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1a. Materials and methods.

4-Bromo-2-fluoro-1-nitrobenzene, (4-(9H-carbazol-9-yl)phenyl)boronic acid and 4-
Bromophenyl hydrazine were purchased from BLD Pharma.
Tetrakis(triphenylphosphine)palladium (0) and potassium carbonate were purchased from
Merck. Cesium carbonate was purchased from SRL. Phenyl hydrazine, acetic acid, and sodium
hydroxide were purchased from CDH, Finar and Qualigens, respectively. 4-Bromobenzoyl
chloride and tin (powder) were purchased from Spectrochem and Sigma Aldrich, respectively.
Freshly distilled tetrahydrofuran, dichloromethane, acetonitrile, and triethylamine were used
for the synthesis of radical derivatives. Hexane, acetone, and isopropyl alcohol were purchased
from Finar chemicals and used as received for the cleaning of ITO substrates. Indium-tin oxide-
coated glass substrates (ITO, thickness: 1.1 mm, sheet resistance: <10 Qsq’!) were purchased

from Nanoshel.

Geometry optimizations of cationic and radical geometries of compounds 1 and 2 were carried
out using the B3LYP/6-31G** level of theory. Implicit solvent effects were included using the
polarizable continuum model (PCM) and dichloromethane is used as the solvent. Single-point
energy calculations were then carried out at the B3LYP/6-31+G** level of theory using the
optimized geometries. All calculations were performed using the Gaussian 16 software

package.!

Magnetic measurements were carried out by initially cooling the radicals (Zero Field Cooling),
followed by application of an external magnetic field upon heating in the temperature range 4

— 300 K at a rate of 2 K/min using the Physical Property Measurement System (PPMS).

Analysis for Cz;N°

Cz3N° (m =7 mg, M,, = 1008 g mol ') was analysed upon heating in the range 4 — 300 K at 0.1

T.
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Analysis of CzzN* dimers.

The magnetic susceptibility data were further analysed considering a radical dimer of spins (S

=1%) for CzzN*(m =7 mg, M,, = 2016 g mol ') at 0.1 T in the temperature range of 4 — 300 K.

All the fitting equations were adopted from the literature.!”

1b. Instrumentation.

"H NMR spectra for compounds were recorded on ECX 400 MHz JOEL model spectrometers,
where all spectra were taken in deuterated chloroform from Sigma Aldrich, and TMS was used
as an external standard. Absorption spectra of radicals were collected on JASCO V-670 and
used for calculating the molar extinction coefficient. Mass spectra were recorded on LC-MS
(ESD)-QToF (Agilent 6546). EPR spectra were recorded at X band (9.1 GHz) on a JEOL X320
spectrometer. Typical acquisition parameters: modulation frequency 100 kHz, modulation
amplitude 0.1 mT, microwave power 1 mW. The spectra were recorded at 323 K with 1 mM
solutions of Blatter's radicals in degassed toluene. EPR spectra were simulated using EasySpin
software.? Fourier transform infrared spectroscopy (FTIR) measurements were performed in
ATR mode using a Perkin Elmer 1000 UATR instrument in the range of 400 — 4000 cm™!. The
thermal stability of radicals was assessed using a TGA/DSC 1 Star instrument from Mettler
Toledo under an inert atmosphere in the temperature range of 25 to 1000 °C at a heating rate
of 10 °C/min. The electrochemical measurements were performed on the PalmSens PS4.F2.05
workstation. Electrochemical studies were carried out in a three-electrode electrochemical cell
containing a glassy carbon electrode, GC (working electrode), Ag/AgCl electrode in 0.1 M KCl

(reference electrode), and a platinum wire (counter electrode).

Single-crystal X-ray studies were conducted on a CCD Bruker SMART APEX diffractometer

equipped with an Oxford Instruments low-temperature attachment. Data were collected at
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100(2) K using graphite monochromatic Mo Ka radiation (Ao = 0.71073 A). The frames were
indexed, integrated, and scaled using the SMART and SAINT software packages,® and the data
were corrected for absorption using the SADABS program.* The structures were solved and
refined with the SHELXL? and OLEX2° suites of programs, while additional crystallographic
calculations were performed by the program PLATON. All hydrogen atoms were included in
the final stages of the refinement and were refined with a typical “riding model”. Disordered
solvent molecules in the unit cell have been masked using the Olex-2 mask program. The
crystallographic figures have been generated using Olex2 software. CCDC number 2502298
contain supplementary crystallographic data for Cz;N°, respectively. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk/data_request/cif. MestRe Nova software for NMR analysis and

OriginPro22 software for plotting curves were used.

The thickness measurements of film were done by Bruker Optical profilometer instrument. The
data collected with dual-LED illuminated optical module 2.5X and capable stitching with
motorized XY stage. The commercial Asylum Research (Oxford Instruments) was used to
conduct the AFM analysis, and a silicon probe with a force constant of 0.5 N m*! was used. A
Thermo Scientific NEXSA Surface Analysis instrument, having a monochromatic Al Ka line
source (hv = 1486.69 eV), was used for X-ray photoelectron spectroscopy (XPS)

measurements.

Fitting procedure for XPS fitting:

The XPS fitting was carried out according to the available tutorials. Initially, background
subtraction was performed using Shirley's method. Then the XPS peaks are fitted using
Gaussian functions, with full width at half maximum (FWHM) less than 2 eV for each peak.

Peak identification was carried out on the basis of known binding energy values obtained from
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existing literature, allowing the assignment of peaks for elements of different chemical

environments.

2. Synthesis routes

Synthesis of compound 1 and 2 according to the literature.”8

Synthesis of 4-bromo-N'-(5-bromo-2-nitrophenyl)-N'-phenylbenzohydrazide (3): A
sealed tube was charged with 1 (300 mg, 1.03 mmol), 4-bromo-2-fluoro-nitrobenzene (340 mg,
1.545 mmol), potassium carbonate (156 mg, 1.133 mmol), ethyl alcohol (10 mL), and the
reaction mixture was stirred at 110 °C for 48 h. The reaction mixture was then cooled to room
temperature and extracted with CH,Cl,. The organic layer was collected, concentrated under
reduced pressure, and crude solids were purified using column chromatography to get
compound 3. Yield: 40 %. 'H NMR (400 MHz, CDCl;) 6 8.54 (s, 1H), 7.95 (d, ] =2.2 Hz, 1H),
7.89 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 8.7 Hz, 2H), 7.62 (d, J = 8.6 Hz, 2H), 7.48 (dd, J = 8.8,
2.1 Hz, 1H), 7.29 (dd, J = 8.7, 7.4 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.96 — 6.91 (m, 2H).

Calculated: 488.9324 found [M+H]" m/z: 489.9398.

Synthesis of 4-bromo-N'-(5-bromo-2-nitrophenyl)-N'-(4-bromophenyl)benzohydrazide
(4): A sealed tube was charged with 2 (300 mg, 0.81 mmol), 4-bromo-2-fluoro-nitrobenzene
(267 mg, 1.216 mmol), potassium carbonate (123 mg, 0.891 mmol), ethyl alcohol (10 mL), and
the reaction mixture was stirred at 110 °C for 48 h. The reaction mixture was then cooled to
room temperature and extracted with CH,Cl,. The organic layer was collected, concentrated
under reduced pressure, and crude solids were purified using column chromatography to get
compound 4. Yield: 35 %. 'H NMR (400 MHz, CDCl;) 6 8.59 (s, 1H), 7.95 (d, J = 1.9 Hz,
1H), 7.67 — 7.60 (m, 4H), 7.52 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.6 Hz, 3H), 6.76 (d, /= 9.0

Hz, 1H). Calculated: 566.8429 found [M+Na]* m/z: 589.8314.
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Synthesis of Br,N°: Blatter radical Br,N* was synthesized by adopting the literature
procedures.’ In a 100 mL round-bottom flask, compound 3 (500 mg, 1.02 mmol) was dissolved
in acetic acid (10 mL), followed by the addition of tin powder (602 mg, 5.1 mmol) over 30 min
under vigorous stirring and then heated at 118 °C for 10 min. The reaction mixture was then
cooled to room temperature and diluted with CH,Cl,, followed by neutralisation with 2M
NaOH. The obtained products were dissolved in CH,Cl, (50 mL) and added with 2M NaOH
(50 mL) and allowed to stir for 12 h at room temperature. The organic layer was separated and
washed three times with distilled water. The organic fractions were concentrated under reduced
pressure, and the crude was purified by column chromatography using basic aluminium oxide
(CH,Cl,:hexane, 50:50) to get BroN*® as dark green needles. Yield: 85%. Calculated: 439.9398
found [M]" m/z: 439.9397. Vyax / cm™! 3063w (aryl C-H), 1591w, 1474s, 1430w, 1391s,
1307w, 1267w, 1238w, 1190m, 1171w, 1102w, 1070w, 1009w, 961w, 888m, 851m, 822w,

801w, 755w, 718m, 687s, 670w.

Synthesis of Br;N*: Following a similar procedure to that for the synthesis of Br,N". In a 100
ml round-bottom flask, compound 4 (500 mg, 0.883 mmol) was dissolved in acetic acid (10
ml), followed by the addition of tin powder (521 mg, 4.416 mmol) over 30 min under vigorous
stirring and then heated at 118 °C for 10 min. The reaction mixture was then cooled to room
temperature and diluted with CH,Cl,, followed by neutralisation with 2M NaOH. The obtained
products were dissolved in CH,Cl, (50 mL) and added with 2M NaOH (50 mL), and allowed
to stir for 12 h at room temperature. The organic layer was separated and washed three times
with distilled water. The organic fractions were concentrated under reduced pressure, and the
crude was purified by column chromatography using basic aluminium oxide (CH,Cl,:hexane,
50:50) to get Br3N- as dark green needles. Yield: 60%. Calculated: 517.8503 found [M]* m/z:

517.8504. Viyay / cm™! 3070w (aryl C-H), 1590w, 1566w, 1475s, 1417m, 1392s, 1338w, 1306w,
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1263w, 1242w, 1188w, 1172w, 1103w, 1066s, 1007s, 948w, 887m, 836m, 815s, 740w, 719m,

702w, 669m.

Synthesis of Cz,N*: A 100 mL Schlenk flask loaded with radical Br,N® (75 mg, 0.169 mmol),
(4-(9H-carbazol-9-yl)phenyl)boronic acid (146 mg, 0.509 mmol), Pd(PPh;), (10 mg, 5 mol%),
Cs,CO; (5mg, 10 mol%) and all reagents were subjected to vacuum and nitrogen gas purging
three cycles to ensure inert atmosphere. To this THF: H,O (5:1) 20 mL was added, and the
mixture was heated at 70 °C for 12 h. The reaction mixture was cooled to room temperature
and then extracted with CH,Cl,. The organic fractions were collected and concentrated under
reduced pressure. The crude solids were then purified by column chromatography using basic
aluminium oxide (CH,Cl,:hexane) to get dark reddish-brown compound Cz,N". Yield: 60%.
Calculated: 766.2971 found [M]*m/z: 766.2972. Viax / cm ™' 3043w (aryl C-H), 1603w, 1594w,
1526w, 1499m, 1449m, 1389w, 1360w, 1333w, 1318w, 1223w, 1175w, 1016w, 1004w, 913w,

900w, 842m, 830m, 817m, 770w, 749s, 720s, 693m, 683m, 646w.

Synthesis of Czz;N*: A 100 mL Schlenk flask loaded with radical Br;N* (75 mg, 0.145 mmol),
(4-(9H-carbazol-9-yl)phenyl)boronic acid (187 mg, 0.652 mmol), Pd(PPh3), (17 mg, 10
mol%), Cs,CO; (14mg, 30 mol%) and all reagents were subjected to vacuum and nitrogen gas
purging three cycles to ensure inert atmosphere. To this THF: H,O (5:1) 20 mL was added, and
the mixture was heated at 70 °C for 12 h. The reaction mixture was cooled to room temperature
and then extracted with CH,Cl,. The organic fractions were collected and concentrated under
reduced pressure. The crude solids were then purified by column chromatography using basic
aluminium oxide (CH,Cl,:hexane) to get dark reddish-brown compound Cz;N". Yield: 65%.
Calculated: 1007.3862 found [M]" m/z: 1007.3861. vyax / cm™! 3048w (aryl C-H), 1623w,
1597w, 1493m, 1479m, 1450m, 1398w, 1362w, 1334w, 1315w, 1227m, 1170w, 1004w, 915w,

900w, 823w, 746s, 724s, 685w, 637w, 623w.
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3. Crystallographic data and parameters.

Table S1. Crystallographic data and structural refinement for Cz;N".

Empirical formula
Formula Weight
Crystal System
Space Group
Temperature (K)
a(A)

b (A)

c(A)

a (%)

B
v (®)

V (A3)

Z
Pealed (g cM ™)

u (mm™)

F (000)
Crystal size (mm?)
Radiation

Index ranges

Reflections collected
Independent reflections
20 range for data collection (°)
Data/restraints/parameters
GooF
Rint
Final R indices [I >25(I)]

Cz;N°
C73H47Ne
1008.227 g mol™!
Monoclinic
P2,/c
296.15
19.8107(10)
14.1961(8)
20.7394(11)

90
103.349(2)

90
5675.1(5)

4
1.180
0.069
2109.2
0.20 x 0.19 x 0.18
Mo Ka (A =0.71073 A)
-26<h<26,-18<k<
18,-27<1<27
117394
14147
4.32 t0 56.72
14147/0/712
1.059
0.1006
R;=0.1143, wR, =
0.2588
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R indices (all data)

Largest diff. peak/hole / e A3

CCDC number

0.2783
0.72/-0.61
2502298

R1 = 01451, WR2 =

Table S2. Bond lengths obtained from the single crystal structure of CzzN".

Cz;N\°
Atom-Atom Bond Length /A Atom-Atom Bond Length / A
NO001 NO002 1.364(3) COooU Co11 1.384(4)
N001 CO00B 1.382(4) COOW C010 1.391(5)
NO001 C00S 1.441(4) COOW CO016 1.398(5)
N002 COOF 1.341(4) C00X CO1A 1.414(4)
N003 COOF 1.330(4) C00Y C00Z 1.378(5)
N003 C001I 1.376(4) C00Z €019 1.390(5)
N004 CO00A 1.424(4) C010 CO01G 1.415(4)
N004 C010 1.399(4) C013 Co01S 1.366(5)
N004 COlE 1.393(4) C013 CO1T 1.399(5)
N005 C00X 1.395(4) Cc014 Co019 1.387(4)
NO005 C00Z 1.422(4) C015 Co01D 1.383(5)
N005 CO1V 1.405(4) C016 CO018 1.386(5)
C006 CO00D 1.396(4) C017 C01B 1.394(4)
C006 COON 1.478(4) C018 C01Q 1.374(6)
C006 CO0T 1.399(4) CO01A CO01D 1.388(5)
C007 C00B 1.387(4) CO01A COIR 1.435(5)
C007 COON 1.393(4) C01C CO1K 1.359(6)
N008 COIF 1.421(4) C01C COIN 1.410(5)
NO008 CO1H 1.406(5) CO1E Co01J 1.410(5)
N008 CO010 1.390(5) CO1E CO1W 1.386(5)
C009 CO0A 1.390(4) CO1F CoO01P 1.359(6)
C009 C00D 1.382(4) CO1F Co0l1U 1.396(5)
CO00A COOK 1.387(4) C01G Co1J 1.418(5)
C00B C00I 1.415(4) C01G C01Q 1.400(5)
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C00C
C00C
C00C
COOE
COOE
COOE
C00G
CO0H
CO0H
CO0I
C00J
C00J
CO0K
COOL
COOL
COOM
COON
C000
COOP
C00Q
COOR
C00S
C00S

CO0P
CO0U
Co14
COOF
C00G
C000
COOR
C00J
Co012
CO0V
Co013
Co17
CO0T
COOM
C00X
Co15
C00Q
Co11
CO0Y
CO0V
CO0U
Co12
CO1B

1.393(4)
1.494(4)
1.400(4)
1.490(4)
1.393(4)
1.389(4)
1.384(4)
1.386(5)
1.387(4)
1.398(4)
1.492(4)
1.399(5)
1.378(4)
1.384(5)
1.387(5)
1.389(5)
1.415(4)
1.388(4)
1.382(4)
1.373(4)
1.397(4)
1.380(5)
1.374(5)

COIH
CO1H
COo11

CO1I

CO1I

co1J

CO1K
COIL
C010
Co1P
CO1R
CO1R
COIT
Cco1v

C01X
coly
C01zZ
€020
C021
C022
C024
C025

COIM
COIN
COIN
Co10
Co1X
C021
CO1L
COIM
C01Z
CO01S
co1v
C022
CO1U
Ccoly

CO01W CO025

C020
C026
€023
€023
C027
C024
C026
C027

1.374(6)
1.403(5)
1.424(6)
1.411(5)
1.399(6)
1.415(5)
1.362(6)
1.395(5)
1.368(6)
1.410(5)
1.401(5)
1.409(5)
1.386(5)
1.395(6)
1.385(5)
1.359(7)
1.377(5)
1.380(6)
1.392(6)
1.371(7)
1.373(7)
1.396(7)
1.392(7)

Table S3. Selected bond angles of obtained from the single crystal structure of Cz;N°.

Cz;N°
Atom-Atom -Atom Bond Angle / ° Atom-Atom -Atom Bond Angle / °
NO002 NO001 CO00B | 122.9(2) COOW CO010 NO004 129.4(3)
NO002 NOO1 C00S | 115.2(2) CoOwW C010 CO1G 121.9(3)
C00B NOO1 CO00S | 121.2(2) Coou Co011 €000 121.03)
COOF NO002 NO001 | 115.02) C00S CO012 COOH 119.13)
COOF NO003 €001 115.2(2) CO01S CO013 C00J 120.5(3)
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Co10
CO1E
CO1E
C00X
C00X
Cco1v
C00D
C0o0D
CcooT
C00B
CO1H
C010
Co10
C00D
C009
COOK
COOK
NO0O1
NO001
C007
COOP
CO0OP
C014
C009
C00G
C000
C000
N002
NO003
NO003
COOR
C00J
NO003

NO004
N004
N004
NO0O05

NO005

NO005

C006

C006

C006

C007

NO008
NO008
NO008
C009

CO0A
CO0A
CO00A
C00B
C00B
C00B
C00C
cooC
Co0C
C00D
COOE
COOE
COOE
COOF
COOF
COOF
C00G
COOH
C00I

CO00A
CO0A
C010

C00Z
co1v
C00Z
COON
CcooT
COON
COON
CO1F
CO1F
COlH
CO0A
NO004
NO004
C009

C007

C001

C001

CoouU
Co14

CoouU
C006

COOF
COOF
C00G
COOE
NO002
COOE
COOE
C012

Co0B

125.1(3)
125.7(3)
108.4(3)
124.9(3)
108.1(3)
125.5(3)
120.7(3)
117.5(3)
121.7(3)
120.3(3)
126.4(3)
125.4(3)
108.0(3)
119.9(3)
120.0(3)
120.4(3)
119.5(3)
122.3(3)
116.4(3)
121.3(3)
120.8(3)
116.8(3)
122.3(3)
121.5(3)
120.0(3)
121.93)
118.1(3)
114.12)
128.5(3)
117.3(2)
121.1(3)
120.6(3)
121.7(3)

Co1S
COIT
C019
CO1D
Co18
CO1B
C01Q
Co14
C00X
CO1D
CO1D
C00S
COIK
Co15
N004

Co013
C013
C014
CO015
Col6
Co17
C018
Co19
COl1A
CO1A
CO1A
CO01B
Co1C
C01D
CO1E

CO01W CO1E
CO1W COIE

CO1P
COIP
CO1U
C010
Co1Q
C01Q

COIF
CO1F
CO1F
Co01G
Co01G
Co01G

COIM CO1H
COIM CO1H

COIN
C010
Co1X
Co1X
CO1E
CO1E
C021

Co1C

COlH
COo11
COo11
COl1I
co1J
co1J
co1J
COIK

Co1T
C00J
CooC
CooM
CooOw
C00J
C016
C00Z
COIR
C00X
CO1R
Cco17
COIN
CO1A
Co1J
NO004
colJ
NO008
CO01U
NO008
colJ
Co10
Co1J
NO008
COIN
NO008
COIN
COIN
Co10
Co01G
€021
C01G
CO1L

119.0(3)
120.5(3)
121.8(3)
120.7(3)
121.8(3)
120.4(3)
120.8(3)
119.6(3)
107.0(3)
119.4(3)
133.5(3)
118.7(3)
120.4(4)
119.0(3)
108.0(3)
129.0(3)
122.8(3)
120.8(3)
119.8(3)
119.4(4)
106.5(3)
118.8(3)
134.7(3)
129.8(3)
121.4(3)
108.8(4)
107.6(3)
134.0(3)
118.3(4)
108.3(3)
118.7(4)
132.9(4)
119.7(4)
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NO003
Ccoov
COOH
COOH
co17
Co0T
CooM
COOL
C007
C007
C00Q
CO011
Co0Y
Ccoov
C00G
C012
CO01B
CO1B
COOK
COOR
COI1
COoI11
C00Q
C010
NO0O05
COOL
COOL
C00zZ
Co0Y
Co0Y
C019
N004

coor Coov
Co0r C00B
CcooJ Co013
cooJ Co17
CcooJ Co013
CO0K CO0A
COOL C00X
CoOM CO015
COON C006
COON CO00Q
COON C006
C000 COOE
COo0P CO00C
C00Q COON
COOR COOU
C00S NO0O1
C00S NOO1
C00S CO012
Cco0T CO006

Coou
CoouU
CoouU

cooC
C00C
COOR

CO0V Co00I
COOW Co016
C00X COIA
C00X NOO05
C00X CO1A
Co0y Coop

C00Z
C00Z
Cc00Z
C010

NO0O05
C019
NO005
C01G

120.2(3)
118.0(3)
121.3(3)
119.2(3)
119.4(3)
120.2(3)
117.3(3)
121.8(3)
120.5(3)
118.3(3)
121.3(3)
120.9(3)
122.0(3)
121.5(3)
120.6(3)
118.8(3)
119.2(3)
122.0(3)
121.4(3)
120.4(3)
121.3(3)
118.4(3)
120.6(3)
117.03)
108.7(3)
129.6(3)
121.7(3)
120.0(3)
119.5(3)
119.7(3)
120.7(3)
108.7(3)

CO1K
CO1H
Co1C
CO1H
COlH
NO008
C01z
C01Z
COIF
C018
Cco1v
Cco1v
C022
C013
CO01U
CO1T
COIR
coly
Ccoly
C025
C020
C026
C010
Co1X
C027
C024
C01z
€022

CO1L

CO01M
COIN
COIN
COIN
C010
C010
Co010
CO1P

Co1Q
CO1R
CO1R
COIR
CO01S

CO1T

CO01U
Ccolv
co1v
Cco1v

Co0IM
CO1L
COo11
Co1C
COl1I
CO11
NO008
COl1I
CO01S
Co01G
CO1A
€022
CO1A
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Fig. S1 Solid-state structure of Cz;N": a) representing different dihedral angles by (0, to 6¢), b)
representing key additional -+ interactions (d; = 3.886(3) A), and CH-N contacts (d, =2.979(3)

A) present.

d, =2.6416(19) A

Fig. S2 Solid-state structure analysis of Cz;N": a) representing additional n---7 interactions (d;
=4.189(12) A), b) CH-nt interactions (d;= 2.6416(19) A) and c) solid-state packing along the

b-direction.
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4. DFT-optimized geometries of Cz;N° and Cz,N* using DCM as solvent.

Fig. S3 DFT-optimized geometries of a) Cz;N* and b) Cz,N°. The corresponding torsional

angles were shown at each twisted center.
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Table S4. Cartesian coordinates.
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5. Electrochemical studies of monomers Cz;N° and Cz,N".

CV experiments were performed in a three-electrode cell containing a GC or ITO electrode,

Ag/AgCl reference electrode, and a Pt counter electrode in dichloromethane with TBAPF; as

supporting electrolyte. The Epomo values were obtained from eq (S1) by incorporating the

oxidation onset potential values obtained from CV, and LUMO levels were subsequently

calculated using eq (S2) using optical band gaps obtained from the absorption edge calculated

using eq (S3).
Enomo = = (4.8 — Ei2 ke rer + Eox. Onset) eq (S1)
Eg opticat = (ELumo — Enomo) eq (S2)
E; (eV) = 1240/ M(nm) eq (S3)
a) b)
10 104
0+ 0-
107 -10-
<20 £
= = 20
_30,
a0 -30-
-50 -40
10  -05 0.0 05 10  -05 0.0 0.5
V(vs AgolAgCI) V (vs Ag”/AgCI)

Fig. S4 CV curves of 1 mM a) CzN-, b) Cz,N" in CH,Cl, with 0.2 M TBAPF¢ supporting

electrolyte at a scan rate of 0.1 Vs™!.
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6. Electropolymerisation studies of Cz;N* and Cz,N".

a)
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Fig. S5 a) CV of polyCz,N*, as-grown films on GC in monomer-free CH,Cl, solutions with 0.1 M
TBAPF; supporting electrolyte at different scan rate from 0.02 Vs™! to 1 V s71. b), ¢) CV of
polyCz;N°, polyCz,N* as-grown polymer films on ITO electrode in monomer-free CH,Cl,
solutions with 0.1 M TBAPF as supporting electrolyte at scan rate of 0.1 Vs™!, respectively.
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Fig. S6 Linear relationship of peak current vs square root of the scan rate for a) polyCz;N* and b)

polyCz,N* on GC electrode.
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7. AFM of polymeric thin film of polyCz;N* and polyCz,N".
Fig. S7 Cross-sectional line profiles. a) AFM image of polyCz;N*@ITO film with a scan size
of 2 um. b) horizontal, ¢) vertical, and d) diagonal line profiles of the AFM image of the thin

films were shown. The corresponding RMS roughness (R,) values are shown in the inset.
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Fig. S8 Cross-sectional line profiles. a) AFM image of polyCz,N'@ITO film with a scan size of 2
um. b) horizontal, c) vertical, and d) diagonal line profiles of the AFM image of the thin films

were shown. The corresponding RMS roughness (R,) values are shown in the inset.
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Fig. S9 Atomic force microscopy images of the Blatter radical films. 2D view of a) polyCz;N°
@ITO (scan size: 500 nm, RMS roughness: 0.698 +0.03 nm). b) polyCz,N'@ITO (scan size: 1pum,
RMS roughness: 2.302 +0.122 1nm). ¢) polyCz,N'@ITO (scan size: 500 nm, RMS roughness:
0.809 +£0.028 nm).
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Fig. S10 Atomic force microscopy images of the Blatter radical films. 3D view of a) polyCz;N*
@ITO (scan size: 500 nm). b) polyCz,N'@ITO (scan size: 1um). ¢) polyCz,N*@ITO (scan size:
500 nm).
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Table SS. RMS roughness values of thin film of poly Cz;N* and polyCz,N* for different scan

size AFM images.
Thin film Scan size R, (nm) R, (nm) R, (nm) Overall
Mean(u) Standard Standard | roughness(nm
Deviation(c) | Error (SE) )

(u £ SE)
polyCz;N* 2um x 2um 4.874 0.692 0.304 4.874 £0.304
polyCzzN* | 0.5pum % 0.5pum 0.698 0.068 0.03 0.698 = 0.03
polyCz,N* 2pm x 2um 5.701 0.421 0.188 5.701 £0.188
polyCz,N* Ipum % 1pm 2.309 0.273 0.122 2.309+£0.122
polyCz,N* | 0.5um % 0.5pum 0.809 0.063 0.028 0.809 + 0.028

37.50

-75.00

rrrrr

Fig. S11 Thickness measurements of and by scratching the films with a needle. a), b) 2D and
3D view of the polyCz;N*@ITO film after scratching. c), d) 2D and 3D view of the polyCz,N*

@ITO film after scratching. The thickness was measured along the white line shown.
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8. FTIR spectra of Cz;N°, Cz,N°, polyCz;N* and polyCz,N".

polyCz,N’ \
1226 cm™!
751 cm™1 %~

——— polyCz;N’ \
1226 cm™

747 cm™1

——Cz,N'

1226 cm™1 751 cm-1#¢"~

Cz3N°.
-1
1400 1200 1000 800 600

Wavenumber (cm™')

Fig. S12 FTIR spectra of polymer thin films compared to the spectra of the corresponding

monomers, Cz;N° (blue), Cz,N* (wine), polyCz;N* (red) and polyCz,N* (green).
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9. Thermogravimetric analysis (TGA) of Cz;N*, Cz,N*, polyCz;N° and polyCz,N".

Fig. S13 TGA of Cz;N"(green), Cz,N* (blue), polyCz;N* (purple) and polyCz,N* (yellow) under

N, atmosphere in the temperature range of 25 — 1000 °C at a heating rate of 10 °C/min.
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10. Air-stability of Cz3;N' radical examined by solution state UV-Vis absorption

spectroscopy.

Normalised Abs.
o o o =
B [e)] oo o

o
[N}
‘

0.0

300 400
Wavelength

200

500
(nm)

600

Fig. S14 UV-Vis absorption spectra of CzzN" in tetrahydrofuran on day 1 (red), day 10 (blue),

and day 20 (black).

11. XPS studies of monomers Cz;N* and Cz2N° and polymers polyCz;N° and polyCz,N".
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Fig. S15 Fitted Cls XPS spectra of a) CzzN* b) Cz,N* ¢) polyCz;N® and d) polyCz,N",

respectively.

12. Concentration-dependent absorption spectra of radical monomers.
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Fig. S16 a) Concentration-dependent absorption spectra of Czz;N* in CH,Cl, and b) molar

extinction coefficient calculated at A,,x = 238 nm.
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Fig. S17 a) Concentration-dependent absorption spectra of Cz,N* in CH,Cl, and b) molar

extinction coefficient calculated at A, = 232 nm.
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13. Band gap calculation for monomer radicals, Cz;N°, Cz,N* and oxidised species Cz;N™,
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Cz,N* and for polymeric thin film polyCz;N° and polyCz,N".

Fig. S18 Absorption onset wavelengths of a) CzzN* and b) Cz,N* obtained from the absorption
spectra in CH,Cl,. Band gaps were calculated using eq. S3 and the corresponding E, values are

2.33 and 2.48 eV for Cz;N* and Cz,N°, respectively.
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Fig. S19 Absorption onset wavelengths of a) Cz;N* and b) Cz,N* obtained from the absorption
spectra in CH,Cl,. Band gaps were calculated using eq. S3 and the corresponding E, values are

1.40 and 1.48 eV for Cz;N* and Cz,N*, respectively.
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14. DFT-optimized geometries of Cz;N* and Cz,N* using DCM as solvent.
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Fig. S20 DFT-optimized geometries of a) Cz;N* and b) Cz,N*. The torsional angles are shown

in red colour.

Table S6. Cartesian coordinates.

CZ;;IV+ CZle+
6 1.303170000 -5.182271000 -0.576284000 | 6 3.604522000 -1.426924000 -1.593244000
6  -0.037151000 -4.939084000 -0.672429000 | 6 2.243560000 -1.456418000 -1.697575000
6  -0.530665000 -3.609068000 -0.543638000 | 6 1.450598000 -0.570587000 -0.912681000
6 0.428564000 -2.545617000 -0.369857000 | 6 2.132796000  0.371075000 -0.057328000
6 1.800498000 -2.821661000 -0.234264000 | 6 3.534387000  0.366243000  0.056149000
6 2.255913000 -4.130182000 -0.336755000 | 6 4.285089000 -0.522304000 -0.703206000
1 1.664373000 -6.197295000 -0.693050000 | 1 4.194872000 -2.095260000 -2.209023000
1 -0.756190000 -5.732782000 -0.836845000 | 1 1.731335000  -2.143421000 -2.360570000
1 2.489530000 -2.019479000 -0.011353000 | 1 4.016791000  1.027453000  0.761947000
6  -2.247756000 -2.104280000 -0.390528000 | 6  -0.572923000  0.196624000 -0.166442000
6 3.688267000 -4.447977000 -0.204450000 | 6 5.754742000 -0.548465000 -0.610528000
6 4.677169000 -3.522847000 -0.592335000 | 6 6.484657000  0.617764000 -0.308653000
6 4.110757000 -5.684683000  0.320682000 | 6 6.472799000 -1.742884000 -0.814611000
6 6.027402000 -3.814853000 -0.456425000 | 6 7.868742000  0.593423000 -0.208022000
1 4.392065000 -2.569006000 -1.023094000 | 1 5.968689000  1.561614000 -0.169407000
6 5.459899000 -5.984166000  0.457275000 | 6 7.857626000 -1.774083000 -0.716796000
1 3.381551000 -6.418938000  0.645394000 | 1 5.947757000 -2.666127000 -1.034256000
6 6.433945000 -5.051099000  0.070247000 | 6 8.571478000 -0.604867000 -0.411721000
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Fig. S21 Band gap calculated by using Tauc’s method of a) polyCz;N* and b) polyCz,N* coated

on an ITO substrate.

The band gap for the polymer thin films was calculated from a Tauc plot of (ahv)!? vs. energy
(eV), where F(R) or a is the absorption coefficient, obtained from the reflectance spectra of the
polymer films. The reflectance spectra were directly measured on the UV/vis spectrometer by

choosing the reflectance spectra mode in the instrument parameters.
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15. Experimentally calculated HOMO-LUMO and band gap for Cz;N°, Cz,N°, polyCz;N°,

and polyCz,N".
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Fig. S22 HOMO-LUMO energy level diagram representing the experimental band gaps of

Cz;N*, Cz,N°, polyCz;N*, and polyCz,N".
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Table S7. Comparison of theoretical and experimental energy values with NHE

Theoretical (vs Vacuum) V vs NHE*
HOMO (eV) LUMO (eV) HOMO or VB LUMO or CB
CzN° —5.66 -3.00 1.22 —1.44
CzN° =5.67 —2.97 1.23 —1.47
Cz;N* —5.86 —4.53 1.42 0.09
Cz;N* —5.86 —4.53 1.36 0.09
Experimental (vs Ag/AgCl) eV (vs NHE)*
HOMO LUMO HOMO LUMO
CzN° —4.52 -2.19 —4.23 -1.9
CzN° —4.55 —2.07 —4.26 —-1.78
polyCzzN* —4.51 -2.16 —4.22 —1.87
polyCz,N* —4.47 —2.07 —4.18 —-1.78

*ENHE = _(_Evacuum + 444) \%
*Ente = (Eagugcr +0.288) V

16. EPR studies of Cz;N° and Cz,N".

Table S8. Experimental hyperfine coupling constants (G) for different Blatter radicals in

toluene.

S. No. CZXN' Clhfcc(G)
N1 N2 Nrad
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1 Cz;N° 7.31 4.84 4.84
2 Cz,N° 7.4 491 4.82
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