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A B S T R A C T   

Background: Conjugated microporous polymers (CMPs) have been applied widely in several energy storage ap
plications. Triphenylamine derivatives are good electrode materials that can be processed into SC devices 
because of their high charge mobilities, unique electronic properties, and high redox activity. 
Methods: We prepared two novel tetrabenzonaphthalene-linked conjugated microporous polymers (TBN-pH 
CMPs) through [4 + 2] and [4 + 3] Schiff-base condensations of 2,7,10,15-tetra(4-formylphenyl)tetrabenzo
naphthalene (TBN-PhCHO) with tetrakis(4-aminophenyl)ethene (TPE-4NH2) and tris(4-aminophenyl)amine 
(TPA-3NH2), respectively. Fourier transform infrared, and solid-state 13C NMR spectroscopy investigated the 
structures of the as-prepared CMPs. 
Significant Findings: These CMPs, had large surface areas and outstanding thermal stability at temperatures of up 
to 400 ◦C, making them suitable for use as electrodes in supercapacitor (SC) systems. Indeed, the TBN-TPA 
CMP–based electrode had high specific capacitances (251 F g − 1 measured at 0.5 A g–1) and capacity re
tentions (94%, measured after 5000 cycles at 10 A g–1) when tested in three-electrode systems. We attribute the 
remarkable electrochemical activity and conductivity of the TBN-TPA CMP electrode to its large specific surface 
area (230 m2 g–1) and chemical structure featuring stacking of the benzene rings of its redox-active triphenyl
amine moieties.   

1. Introduction 

With the rapid elevation of carbon dioxide (CO2) emissions from 
fossil fuels, our global societies are facing challenges relating to global 
warming, resource scarcity, and environmental pollution [1–4]. Great 
efforts are being made to decrease CO2 emissions through the develop
ment of inexpensive eco-friendly devices that should provide sustainable 
benefits to our communities [5,6]. For example, functional, reliable, and 
flexible electrochemical energy storage (EES) systems, including 
lithium-ion batteries, water-splitting electrolyzers, and supercapacitors 
(SCs), are becoming increasingly popular for powering emerging elec
tronic devices. In particular, SCs [also known as electrical-double-layer 
capacitors (EDLCs)] are being employed in supplementary emergency 

power systems, energy recovery systems, smart grids, new energy ve
hicles, and high power supplies, owing to their very long cycle lives, 
ultrahigh power densities, exemplary rate capabilities, broad operating 
temperature ranges, ultrahigh charging/discharging rates, and 
outstanding reversibility; they also have great potential to accommodate 
growing power demands [7–12]. Nevertheless, the energy densities 
achieved by SCs remain low when compared with those of other 
rechargeable batteries; furthermore, SCs occupy only a small sector of 
the market for EES devices [13,14]. Great efforts are being made, 
however, to enhance the energy densities of SCs and create materials 
with multifunctional characteristics (i.e., large surface areas, tunable 
porous structures, highly conductive networks, and wettability) so that 
the utility of SC devices can be extended [15,16]. Conjugated polymers 
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are often employed in SC devices, in part because they are inexpensive 
and abundant. For example, polyaniline nanostructures offer a capaci
tance of 1221 F g–1 when applied as electrode materials; this value is 
much higher than the specific capacitances provided by activated car
bon electrodes (˂200 F g–1) [17,18]. Nevertheless, classical conjugated 
polymers (e.g., polypyrrole, polythiophene, and polyaniline) are usually 
nonporous and not sufficiently durable; they generally experience 
degradation after being subjected to charge/discharge cycles, due to 
shrinkage and swelling of their mostly linear macromolecular compo
nents [19]. Because they feature expanded π-conjugated sequences 
within nanoporous polymer networks, conjugated microporous poly
mers (CMPs) are an emerging class of porous organic polymers (POPs) 
with great potential for use in SCs [20–23]. CMPs have typically been 
constructed using C–N or C–C coupling reactions (e.g., Buch
wald–Hartwig amination, Schiff base formation, cyclotrimerization, 
phenazine ring fusion, Yamamoto coupling, Suzuki–Miyaura coupling, 
Sonogashira–Hagihara coupling, and oxidative polymerization) 
[24–30]. The resulting CMPs have been tested for use in a plethora of 
applications, including energy storage, energy conversion, catalysis, 
chemosensing, gas separation and storage, light-emitting diodes, and 
various biological fields [31–45]. Owing to the numerous building 
blocks of CMPs structures, the ability to vary their π-conjugated units, 
and their ready structural tunability, CMPs are in many ways better than 
traditional electrode materials when designing SC electrodes [46–50]. 
Herein, we describe two novel CMP networks formed through facile 
Schiff-base condensations of 2,7,10,15-tetra(4-formylphenyl)tetraben
zonaphthalene (TBN-PhCHO) with the amino monomers tetrakis 
(4-aminophenyl)ethene (TPE-4NH2) and tris(4-aminophenyl)amine 
(TPA-3NH2). These CMP materials possessed good porosities and 
outstanding redox activities, making them appropriate electrode mate
rials for three-electrode and symmetrical SC (SSC) devices. 

2. Experimental part 

2.1. Materials 

Potassium carbonate (K2CO3), anhydrous magnesium sulfate 
(MgSO4), charcoal, 10% Pd/C, 4,4́-diaminobenzophenone, 4-formylphe
nylboronic acid (PhB-CHO), acetic acid (AcOH), and sodium hydroxide 
(NaOH) were purchased from Sigma–Aldrich. Hydrazine monohydrate, 
mesitylene, 1,4-dioxane (DO), tetrahydrofuran (THF), and acetone were 
obtained from Alfa Aesar. Tetrabromotetrabenzonaphthalene (TBN-Br4) 
was prepared according to our previous reported [4]. 

2.2. 2,7,10,15-Tetra(4-formylphenyl)tetrabenzonaphthalene (TBN- 
PhCHO) 

Pd(PPh3)4 (0.1 g, 0.08 mmol) and K2CO3 (0.88 g, 6.34 mmol) were 
placed in the two-neck round-bottom flask (250 mL) containing TBN-Br4 
(0.510 g, 0.790 mmol) and PhB-CHO (0.712 g, 0.4.80 mmol) and then 
the system was degassed three times through pumping with N2. Then, 
1,4-dioxane (DO, 80 mL) was added, and the mixture was heated at 100 
◦C for 48 h. After that, ice/cold water was added, followed by HCl (2 mL) 
to dissolve any potassium carbonate that remained. The crude yellow 
product was heated under reflux in MeOH (35 mL) for 45 min to remove 
any residual reactants. TBN-PhCHO was obtained as a yellow solid after 
filtration and drying in an oven (Scheme S1). FTIR (Fig. S1): 2824, 2734 
(CH––O), 1690, 1603. 1H NMR (DMSO‑d6, δ, ppm, Fig. S2): 10.073 (4H, 
CH––O), 8.060–7.738 (aromatic CH). 13C NMR (DMSO‑d6, δ, ppm, 
Fig. S3): 192.72, 144.28, 135.81, 135.09, 134.43, 134.43, 130.29, 
130.14, 128.27, 127.82, 127.15, 115.74. 

Fig. 1. (a) FTIR spectra, (b) solid-state 13C NMR spectra, (c) TGA traces, (d) XRD patterns, (e) N2 sorption isotherms, and (f) PSD profiles of the TBN-TPE and TBN- 
TPA CMPs. 
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2.3. Tetrakis(4-aminophenyl)ethene (TPE-4NH2) [51] 

HCl (45 mL) was added to 4,4́-diaminobenzophenone (0.950 g, 4.27 
mmol) at 65 ◦C under N2. Sn (2.85 g, 23.8 mmol) was added slowly into 
the mixture, which was then kept at 70 ◦C for 20 h. The flask was cooled, 
and the solid was washed with water, MeOH, and 1 N NaOH. TPE-4NH2 
was obtained as a green powder after drying in an oven for 24 h at 55 ◦C 
(Scheme S2). FTIR (KBr, cm–1, Fig. S4): 3421, 3357 (N–H), 3027 (aro
matic C–H), 1520 (C = C). 1H NMR [DMSO‑d6, δ, ppm, Fig. S5(a)]: 6.58 
(8H), 6.28 (8H), 4.84 (8H, NH2). 13C NMR [DMSO‑d6, δ, ppm, Fig. S5 
(a)]: 146, 136.7, 132.8, 131.6, 113.1. 

2.4. Tris(4-aminophenyl)amine (TPA-3NH2) [52] 

TPA-3NO2 (6.60 g, 17.36 mmol) was dissolved in DO (50 mL), then 
10% of Pd/C powder (0.43 g, 4.04 mmol) was mixed, and then the 
mixture was heated at 90 ◦C. After 2 h, hydrazine hydrate (17.9 g, 394 
mmol) was added dropwise, and then heating the mixture was continued 
for two days. After cooling to room temperature, charcoal was added, 
and the solids were filtered off. The filtrate was mixed with ice for 1 h to 
give a green precipitate. TPA-3NH2 was collected through filtration 
(Scheme S3). FTIR (KBr, cm–1, Fig. S6): 3407 and 3335 (N–H). 1H NMR 
[DMSO‑d6, δ, ppm, Fig. S7(a)]: 6.70–6.38 (aromatic C–H), 4.68 (s, 4H, 
NH2). 13C NMR [DMSO‑d6, δ, ppm, Fig. S7(a)]: 143.18–114.80 (aro
matic carbon nuclei). 

2.5. TBN-TPE and TBN-TPA CMPs 

TBN-PhCHO (0.050 g, 0.067 mmol), TPE-4NH2 (0.026 g, 0.066 
mmol), and AcOH (6 M, 1 mL) were mixed together in mesitylene/DO 
(1:1, 10 mL) in a Pyrex tube (25 mL). The mixture was frozen using 
liquid N2 (at 77 K) and degassed through three freeze/pump/thaw cy
cles, and then the tube was closed under the vacuum of an oil pump. 
After three days of heating the tube at 110 ⁰C, the tube was cooled, and 
the resulting solid was gained by filtration and then washed three times 

Table 1 
TGA as well as BET results of TBN-TPE and TBN-TPA CMPs.  

Sample Td5 ( 
◦C) 

Td10 ( 
◦C) 

Char yield 
(wt%) 

Surface area 
(m2 g–1) 

Pore size 
(nm) 

TBN-TPE 
CMP 

372 457 73 126 1.96 

TBN-TPA 
CMP 

332 346 66 230 1.99  

Fig. 2. (a–f) SEM images of the (a–c) TBN-TPE and (d–f) TBN-TPA CMPs, presented at various magnifications. (g, h) TEM images of the (g) TBN-TPE and (h) TBN- 
TPA CMPs and their EDS elemental maps for C, N, and O atoms. 
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with THF, MeOH, and acetone. TBN-TPECMP was obtained as a green 
powder after drying at 70 ◦C overnight under a vacuum (Scheme 1). 
Employing the same method, but using TPA-3NH2 (0,026 g, 0.089 
mmol) in place of TPE-4NH2, TBN-TPA CMP was afforded as a gray 
powder (Scheme 1). FTIR [KBr, cm–1, Fig. 1(a)]: 2828, 2739 (CH––O), 
1697 (C = O). 

3. Results and discussion 

We prepared the novel imine-linked TBN-TPE and TBN-TPA CMPs 
through Schiff-base condensations of TBN-PhCHO with the amino 
monomers TPE-4NH2 and TPA-3NH2, respectively, in a mixture of 
mesitylene, DO, and 6 M AcOH at 110 ◦C for three days (Scheme 1). We 
synthesized the precursors TBN-PhCHO, TPE-4NH2, and TPA-3NH2 in 
good yields by using previously reported procedures (Schemes S1–S3). 
The Fourier transform infrared (FTIR) spectrum (Fig. S1) of the TBN- 
PhCHO monomer featured three significant bands at 2824, 2734 
(CH––O), and 1696 (C = O) cm–1, consistent with the presence of 
aldehyde groups, as confirmed by the 1H NMR spectrum containing a 
signal at 10.06 ppm (Fig. S2). For the TPE-4NH2 and TPA-3NH2 
monomers, the FTIR spectra (Figs. S4 and S6) displayed absorption 
bands at 3421 and 3357 cm–1 for TPE-4NH2 and at 3407 and 3335 cm–1 

for TPA-3NH2, representing N–H stretching of the amino groups. The 
presence of amino groups in TPE-4NH2 and TPA-3NH2 was confirmed 
through the appearance of signals at 4.84 and 4.68 ppm, respectively, 
based on 1H NMR data [Figs. S5(A) and S7(A)]. The solubility test 
revealed that TBN-TPE and TBN-TPA CMPs are insoluble in most organic 
solvents [Fig. S8]. We characterized our imine-linked CMPs using FTIR 
and solid-state 13C NMR spectroscopy. The FTIR spectra of both CMPs 
both featured intense signals at 1618 and 1601 cm–1, representing their 

imino (C = N) and aromatic (C = C) units, as well as attenuated bands 
centered at 2828, 2739, and 1697 cm–1, attributable to remaining ter
minal formyl groups [Fig. 1(a)]. The solid-state 13C NMR spectra of the 
TBN-TPE and TBN-TPA CMPs both featured a signal near 163 ppm, 
representing the carbon nuclei of C = N groups, confirming the presence 
of imino linkers. In addition, signals appeared at 178 ppm and in the 
range 118–135 ppm, representing the terminal formyl units and the 
aromatic carbon nuclei, respectively. Furthermore, a significant signal 
was evident near 143 ppm in the spectrum of the TBN-TPE CMP, rep
resenting the C = C groups in the tetraphenylethylene units [Fig. 1(b)]. 
As can be seen in FTIR results [Figs. S9 and S10], both TBN-TPE and 
TBN-TPA CMPs have excellent chemical stability in organic solvents. 
Next, we used thermogravimetric analysis (TGA) under N2 air to 
examine the thermal stabilities of our imine-linked CMPs. The TGA 
traces of both samples revealed high 5 and 10 wt% decomposition 
temperatures (Td5 and Td10, respectively) and large residual weights. For 
the TBN-TPE CMP, the values of Td5 and Td10 were 372 and 457 ◦C, 
respectively, and the residual weight was 73 wt%; for the TBN-TPA 
CMP, these values were 332 and 346 ◦C and 66 wt%, respectively 
[Fig. 1(c) and Table 1]. Powder X-ray diffraction (PXRD) analyses 
revealed amorphous nature for both the TBN-TPE and TBN-TPA CMPs, 
confirming their amorphous nature [Fig. 1(d)]. To investigate the po
rosities of our CMPs, we performed N2 sorption measurements at 77 K. 
The TBN-TPE and TBN-TPA CMPs both provided type III isotherms, with 
Brunauer–Emmett–Teller (BET) surface areas (SBET) of 126 and 230 m2 

g–1, respectively [Fig. 1(e)]. We applied non-local density functional 
theory to evaluate the pore size of our two CMPs. The pore size distri
bution (PSD) profiles of the TBN-TPE and TBN-TPA CMPs revealed 
average pore widths of 1.96 and 1.99 nm, respectively [Fig. 1(f)]. 

Fig. 2 presents scanning electron microscopy (SEM) and transmission 

Fig. 3. (a, b) CV and (c, d) GCD curves of the (a, c) TBN-TPE and (b, d) TBN-TPA CMPs.  
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electron microscopy (TEM) images of the TBN-TPE and TBN-TPA CMPs. 
The SEM images [Fig. 2(a)–(f)] of both samples revealed the presence of 
aggregated nanoparticles distributed throughout their surfaces. The 
corresponding TEM images [Fig. 2(g) and 2(h)] revealed the spherical 
morphologies of the two samples. SEM elemental mapping images of 
these CMPs identified the presence of C, N, and O atoms distributed on 
their surfaces (Figs. 2, S11, and S12). 

3.1. Three-Electrode electrochemical performance of the CMPs 

In an aqueous solution of KOH (1.0 M), both the TBN-TPE CMP and 
TBN-TPA CMPs electrochemical performance was evaluated using cyclic 
voltammetry (CV) and galvanostatic charge/discharge (GCD) profiles 
with the three-electrode system made up of glassy carbon, platinum, and 
Hg/HgO as the working, counter, and reference electrodes, respectively. 
Fig. 3(a) and 3(b) display the CV curves of the TBN-TPE and TBN-TPA 
CMPs, respectively, measured over the potential range from –1.0 to 
0.0 V (vs Hg/HgO) using a wide range of scan rates (from 5 to 200 mV 
s–1). The curves of both CMPs possessed characteristic rectangle-like 
humped shape, with redox peaks at − 0.3 V and − 0.5 V for TBN-TPE 
and TBN-TPA CMP respectively, and this shape has stayed constant 
with scan-sweeping, demonstrating that both of the obtained 
TBN–CMPs are stable concerning the current sweep and depict capac
itance from EDLCs. The galvanostatic charge/discharge curves in which 
a nonlinearity arose revealed typical pseudo-capacitive behaviors of the 
samples, allowing for the observation of the redox processes. The redox 
peaks in the CV curves are connected with a minor variation in line 
slopes at around − 0.3 V and − 0.5 V for TBN-TPE and TBN-TPA CMP 
respectively [53]. Due to high surface areas and abundance of electrons 
from their phenyl groups, both CMPs exhibit high CV curve coherence 
across the range of scan rates. Furthermore, the abundance of hetero
atoms and distinctive morphologies of these CMPs were responsible for 
their pseudocapacitance, with the CMPs experiencing high degrees of 

electron transfer through the formation of good contacts with the elec
trolyte. The CV curves also revealed the excellent rate capacities and 
straightforward kinetics of these CMPs. We examined the GCD patterns, 
and the capacitances of these materials at various current densities be
tween 0.5 and 20 A g–1 [Fig. 3(c) and (d)]. All of the GCD curves featured 
a bowed-triangle form, suggesting a combination of pseudocapacitive 
and EDLC properties, presumably because of the presence of hetero
atoms. Similar results for the coulombic efficiency (higher than 100%) 
[54–56], according to the physical definition, indicates that the system 
may be charged quickly and released gradually. This is due to the 
electrolyte ions’ quick intercalation and surface diffusion during 
charging, and sluggish deintercalation during discharging, which im
plies that our TPA-CMP materials might be used as a potential hybrid 
battery-type supercapacitor. Fig. 4(a) presents the specific capacitance 
plots of our CMPs. The capacitances of the TBN-TPE and TBN-TPA CMPs 
were 130 and 251 F g–1, respectively, measured at a current density of 
0.5 A g–1. We attribute the TBN-TPA CMP’s remarkable performance to 
its chemical structure and high specific surface area (230 m2 g–1). The 
stacking of the benzene rings of its triphenylamine (TPA) moieties 
provided a structure suitable for high electrochemical activity and 
conductivity, due to electron dispersion, with its high porosity mini
mizing the effects of the electrolyte [57–60]. We investigated the cycling 
stabilities of our two CMPs over 5000 cycles at 10 A g–1 [Fig. 4(b)]. The 
capacity retention of the TBN-TPA CMP (94%) was higher than that of 
the TBN-TPECMP (89%). Even at high current densities, these com
pounds remained stable over extended cycling. In addition, the energy 
density of the TBN-TPA CMP (35 W h kg–1) was extraordinary when 
compared with that of the TBN-TPE CMP (18 W h kg–1) [Fig. 4(c)]. 

Further, the electric resistance provided by various electrodes via the 
ion diffusion process was investigated using electrochemical impedance 
spectroscopy. Fig. 5(a) displays several Nyquist plots, with identical 
fitted circuits, that allowed us to determine various features (e.g., series 
and charge transfer resistances) of the electrodes. In the presented fitting 

Fig. 4. (a) Specific capacitances, (b) cycling stability profiles, and (c) Ragone plots of the TBN-TPE and TBN-TPA CMPs.  
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circuit, the series and charge transfer resistances, the two constant phase 
elements, and the Warburg element are represented as Rs, Rct, CPE-EDL, 
CPE-P, and Zw, respectively [Fig. 5(b)]. According to Table 2, the initial 
series resistances (ohmic resistances) of the electrodes of the TBN-TPE 
and TBN-TPA CMPs were 15.49 and 30.83 Ω, respectively; their 
charge transfer resistances were 75.1 and 429.5 Ω, respectively. Even 
though the ohmic and charge transfer resistances of the TBN-TPECMP 
electrode were lower than those of the TBN-TPA CMP, both offered 
high specific capacities. Fig. 5(c) presents the frequency-dependent- 
magnitude Bode plots. The profiles feature slanted lines of negative 
slope at low frequencies and minimal resistances at higher frequencies, 
illustrating the excellent capacitive properties of these electrode mate
rials. Fig. 5(d) displays the frequency-dependent phase angle charts for 
several electrodes. We calculated the knee frequencies from this figure 
for a phase angle of 45◦, at which the electrodes’ capacitive and resistive 
characteristics were identical. The knee frequencies of the TBN-TPE and 
TBN-TPA CMPs were 1.95 and 106.2 Hz, respectively. The rate perfor
mance is related to knee frequency; according to previous reports [61, 
62], a greater rate performance is frequently linked to a higher knee 
frequency. We conclude that both the TBN-TPE and TBN-TPA CMPs 

demonstrated remarkable efficiency for use as electrode materials for 
energy storage. 

In addition, we assembled CR2032 coin cells to assess the electro
chemical performance of SSCs incorporating the TBN-TPE and TBN-TPA 
CMPs over the potential range from –0.7 to +0.3 V. We recorded the CV 
profiles of the TBN-TPE and TBN-TPA CMPs at various scan speeds be
tween 5 and 200 mV s–1 [Fig. 6(a) and 6(b)]. All of the CV curves 
exhibited almost rectangular shapes, accompanied by humps in the 
lower potential region; this appearance is characteristic of SCs display
ing both double-layer and pseudocapacitive properties. The integrity of 
the electrodes remained mostly intact upon increasing the scan rate, 
indicating a rise in current density and the greater rate capability, in 
addition to stability, of these electrode materials. Fig. 6(c) and 6(d) 
display the GCD profiles of the TBN-TPE and TBN-TPA CMP electrodes, 
respectively, measured at various current densities (1–10 A g–1). The 
curves reveal the effects of both pseudocapacitance and electric double- 
layer capacitance; they are almost triangular, with an absent curve 
resulting from the heteroatoms in the CMP structures. At a current 
density of 1 A g–1, the specific capacitances of the TBN-TPE and TBN- 
TPA CMP electrodes, determined from the GCD curves, were 20 and 
32 F g–1, respectively [Fig. 7(a)]. Thus, the capacitance of the TBN-TPA 
CMP electrode was higher than that of the TBN-TPE CMP, presumably 
because its higher surface area facilitated ion mobility, thereby boosting 
the rate capability and stability of the electrode, leading to the mate
rial’s exceptional performance. In addition, we tested the cycling sta
bility of the CMPs over 5000 cycles at 10 A g–1 [Fig. 7(b)]. The capacity 
retention of the TBN-TPA CMP (90%) was higher than that of the TBN- 
TPE CMP (85%). Furthermore, the energy density of the TBN-TPE CMP 

Fig. 5. (a) Nyquist plots, (b) fitted circuits, (c) Bode plots of the frequency with respect to the magnitude of resistance, and (d) Bode plots of the frequency with 
respect to phase angle to determine the knee frequency. 

Table 2 
Various parameters of the fitted Nyquist plots.  

Sample Rs (Ω) Rct (Ω) CPE-EDL (S.sn) CPE-P (S.sn) 

TBN-TPA-CMP 30.83 429.5 0.0001159 0.0002052 
TBN-TPE-CMP 15.49 75.1 0.0000112 0.0009756  

M.M. Samy et al.                                                                                                                                                                                                                               



Journal of the Taiwan Institute of Chemical Engineers xxx (xxxx) xxx

7

(3 W h kg–1) was slightly lower than that of the TBN-TPA CMP (5 W h 
kg–1) [Fig. S13]. Fig. S14 presents a photograph of a bright LED powered 
by a TBN-TPA CMP–containing an SSC coin cell. 

4. Conclusion 

We have prepared two tetrabenzonaphthalene-linked CMPs—the 
TBN-TPE and TBN-TPA CMPs, with specific surface areas of 126 and 230 
m2 g–1, respectively—through facile Schiff-base condensations. The 

TBN-TPA CMP, comprising tetrabenzonaphthalene and TPA moieties, 
appears to be a suitable electrode material for energy storage applica
tions, because its chemical structure, effective porosity, and stacking of 
benzene rings in its redox-active TPA units led to high electrochemical 
activity and high conductivity. The TBN-TPA CMP presented 
outstanding specific capacitances of 251 F g − 1 (at 0.5 A g − 1) and 32 F 
g–1 (at a current of 1 A g–1), along with high-capacity retentions of 94 
and 90% after 5000 cycles at 10 A g–1, when measured in both three- 
electrode and two-electrode SSC devices, respectively. These findings 

Fig. 6. (a, b) CV and (c, d) curves of SSC coin cells incorporating the (a, c) TBN-TPE and (b, d) TBN-TPA CMPs.  

Fig. 7. (a) Specific capacitances, and (b) long cycling stability profiles of SSC coin cells incorporating the TBN-TPE and TBN-TPA CMPs.  
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suggest that it will be possible to design highly efficient electroactive 
materials for applications in energy storage systems, batteries, and other 
electrochemical devices. 
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