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Synthesis of 2, 3, 6, 7-tetra(4-cyanophenyl)tetrathiafulvalene (TTFCN)

Pd(OAc); (84 mg, 0.38 mmol), P'Bu;*HBF, (326 mg, 1.1 mmol), and Cs,CO;3 (2.4 g, 7.5 mmol)

were placed in a 50 mL reaction flask under Argon. THF (10 mL) was added and the mixture

was stirred for 10 min. A solution of tetrathiafulvalene (307 mg, 1.5 mmol) and 4-

bromobenzonitrile (1.4 g, 7.5 mmol) in THF (10 mL) was added. Then, the mixture was reflux

for 15 h. The organic compounds were extracted with dichloromethane three times. The

combined organic part was washed with brine, dried over anhydrous Na,SO,, and concentrated

in vacuo. Chromatographic purification on silica gel by using hexane/dichloromethane as an
eluent afforded TTFCN (668 mg) as a dark red solid. Yield: 70%. 'H NMR (DMSO-d¢): 8 =
7.83 (dt, 8H), 7.42 (dt, 8H) (Fig. S15). 3C NMR (CDCl3): 6 = 108.52, 112.91, 118.05,129.60,

129.91, 132.76, 136.23 (Fig. S16).
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Fig. S1: IR spectra of monomer TTFCN and all three CTFs.
Table S1: CHN analysis of CTFs
CTFs Calculated Experimental
C H N S C H N S

CTFTTF@1-400 67.08 [ 2.65 [ 9.20 |21.63 |65.829 |3.813 | 1.352 |4.037
CTFTTF@2-400 67.08 | 2.65 [ 9.20 |[21.63 |67.751|3.221 | 0.485 |3.141
CTFTTF @2-700 67.08 | 2.65 [ 9.20 |21.63 |57.351|2.836 | 1.7063 | 1.765
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Fig. S2: TGA of all three CTFs.

Fig. S3: SEM images of CTFTTF@2-400



Fig. S4: SEM images of CTFTTF@2-700

Furthermore, transmission electron microscopy (TEM) was performed to provide a more
detailed examination of the pore structure of the materials.

Fig. S5: TEM images of CTFTTF@2-400 (left side) and CTFTTF@2-700 (right side).
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Spectrum 9
Element Wt% Wt% Sigma

C 95.96 0.32

N 0.60 0.28

S 344 0.17

Total 100.00

Spectrum 9

Element | Line k k Factor Absorption | Wt% Wt% Atomic %
Type | Factor type Correction Sigma

C K 1.879 | Theoretical 1.00 95.96 0.32 98.16
series

N K 2.445 | Theoretical 1.00 0.60 0.28 0.52
series

S K 1.110 | Theoretical 1.00 3.44 0.17 1.32
series

Total: 100.00 100.00

Fig. S6: EDX of CTFTTF@2-400
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Spectrum 3
Element Wt% Wt% Sigma

C 97.05 0.38

N 1.65 0.36

S 1.30 0.12

Total 100.00

Spectrum 3

Element | Line k k Factor Absorption | Wt% Wt% Atomic %
Type | Factor type Correction Sigma

C K 1.879 | Theoretical 1.00 97.05 0.38 98.08
series

N K 2.445 | Theoretical 1.00 1.65 0.36 1.43
series

S K 1.110 | Theoretical 1.00 1.30 0.12 0.49
series

Total: 100.00 100.00

Fig. S7: EDX of CTFTTF@2-700
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Fig. S8: Solid 3C NMR of CTF@2-700.

In the present work, we measure solid-state MAS '*C NMR spectra. However, we were
unable to obtain meaningful spectra because these are graphene-like or similar to other
carboneous materials. Another problem is that the CTFTTFs are also more conductive in
nature. Rapid rotation of a conductive sample in a magnetic field will lead to strong heating of
the sample and the rotor. As a result, there is a chance to damage inside the NMR instrument.
It was still tried to measure the CTFTTF@2-700 sample by rotating them slowly at about 2-3
kHz instead of the normal 20-30 kHz with '3C-one pulse-experiments with decoupling and
waiting times of 10 and 40 sec. Consequently, only a broad hump was seen from 100-160 ppm.
Such a broad hump from 100 to 160 ppm without fine-structure resolution was also seen in the
solid-state NMR, e.g., graphite oxide!, graphene nanosheets?, hydrothermally (from graphite

oxide) reduced graphene sheets® or multi-walled carbon nanotubes*. Hence, similar to



graphene, no fine structure could be seen in the solid-state MAS 3C NMR spectra of the

samples.

Table S2: Amount of various type of nitrogen from XPS

CTFTTFs Pyridinic N (%) Pyrrolic N (%) Graphitic N (%)
CTFTTF@2-400 35 44 21

(400°C

CTFTTF@2-700 12 20 68

(700°C)

Electrochemical measurements

CTFTTF@1-400, CTFTTF@2-400 and CTFTTF@2-700 coated GC electrodes CV curves,
galvanostatic charge-discharge curves, and Nyquist plots were recorded individually using
computerized CHI760E electrochemical workstation with three electrode system. Here, the
counter electrode as platinum electrode, reference electrode as Ag/AgCl electrode and the
working electrode is the glassy carbon modified CTFTTF@1-400, CTFTTF@2-400 and
CTFTTF@2-700 electrode immersed in 1 M Na,SO, solution as electrolyte.

The average specific capacitance of the obtained nanohybrid electrode was estimated

using the CV as well as the charge-discharge patterns employing the formulas. (1) and (2).3

) fI(V)dV 1 e
:—ﬁ —
P 2xSxAVxm 1) S mx*AV

~(2)

Here, [I(V)dV: integral CV peak area, I: discharging current (mA), At: discharging time,

AV: discharging voltage (V), and m: the electro-active mass (g) on the glassy carbon substrate.

The energy density (E,Whkg ')and power density (P, Wkg!) were calculated
according to the equations (3) and (4)°
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Where C; is the specific capacitance V is the cell voltage, and t is the discharging

time(s).



2~ 60+
D (a)
3 404
£ 20-
]
= ——100mV's
§ 20 _somve
] —G0 mV s~
6 40 g ——40mV s
—20mV s
-60-_.|an:_.. i .
0.0 0.2 04 0.6 0.8
Voltage (V)
1000 -
o : T —e————
e 800 \
h .
3 600-
=
32
'g 400 4
(=7
~
© 200-
0 L] T Ll T Ll

1 2 3 4 5
Current density (A g™)

Voltage (V)
o o o
(V] > o

o
o

0

100 200 300 400

500 600
Time (s)

S (@)

Fig. S9: (a) CV and (b) GCD curve of symmetrical device of CTFTTF (c) specific
capacitance vs current density plots (d) Photograph of two proto-type devices connected in

series.
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Fig. S11. (a) CV and (b) GCD curve of CTFTTF@2-400 in 1M KOH solution.
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Fig. S12. (a) CV and (b) GCD curve of CTFTTF@1-400 in 1M KOH solution.
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Fig. S13: CV curve of CTFTTF@2-700 in 1M H,SO, solution.
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Table S3: Comparison of capacitance value in three-electrode system

SL.No Materials Electrolyte | Method Specific Ref.
capacitance (F g')

1 TDFP-1 0.1 m H,SO4 (GAY 354 at2 mV s™! 7

2 TCOP 6.0 M KOH GCD 278at1 A g’! 8

3 PDC-MA- 6 M KOH GCD 335at1 Ag! 9
COF

4 TPT-DAHQ 1 M KOH GCD 256at0.5 A g! 10
COF

5 CTF/ZnCl,- ZnCl, GCD 141at1 A g! 11
700

6 CTF-900 6 M KOH GCD 287at1 A g! 12

7 p-CTF-800 I m H,SO,4 GCD 400at1 A g! 13

8 BPY-CTF 1 M KOH GCD 393.6at0.5A g! 14

9 | TcNQ-cTF | ! MKOH GCD 380at1 A g 15

12




10 FCTF 1 M KOH GCD 379at1 A g'! 16
11 CTF-4CN-1- 1 m H,SOq4 GCD 495at1 A g! 17
CNO
12 C-ZIF- 3 M KC1 GCD 1494 at1 Ag! 18
8/PEDOT-
PSS (8:1)
13 CTF-800 1 m H,SO, GCD 628 at 0.5 A g’! 19
14 Pyrrolo[3,2- 1 M KOH GCD 638at1 Ag! 20
b]pyrrole
based CTF
15 IITR-COF-1 | 0.5 M K,SO, GCD 182.6at1 A g'! 21
16 COFTTA- 1 M Na,SO,4 GCD 127.5at1 A g'! 22
DHTA-NH2-
f-MWCNT
17 COFs/NH2- | 1 M Na,SO, GCD 533at0.2 A g! 23
rGO
18 Hex-Aza- 1 M Na,SOy4 GCD 280at1 A g! 24
COF-2
19 N-doped 1 M Na,SOy4 GCD 324 at0.05 A g! 25
Porous
Carbon
20 S-CNO 1M Na,SO, CcvV 257at1 Ag! 26
21 Conductive 3M KClI GCD 202at1 A g! 27
MOF (Cu-
CAT)
22 CTFTTF@2 | 1M Na,SO, GCD 943 at1 Ag! This
=700 work

Table S4: Conductivity values of CTFTTF@1-400, CTFTTF@2-400 and CTFTTF@2-700.

Materials Conductivity (S cm™)
CTFTTF@2-700 6.4x10*
CTFTTF@2-400 1.3x10°
CTFTTF@1-400 9.0x10°°
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Fig. S14: I-V curve of (a) CTFTTF@1-400, (b) CTFTTF@2-400, (c) CTFTTF@2-700.

Table S5: Comparison of power density using two-electrode system

SL. | Electrode Electrolyte | Cell Voltage Energy Density Ref.
No | Materials V) (Wh kg)
1. CTF-800 1M H,S0O, 1.0 15.5 16
2. DCP-CTF- 2.96m 1.0 3.76 8
700 ZnCl,
3. N-Carbon 1M H,SO, 1.0 7.5 28
Framework
4. Porous 6M KOH 1.0 6.27 29
Carbon
5. ACS-4.0-800 | 6M KOH 1.0 5.67 30
Carbon
6. Hex-Aza- 1M 1.0 1.65 24
COF-2 NaQSO4
7. S-CNO 1M 1.0 6.1 26
NaZSO4
8. N-doped 1M 1.8 11.9 25
Porous Na,SO4
Carbon
% | MnOyCNT M 1.8 27 ?
NaQSO4
10. | CTFTTF@2- M 0.8 15.7 Present
700 Nast4 Work
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Fig. S15: '"H NMR spectrum (300 MHz) of TTFCN in DMSO-ds.
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Fig. S16: 13C NMR spectrum (75 MHz) of TTFCN in CDCl;.
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