 | 255129 | 493.39 17437 |AQMO Y, HEME 0.08%0d

2 | 25241 | 49121 | 00074 |HOMO-1 Y L UM| 0.70244

4al 3 | 27734 44705 | 0.0007 |HOMO2 VY L UM]| 0.70265
4 | 2.8931 | 42855 0.0020 |HSMSS Y L UM 0.207¢7

5 | 29162 | 42515 | 00000 |HOMO> Y LM 0.85950

T | 26401 | 46063 | 02163 [HOMO Y LUMCQ 0.60788

2 [ 2.9851 | 41534 | 0.0014 |HOMO-I Y L UM]| 0.70077

5al 3 | 35059 | 35364 | o0o0c01 |HQMO=Z v LGUM 009230
4 | 35816 | 346.17 | 0.0000 |HOMO-4 Y L UM]| 0.69776

5 | 3.6238 | 342.13 | 0.0001 |HOMO-3 Y L UM]| 0.69665

12. Gaussian 09, Revision A.1, M. J. Frisch, G.TWicks, H. B. Schlegel, G. Bcuseria, M.

A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B. Menrac@. Petersson, H.
Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L.
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Momgoy, Jr., J. E. Peralta,

F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R.
Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. lyengar, J.
Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. KnbxB. Cross, V. Bakken,

C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R.
Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G.
A. \Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Bani&l Farkas, J. B.
Foresman, J. V. Ortiz, J. Cioslowski, D. J. Fox, Gaussian, Inc., Wallingford CT, 2009.
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1 2.9458 420.89 0.0058 HOMO Y L UM 0.70142
2 2.9993 413.38 0.0014 HOMO-2 Y L UM| 0.70378
6al 3 | 3.1894 | 388.73 0.2678 ﬂ%'\",\%l AN 8-2‘7‘23’%
4 3.7653 329.28 0.0002 HOMO ¥ LUMO 0.69631
5 3.7732 328.59 0.0101 HOMO-3 Y L UMJ| 0.69608
Table . NICS calculations foB g 6 a ® aamd6 a 6
SiMe, SiMes
|| H Me;Si SiMe3
DRI ERERC O
NN @EO NN P MY
Me,Si SiMeg
I I
SiMe, SiMes
SiMes
|| Me;Si
N \\ N
= = =
3OO0 _ e )
|| o Me;Si o
SiMeg
3a6é6 4abd 5a6é6 6ab
NICS(0) | NICS(1) | NICS(0) | NICS(1) | NICS(0) | NICS(1) | NICS(0) | NICS(1)
A| -6.59 -8.47 -7.02 -8.82 -6.86 -8.80 -7.48 -9.17
B| -6.99 -10.75 -6.01 -90.87 -9.41 -12.87 -8.33 -11.96
C| -3.05 -5.40 -2.95 -5.21 -7.22 -9.84 -7.01 -9.64
D| 12.80 4.14 12.47 3.22

Table S6 Cartesian coordinates (A) for optimized structur@dd 6 a ® aadd6 a 6

D
—+
o
3

0O0Z0000Z200Z000000000000

X
0.74355
0.7434
-0.74289
-0.74273
1.8795
3.11795
3.11785
1.8792
-1.87885
-3.1173
-3.11713
-1.87852
-4.26342
-5.41439
-5.41422
-4.2631
-6.66625
-7.84585
-7.84568
-6.66592
4.26404
5.41503
5.41494

Yy
0.72855
-0.72882
-0.72866
0.72871
1.47049
0.72915
-0.72999
-1.471
-1.47062
-0.72928
0.72986
1.47093
-1.41274
-0.71919
0.7203
1.41358
-1.43577
-0.70354
0.7052
1.43717
1.41266
0.71917
-0.72034

z
0.000437
-0.000297
-0.000284
0.000470
0.000786
0.000447
-0.000498
-0.000835
-0.0008F
-0.000504
0.000589
0.000909
-0.001161
-0.000527
0.000738
0.001281
-0.000922
-0.000119
0.000952
0.001337
0.000974
0.000484
-0.000431

N OOZOOOOZOOZOOOOOOOOOOOO%
3

H

X
-0.728195
-0.728779
0.756786
0.757415
-1.864355
-3.104949
-3.105487
-1.865517
1.892859
3.133531
3.134185
1.894175
4.276281
5.426823
5.427469
4.277569
6.666408
7.869595
7.870246
6.667680
-4.247842
-5.398362
-5.398826

Yy
0.731900
-0.725294
-0.725943
0.731287
1.473712
0.736223
-0.727699
-1.466189
-1.467818
-0.730427
0.733594
1.472123
-1.421152
-0.718653
0.719724
1.423273
-1.409505
-0.728018
0.726866
1.409444
1.426839
0.724425
-0.714097

z
0.020797
0.018572
0.017763
0.019861
0.021772
0.019955
0.017492
0.017102
0.015259
0.014357
0.016190
0.019254
0.011327
0.009536
0.011023
0.014588
0.005755
0.002846
0.008825
0.008109
0.019900
0.016818
0.014162
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4.26384
6.66682
7.84649
7.84644
6.66673
6.6894
6.68931
-6.6883
-6.68895
6.74798
-6.74672
-6.74765
6.7479
-6.79535
-5.08903
-7.25271
-8.0947
-6.79385
-8.09259
-7.25153
-5.08716
6.79323
5.31337
6.70255
8.40762
6.79552
8.09458
7.2532
5.08904
1.92477
1.92413
-1.92411
-1.92352
-8.79177
-8.79149
8.79237
8.79226
-4.80598
-5.07418
-4.32244
-8.23517
-7.28661
-6.52211
-7.8577
-9.08893
-8.14883
-8.14643
-7.85524
-9.08702
-7.28509
-6.52121
-8.23419
-4.32087
-5.07191
-4.80398
5.34681
4.3708
5.29962
5.7794
6.72564
7.54443
9.27778
8.48596

-1.41369
1.43586
0.70374
-0.70499
-1.43705
2.85719
-2.85835
2.8585
-2.8571

4.07716
4.07847

-4.07706
-4.07831
-5.91753
-6.5629
-6.51159
-6.4893
5.91896
6.49103
6.51333
6.5637
-5.91883
-6.55666
-6.52711
-6.48481
5.91763
6.48873
6.5128
6.56254
2.55387
-2.55439
-2.554
2.55432
-1.23423
1.23611
1.23452
-1.23586
-6.21685
-7.65873
-6.21962
-6.13537
-7.60643
-6.17303
-6.13962
-6.11195
-7.58354
7.58529
6.14128
6.11393
7.6082
6.17467
6.13748
6.22@7
7.65951
6.21733
-6.20648
-6.21415
-7.65247
-6.19425
-7.62223
-6.15387
-6.11318
-6.12608

-0.000997
0.000766
0.000422
-0.000171
-0.000578
0.000955
-0.000585
0.001853
-0.001639
0.000443
0.001653
-0.001714
0.000134
-0.000745
0.486157
-1.735084
1.246076
0.000559
-1.246760
1.734698
-0.485901
0.001499
0.985899
-1.784779
0.803438
-0.001703
-1.249137
1.732170
-0.488667
0.001124
-0.001279
-0.001306
0.001283
-0.000272
0.001428
0.000579
-0.000208
1.485244
0.492330
-0.215641
-2.037581
-1.772222
-2.476489
2.255904
0.986147
1.274320
-1.275037
-2.256484
-0.987246
1.771654
2.476327
2.037019
0.216152
-0.492300
-1.484844
2.022445
0.547416
1.001196
-2.269644
-1.821436
-2.376502
0.252813
1.834715

-4.248901
-6.637984
-7.840598
-7.840985
-6.638880
-9.068785
-9.068999
9.095366
9.094115
-10.109394
-10.107735
10.123329
10.121694
-11.684642
-11.672103
11.652205
11.650877
-11.275765
-12.545865
-12.771764
-11.584690
-13.117958
-11.844033
11.350248
12.011977
13.084372
11.355113
12.002593
13.085622
-1.907753
-1.909788
1.936180
1.938500
6.645944
6.648211
-6.617517
-6.619059
-12.189945
-10.761294
-10.629376
-13.493331
-12.765700
-11.923402
-12.274501
-13.715632
-13.011209
-12.501279
-10.741762

-1.417427
1.415628
0.733718
-0.721686
-1.404453
1.454394
-1.442855
1.453185
-1.455342
2.093153
-2.084714
2.112248
-2.115008
3.050634
-3.059018
3.142203
-3.144516
4.881847
2.757729
2.448822
-4.347842
-1.879778
-3.904009
4.640134
3.698955
2.107463
-4.650926
-3.688163
-2.113858
2.557233
-2.549674
-2.551342
2.555606
-2.493267
2.493224
2.499406
-2.488238
5.486162
5.065600
5.242390
3.306653
1.695811
3.090677
2.584570
3.005184
1.386195
-4.948010
-5.030288

-11.463893 -3.874856
-14.070124 -2.422225
-13.169129 -1.117573
-13.019780 -1.366874
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-11.004414
-12.766260
-11.877387
12.235978
11.121695
10.511233
12.913896
12.171048
11.184097
14.005731
13.270155

-4.579123
-4.494613
-3.170506
5.284818
4.334690
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4.320789
2.841910
4.287619
2.699662
1.237504

0.014891
0.015241
0.010431
0.007656
0.009910
0.006528
0.001784
-0.000385
-0.001346
0.001897
-0.003657
-0.004805
-0.004837
-0.013506
-0.013227
-0.013404
-0.010608
0.200780
-1.668776
1.408261
1.364539
0.279176
-1.69363
-1.123766
1.755202
-0.678461
1.089892
-1.784931
0.655240
0.023245
0.015101
0.013507
0.020420
0.004956
0.008811
0.017101
0.007763
0.193136
1.149399
-0.605740
-1.715480
-1.818063
-2.505298
2.373874
1.435332
1.300646
1.392037
1.216301
2.344256
0.282950
-0.505056
1.241374
-1.887150
-1.736484
-2.505441
-1.154927
-2.149760
-0.758969
1.787753
2.417237
2.162921
-0.715425
-0.040666
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-8.34653
-8.34442
-6.19665
-6.19236
-1.46234
-1.45828
5.42298
3.85758
4.696
5.62701
4.18116
4.92617
2.67544
2.55227
4.1089
5.99191
4.93616
5.09153
4.70101
2.94004
3.81379
2.66477
3.37945
4.42336

1.745219

-5.295761
-4.353609
-5.249140
-4.309588
-2.826246
-4.273979
-2.705823
-1.239360
-1.758797

Yy
0.7131
-0.71483
1.41605
0.72499
-0.72255
-1.41577
1.42908
0.72543
-0.71903
-1.42467
1.41554
0.73483
-0.72429
-1.40705
1.45436
-1.44296
2.09169
-2.08192
3.04869
-3.05292
2.75201
2.45091
4.88066
-1.87085
-3.90124
-4,33957
1.24124
-1.24459
2.50071
-2.50038
2.49933
-2.49087
3.30088
3.08275
1.68973
3.00893
2.58691
1.38856
5.06691
5.23896
5.48498
-2.41164
-1.35683
-1.10956
-4.49043
-4.5781
-3.16939
-5.02401
-3.86505
-4.93777

-1.690399
1.110645
2.119604
0.725313
-1.826172
-2.441373
-2.193141
0.683840
0.022715
1.670615

V4
0.00192
0.00596
-0.00187
-0.00179
0.00219
0.00606
-0.00526
-0.00478
-9.82E4
0.00242
-0.00763
-0.00668
-0.00325
-6.18E4
-0.00771
-0.00239
-0.00744
-0.00163
0.00159
-3.82E4
1.65117
-1.42741
-0.20572
-0.29662
1.67743
-1.38014
0.00193
0.00898
-0.00492
0.00909
-0.01012
0.00204
1.69384
2.49209
1.79657
-1.45926
-2.38995
-1.32247
-1.15124
0.6085
-0.20101
-0.30463
-1.25775
0.4884
1.71445
1.87369
2.4906
-1.22942
-2.35843
-1.41279



7. Fabrication and characterization of thin films and thin film transistors

To fabricate thirfilm transistorsthe dielectric layer wa#rst formed following the reporte
method *® as detailed below.

A solution of AIINGy)®#H ,0 in ethanol (0.15 mol/Lyvas first spircast onto a highly doped
silicon substrate, which had a 100 4tinick layer of SiQ on its top. The sphtast film was
then baked at 300 € for 30 minutes torfo a thin layer ofaluminum oxide (AlOs). To
modify the AI,O; layer with a selfassembled monolayer (SAM) of
12-cyclohexyldodecylphosphonic acid (CDPA), the Al,Os-coated Si@Si wafer was
soakedn a 0.3 mM solution oCDPAIn isopropanol at room tempéuae for 12 hours, then
rinsed with isopropanol and dried with a flow of nitrog€hne capacitance per unit are@;)Y
of CDPAAI.OL/SIO, was measured from a meiabulatormetal structure, where
vacuumdeposited gold (0.2 mmxL mm) was the top electrode e highly doped silicon
substrate was the bottom electrode, with the frequency ranging from 100 Hz to 100 kHz. As
taken at the lowest frequency (100 Hz), @ef CDPA-AI,O4/SiO, is 26 +1 nF/cnf.

Thin films of 3a-b, 4a-b, 5aand6awere fabricated bgolutionbased processes (drop casting

or dip coating) onto th€DPA-Al,O3/SiO, dielectric. Particularly, optimizedin films of 3b

were fabricated by dropping a solution 3 in toluene (1mg/mL) onto a tilted substrate
(substrate size: 1cxicm, two drop, tilt angle =~5°) and the substrate was covered with a
glass dish to allow the solvent to evaporate sloWydip-coat thin films of4a and6a onto
CDPA-AI,O4/SiO;, the substrate was immersed vertically in a solution and then pulled up at a
constant sped witha LongerPump T3A syringe pump The optimizedconditions for dip
coatingare 4ain CH,Cl,/acetone (8/1, viv, 0.5 mg/mL) with a pulling speed of 460min;

6ain CHyCl,/acetone (1/1, v/v, 2 mg/mL) with a pulling speed of 260min.

The soluitonprocessedilms were then placed in air and at room temperature overnight to

allow solvent residues to evaporal@p contact drain and source gold electrodes (30 nm)

were then vacuurdeposited through a shadow mask onto the organic films using an
EdwardsAuto 306 vacuum coating system with a Turbomolecular pump at a pressure of 4.0

x 10° torr or lower, with a deposition rate of ca. 2 nm/min to a thickness about 30 nm as
measured by a quartz crystal sensor. During vacuum deposition the distance betwazn so

and substrate was 18.5 c¢cm. The rekmm), ng cort
100 exl (i (W), xO%é(W).m (L)

X-ray diffraction from thin films were recorded on a SmartLakRay Refractometer.
Polarized optical images of theevices were obtained using a Nikon 50IPOL microscope.
The AFM images were collected with a Nanoscope llla Multimode Microscope (Digital
Instruments) using tapping mode and in air under ambient condiionsieasure mobility
under vacuum, the currembltage measurement was carried out on a JANIS@¥20-4TX

probe station with a Keithley 4200 Semiconductor Characterization System at room
temperature with a background pressure ofx11® ° torr or lower. The mobilities o8b and

4a were measured from at least 30 channelsnome than 3ndividual substrates, and the
mobility of 6a was measured from at least 10 channels on more than 3 individual substrates.
The measured mobility exhibitetegligible dependence on the channel length, which varied

13. X. Xu, Y. Yao, B. Shan,X. Gu, D. Liu, J. Liu, J. Xu, N. Zhao,W. Hu, Q. Miao, Adv.
Mater. 2016 28, 5276 5283
14. D. Liu, Z. He, Y. Su, Y. DiaoS. C. B. Mannsfeld, Z. Bao, J. Xu, Q. Miakdv. Mater.

2014 26, 7190 7196
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from 50 em to 150 &m.

Figure S10. Reflection polarizedight micrographs of thin films o8a (a, c)and4b (b, d on
CDPA-modified substrates(a) and (k) fabricated by dropcasting method;) (and (d):
fabricated by dipcoating methodbdale bar: 20@m)

I
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\
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Figure S12. Reflection polarizedight microgaphs of crystdihe thin films of 6a on

CDPA-modified substrate(a) Fresh thin film o6a; (b) Golddeposited thin film oba. (scale
bar: 200em)
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Figure S13. AFM images and section analyses of the thin fiim8ko{a), 4a (b) and6a (c)
on CDPAmodified substrate€ach image scald0 pm x 10 um. (Route mean squar&iS)
roughnesgRq)is 18.662 nm foBb, 3.113 nm forka, and 36.142 nm fada.)

Figure S14 XRD patterns of3b. Blue: simulated from single crystal dafed: dopcased
thin film on the CDPAmodified substrate

Figure S15. XRD patterns ofla. Blue: simulated from single crystal daRed: dipcoated
thin film on the CDPAmodified substrate

19



