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Abstract

The highly redox semi-conducting polyazomethine films have been produced at room temperature using a bio-based fural-
dehyde moiety on a stainless steel (SS) substrate. Polyazomethines are alternatively conjugated polymers with backbones
made of different furan-based aromatic rings. New monomer, 5-{4-[4-(5-formylfuran-2-yl)-3-methylphenyl]-2-methylphenyl }
furan-2-carbaldehyde (III), has been synthesized by coupling reaction. The structure of monomer has been confirmed by spec-
troscopic techniques. Aromatic diamines, viz., 1,4-phenylene diamine, 4,4'-diaminodiphenyl ether, o-tolidine, 1,2-phenylene
diamine, and 1,5-naphthalene diamine, with this novel monomer (III) have achieved a new series of polyazomethine (OTD-1
to OTD-5). A Fourier transform infrared (FTIR) investigation revealed the —C =N linkage. XRD analysis of polymers has
confirmed their amorphous nature. Granular morphology is observed using FESEM. The constituents of polyazomethine (C,
N, and O) have been confirmed by EDAX. The electrochemical performances of the prepared polyazomethines have been
examined by cyclic voltammetry (CV), galvanostatic charge—discharge (GCD), and electrochemical impedance spectroscopy
(EIS). Polyazomethines synthesized by polycondensation of bisaldehyde monomer (III) and 4,4’-diaminodiphenyl ether
named OTD-2 showed optimum electrochemical performance, bearing the highest specific capacitance (Cp) of 272.36 F
g~ !, specific energy (SE) (6.06 Wh kg™!), and specific power (SP) (16.20 kW kg™') in 0.5 M NaOH electrolyte. The stability
of OTD-2 was found to be 71.25% after 1000 cycles.
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outstanding mechanical properties [1]. Aromatic polya-
zomethines, in particular, exhibit special optoelectrical con-
ductivity and have the potential for valuable applications
in optoelectrical fields [2, 3]. Polyazomethines are used in
different applications like supercapacitor electrodes, bat-
tery cathodes, electronic devices, electrochromic displays,
etc. [4, 5]. The supercapacitor utilizes energy accumulators
based on various resources like carbon species, metals, and
conjugated polymers [6]. Electrode materials utilizing car-
bon derivatives of high stability and conductivity tend to
exhibit EDLC behavior with extraordinary power density
and improved cycling stability [7]. Nonetheless, because of
the energy storage method in capacitors, the energy den-
sity is constrained [8]. Electrodes of metal oxide exhibit
a pseudocapacitive nature with prominent energy storage
in a supercapacitor due to their exceptional redox activity,
excluding challenges such as low conductivity and high
cost. The boundaries of carbon and metal oxide electrodes
widened with the utilization of conjugated polymers like
polypyrrole, polyaniline (PANi), and polyazomethine due
to their easy processing, high energy density, light weight,
high conductivity, less toxicity [9], and environmental
friendliness [10]. The process of preparing polyazomethines
is a simple polycondensation of diamine and bisaldehyde
monomers through simultaneous H,O delivery [11]. The
polyazomethine based on furan moiety was synthesized by
altering the monomer functional groups like phenyl, furan,
ester, ether, silane, thiophene, ferrocene, pyridine, triazole,
and others. Through derivatization, various polyazomethine
types can be conveniently produced. Nevertheless, azome-
thine polymerizations have been synthesized in various sol-
vents, viz., dimethylformamide (DMF), dimethylsulfoxide
(DMSO), hexamethyl phosphoramide (HMPA), N-methyl-
pyrrolidone (NMP), and dimethylacetamide (DMAc) [12].
Furaldehyde and its derivatives are usually extracted from
agricultural waste, such as oat hulls, corn cobs, and bagasse
[13—15]. The redox behavior of polyazomethines is custom-
ized with changing conjugated heterocyclic aromatic moiety
and interconversion of various functional groups [16—-19].
In recent years, researchers have shown interest in the
synthesis and applications of semi-conducting conjugated
polymers like polyazomethines. Li et al. [20] have brilliantly
evaluated polyazomethines synthesized at 200 °C for 1 h
using microwave-assisted hydrothermal method. Yuya et al.
[21] have excellently prepared poly(Schiff-base) at 140 °C
for 6 h via polycondensation method. Summarizing previ-
ously reported synthesis of polymers by various polym-
erization methods were carried at elevated temperature.
Conversely, we report here the synthesis of the bio-based
monomer 5-{4-[4-(5-formylfuran-2-yl)-3-methylphenyl]-
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2-methylphenyl} furan-2-carbaldehyde (III) and its use in
the preparation of polyazomethines by the polyconden-
sation process at room temperature for 24 h. A series of
polyazomethines was prepared by condensing bisaldehyde
monomer with various diamine monomers toward extensive
evaluation of supercapacitive properties.

Experimental
Chemicals

Bisaldehyde and polyazomethines were synthesized using
AR-grade precursors from Avra Synthesis Pvt., Bangalore,
India. NMP (Avra Synthesis Pvt., Bangalore, India 98%),
DMACc (Avra Synthesis Pvt., Bangalore, India 98%), o-toli-
dine (Avra Synthesis Pvt., Bangalore, India 98%), furalde-
hyde (Avra Synthesis Pvt., Bangalore, India 99%), DCM
(Avra Synthesis Pvt., Bangalore, India 99%), glacial acetic
acid (Avra Synthesis Pvt., Bangalore, India 99%), toluene
(Avra Synthesis Pvt., Bangalore, India 99%), methanol dried
(Molychem Mumbai, India), tetrahydrofuran (Avra Synthe-
sis Pvt., Bangalore, India 99%), ethanol dried, and DMAc
(Avra Synthesis Pvt., Bangalore, India 98%) have been puri-
fied by the standard procedure. Anhydrous lithium chloride
has been vacuum dehydrated at 80 °C for 8 h.

Synthesis of monomer 5-{4-[4-(5-formyl-
furan-2-yl)-3-methylphenyl]-2-methylphenyl}
furan-2-carbaldehyde ((Ill)

5-{4-[4-(5-Formylfuran-2-yl)-3-methylphenyl]-2-methyl-
phenyl} furan-2-carbaldehyde (III) has been synthesized in
a single step with a percentage yield of 88.95 and a melting
point (mp) 118 °C as shown in Scheme 1la. First, 2 mmol
sodium nitrite (40 mL) was added drop-wise to 1 mmol
o-tolidine at a temperature of 05 °C. The resultant solution
was mixed with a 4:3 ratio of hydrochloric acid to water, and
the prepared mixture which was identified as cold diazonium
salt was slowly been added to a vigorously stirred 0.1 mol
CuCl, 2H,0 and 2 mmol furaldehyde in acetone at 25 °C.
The resultant precipitate was filtered; and the impurities
were removed by repeatedly washing with distilled water
(DW), and dried.

Synthesis of polyazomethine (OTD-1)
A three-neck flask with a magnetic stirrer was charged with

5-{4-[4-(5-formylfuran-2-yl)-3-methylphenyl]-2-methylphe-
nyl} furan-2-carbaldehyde (III) (1 mmol), LiCl (3.5 mmol),
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Scheme 1 a Synthesis  of  5-{4-[4-(5-formylfuran-2-yl)-
3-methylphenyl]-2-methylphenyl} furan-2-carbaldehyde (III), b syn-
thesis of z-conjugated aromatic polyazomethines (OTD-1 to OTD-5

and 5 mL dried DMAc. After the dissolution of monomer,
1,4-phenyldiamine (1 mmol) was added, and the solution was
homogenized for 48 h at RT under N, atm. Anhydrous lithium
chloride has been utilized as a water scavenger. The viscous
dark brown polyazomethine (OTD-1) was precipitated by
pouring in methanol-water (50:50) and washed three times
with methanol-water (50:50), warm water, and acetone. The
resulting dark brown polyazomethine was desiccated at 80 °C
(Scheme 1b).

Similarly, polyazomethines (OTD-2 to OTD-5) were pre-
pared by following the same procedure using bisaldehyde (III)
and different diamines. All polymers were obtained in quan-
titative yield.

Characterization

Structure of monomer (III) has been confirmed by Fourier
transform infrared (FTIR), '"H NMR, and '*C NMR. The FTIR
Thermo Nicoletis-10 Mid spectrometer was used for chemical
composition analysis of polyazomethines with recorded values
in the range of 500—4000 cm™. The amorphous structure has
been confirmed with Bruker D8 XRD CuK,, (41=1.5406 A)
radiation in 20 range of 0°-80°. Surface morphology and
elemental composition of the products have been observed
by field emission scanning electron microscopy (FESEM,
Model Jeol-6300F) with energy-dispersive X-ray spectroscopy
(EDAX). A CHI 608E electrochemical analyzer has been uti-
lized to check the electrochemical performance. The working
electrode was polyazomethines coated on stainless steel plates;
the counter electrode was a platinum wire; and the reference
electrode is Ag/AgCl.
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from bisaldehyde (III), and ¢ probable redox (charging and discharg-
ing) mechanism of polyazomethine moiety

Results and discussion
Monomer characterization

The monomer was identified using FTIR spectroscopy shown
in Fig. 1a, which the aldehyde carbonyl functional group
(—C=0) reveals vibration due to stretching, observed at
1666 cm™! and at 2924 cm™!, aldehyde hydrogen stretching
is observed. Figure 1b reveals the "TH NMR spectrum: the
chemical shift of the aldehyde proton corresponds to 9.52 &
ppm (S, 2H) and 7.20 to 7.78 d ppm attributed to all aromatic
protons; 2.37 & ppm (S, 6H) indicates that the methyl protons
are directly connected to the aromatic ring. "H NMR spectra
confirm seven types of protons in bisaldehyde monomer (III).
Also, in 13C NMR data shown in Fig. 1c, the chemical shift at
175.4 ppm is attributed to an aldehyde carbonyl carbon, and
the 158.4 to 121.9 8 ppm range shows the aromatic carbons
of the monomer. A chemical shift at 108.6 & ppm reveals the
presence of methyl carbon. The monomer was confirmed by
spectroscopic results [22]

Characterization of polyazomethines

The amorphous nature of the polyazomethines has been
examined using the XRD technique. In Fig. 2a, the amor-
phous nature of polyazomethines is confirmed by broad
X-ray diffraction peaks at 5 to 18°, because no more sharp
peaks have been detected [23].

The n-conjugated polyazomethines have been identi-
fied using FTIR spectroscopy. Figure 2b—f reveals that the
imine nitrogen (—CH =N-) stretching vibrations are near
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Fig. 1 a FTIR spectrum of bisaldehyde, b 'H NMR of bisaldehyde, and ¢ '*C NMR of bisaldehyde

1604 cm™!. At 1666 cm™", stretching vibrations are vanished,
although near 3325 cm™!, there is an indication that the for-
mation of polyazomethines with bisaldehyde and diamines
was to begin. The —CH = CH- stretching of frequency is
thought to be responsible for absorption at 1621 cm~! and
aromatic —C—H stretching at 2917 cm™".

Figure 3a—d shows the OTD-2 electrode, which has
exhibited high specific capacitance (C,) compared to all
the samples and has been selected for morphological and
compositional investigations. The FESEM micrograph for
the OTD-2 thin layer has exhibited significant porosity and
permeable granular shapes. The granular architecture of
permeable grains is advantageous for the preoccupation of
charges on the surface of thin films and can provide a supe-
rior pathway for charge mobility [24]. The EDAX spectrum
of the OTD-2 thin-film electrode is shown in Fig. 4a. The
results of the EDAX investigations have demonstrated the

gslppl @ Springer

presence of nitrogen, carbon, and oxygen. The EDAX has
illustrated that carbon, nitrogen, and oxygen atoms coexist
in polyazomethine, OTD-2, as shown in Fig. 4a, and it also
suggests that ultra-pure polyazomethine is mainly prepared
through a polycondensation route [25].

Figure 4b displays a snap of the angle of contact of
H,O on the OTD-2 electrode surface. The OTD-2 elec-
trode surface has shown a hydrophilic nature with an angle
of contact, 31.88° which is less than 90°. If the angle of
contact is acute, it enhances electrochemical performance
due to hydrophilic behavior [26], which in turn increases
the electrolyte—electrode interfacial area of contact. The
viscosity and solubility of polyazomethines have been
studied in various solvents, indicating better viscosity and
solubility in DMAc. Additionally, the study on electrical
conductivity and thermoelectric power of OTD-2 is sup-
plemented by supporting information.
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Fig.2 a XRD patterns of OTD-1 to OTD-5 and b—f FTIR spectra of OTD-1 to OTD-5, respectively
Electrochemical measurements Cp = A n
2mKAV’

A three-electrode system comprising a polyazomethine
working electrode coated on stainless steel (SS) 304 grade,
Ag/AgCl as a reference electrode, and platinum (Pt) wire as
a counter electrode was utilized for electrochemical study.
To calculate specific capacitance (Cp) from a cyclic voltam-
mogram, the following equation is used [27, 28]:

where A is the CV curve area, AV is the window of sweep
potential, K is the rate of scan (dV/dt), and m is the active
mass. GCD has been used to calculate the SE, SP, and cou-
lombic efficiency of the polyazomethine-coated supercapaci-
tor electrode. They are calculated from the relation [29, 30]
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Vi, where I, and ¢4 are current density and discharge time,
SP = m @) respectively, and m is the mass of active material within the
polyazomethine electrode [31, 32].

SE = VI t,/m 3

o ©) Optimization of polyazomethines

t
n(%) = t_d x 100, 4) All the electrodes of OTD series have been tested in 1 M

¢ NaOH by cyclic voltammetric technique at scan rates of

10mVs™,20mVs™,50mVs~!, 80 mV s~!, and 100 mV
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Fig.5 CV plots for 1 M NaOH electrolyte of OTD-1 to OTD-5 (a—e), and f histogram of specific capacitance (Cp) of OTD-1 to OTD-5 at

10 mV s~}

s~! with a potential window of — 1.2 to — 0.4 V (Fig. 5a—e).
The distinct redox peaks in all samples of the OTD series
were observed, showing the redox nature of the prepared
electrodes. These redox peaks are believed to arise from
the oxidation and reduction of the polyazomethine, which
is facilitated by a -CH =N- linkage electron-withdrawing
effect, allowing the formation of polarons in the polyazome-
thine chain. Moreover, the redox peaks were found to shift
to higher potentials with increasing the scan rates in all sam-
ples of the OTD series.

Figure 5f shows the histogram of the measured specific
capacitance values of OTD series electrodes. It is evident

from the graph that the OTD-2 sample exhibits the highest
specific capacitance value of 238.02 F g~!. The OTD series
electrodes contain bisaldehyde monomer (III) and aromatic
diamines. The high Cp of OTD-2 is attributed to polymers
containing co-monomer diamine (ODA) having oxygen het-
eroatom at para position of imine nitrogen. The non-bonding
lone pair of electrons on the oxygen atom assists in the redox
mechanism of polymers OTD-1, OTD-3, OTD-4, and OTD-
5, which do not contain any extra heteroatoms assisting in
the redox mechanism. The OTD-1 and OTD-4 have a single
phenyl moiety, and the OTD-3 and OTD-5 have a biphenyl
and naphthalene moiety, respectively.
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Table 1 Electrochemical performance of OTD-1 to OTD- 5 in 1 M
NaOH

Sample Cp (F g_l) SE (Whr kg"l) SP (kW kg‘l) Efficiency (%)

OTD-1 151.26 1.19 9.63 98.89
OTD-2 238.02 8.83 18.53 133.59
OTD-3 103.66 421 15.30 99.87
OTD-4 106.24 4.58 14.98 138.86
OTD-5 130.54 10.57 15.16 100.85

In Fig. 6, GCD plots of polyazomethines in series OTD-1
to OTD-5 at 3 mA g~! current density of all polyazome-
thines display an asymmetric triangular nature underlying
the Faradic redox nature of polyazomethine electrodes,
which is also noted by sharp oxidation and reduction peaks
in the cyclic voltagram. The discharging times of all the
polyazomethines were equal to or a little longer than their
respective charging times. The charging and discharging
times determine the efficiency of the electrode. The SE, SP,
and efficiency of all the samples of polyazomethine series
electrodes are calculated and summarized in Table 1. The
OTD-2 sample electrode showed the Cp 238 F g~!, SE
8.83 Whr kg™!, at SP of 18.53 kW kg™, and efficiency of
133.59%.

The optimized sample OTD-2 from the polyazomethine
series was used in the subsequent study. The — 1.2 V to
— 0.6 V potential window and scan rate of 10, 20, 50, 80,
and 100 mV s~! were utilized for CV of the OTD-2 electrode
in 1 M KCI, 1 M NaOH, and 1 M Na,SO, in as depicted in
Fig. 7a—c, where the observed redox behavior of OTD-2
with respect to different electrolytes is shown. Figure 7d
reveals the histogram of measured Cp values for the OTD-2
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electrode in 1 M KCl, 1 M Na,SO,, and 1 M NaOH at a
scan rate of 10 mV s~!. The OTD-2 has shown a high Cp of
238.02 F g!in 1 M NaOH electrolyte.

The choice of optimal electrolyte for the electrochemi-
cal character of the supercapacitor is vital. The hydrated
cationic radius, conductivity, and cationic mobility affect
an ion substitution and determine the specific capacitance
of the electrochemical system [33, 34]. The charge trans-
fer rate depends on the conductivity and ionic mobility of
the electrolyte and electrode, which alternatively determine
the redox capability and specific capacitance of the electro-
chemical system.

The effect of electrolyte on the charging and discharging
processes is evaluated from the GCD curves represented in
Fig. 7e. The GCD was measured at 3 mA for | M KCl, 1 M
Na,SO,, and 1 M NaOH electrolytes. It is observed from
the graph that the discharging time is longer than the charg-
ing time, indicating columbic efficiency greater than 100%.
This is due to the kinetics of the faradic surface reactions
at polyazomethines [35]. The electrochemical supercapaci-
tors parameters were measured and are tabulated in Table 2,
which showed that polyazomethine OTD-2 has better per-
formance in 1 M NaOH electrolyte. Thus, polyazomethine
OTD-2 in NaOH electrolyte was employed for further study
of electrolyte concentration variation.

Optimization of electrolyte concentration

The electrochemical activity of a supercapacitor is signifi-
cantly dependent on the electrolyte concentration; hence, the
effect of electrolyte concentration on electrochemical perfor-
mance was studied through cyclic voltagram (CV) as shown
in Fig. 8a—c. The electrode’s supercapacitive nature has been
revealed by the faradic reaction rate at the material surface.

The variation in current density as well as area under the
curve of the OTD-2 sample electrode in 0.1, 0.5, and 1| M
NaOH is depicted in Fig. 8a—c, respectively. It is revealed
from Fig. 8a—c that the OTD-2 electrode shows higher oxi-
dation and reduction currents and a larger area under the
curve in 0.5 M NaOH compared to other concentrations. In
Fig. 8a—c, with an increase in concentration in the range of
0.1 to 0.5 M NaOH, the specific capacitance also increases
from 180.6 F g~! t0 272.36 F g~! because of the availability
of more charges toward the redox-active linkages of OTD-
2. As the concentration is increased to 1 M NaOH, Cp is
reduced from 272.36 to 238.02 F g~! because of increased
electrolytic concentration, which has affected the mobility
and packing of charges, resulting in a reduced active surface
area of OTD-2. Figure 8d reveals the histogram of meas-
ured Cp values for the OTD-2 electrode in 0.1, 0.5, and 1 M
NaOH at a scan rate of 10 mV s~!. The OTD-2 has shown a
high Cp of 272.36 F g~! in 0.5 M NaOH electrolyte.
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Fig.7 CV plots of OTD-2 in: a 1 M KCIl, b 1 M NaOH, ¢ 1 M Na,SO, at scan rates 10-100 mV s~!, d histogram of specific capacitance (Cp) of
OTD-2 at 10 mV 57!, and e GCD curves of OTD-2 at 3 mA current density

Table 2 Electrochemical performance of OTD-2 in various electro-
lytes

Electrolyte Cp(Fg™') SE (Whr SP (kW Efficiency
kg™ kg™ (%)

1M NaOH  238.02 8.83 18.53 133.59

1 M Na,SO, 171.15 6.68 23.86 111.86

1 M KClI 179.89 3.96 19.83 121.07

Figure 8e shows the GCD curves of the OTD-2 sample
electrode in various concentrations of NaOH, viz., 0.1,
0.5, and 1 M of NaOH. It is demonstrated from Fig. 8e that
the charging and discharging curves indicate a repeating

nature. The larger discharging time is illustrated by the
probable mechanism presented in Scheme 1c. The various
characteristics of the OTD-2 electrode, like Cp, CE, SP,
and coulombic efficiency, are summarized in Table 3. Evi-
dently, Tables 1, 2, and 3 reveal that the OTD-2 electrode
in 0.5 M NaOH shows optimum supercapacitor perfor-
mance. The real-time practical application of supercapaci-
tors demands superior electrochemical stability.

Stability study
The OTD-2 electrode has shown excellent cycling stabil-

ity and significantly retained specific capacitance in 0.5 M
NaOH at the scan rate of 100 mV s~! tested for 1000 cycles,
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Table 3 Electrochemical performance of OTD-2 in various electro-
lyte concentrations of NaOH electrolyte

NaOH Cp(Fg™) SE(Whr SP (kW Efficiency
concentration kg‘l) kg‘l) (%)

M)

1.0 238.02 8.83 18.53 133.59
0.5 272.36 6.06 16.20 139.96
0.1 180.60 4.07 16.20 113.28

QSIPPI @ Springer
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at scan rate 10 mV s~!, and e GCD curves of OTD-2 in various elec-
trolyte concentrations at current density of 3 mA

as shown in Fig. 9a. As depicted in Fig. 9b, the sharpness of
redox peaks and area under the curve are greater for the 1st
cycle than the 1000th cycle. Since successive charging and
discharging deplete an active material from the substrate,
from the obtained result, lone pair of electron on hetero-
oxygen has enhanced the supercapacitor performance of
OTD-2, which makes it a promising functional material for
high-performance supercapacitor electrodes. Furthermore,
we have conducted a comparative analysis of our findings
with results reported in the literature for various materials
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Table 4 Specific capacitance of different polymers/polymer hybrids in various electrolytes

Material Specific capac- Electrolyte Number of cycles  Cyclic References
itance (F g~") stability
(%)

Porous 129.5 1 M NaOH 1500 - [36]
Polyaniline, MnO,, Ti;C,Tx MXene 21.1 PVA/H,SO, 4000 83 [37]
Polyaniline, MnO,, MoS, 259 0.2 M H,SO, 4000 75.94 [38]
Polyaniline, RuO,, TiO, 67.4 0.1 M H,SO, 10,000 81.6 [39]
Polyaniline, WO, 180 10,000 70 [40]
Polyaniline, MoOj; SiO,, mesoporous carbon (MC) 45 1 MH,SO, 250,000 57 [41]
Polypyrrole, MnO,, Carbon cloth 270 3000 92.1 [42]
Polypyrrole, ZnO 161.02 1 M KCI 5000 70.71 [43]
Poly(3.4 ethylene dioxythiophene), MnO,, V,05 116.9 Carboxymethyl cellulose 10,000 87.2 [44]

sodium (CMC)- Na,SO,

gel
OTD-2 272.36 0.5 M NaOH 1000 71.25 This work

in the context of supercapacitor research, which is organized
into Table 4.

EIS study

The charge transfer and ion diffusion mechanisms can be
investigated through EIS measurements [45]. Therefore,
the EIS technique was utilized to study the supercapacitive
nature of the OTD-2 sample. Figure 10a shows the Nyquist
plot of OTD-2 in the range from 10 kHzt0 0.1 Hzina 0.5 M
NaOH electrolyte.

Usually a semi-circle on the left of the graph intercepts
the real (Z’) axis attributed to resistance R, (1.23 Q), within
the electrolyte and electrode, which is identical with the
sum of contact resistance and the internal resistance of the
material. Figure 10a depicts the absence of such a semi-
circle, showing a negligible charge transportation resistance
within the electrolyte and electrode and, accordingly, the
least impact of the capacitive double layer. Thus, the redox
behavior of OTD-2 is responsible for the pseudocapacitor
nature of the OTD-2 electrode. An electrical equivalent

circuit obtained from impedance fitting is shown in the
inset of Fig. 10a. A series resistance R, is connected to the
constant phase element (CPE) (0.0003425 S.s), which is
the pseudocapacitor component, in parallel with the charge
transfer resistance R (919.2 Q). Figure 10b of the spider
diagram of OTD-2 shows the electrochemical parameters
specific capacitance, specific energy, specific power, and
efficiency in 0.1, 0.5, and 1 M NaOH electrolytes.

Redox mechanism

The probable mechanism in Scheme lc demonstrates the
reason for longer discharge time and greater Columbic effi-
ciency than 100%. The —CH = N- electron-withdrawing
group present in all the samples of the OTD series plays a
vital role in redox reactions on electrodes. The electrode’s
redox behavior relies on the electron-withdrawing or -donat-
ing speed of the -CH=N linkage from the furan moiety. In
the charging process, the electron withdrawn from the furan
moiety is rapidly donated to a sodium metal electrolyte,
while in the discharging process; the electron comparatively
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Fig. 10 a Impedance Nyquist plot in 0.5 M NaOH electrolyte (in inset equivalent circuit) and b bar diagram for comparison of supercapacitor

parameters of OTD-2

slowly withdrawn from the sodium metal is due to the strong
bond between electronegative nitrogen and electropositive
sodium metal. It is also observed from GCD, as shown in
Fig. 8e, that the discharge curve comprises two steps: the ini-
tial step shows rapid discharge, and the later step shows slow
discharge. In the first half of the steps, the rapid discharge
is due to an electron deficiency of furan oxygen, which is
partially removed by the hydroxide ion of the electrolyte,
and slowing down the discharging process in the latter part.
Scheme 1c demonstrates the larger or near 100% Columbic
efficiency of polyazomethines.

Conclusion

We have synthesized a bio-based monomer polyazome-
thines (OTD) at room temperature using the polyconden-
sation method. The resulting polymers were soluble in
organic solvents and exhibited significant bands and atomic
peaks, which have been revealed through spectroscopic
techniques. XRD analysis revealed that the OTD series pos-
sess an amorphous structure. The FESEM image of OTD-2
powder showed granular morphology, while surface wet-
tability measurement tests indicated a 31.88° water con-
tact angle value, which suggested that the electrode has an
enhanced capacity for electrolyte ion infiltration and thus
more redox reactions can occur over a larger area. In 0.5 M
NaOH electrolyte, the OTD electrodes demonstrate a maxi-
mum C, of 272.36 F ¢!, an SE of 6.06 Whr kg™!, and an
SP of 16.20 kW kg~!. The stability of OTD-2 is excellent
(71.25%). Overall, the elevated supercapacitive character of
the OTD electrode is attributed to the easy processing, high

gslppl @ Springer

energy density, lightweight, high conductivity, and envi-
ronmental friendliness of the polyazomethines produced
through this method.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13726-023-01260-y.

Data availability Data will be made available on request.
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