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a  b  s  t  r  a  c  t

Highly  ordered,  three-dimensional  (3D)  cubic  mesoporous  carbon  CMK-8  is  prepared  by  a  facile  nanocast-
ing approach  using  cubic  mesoporous  silica  KIT-6  as  starting  template.  Afterwards,  in  order  to  increase
the  active  sites  of  surface  electrochemical  reactions  and  promote  the  wettability  in  aqueous  electrolyte,
a chemical  surface  modification  is  carried  out  on the  CMK-8  by  nitric  acid  treatment.  Two  electrodes  are
prepared  from  the  CMK-8  and  the  acid-modified  CMK-8  (H-CMK-8)  and  used  as  the  active  materials  for
supercapacitors.  The  unique  3D  mesoporous  network  combined  with  high  specific  surface  area  makes
the nano-channel  surfaces  of  the  CMK-8  carbon  favorable  for charging  the  electric  double-layer,  resulting
ubic mesoporous carbon
hemical modification
pecific capacitance
upercapacitor

in  that  the  CMK-8  and  the  H-CMK-8  electrodes  both  show  well  supercapacitive  properties.  Furthermore,
the  specific  capacitance  of  the  CMK-8  can  be  further  improved  by  acid treatment,  so  that  the  H-CMK-8
exhibits  the  largest  specific  capacitance  of 246  F  g−1 at a current  density  of  0.625  A  g−1 in  2  M  KOH  elec-
trolyte.  Also,  the  two  carbon  electrodes  both  exhibit  good  cycling  stability  and  lifetime.  Therefore,  based
on the  above  investigations,  such  CMK-8  carbon,  especially  H-CMK-8  carbon  can  be  a potential  candidate

for supercapacitors.

. Introduction

It is now essential that high-performance, low-cost and envi-
onmentally friendly electrochemical energy storage systems are
ery important, in response to the needs of modern society and
merging ecological concerns [1,2]. Supercapacitors, as energy-
torage/conversion device exhibiting energy density higher by
rders of magnitude than conventional capacitors, and greater
ower density and longer cycling life than common batteries, have
ttracted considerable attention [3–5]. Perhaps most importantly,
upercapacitors can be charged and discharged at high rates; they
an be either by themselves as the primary power source or in
ombination with fuel cells or batteries to deliver the high power
eeded during acceleration and to recover the energy during brak-

ng [6,7].
Based on the principle of energy storage, the supercapacitors

re classified as faradaic pseudocapacitors and electrical double-
ayer capacitors (EDLCs) [8]. As we know, transition metal oxides
nd conducting polymers which commonly corresponding to

aradaic pseudocapacitors, and carbon materials which commonly
orresponding to EDLCs have been used as supercapacitor elec-
rode materials [9–11]. Although the energy densities of faradaic
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pseudocapacitors are greater than those on EDLCs, the phase
changes in the pseudocapacitance materials limit their lifetime
and power density due to the faradic reaction [12]. Carbon, in
its various forms, has been used as the most ideal materials for
supercapacitors, aiming at high specific capacitance together with
high power density [13–15].  Thus, there has been a great deal of
research effort on boosting the energy performance of the carbon
materials. The studies showed that the increase in capacitance of
carbon materials is achieved mainly by the optimization of pore
size, specific surface area and surface treatments to promote the
wettability in an appropriate electrolyte solution [16,17].

The pore structure of carbon materials (micro-, meso- and
macropore) may  critically affect their physicochemical properties,
specially serving as an electrode material involving the electrolyte
accessibility, ion transportation, electron conductivity, etc. [18,19].
It is well-known that, the presence of ultramicropores that are
inaccessible to the electrolyte ions, as well as the broad distribu-
tion of pore size, significantly decreases the specific capacitance
of the carbon materials [20,21]. Compared with traditional carbon
electrode materials, ordered mesoporous carbons (OMCs) possess
well-ordered pore structure, narrow pore size distributions, high
specific pore volume and high specific surface area, which can
facilitate the ions diffusion. Therefore, OMCs seem to be attractive

candidates as electrode materials for supercapacitors [22,23].

Up to now, various methods such as soft template replicating,
hard template nanocasting and self-assembly have been success-
fully employed to prepare OMCs with different porous structures

dx.doi.org/10.1016/j.jpowsour.2011.08.017
http://www.sciencedirect.com/science/journal/03787753
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24]. Among them, a kind of ordered two-dimensional (2D) hexag-
nally mesoporous carbon, called as CMK-3, has been become the
ost widely investigated electrode material for EDLCs. CMK-3 is

ommonly prepared via a direct-templating nanocasting using a
exagonally ordered mesoporous silica SBA-15 as hard template,
nd CMK-3 is the faithful replica of the mesoporous structure of
BA-15 [25,26]. Otherwise, another kind of ordered 3D cubic meso-
orous carbon, called as CMK-8, can be prepared through a faithful

nverse replica from a mesoporous silica KIT-6, which exhibits a
ypical 3D cubic structure (Ia3d symmetry) consisting of an inter-
enetrating bicontinuous network of channels [27,28].  It is known
hat, ion transport is unidirectional in the 2D hexagonal systems,
hereas cubic mesoporous systems are known to have better ion

ransport properties due to the higher degree of pore intercon-
ectivity. So conceivably, the unique 3D network of CMK-8 could

acilitate ion diffusion throughout the nanochannels without pore
lockage, which probably makes the surface of CMK-8 favorable for
harging the electric double-layer [29]. Nevertheless, little atten-
ion has been focused on the supercapacitor application of CMK-8

aterials.
Herein, powdery CMK-8 carbon with highly ordered, 3D cubic

esostructured channels was prepared through hard-template
anocasting approach using KIT-6 silica as the mother template.
lso, in order to increase oxygen-containing functional groups on

he pore surface of the CMK-8 and promote its wettability in aque-
us electrolyte, the CMK-8 was surface modified by treatment with
itric acid. The supercapacitive properties of the unmodified and
cid-modified CMK-8 were first studied in this paper. The results
howed that two materials both exhibited good supercapacitive
roperties, acid-modified CMK-8 especially. The maximum specific
apacitance of 246 F g−1 was obtained for the H-CMK-8 carbon elec-
rode at a current density of 0.625 A g−1 in 2 M KOH electrolyte.
urthermore, two materials both exhibited good cycling stability
nd lifetime after running 2000 cycles.

. Experimental

.1. Synthesis of cubic mesoporous silica KTI-6

The KIT-6 parent material was prepared by hydrothermal
ynthesis according to the established procedures [28]. In a typ-
cal experiment, 4.0 g of triblock copolymer Pluronic P123 (poly
ethylene oxide)-b-poly (propylene oxide)-b-poly (ethylene oxide),
O20PO70EO20, Mw = 5800 g mol−1), was dissolved in a solution con-
isted of 144 ml  of water and 7.9 g of 37 wt.% HCl with the aid of
tirring at 35 ◦C for 4 h. 4.0 g of n-butanol was added in the above
olution and the mixture was kept on stirring for 1 h. After that,
.6 g of tetraethyl orthosilicate (TEOS) was added at once under
igorous stirring and the mixture was kept on stirring at 35 ◦C
or 24 h. Subsequently, the mixture was transferred into a Teflon
utoclave, covered, placed in an oven and aged at 100 ◦C for 24 h.
fter the hydrothermal treatment, the white solid product was  fil-

ered hot without washing and dried at 100 ◦C for 24 h in air. The
s-synthesized solid was  washed with a mixture of ethanol–HCl
90:10, V:V), filtered, washed with ethanol and dried at room tem-
erature. Finally, the silica KIT-6 was obtained by the calcinations
t 550 ◦C for 6 h in air with a heating rate of 1 ◦C min−1.

.2. Synthesis of cubic mesoporous carbon CMK-8

Mesoporous carbon CMK-8 was synthesized by the nanocasting

rocess using sucrose as a precursor and mesoporous silica KIT-6 as
ard template according to the literature [28]. Typically, 2.0 g KIT-6
as placed in a Schlenk flask, dehydrated at 150 ◦C in vacuum for

 h, flushed with argon and cooled down to room temperature. At
rces 196 (2011) 10472– 10478 10473

the same time, 2.5 g of sucrose was  added to a mixture of 10 g of
H2O and 0.28 g of 97 wt.% H2SO4 with stirring. After the sucrose
had dissolved completely, the KIT-6 was  added and the mixture
was  kept on stirring for over night. The resultant viscous mixture
was  subsequently heated in an oven at 100 ◦C and 160 ◦C for 6 h,
respectively. The resulting powder was  mixed again with a sucrose
solution consisting of 1.6 g sucrose, 0.18 g of 97 wt.% H2SO4 and 10 g
of H2O for the second-time impregnation. After being treated again
at 100 ◦C and 160 ◦C for 6 h as before, carbonization was carried out
in a tube furnace at 900 ◦C for 3 h at a heating rate of 1.0 ◦C min−1

under vacuum. Finally, the CMK-8 was obtained by the removal of
the silica template using 5 wt.% HF solution at room temperature.

2.3. Chemical modification of CMK-8

The CMK-8 carbon was chemical modification using HNO3 solu-
tion. Briefly, 0.3 g of CMK-8 was suspended in 30 ml  of concentrated
HNO3 (68 wt.%) and then refluxed at 60 ◦C for 2 h. After the mix-
ture was  cooled down to room temperature, it was  filtered and
washed with deionized water until the PH value of the filtrate was
around 7. Then the product was  dried at 80 ◦C for 24 h in air. The
nitric-acid-modified CMK-8 carbon was  denoted as H-CMK-8.

2.4. Structural characterization

Transmission electron microscopy (TEM) measurements were
conducted on a JEM-2010 microscope operated at 200 kV, to
reveal the ordered structure of the CMK-8 sample. The powdery
CMK-8 was first dispersed in ethanol with the aid of sonica-
tion and then collected using a carbon-film-covered copper grid
for TEM analysis. Small-angle powder X-ray diffraction (XRD)
patterns were recorded by a Bruker D8 powder X-ray diffrac-
tometer using Cu K� radiation. The chemical compositions of the
samples were analyzed by Fourier transformation infrared spec-
troscopy (FTIR) using a Bruker IFS66V FTIR spectrometer. Nitrogen
adsorption–desorption isotherm measurements were performed
on a Micromeritics ASAP 2020 volumetric adsorption analyzer at
77 K. The Brunauer–Emmett–Teller (BET) method was utilized to
calculate the specific surface area of each sample and the pore-
size distribution was  derived from the adsorption branch of the
corresponding isotherm using the Barrett–Joyner–Halenda (BJH)
method. The total pore volume was  estimated from the amount
adsorbed at a relative pressure of P/P0 = 0.99. The surface function-
ality of the H-CMK-8 was  analyzed on a Perkin-Elmer PHI-5702
multifunctional X-ray photoelectron spectroscope (XPS, physical
Electronics, USA) using Al K� radiation of 1486.6 eV as the excita-
tion source.

2.5. Electrode preparation and electrochemical measurements

The working electrodes were prepared according to the method
reported in the literature [30]. Typically, 80 wt.% of CMK-8/or H-
CMK-8 was mixed with 7.5 wt.% of acetylene black (>99.9%) and
7.5 wt.% of conducting graphite in an agate mortar until a homoge-
neous black powder was obtained. To this mixture, 5 wt.% of poly
(tetrafluoroethylene) was  added with a few drops of ethanol. After
briefly allowing the solvent to evaporate, the resulting paste was
pressed at 10 MPa  to nickel gauze with a nickel wire for an elec-
tric connection. The electrode assembly was  dried for 16 h at 80 ◦C
in air. Each carbon electrode contained about 8 mg of electroactive
material and had a geometric surface area of about 1 cm2.

The electrochemical measurements of each as-prepared elec-

trode were carried out using an electrochemical working station
(CHI660D, Shanghai, China) in a three-electrode system in 2 M
KOH electrolyte at room temperature. A platinum gauze elec-
trode and a saturated calomel electrode served as the counter
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icantly the surface functionality. The FTIR measurements were
employed to monitor chemical composition changes on the chan-
nel surface of the CMK-8 before and after acid modification. Fig. 3a
shows the FTIR spectra of CMK-8 and the H-CMK-8. A broad band
Fig. 1. TEM images of the CMK-8 taken along the [5 3 1] direction.

lectrode and the reference electrode, respectively. The cyclic
oltammetry (CV) measurements were conducted with a poten-
ial window from −1.0 V to 0 V at different scan rates ranging
rom 10 mV  s−1 to 50 mV  s−1. Electrochemical impedance spec-
roscopy (EIS) measurements were recorded from 10 kHz to
00 mHz  with an alternate current amplitude of 5 mV.  Galvano-
tatic charge/discharge measurements were run on from −1.0 V
o 0 V at different current densities. Capacitance values were
alculated form two methods: one is obtained from the cyclic
oltammetry curves according to:

 = i

� × m
(F g−1) (1)

here i is the average current (A), � is the scan rate (V s−1) and m is
he mass of active material in a electrode (g); another is calculated
rom the slopes of the discharge curves by the formula:

 = I

(dE/dt) × m
≈ I

(�E/�t) × m
(F g−1) (2)

here C is the specific capacitance, I is the constant discharging
urrent, dE/dt indicates the slope of the discharging curves, and m
s the mass of the corresponding electrode material.

. Results and discussion

.1. Microstructure characterizations

Fig. 1 shows TEM image for the CMK-8 viewed along [5 3 1]
irection. As the TEM image show, the CMK-8 exhibits a long-range-
rdered mesostructure in the whole domain. As we know, the
tructure of the CMK-8 is exactly an inverse replica of KIT-6 which
onsists of 3D cubic (Ia3d symmetry) mesoporous tubes. The car-
on nanorods are interconnected by spacer, which are constituted
y the carbon that filled the channel-interconnecting micropores
ithin the KIT-6 wall. Thus, the CMK-8 has an interpenetrating

icontinuous network of channels. Moreover, the H-CMK-8 has
xactly the same TEM morphology as that of the CMK-8, which
ndicates that the acid-modification did not destroy the intrinsic
rdered cubic Ia3d mesostructure of the CMK-8.

The ordered arrangement of the carbon nanorods in CMK-8 gives
ise to the well-resolved XRD peak. Small-angle XRD patterns of
MK-8 and H-CMK-8 are shown in Fig. 2. Both the samples show

◦

 strong peak at 1.04 , which is indexed as (2 1 1) diffraction of
he 3D cubic Ia3d symmetry [28]. Moreover, compared with the
MK-8, there is no obvious change in intensity and position of the
eak for H-CMK-8. It further confirms that the ordered mesoporous
Fig. 2. The small-angle XRD patterns of the CMK-8 and the H-CMK-8.

structure can be well preserved and the pore-size did not take place
obvious change after the acid-modification.

The acid-modification of the CMK-8 carbon can affects signif-
Fig. 3. (a) The FTIR spectra of the CMK-8 and the H-CMK-8 and (b) C1s XPS high-
resolution spectra of H-CMK-8 carbon.
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curve of the CMK-8 electrode shows a typical rectangular shape,
ig. 4. N2 adsorption–desorption isotherms of (a) the CMK-8 and (b) the H-CMK-8
arbons. The inset is the BJH pore-size distribution of the corresponding material.

t around 3432 cm−1 is observed in both the two  samples, which
s mainly caused by the O–H stretching vibration of the adsorbed

ater molecules. The broad band appeared at 1128 cm−1 is caused
y the stretching vibration of the C–O bonds. In addition, the C O
tretching vibrations related to carbonyl and/or carboxyl groups
an be found around 1730 cm−1 [31]. The spectrum of the H-CMK-

 is similar to that of the CMK-8 except for stronger intensity of
he peak at 1730 cm−1 for the H-CMK-8, indicating more oxygen-
ontaining functional groups existing on the channel surface of the
-CMK-8.

From XPS test, it is confirmed that O (13.8 at.%) and N (0.97 at.%)
ere introduced during acid oxidation, and oxygen-containing

 groups (including C–OR, C O and –O–C O) were formed
eantime. The chemical nature of these functional groups was

etermined by deconvolution of the C1s peak. As shown in Fig. 3b,
he best fitting is invariably obtained with Gaussian lines. Decon-
olution of C1s spectrum gives five peaks representing carbon
toms bonded to carbon, nitrogen and oxygen atoms. These five
eaks are related to C–C bond (284.4 eV), C–N bond (285.6 eV),
–OR (286.4 eV), C O (287.3 eV) and –O–C O (288.6 eV), respec-
ively. The C–N, C–O, C O and –O–C O fractions are as high as
0.8 at.%, 7.79 at.%, 4.26 at.% and 5.5 at.% in H-CMK-8, respectively,

ndicating a significant amount of N- and O-containing groups.
ctually, these nitrogen- and oxygen-containing functional groups,
uch as C–N group and pyrone-like functionalities (part of C O

nd C–O) in the surfaces of nano-channels of the H-CMK-8 car-
on can make effects on the electrochemical capacitive behaviors
32,33].
Fig. 5. CV curves of (a) the CMK-8 and H-CMK-8 electrodes at sweep rate of
10  mV s−1 and (b) the H-CMK-8 electrode at different sweep rates.

The specific surface area and pore-size distribution analyses
of the CMK-8 and H-CMK-8 samples were conducted using N2
adsorption and desorption experiments. Fig. 4a and b shows the N2
adsorption–desorption isotherms of the CMK-8 and the H-CMK-8,
respectively. The corresponding BJH pore-size distributions curve
is shown in the insets. As seen from Fig. 4, the nitrogen sorp-
tion isotherms for the two  samples are of type IV, although the
hysteresis loops are of mixed types. The two  samples both show
high specific surface area, pore volume and narrow mesopore-
size distribution. In detail, the BET surface area of the CMK-8 is
1321 m2 g−1, the mesopore volume is 1.38 cm3 g−1, and the aver-
age pore diameter is 4.78 nm.  The BET surface area of the H-CMK-8
is 1217 m2 g−1, the mesopore volume is 1.18 cm3 g−1, and the pore
diameter is 4.65 nm.  It is obvious that the acid treatment leaded
to the slight decrease in the specific surface area, pore volume and
average pore size.

3.2. Electrochemical test

CV and chronopotentiometry measurements were employed
to evaluate the electrochemical properties and to calculate the
specific capacitances of as-prepared CMK-8 and H-CMK-8 elec-
trodes. Fig. 5a shows the CV curves of the CMK-8 and the H-CMK-8
electrodes at the scan rate of 10 mV s−1 between −1.0 and 0 V (vs.
SCE) in 2 M KOH aqueous electrolyte. It can be seen that the CV
no obvious Faradaic current is observed in the voltammogram
[34]. Nevertheless, the CV curve of the H-CMK-8 electrode devi-
ated from idealized double-layer behaviors with a pair of broad,
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ig. 6. (a) The charge–discharge curves of (a) the CMK-8 and H-CMK-8 electrodes at
c)  the ESR as a function of discharging current density; (d) the specific capacitance

uperimposed and reversible faradaic surface redox reactions,
ehaving as pseudocapacitance. It was attributed to redox reactions
f the N and O (pyrone-like) functionalities on the surface of the
-CMK-8 [32,33].  Moreover, it is clear that the H-CMK-8 electrode
xhibits a larger CV area than that of the CMK-8 electrode, indi-
ating a higher specific capacitance compared with the untreated
MK-8. It mainly because that the pseudo-capacitance obtained

rom the oxygenated groups improved the electrochemical proper-
ies of the CMK-8 carbon [35]. The specific capacitance value for the
MK-8 and H-CMK-8 electrodes which obtained from the CV
urves in Fig. 5a according to formula (1) were 152 (1.52 A g−1) and
39 F g−1 (2.4 A g−1), respectively. Fig. 5b shows the CV curves of
he H-CMK-8 electrode at different scan rates. No obvious distor-
ion in the CV curves to be observed as the sweep rate increased,
uggesting a highly reversible system in the KOH electrolyte within
he potential range employed. However, with the increase of the
weep rate, the H-CMK-8 electrode has a small delay for the cur-
ent to reach a horizontal value near the reversal of the potential
weep, reflecting a more significant ohmic resistance in pores.

Fig. 6a shows the charge/discharge curves of the CMK-8 and H-
MK-8 electrodes within a potential window of −1.0 to 0 V at at a
urrent density of 0.625 A g−1. Fig. 6b shows the charge–discharge
urves of the H-CMK-8 electrode at different current densities. It
s clear seen that the shape of the charge–discharge curves of the
MK-8 and H-CMK-8 electrode are closely linear and show a typ-

cal triangle symmetrical distribution, indicating a good double
ayer capacitive property. The electric efficiency is almost near 100%
or the two carbon electrodes, indicating a high charge/discharge

ropagation, low resisitivity, and good reversible process. The
oltage drop (IR) is associated with the equivalent series resis-
ance (ESR) of the supercapacitor cell (IR = I × ESR). The ESR is
he sum of internal resistance, including the electronic resistance
ent density of 0.625 A g−1 and (b) H-CMK-8 electrode at different current densities;
 CMK-8 and H-CMK-8 electrodes as a function of discharging current density.

of electrode, the diffusing resistance of ions in the nanopores of
electrode materials, and the interfacial resistance between the
electrode and the current collector [36]. As shown in Fig. 6c,
the CMK-8 and H-CMK-8 electrode both show very low ESR at
different current densities. The specific capacitance values for
the CMK-8 and H-CMK-8 electrodes which obtained from the
charge/discharge curves in Fig. 6a according to formula (2) were
176 (0.625 A g−1) and 246 F g−1 (0.625 A g−1), respectively. These
results suggested that the supercapacitor performance of the CMK-
8 can be substantially improved by acid treatment. Although
no obvious psedo-capacitance characteristic was  observed in the
charge/discharge curves of the H-CMK-8 electrode, we  believe that
the acid treatment of carbon surface yielded surface oxygen groups,
which conduct complex faradic reactions and thus enhance the
pseudocapacitance.

To further understand the high rate capability of the CMK-
8 and H-CMK-8 electrodes, the charge/discharge measurements
were recorded at different current densities. Fig. 6d reveals that the
values of the specific capacitance for the CMK-8 and H-CMK-8 elec-
trodes are strongly dependent on the current density. In detail, the
specific capacitance slightly decreases with the increase of the cur-
rent density. Up to a relatively large current density of 6.25 A g−1,
nearly 77 and 74% of the initial value is remained for the CMK-8 and
the H-CMK-8, respectively. Although the capacitance retention of
H-CMK-8 is slightly smaller than that of the CMK-8, the specifica
capacitance of the H-CMK-8 at 6.25 A g−1 is 181 F g−1, which is still
much higher than that of CMK-8 (135 F g−1) at the same current
density. It indicates that the high rate capability of the CMK-8 can

be preserved after surface acid treatment. The result also shows
that the the CMK-8 and H-CMK-8 electrodes allow rapid ion diffu-
sion and exhibit good electrochemical utilization. Here, the unique
3D mesoporous network can facilitate ion transport throughout
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ig. 7. Complex-plane impedance plots of the CMK-8 and H-CMK-8 electrodes. The
nset is the equivalent circuit.

he pore channels without pore blockage, which makes the sur-
ace of CMK-8 carbon favorable for charging the electric double-
ayer.

As a powerful technique for the investigation of the capacitive
ehavior of the supercapacitor cells, EIS was used to check the abil-

ty of 3D cubic mesoporous carbon to store electrical energy in
ur case. The complex plane plots of the AC impedance spectra
or the CMK-8 and the H-CMK-8 were shown in Fig. 7. It is seen
hat the plots both exhibit two distinct traits: a semicircle in the
igh frequency range and a sloped line in the low frequency range.
oreover, a distinct knee in the frequency is observed in each curve.

rom the point intersecting with the real axis in the range of high
requency, the internal resistance (which is equal to Rb) of the elec-
rode material includes the total resistances of the ionic resistance
f the electrolyte, the intrinsic resistance of active materials, and
he contact resistance at the active material/current collector inter-
ace. The semicircle in the high-frequency range associates with the
urface properties of the porous electrode, which corresponds to
he faradic charge transfer resistance (Rct). At the lower frequencies,

 straight sloping line represents the diffusive resistance (warburg
mpendence) of the electrolyte in electrode pores and the proton
iffusion in host material. It should be mentioned that the two car-
on electrodes have the same small Rb. Nevertheless, there is still
bvious difference existing between the two spectra. The semicir-
le of the H-CMK-8 is smaller than that of the CMK-8, indicating
he lower impedance on electrode/electrolyte interface. Moreover,
wo spectra both show a Warburg angle higher than 45◦, indicat-
ng the suitability of the cubic mesoporous carbon as the electrode

aterials for supercapacitors [37,38].
The cycle life of the CMK-8 and H-CMK-8 electrodes was  mon-

tored by a chronopotentiometry measurement at 1.25 A g−1 in
 M KOH electrolyte. As shown in Fig. 8, at the initial stage, the
pecific capacitance of the CMK-8 and H-CMK-8 electrodes both
ecrease gradually with the increase of the cycle number. After the
eginning 200 cycling, for the CMK-8 electrode, the value of the
pecific capacitance is 150 F g−1 which is 85% of the initial value;
nd for the H-CMK-8 electrode, the value of the specific capac-
tance is 199 F g−1 which is 81% of the initial value. After that,
he specific capacitance for the CMK-8 is almost no decay up to
000 cycles, and for the H-CMK-8, the specific capacitance only
hows 6% decay. This demonstrates that, within the voltage win-
ow −1.0–0 V, the repeating charge–discharge behavior did not

eem to induce the significant structural change for the CMK-8 and
-CMK-8 electrodes. The long-term stability implies that the CMK-
, the H-CMK-8 especially, is an excellent electrode material for
upercapacitors.

[
[
[

[

Fig. 8. Cycle life of the CMK-8 and H-CMK-8 electrodes at the current densities of
1.25  A g−1.

4. Conclusions

In summary, the ordered cubic mesoporous CMK-8 was syn-
thesized using KIT-6 as hard template and its surface chemical
modification was employed by nitric acid treatment. The CMK-8
and H-CMK-8 electrodes both possess good supercapacitive prop-
erties due to the interconnected 3D mesoporous network, which
can facilitate ion diffusion throughout the pore channels with-
out pore blockage. The supercapacitor performance of the CMK-8
can be substantially improved by acid treatment and the H-CMK-
8 electrode shows the largest specific capacitance of 246 F g−1 at
0.625 A g−1. Also, two  electrodes exhibit good cycling stability and
lifetime as well. These encouraging results illustrate the excit-
ing potential for high performance supercapacitors based on such
ordered 3D mesoporous carbon materials.
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