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Conjugated microporous polymers (CMPs) are considered an important material, combining aspects of both microporosity 

and extended π-conjugation. However, pristine CMP electrodes suffer from poor electrical conductivity which limits the 

material in electrochemical applications. In this work, direct carbonisation of conjugated microporous polymers (CMPs) 

yields porosity-engineered carbons, important for the flow of ions through the electrode. These conductive carbonised 

CMPs show specific capacitance as high as 260 F g-1, excellent rate capability and no loss in performance after 10000 

charge/discharge cycles. This study provides a procedure to enhance the performance of CMP-based materials, opening 

up a new source of electroactive materials. 

Introduction 

Supercapacitors are energy-storage devices characterised by 

high-power density, long cycle life, and rapid charge/discharge 

capability.
1
 The demand for new supercapacitive materials is 

driven by technological advances in electronic devices and in 

transportation requiring high power and large energy density. 

Supercapacitive energy storage operates by electric double-

layer capacitance (EDLC) or pseudocapacitance (PC) 

mechanisms. EDLC functions by reversible charge 

accumulation at the electrode-electrolyte interface. The 

amount of stored charge is proportional to the capacitance of 

the electrode,
2
 thus favoring high surface area (SA) materials, 

although there is no linear relationship between capacitance 

and SA.
3, 4

 By contrast, PC is Faradaic, exploiting fast reversible 

redox reactions at the surface of electroactive species. PC 

generally provides a higher energy density than EDLC, but 

typically at the expense of power density and cycle life.
5
 One 

strategy for achieving high energy densities while 

simultaneously keeping a high power density and cycle life is 

to combine principles from both EDLC and PC.  

In developing supercapacitive electrode materials, it is 

important to consider the kinetics of ion and electron 

transport in electrodes and at the electrode-electrolyte 

interface. Thus, an electrode material with fine control over 

pore structure and good electrical conductivity is required.
6
 

Activated carbons have been studied extensively but a major 

challenge with these materials is the poor control that exists 

over pore size distribution and pore structure. The process by 

which carbons are produced using activating agents generally 

results in a broad pore size distribution.
7
 Templating methods 

have been employed to assist in the control of pore size 

distribution, but this still results in large pore lengths (0.5–

1 μm), which make ion diffusion inefficient. 

Conjugated microporous polymers (CMPs) are a class of 

materials that combine extended π-conjugation within a 

microporous framework. CMPs have emerged as useful 

materials for applications such as catalysis,
8-11

 light 

harvesting,
12

 carbon dioxide capture,
13, 14

 superhydrophobic 

separations,
15

 luminescence,
16

 sensing,
17

 and fluorescence 

enhancement.
18

 In 2011, Kou et al. reported interesting 

specific capacitance results for an aza-CMP material.
19

 

However, the cyclic voltammetry (CV) profiles did not show 

the rectangular-like i-E curve traditionally observed for 

supercapacitors. Instead the current proportionately increased 

with the shift in electrode potential in both the positive and 

negative sweeps over the whole potential range, which can be 

associated with high electric resistance.
20

 The resistance was 

predominant at faster scan rates, which is unfavorable for 

supercapacitor applications. Most CMPs, though conjugated in 

nature, are not electrically conductive due to the poor orbital 

overlap of the twisted benzene rings (e.g., in polyarylene 

ethynylenes) and inefficient packing within the amorphous 3D 

structure. The combination of these two factors makes many if 

not most CMPs reported so far unsuitable for electrochemical 

applications. A traditional strategy to enhance conductivity in 

carbon-based materials is to graphitise the structure through 

high temperature carbonisation.
21-23

 CMPs have previously 

been used as carbonisation precursors for gas sorption and 

related applications but have not yet been thoroughly 

investigated as a supercapacitor.
24-26
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In this work, we explore the effects of carbonisation on the 

capacitive behaviour of CMPs in aqueous electrolytes using 

voltammetric and galvanostatic charge-discharge techniques. 

We used the first reported CMP, ‘CMP-1’,
27

 as an example to 

demonstrate the flexibility of this approach (Scheme 1). 

 

 

Scheme 1 Carbonisation of CMP-1. 

Experimental 

Preparation of CMP-1 

 CMP-1 was synthesised by previously reported literature 

methods.
27

 

 

Preparation of CMP-1-NH2 

 To a flame-dried 2-necked round bottomed flask under N2 

was added 1,3,5-triethynylbenzene (200 mg, 1.33 mmol), 

2,5-dibromoaniline (334 mg, 1.33 mmol), 

tetrakis(triphenylphosphine)palladium(0) (61.5 mg, 4 mol%) 

and  copper(I) iodide (20.3 mg, 8 mol%). The contents were 

evacuated and purged with N2 three times and to this was 

added toluene (3.3 mL) and triethylamine (2 mL). The dark 

brown mixture was allowed to stir at 80 °C for 3 d. The 

resultant rusty brown mixture was allowed to cool, filtered and 

washed with methanol.  The product was further purified by 

Soxhlet extraction with methanol overnight. The contents 

were then dried in a vacuum oven at 80 °C overnight to yield a 

light brown powder (93 % yield). 

 

Preparation of C1-CMP-1 

 CMP (300 mg) was homogeneously dispersed into a ceramic 

boat. The ceramic boat was then put into a tube furnace. The 

sample was exposed to a flow of N2 at room temperature for 

30 min and then heated to 800 °C with a heating rate of 

5 °C min
-1

 for 2 h and then cooled down to room temperature. 

The resultant black powder was used as obtained. 

 

Preparation of C2-CMP-1 

This follows the preparation of C1-CMP-1 but was held at set 

point for 6 h. 

 

Preparation of N1-CMP-1 

 This follows the preparation of C1-CMP-1 but CMP-1-NH2 

was used as a precursor. 

 

 

Preparation of N2-CMP-1 

 This follows the preparation of C1-CMP-1 but ammonia gas 

was initially used until heating at set point for 2 h was 

complete then the gas flow was switched with a N2 flow. 

 

Preparation of N3-CMP-1 

 This follows the general preparation of N2-CMP-1 but 

C1-CMP-1 was used as the precursor. 

 

Preparation of electrodes 

 Graphite substrates (10 x 10 x 5 mm, Well Hand Industrial 

Corp.) were polished using fine sand paper and sonicated with 

deionised water in an ultrasonic bath for 10 min, then with 

0.5 M H2SO4 for 10 min and finally with deionised water for 

30 min. The substrates were then dried in an oven at 80 ˚C 

overnight. The mass of the electrodes were then measured. 

Active material (8 mg, 80 wt%) was mixed with Super C65 

carbon black (1 mg, 10 wt%) and poly(vinylidine difluoride) 

(PVDF, 1 mg, 10 wt%, Timical) in N-methylpyrrolidinone (NMP, 

1 mL) solvent. The resulting slurry was homogenised by 

ultrasonication and a total of 1 mg of the active material mass 

was coated onto an exposed surface of 10 x 10 mm of the 

substrate by pipette. The substrate was dried at 80 ˚C 

overnight in an oven. Mass loading of the substrate was then 

weighed. The samples were weighed on a 5 decimal place 

balance. 

 

Electrochemical measurements 

 The electrochemical responses were investigated by EC-Lab 

SP-200 (Bio-Logic Science Instruments SAS, France) in a three-

electrode configuration. A Ag/AgCl electrode (Argenthal, 

3 M KCl, 0.207 V vs. standard hydrogen electrode at 25 °C) was 

used as the reference electrode and a platinum wire was 

employed as the counter electrode. A Luggin capillary was 

used to minimize errors due to ohmic potential (iR) drop in the 

electrolyte. Electrolyte solution was degassed for at least 

30 min with N2. The electrolytes for evaluating the capacitive 

performances were 1 M H2SO4, 1 M Na2SO4 and 3 M KOH. The 

specific capacitance (Cs) from CV was calculated using the 

following equation:  Cs = (qa + qc)/(2msΔV),
28-30

 where qa and qc 

represents the anodic and cathodic charge integrated from the 

positive and negative sweeps of the CV, m is the mass loading 

of active material, s is the potential scan speed and ΔV 

corresponds to the potential window of the CV. The specific 

capacitance from charge-discharge profiles was calculated 

using the following equation: Cs = (I×t)/(V×m),
30

 where I is the 

discharge current, t is discharge time, V is the discharge 

voltage and m is the mass of active material on the electrode. 

Results and Discussion 

Using a heating ramp rate of 5 °C min
-1

, CMP-1 was 

carbonised at 800 °C for 2 h or 6 h under a N2 atmosphere. The 

resulting carbons, without post-treatment were labelled 
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Table 1 Pore characteristics of the pre-and post-carbonised CMPs. 

  Surface area/m2 g-1 Total pore 

volumea 

/cm3 g-1 

Pore volume 

/cm3 g-1 

Sample 

BET   

method 

Langmuir 

method 

Micro-

poreb 

Total     

porec 

CMP-1 692 873 0.41 0.18 0.36 

CMP-1-NH2 522 500 1.07 0.04 0.53 

C1-CMP-1 608 633 0.33 0.22 0.32 

C2-CMP-1d 577 601 0.31 0.21 0.28 

N1-CMP-1 791 807 1.15 0.18 0.84 

N2-CMP-1e 1139 1158 0.64 0.40 0.58 

N3-CMP-1e 1436 1451 0.76 0.51 0.71 

a At P/P0 = 0.99. b Determined by t-plot method. c Determined by DFT method. d Held at set-point for 6 h. e Ammonia gas was used. 

 

C1-CMP-1 and C2-CMP-1, respectively. A set point hold time of 

6 h is generally somewhat longer than for other carbonisation 

precursors, which typically require heating at set point of 

around 2 h.
31-33

 This was used due to the thermally stable 

nature of CMP-1, which is already highly conjugated and has 

fewer hydrogens to remove than most other carbon 

precursors. The longer set point hold time for C2-CMP-1 

results in a slightly more carbonised material, which can be 

seen by comparing the C, H, N elemental analysis (Table S1, 

ESI†) for C1-CMP-1 and C2-CMP-1. 

N-doping is known to be beneficial for supercapacitive 

materials because it enables easier dipolar attraction with the 

electrolyte cations,
19

 gives rise to additional pseudocapacitive 

contributions,
34

 and enhances electrical conductivity.
35

 An 

amine-functionalised CMP-1 (CMP-1-NH2), similar to one 

previously synthesised in our group,
36

 was carbonised in the 

same way as C1-CMP-1 to produce N1-CMP-1. Replacement of 

the N2 gas flow with ammonia in the carbonisation process for 

CMP-1 allowed incorporation of additional nitrogen into the 

graphitised polymer, N2-CMP-1. Further carbonisation of 

C1-CMP-1 in the presence of ammonia afforded a third 

nitrogen-doped carbon, N3-CMP-1 (Table 1). 

   Heating of pristine or carbonised CMP-1 in the presence of 

ammonia resulted in a dramatic increase in porosity, 

concomitant with N doping, as observed by X-ray 

photoelectron spectroscopy (XPS). XPS of N1-CMP-1 shows a 

primary C 1s peak at 285 eV, a small O 1s peak at 533.3 eV, 

and a weak N 1s peak at 401.2 eV (Fig. 1a).
37

 N2-CMP-1 and 

N3-CMP-1 has a dominant C 1s peak at 285 eV, a smaller signal 

for the O 1s peak at 533.2 eV, and a N 1s peak at 400.1 eV 

(Fig. 1b,c). Analysis of the C 1s peak for all the samples 

suggests the presence of C=C at 284.7 eV,
38

 sp
2
 bonded C=N at 

285.5 eV and sp
3
 bonded C-N at 286.9 eV.

39
 These peaks verify 

the integration of N atoms into the carbonised CMP-1 samples 

(1.9 % N-C atomic ratio in N1-CMP-1; 10.4 % N-C atomic ratio 

in N2-CMP-1; 5.3 % N-C atomic ratio in N3-CMP-1). Further 

investigation of the high-resolution N 1s spectrum of these 

samples confirms the presence of pyridinic (398.3 ± 0.2 eV), 

pyrrolic (399.9 ± 0.2 eV), quaternary (401.1 ± 0.2 eV), and 

oxidised (402.8 ± 0.2 eV) nitrogen (Fig. 1d,e,f).
33, 37, 40

 The 

pyridinic and pyrrolic peaks at lower binding energies 

contribute to the π-conjugated system with a pair of 

p-electrons. Substitution of carbon atoms with nitrogen in the 

form of “graphitic” nitrogen results in higher N 1s binding 

energies. The highest energy peak in this environment is 

commonly associated with highly electronegative oxidised 

nitrogen.
41

 Discounting quaternary nitrogen, all other nitrogen 

functional groups are situated at the edges of the layers. The 

different methods of N-doping results in different ratios of 

pyridinic, pyrrolic, quaternary and oxidised nitrogen in the 

material, as summarised in Table S2, ESI†. The main conclusion 

of the nitrogen peak deconvolution analysis is that all samples 

contain a low amount of oxidised nitrogen although the 

pyridinic, pyrrolic, and quaternary functionalities are mostly 

present in identical quantities in N1-CMP-1, whereas pyridinic 

and pyrrolic nitrogen are dominant in the N2-CMP-1 and 

N3-CMP-1 samples, with N3-CMP-1 containing the largest 

amount of pyrrolic nitrogen groups. 

The surface area and pore structure of each CMP precursors 

and carbonised CMP-1 materials were investigated by nitrogen 

sorption measurements at 77.3 K. Both CMP-1 and the 

carbonised materials produced from this precursor show 

predominantly Type-I isotherms, or Type I with some Type-IVa 

isotherm character: there is steep adsorption at low relative 

pressure, indicating microporosity, and a hysteresis loop 

around 0.5 P/P0, indicating mesoporosity (Fig. 2a). CMP-1-NH2 

and its carbonised sample, N1-CMP-1, show Type-II isotherms 

with the adsorption curve increasing steeply at higher relative 

pressure, which can be ascribed to macroporosity. Fig. 2b 

shows the pore size distribution curves for these materials 

derived using nonlocal density functional theory (NL-DFT). 

After carbonisation, the pore size decreases by about 2.5 Å 

compared to the pristine CMP and no additional peaks are 

observed. This is likely due to further micropore development 

of the porous carbonised materials from their CMP precursors, 

as seen in Table 1. The result shows that it is possible to 

produce carbonised CMP materials with fine-tuned pore sizes 

that are related to the pore structure of the CMP precursor.
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Fig. 1 XPS spectra for the (a-c) survey scans of (a) N1-CMP-1, (b) N2-CMP-1, (c) N3-CMP-1, and the (d-f) N 1s core-level spectra of (d) N1-CMP-1, (e) N2-CMP-1, (f) N3-
CMP-1. 

 
Fig. 2 (a) Nitrogen adsorption-desorption isotherms of carbonised CMPs at 77.3 K (the adsorption and desorption branches are labelled with filled and empty 
symbols, respectively) and (b) pore size distribution calculated by NL-DFT. 

 

This is a significant advantage, particularly when engineering 

pore sizes for efficient electrolyte ion diffusion in 

supercapacitors, both CMP precursors seem to give better 

control than a previous study that uses a different porous 

polymer, PAF-1, as the carbon source.
42

 

Field Emission Scanning Electron Microscopy (FE-SEM) was 

used to study the morphology of CMP-1 and the carbonised 

samples. The carbonised samples (Fig. S1, ESI†) all show similar 

morphologies to those of the parent polymer, CMP-1. This 

shows that the morphology of CMP-1 is retained during 

carbonisation, and the enhanced electrochemical properties 

are unlikely due to a morphology change. 

   Raman spectroscopy was used to investigate the graphitic 

structures in the carbonised CMPs (Fig. S2, ESI†). Two first-

order Raman bands are present between 1100 and 1800 cm
-1

; 

namely the disordered (D) band at ~1350 cm
-1

 and the 

graphitic (G) band at ~1590 cm
-1

 attributed to the breathing 

mode of К-point phonons of A1g symmetry and the in-plane 

stretching motion of symmetric sp
2
 C-C bonds respectively.

43, 44
 

Reports demonstrate that the intensity ratio ID/IG of the D and 

G bands in Raman can be used to roughly estimate the average 

in-plane crystallite size (La) of the graphene sp
2
 domains (Eqn 

S1, ESI†).
45, 46

 The ID/IG ratio varied from 2.29 to 2.92, which 

would suggest a range of crystalline domains between 31 and 

40 nm within the structure. High-resolution transmission 

electron spectroscopy also supports some increase in ordering, 

with aligned features observed in the carbonised material and 

none in the as-made CMPs (Fig. S3, ESI†). The materials thus 

show evidence for enhanced long-range structure ordering 

after the carbonisation treatment.   
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Fig. 3 (a) Cyclic voltammograms of carbonised CMPs at a scan rate of 20 mV s-1: C1-CMP-1 (1), C2-CMP-1 (2), N1-CMP-1 (3), N2-CMP-1 (4) and N3-CMP-1 (5). (b) 
Specific capacitance at varying scan rates. (c) Galvanostatic charge-discharge curves of carbonised CMPs at a current density of 1 A g-1. (d) Cyclic voltammograms of 
N3-CMP-1 at varying scan rates between 10 mV s-1 and 200 mV s-1. (e) Cyclic voltammograms of N3-CMP-1 at varying scan rates between 200 mV s-1 and 1000 mV s-1. 
(f) Galvanostatic charge discharge curves of N3-CMP-1 at current densities between 0.1 A g-1 and 1 A g-1. (g) Galvanostatic charge discharge curves of N3-CMP-1 at 
current densities between 1 A g-1 and 10 A g-1. (h) Cycling test of N3-CMP-1 at a current density of 5 A g-1. (i) Nyquist impedance spectrum of N3-CMP-1 measured at 
350 mV vs. Ag/AgCl in 1 M H2SO4. 

 

The electrochemical performance of the resulting samples was 

initially evaluated by CV measurements in a 1 M H2SO4 

aqueous electrolyte using a three-electrode cell. Fig. 3a shows 

the CVs of the carbonised CMP-1 samples at a scan rate of 

20 mV s
-1

. Current response was seen with C1-CMP-1 yielding a 

low specific capacitance of 31.0 F g
-1

 at this scan rate. This 

demonstrates carbonised CMP-1 has enhanced electro-

chemical conductivity against its precursor. C2-CMP-1 shows 

an increase in current density from the CV and achieves a 

higher specific capacitance of 66.1 F g
-1

 at 20 mV s
-1

. The CV 

curve of C2-CMP-1 also shows a more quasi-rectangular shape, 

which is typically characteristic of good reversible 

supercapacitor behaviour.
47

 

   Nitrogen containing carbonised CMPs showed increased 

performance, with capacitances of 96.5 F g
-1

 for N1-CMP-1, 

150.1 F g
-1

 for N2-CMP-1, and 160.9 F g
-1

 for N3-CMP-1 at 

20 mV s
-1

. However, the CV curve of N1-CMP-1 shows a more 

inclined shape compared with the other samples, which may 

be due to limited ion diffusion.
48

 This would explain why the 

capacitance decreases rapidly as the scan rate increases, and 

subsequently the transport time decreases (Fig. 3b). The 

ammonia-treated CMPs, N2-CMP-1 and N3-CMP-1, showed 

high current responses thus greater capacitive performance. 

The better performance of N3-CMP-1 is likely due to its higher 

surface area and greater volume of micropores, which 

contribute to the quasi-rectangular symmetrical shape that 

denotes a highly reversible supercapacitor. The 

charge-discharge times (Fig. 3c) are consistent with the charge 

densities of the CV results. All the carbonised CMP materials 

showed a triangular charge-discharge shape, which is typical 

behaviour for constant charge and discharge for 

supercapacitive materials. The N-doped CMPs superior 

function can be compared with N-doped PAF-1,
49

 which 

showed non-triangular charge-discharge profiles. This was 

particularly pronounced at lower current densities, and may 

indicate poor reversibility, as was also indicated by the 

non-rectangular CV profile produced for the PAF-1 derived
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Fig. 4 (a) Dependence of q on v-1/2 and (b) dependence of 1/q on v1/2 for N3-CMP-1 in acid and basic electrolytes. 

 

materials at faster scan speeds due to possible unideal 

resistance. 

N3-CMP-1 shows high capacitance and possesses nearly 

identical voltammetric charges when integrating from both the 

positive and negative sweeps, indicating excellent reversibility. 

The electrochemical behaviour of this sample was studied 

further, and CV responses of N3-CMP-1 at different scan rates 

from 10 mV s
-1 

to 200 mV s
-1

 are shown in Fig. 3d. The CV 

retains a quasi-rectangular shape when the scan rate is 

increased, with the capacitance only reducing from 164.6 F g
-1

 

at 10 mV s
-1

 to 144.0 F g
-1

 at 200 mV s
-1

, demonstrating 

excellent capacitance rate-retention. Moreover, a specific 

capacitance of 121.6 F g
-1

 was measured at the extremely fast 

scan rate of 1000 mV s
-1

. Voltammetric currents of the 

material also swiftly reach their respective plateau when the 

direction of the potential sweep is changed; even with scan 

rates as fast as 1000 mV s
-1

 (Fig. 3e). This indicates a low 

equivalent series resistance (ESR) for the material arising from 

its high electronic conductivity and the low ionic resistance of 

the electrolyte within the pores during charging and 

discharge.
50

 The charge-discharge profile (Fig. 3f,g) also show a 

consistent triangular shape with varying current densities from 

0.1 A g
-1

 to 10 A g
-1

, leading to capacitances of 175.3 F g
-1

 at 

0.1 A g
-1

, 164.0 F g
-1

 at 1.0 A g
-1

, and 148.6 F g
-1

 at 10 A g
-1

, 

highlighting this material’s notable capacitance retention and 

Coulombic efficiencies of 97 %, 100 % and 100 %, respectively. 

Even after 10000 charge-discharge cycles at a current density 

of 5 A g
-1

, the material did not show any loss in capacitance 

suggesting excellent stability (Fig. 3h). In fact a slight increase 

in capacitance was observed which is likely due to progressive 

wetting of a small fraction of less accessible and therefore 

previously occluded pores during extended cycling. A Nyquist 

plot of N3-CMP-1 in the low frequency region shows the 

impedance of the imaginary part approaches vertical, 

indicative of typical ideal capacitive behaviour (Fig. 3i).
51

 

 The respective contributions of EDLC and PC of N3-CMP-1 

can be compared against each other due to the relatively 

slower electrochemical kinetics that arise from Faradaic redox 

reactions participating in the PC mechanism,
34

 originating from 

the same procedure in estimating the outer electroactive sites 

of metal oxides.
52-54

 The total maximum specific capacitance, 

CS,T,M, is partitioned from EDLC and PC. In this procedure, the 

total voltammetric charge, qT, is calculated from estimating the 

charge to v = 0 from the plot of 1/q vs. v
1/2

 (Fig. 4b). The 

specific capacitance associated with EDLC, CS,DL, is calculated 

from the double-layer charge, qDL, which is estimated from the 

charge to v = ∞ from the plot of q vs. v
-1/2

 (Fig. 4a). The PC 

charge can be obtained by the difference between qT and qDL. 

Thus, CS,T,M, CS,DL and CS,P, is calculated by dividing the 

corresponding charge with its respective potential window of 

the CV, i.e. 0.9 V and 1.1 V for 1 M H2SO4 and 3 M KOH 

respectively (Table 2). The presence of N-containing functional 

groups in the material gives rise to 14% of pseudocapacitance 

associated with CS,T,M. Therefore the material possesses both 

EDLC and PC mechanisms which can be seen from the redox 

peaks in Fig. 3d. 

   N3-CMP-1 was also investigated using different aqueous 

electrolytes of varying pH. The ionic strength was kept 

constant to correspond to the 1 M H2SO4 that was used 

previously. Fig. 5a shows the CVs of N3-CMP-1 in 1 M Na2SO4 

at scan speeds from 10 mV s
-1 

to 200 mV s
-1

. The CV profile of 

1 M Na2SO4 shows a quasi-rectangular shape with good 

capacitances of 116.9 F g
-1

 at 10 mV s
-1

 and 100.3 F g
-1

 at 

200 mV s
-1

. The voltammetric currents when using 1 M Na2SO4 

aqueous electrolyte are slightly lower than when using 

1 M H2SO4 which is a known phenomenon due to better 

conductivity of acidic electrolyte arising from the proton 

hopping mechanism in aqueous media.
55

 This electrolyte also 

yielded symmetrical triangular charge-discharge profiles 

(Fig. 5b), with a specific capacitance of 145.4 F g
-1

 at 0.1 A g
-1

. 

The use of 3 M KOH for N3-CMP-1 gave rise to a fair
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Fig. 5   (a) Cyclic voltammograms of N3-CMP-1 at varying scan rates in 1 M Na2SO4. (b) Galvanostatic charge-discharge curves of N3-CMP-1 at varying current densities 
in 1 M Na2SO4. (c) Cyclic voltammograms of N3-CMP-1 at varying scan rates in 3 M KOH. (d) Galvanostatic charge-discharge curves of N3-CMP-1 at varying current 
densities in 3 M KOH. 

 

Table 2   Summary of maximum total specific capacitance (CS,T,M), double-layer 

capacitance (CS,DL) and pseudocapacitance (CS,P) of N3-CMP-1 in acidic and basic 

electrolyte. 

Electrolyte CS,T,M (F g-1) CDL (F g-1) CP (F g-1) CP/CS,T,M (%) 

1 M H2SO4 169.5 145.3 24.2 14.3 

3 M KOH 185.2 157.1 28.1 15.2 

 

quasi-rectangular CV profile, showing capacitances of 

175.7 F g
-1

 at 10 mV s
-1

, 155.7 F g
-1

 at 200 mV s
-1

 and 127.9 F g
-1

 

at 1000 mV s
-1

 (Fig. 5c). Unusually, and in contrast to the 

previous proton hopping argument, the specific capacitance 

values were higher with 3 M KOH than with 1 M H2SO4. The 

charge-discharge tests on N3-CMP-1 emphasise this showing 

large capacitance of 260.0 F g
-1 

at a current density of 0.1 A g
-1

 

(Fig. 5d). This is not conventional for supercapacitors, although 

the shape of the CV was less symmetrical when using basic 

media, which suggests that there may be increased redox 

activity seen from the addition peaks. This is supported by a 

larger PC contribution, of 15%, towards CS,T,M when compared 

to acidic electrolyte (Table 2). 

The application of carbonised CMPs to supercapacitors offers 

exciting opportunities, and indeed three further works on this 

topic were published during the preparation of this 

manuscript. Yuan et al. initially produced a pillared porous 

graphene framework through the Yamamoto coupling of 

functionalised reduced graphene oxide possessing a 

capacitance of 286 F g
-1

 at 10 mV s
-1

.
56

 They developed this 

further with a composite material composed of a CMP and 

graphene.
57, 58

 Our results demonstrate a simpler, more direct 

approach that can be used for a whole library of CMPs. The 

approach reported by Bhosale et al. requires a specific N- and 

S- containing CMP precursor; however this yielded a non-

rectangular CV profile, which suggests a more resistive 

material.
59

 

Conclusions 

In summary, conductive CMP-type materials were prepared by 

carbonisation of CMPs under various activation methods. Our 

best performing material, N3-CMP-1, shows ideal 

supercapacitive behaviour, with a high capacitance of 175 F g
-1

 

and no signs of degradation after 10000 cycles under an acidic 
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electrolyte. It was also shown that more ideal capacitor 

behaviour can be achieved with a neutral electrolyte and that 

an even higher capacitance of 260 F g
-1

 can be obtained with a 

basic electrolyte. These promising initial results open up a new 

method to achieve electro-active properties from CMPs. 

Further optimisation of these initial findings is expected to 

lead to improved capacitor behaviour and storage properties. 
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