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H I G H L I G H T S

• RCSSs are rationally synthesized by in-
situ conversion with ex-situ assembly
method.

• RCSSs exhibit excellent rate capability
and cycle stability.

• High-power density and high energy
density are simultaneously achieved.
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A B S T R A C T

Rationally designing three-dimensional complex carbon superstructures for energy storage applications offers
opportunities to tackle challenges driven by increasingly higher demand of portable energy devices. Herein we
report in-situ controlled constructibility and ex-situ confined assembly strategies to enable novel raspberry-like
carbon superstructures (RCSSs) for the enhancement of advanced supercapacitors. Through precise control of
edge-to-surface ratio and optimization of inner pore structure, the resultant RCSSs show three-dimensional
hierarchical porous framework, large specific surface area (SSA,∼1000m2 g−1) and high electrical conductivity
(∼2700 Sm−1), which facilitate ion diffusion and electron transfer. The predesigned RCSSs used as the elec-
trode materials in symmetrical supercapacitors exhibit high rate capability, as indicated by 25,000% increment
of the current density only leading to low capacitance degradation of 11.7%, and show long-term cycling sta-
bility (98.3% retention after 10,000 cycles) in 6M KOH electrolyte. Moreover, the RCSSs simultaneously deliver
high energy density of 46.5Wh kg−1 and high power density of 52.5 kW kg−1 in ionic liquid electrolytes. We
believe that the combination of in-situ and ex-situ approaches yielded carbon superstructures with complex
microstructure and outstanding electrical properties show promising application for universally advanced en-
ergy devices with superior power and energy characteristics.
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1. Introduction

Supercapacitors, as a new type of electrochemical energy-storage
devices, have been widely used in uninterruptible power supplies, high
power electronic devices, renewable integration and hybrid electric
vehicles due to the advantages of high power density, long cycle life
and fast charging/discharging rate [1–5]. Carbon materials, such as
nanotubes, graphene, activated carbon, carbide derived carbon, are
considered as ideal electrode materials for electric double-layer capa-
citors (EDLCs) since their large specific surface area, adjustable pore
structure, and unique electronic structure. And the microstructures of
carbon materials have been proved to play an important role on EDL
capacitive performance [6–10]. Suitable carbon structure by rational
design will promote the utilization of the pore channels and enhance
the accessible surface area, and thus to realize improved electro-
chemical properties. The increasing demand of high-performance su-
percapacitors has attracted enormous research efforts on the top-level
design and precise control of complex three-dimensional carbon struc-
tures [11–13]. Among the various carbon materials, carbon super-
structures consisting of mesoscopic or macroscopic architectures show
tunable morphologies and structures for energy storage.

The last ten years have witnessed some breakthroughs on designing
carbon superstructures [14–17]. Graphene superstructures, as one ty-
pical complex carbon superstructures, show exceptional properties in-
herited from graphene layers and superior electrical properties. Such
graphene-based superstructures can be prepared by controlling the or-
ganization process of the functionalized graphene materials that were
synthesized from top-down method like exfoliation of graphite. How-
ever, this method towards graphene superstructures is blocked by
multiple steps including complex chemical oxidation/reduction and re-
assembling process [18–21]. As electrode materials in supercapacitors,
these graphene superstructures suffer from low power density and se-
vere self-discharge effect [22–24]. Hence, resorting to novel methods to
produce complex but highly ordered carbon superstructures is still a
matter of general interest but great challenge.

Alternatively, bottom-up method can achieve what other methods
such as the bottom-up surface-mediated synthesis or top-down strategy
cannot achieve, which gives an alternative choice for precise control of
carbon superstructures. Recently, carbon superstructures constructed
by nanosheets have been successfully synthesized through controlling
the geometric parameter of the carbon layers and structurally defined
growth [17,25–27]. However, progresses for complex carbon structures
have been explored partially and mainly focus on the potential appli-
cations to meet particular requirement. For this reason, exploitation of
novel methods to process carbon superstructures such as low dimen-
sional segment self-assembly and its related applications require further
investigation.

Conversion of CO2 into functional carbonaceous materials, as a ty-
pical bottom-up method, is of great significance because the most
abundant CO2 greenhouse gas is responsible to global warming.
Although enormous research efforts have been devoted to the photo-
catalytic, hydrogenation or electrocatalyst reduction of CO2 into hy-
drocarbon fuels like methane (CH4) [28–31] or methanol (CH3OH)
[32–34], there are just a few strategies have been proposed to convert
CO2 into solid carbonaceous materials. For example, Wei et al. fabri-
cated cauliflower-fungus-like graphene through the reaction between
CO2 gas and Li liquid [35]. Xing et al. reduced CO2 to dense nanoporous
graphene, in which Mg acted as the reductant and Zn contributed to
enhanced nanoporosity [36]. And our previous work indicated that the
resultant nanocarbons could be fine-tuned through controlling the in-
terfacial reaction between CO2 and Mg [37]. However, studies on di-
rectly converting CO2 into well-ordered complex carbonaceous super-
structures that is of widespread interest for functional materials with
enhanced properties have not been exploited.

Herein, we design novel carbon superstructures by in-situ conver-
sion and ex-situ assembly methods through which carbon layers

generate and simultaneously self-assemble on MgO confined templates.
Reactive metal Mg acts as a reducing agent in this facile MgO template
method and CO2 is converted into three-dimensional carbonaceous
material with interconnected porous structure. It is novel that the
conversion of CO2 cooperates with template method to produce well-
ordered carbonaceous structures composed of nanoparticles less than
10 nm in size. Such a complex three-dimensional carbon structure is
named as superstructure. The rationally designed raspberry-like carbon
superstructures exhibit well-organized porous structure, large surface
area, and high electrical conductivity. As expected, the symmetric su-
percapacitors based on RCSSs display impressive electrochemical per-
formance. Besides good rate performance and long-term cycling stabi-
lity, the supercapacitors deliver high energy density and high power
density.

2. Experimental

2.1. Preparation and microstructural characterizations of RCSSs

To prepare RCSSs, the first step was to mix the particle-like MgO
with Mg powder at a mass ratio of 1:6∼ 6:1 through ball-milling
technique. Then, 3 g mixture was spread in a corundum boat and then
put into a tubular furnace (GSL-1700X, Hefei Kejing Materials Tech.
Co., Ltd., China). After flushed with an Ar flow of 200 sccm for 30min,
the tube was heated to the aimed reaction temperature (600–900 °C) at
a heating rate of 4 °Cmin−1 under Ar atmosphere and kept for 2 h with
a CO2 flow of 20 sccm. Similar fabrications via the reaction between Mg
and CO2 have been reported before [36–38]. After conversion, the re-
sultants were treated with enough 1M HCl to dissolve the MgO im-
purities and then washed with deionized water. According to the aimed
reaction temperature, the obtained samples were denoted as RCSS600,
RCSS650, RCSS700, RCSS800, RCSS850, and RCSS900. Since the
samples prepared at the temperature lower than 650 °C or above 900 °C
are quite few due to the melted or vaporized unreacted Mg, we mainly
focus on analyzing the morphology and electrochemical properties of
RCSS700, RCSS800, and RCSS850 samples.

Scanning electron microscopy (SEM) measurements were carried
out on the JEOL JSM–7800 Prime with an accelerating voltage of 5 kV.
Transmission electron microscopy (TEM) and high-resolution TEM
(HRTEM) detections were measured by the ZEISS Libra 200 FE. X-ray
diffraction (XRD) data were recorded using a PANalytical X’Pert
powder diffractometer with a Cu kα source. Raman spectra were tested
by RM2000 microscopic confocal Raman spectrometer employing a
514 nm laser beam. X-ray photoelectron spectroscopy (XPS) measure-
ments were performed on Thermo Scientific ESCALAB 250Xi.
Micromeritics ASAP 2020 surface area and pore size analyzer was used
to get N2 adsorption–desorption isotherms of the RCSSs at –196 °C. The
Brunauer-Emmertt-Teller (BET) surface areas and the pore size dis-
tribution (PSD) were analyzed according to the Barrett-Joyner-Halenda
(BJH) method and the density functional theory (DFT) method. The
electrical conductivities of the RCSSs were determined using a four-
probe technique (RTS9, China). For conductivity measurement, the as-
prepared RCSSs were compacted into round pieces of 13mm in dia-
meter and 0.5 mm in thickness under pressure of 10MPa. Each sample
was measured in three regions and the results were averaged. The
contact angle of the as-prepared RCSS-based electrode films was tested
on a Dataphysics DSA100 contact-angle system at room temperature.

2.2. Preparation and electrochemical measurements of RCSS-based
supercapacitors

The supercapacitor electrode materials consisting of RCSSs, PTFE
(Sigma-Aldrich), and conductive additive (Super C45, Timical) with a
mass ratio of 85:10:5 were homogeneously mixed, blended, fully
kneaded and rolled into the sheets with a thickness of 100 μm. To as-
semble CR2032 coin-type cells, a polypropylene paper separator was
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sandwiched by two vacuum drying RCSS-based disks (8mm in dia-
meter, 2.5–3mg) fully wetted by 6M KOH aqueous solution or neat
EMIMBF4 ionic liquid electrolyte. The cells with EMIMBF4 ionic liquid
electrolyte were assembled in a glove box (Unilab Plus, Mbraun,
Germany) with both contents of H2O and O2 < 0.1 ppm.
Electrochemical impedance spectroscopy (EIS) and cyclic voltammetry
(CV) measurement were conducted on a CHI660E electrochemical
workstation (Chenhua, Shanghai, China). Galvanostatic charge/dis-
charge (GCD) process, the cycling stability, and self-discharge tests
were performed on an MSTAT4 electrochemical station (Arbin
Instruments, America). Self-discharge measurement was carried out
after charging the supercapacitors at a current density of 1 A g−1 and
keeping at 1 V for 1 h.

3. Results and discussion

This bottom-up method (Fig. 1a) based on conversion of CO2 using

Mg as a reducing agent and MgO as a confined template successfully
produces three-dimensional framework carbon superstructures.

+ → +2Mg CO 2MgO C(s) 2(g) (s) (s) (1)

Prior to the reaction between Mg and CO2, the molten Mg gradually
coated on the surface of MgO template and thus formed an MgO@Mg
core-shell structure. Once CO2 gas was introduced, the oxygen atoms in
O]C]O linear molecules easily accepted the free electrons from Mg,
which resulted in the deoxygenation of CO2 and the growth of carbon
skeleton [37]. Both newly generated MgO and intentionally in-
corporated MgO

particles acted as the template to induce continuous assembly of
carbon layers and prevent the aggregation of the graphene sheets. For
balancing the relationship between the decomposition of CO2 and the
precipitation of the carbon, only few graphene layers were deposited
because of the templating-confined mechanism and the overlapping
effect from each graphene layer [39]. Consequently, the whole hollow

Fig. 1. Preparation and morphology of raspberry-like carbon superstructures (RCSSs). (a) Schematic illustration for the preparation of RCSSs. (b–d) SEM image of
RCSSs at different magnifications. Red dashed circle indicates the single particle. It could be found that RCSSs were 100–200 nm particles with rough surfaces
constructed by great number of uniformly distributed microparticles, which enabled RCSSs to exhibit a raspberry-like morphology. Every single RCSS particle
contacted to each other and consequently formed carbon sheets with different orientations, well inheriting the morphology from MgO template. (e) EDS mapping
images of RCSS700. TEM images of (f) RCSS700, (g) RCSS800, (h) RCSS850, and (i) HRTEM image of RCSS850.
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particles were constructed of hierarchically porous nanoparticles con-
nected with each other, which looked like vivid raspberries (Figs. 1b–d,
S1). In addition, the corresponding EDS mapping images (Fig. 1e) of
RCSS700 show the uniform distribution of C and O elements. And with
increasing synthesized temperature, the content of C increases while
the content of O decreases from 6.07 ± 0.19% for RCSS700 to
4.74 ± 0.11% for RCSS800 and further to 3.63 ± 0.16% for RCSS850,
suggesting that the higher temperature accelerates the elimination of
heteroatoms (Fig. S2 and Table S1).

The raspberry-like superstructures of the various RCSS samples
were further investigated by transmission electron microscopy (TEM).
The TEM characterization reveals the cross-linked particles and the
interconnected porous structure of raspberry-like superstructures
(Figs. 1f–h and S3). Moreover, the crystallinity of the RCSSs can be
easily tailored via controlling the initial reaction temperature, which
increases with the increasing growth temperature. As expected, the
RCSS850 exhibits much more apparent boundary as the thickness of
carbon layers decreases. Under higher temperature, the sizes of the
initial MgO particles and the corresponding RCSSs become larger. Si-
multaneously, higher temperature would accelerate the reaction and
the self-generating MgO used as the templates would promote much
more mesopores with smaller pore size. High-resolution TEM (HRTEM)
in Fig. 1i reveals that each particle is composed of curved graphitic
layers. And one typical (0 0 2) lattice plane with an interlayer spacing of
0.34 nm is indexed [29].

The intrinsic pore structure, crystallinity and structural defect of
RCSSs are further characterized through surface physical measurement,
XRD, and Raman spectroscopy. Nitrogen sorption isotherms of the
RCSSs are plotted in Fig. 2a and the corresponding pore size distribu-
tions analyzed by DFT and BJH method are plotted in Fig. 2b and c,
respectively. The SSA values are 1001, 972 and 860m2 g−1 for
RCSS700, RCSS800 and RCSS850, respectively, showing a decreasing
trend with the increasing temperature. All the isotherms show com-
bined characteristics of type I and type IV isotherms according to the
IUPAC classification. The sharply increasing adsorption amount at the
low relative pressure implies the existence of micropores while the
presence of a hysteresis loop in the P/P0 ranging from 0.4 to 1.0 in-
dicates the existence of mesopores. As summarized in Table S1, the
micropore surface area decreases with increasing growth temperature

while the mesopore surface area firstly increases from 378 to
481m2 g−1 for RCSS700, RCSS800 and then slightly decreases to
473m2 g−1 for RCSS850. This probably ascribes to the fact that a part
of the micropores vanishes as the enhanced crystallization and meso-
pores increase in amount with a decreased pore volume from 1.07, 0.94
to 0.83 cm3 g−1. XRD patterns of RCSSs are shown in Fig. 2d. Two
typical diffraction peaks appear at around 25.5° and 43.3°, which are
assigned to

the (0 0 2) and (1 0 0) diffraction planes [40], and the diffraction
intensity is stronger with the increment of reaction temperature. In
addition, the interlayer spacing of (0 0 2) crystallographic plane is
calculated to be 0.34 nm, which is coincided with the HRTEM result.
The intensity ratios of ID/IG, determined from the deconvolution of
Raman spectra by four-peak fitting based on Voigt function (Figs.
S4–S6), are 2.58, 1.67, and 1.58 for RCSS700, RCSS800, and RCSS850
(Fig. 2e), respectively. These values further imply fewer defects and
higher crystallinity degree of the RCSSs with increasing temperature
[40,41], consistent with the TEM and XRD results as-discussed above.
After carefully tailoring the assembly of carbon layers and the defect
intensity, the RCSS850 show high electrical conductivity of 2700 Sm−1

(Fig. 2f), which is higher than that of many carbon-based materials
yielded from top-down or bottom-up methods [42–46]. To detect the
residue of Mg and Cl elements, XPS and EDS analysis were performed.
As shown in Fig. S7, a little bit of Mg (0.32%) and Cl (0.27%) elements
can be found and no distinct Mg 1s peak is detected. The residual Cl
element originates from the hydrochloric acid treatment. These trace
residues may be ascribed to large specific surface area (∼1000m2 g−1)
of RCSSs, which would inevitably bond or adsorb some heteroatoms.
Compared to the carbon content of 91.16% and the oxygen content of
8.25%, the remaining Mg and Cl impurities are negligible, which does
not severely affect the capacitance.

The electrochemical performance of the as-prepared RCSSs in
symmetric supercapacitors with 6M KOH electrolyte is presented in
Fig. 3. The obtained Nyquist plots (Fig. 3a) can be fitted into an
equivalent circuit model with the combined resistance Rs, charge-
transfer resistance Rct, double-layer capacitance Cdl, and Warburg re-
sistance (W). The combined resistance is lower than 0.5Ω for all RCSSs
from the intersection of the plots with the real axis in the high fre-
quency region. Although the RCSS700 displays the smallest

Fig. 2. Physical characterization of RCSSs. (a) N2 adsorption/desorption isotherms of RCSSs. Pore size distribution calculated from the (b) DFT method, (c) BJH
method. (d) XRD patterns. (e) Raman spectra. (f) Electrical conductivities determined by four-probe method.
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conductivity, it shows the smallest charge resistance from the EIS plots,
which contributes to its much better wettability than that of RCSS800
and RCSS850 (Fig. S8). The CV curves of RCSSs exhibit rectangular
shapes at a scan rate of 100mV s−1 (Fig. 3b), indicating an ideal EDL
capacitive behavior. Compared to the other two RCSSs, RCSS700
electrodes show the highest gravimetric capacitance, which may be
owing to its highest SSA and most ion-associable pores.

The CV curves of RCSS700 from 50 to 3000mV s−1 are presented in
Fig. 3c. Even though the scan rate greatly increases to 1000mV s−1, the
CV curve of RCSS700 still maintains a good rectangular shape, in-
dicating good rate-capability. The RCSS800 and RCSS850 also show
nearly ideal rectangular shape at both low and very high scan rate (Fig.
S9). The galvanostatic charge/discharge (GCD) curves of RCSSs at
1 A g−1 are in perfect isosceles triangle shape shown in Fig. 3d (the GCD
curves of RCSSs at different current densities are also plotted, SI, Fig.
S10). Typical GCD curves at high current densities for the RCSS700
show negligible IR drop (Figs. 3e and S15), demonstrating its small Rs.
The specific capacitances of RCSS700 electrodes are 146.2 F g−1 at
0.2 A g−1 and 129.1 F g−1 at a high current density of 50 A g−1,
showing a capacitance retention of 88.3% (Fig. 3f). The slightly in-
crease in specific capacitance could be ascribed to the a little bit lower
discharge capacitance at high work voltage than that at low work
voltage (Fig. S11).

Fig. 3g displays the self-discharge behavior of RCSS-based super-
capacitors. In order to understand the self-discharge mechanism, the

curves are fitted by a dual-mechanism (DM) model, which can be di-
vided into two parts. The red curves represent the fitting from the po-
tential driving model V α t(In ) and the blue curves follow the diffusion-
control model (Vα t1/2) [47,48]. When the potential field acts as the
dominating driving force, the self-discharge rate of RCSS700 is much
faster than that of RCSS800 and RCSS850. It takes 5.84 h for RCSS700
to drop from its initial voltage (1 V) to 0.5 V. By comparison, it takes
11.0 h for RCSS800 and 7.39 h for RCSS850. This is because RCSS700
possesses the highest oxygen functional groups as indicated by EDS
analysis that causes a faster faradaic reaction during the first stage,
resulting in the fastest self-discharge at potential driving stage [49–51].
On the other hand, the self-discharge rate becomes the slowest for
RCSS700 electrodes at the second stage. This is because the RCSS700
sample possesses the largest pore volume that promotes the charge
penetration into the deep of the pores and hence alleviates the charge
redistribution process [52,53].

Ragone plots in Fig. 3h demonstrate that RCSS700 can deliver a
maximum energy density of 5.1Wh kg−1 at a power density of
0.1 kW kg−1. And the energy density decreases to 4.5Wh kg−1 at
2.5 kW kg−1. Moreover, the RCSS700 displays a high capacitance re-
tention of 98.3% after 10,000 cycles at a current density of 1 A g –1

(Fig. 3i), revealing remarkable cycling stability.
To further investigate the electrochemical properties of RCSSs, two

electrode symmetric supercapacitors based on RCSSs electrode were
assembled in neat EMIMBF4. Careful evaluation demonstrated the

Fig. 3. Electrochemical performance of the RCSS-based symmetrical supercapacitors in 6M KOH electrolyte. (a) Nyquist plots and the enlarged high frequency range.
The inset shows the equivalent circuit diagram proposed for the analysis of EIS data. (b) CV curves for RCSSs at a scan rate of 100mV s−1. (c) CV curves of RCSS700
at different scan rates. (d) GCD curves for RCSSs at a current density of 1 A g−1. (e) GCD curves of RCSS700 at different current densities. (f) Self-discharge curves and
fitted results: the red lines represent the potential driving model and the blue lines follow the diffusion-controlled model. (g) The specific capacitance values at
different current densities. (h) Ragone plots. (i) Cycling stability of RCSS700 at a current density of 1 A g−1.
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voltage window could be up to 3.5 V for RCSS-based supercapacitors in
EMIMBF4 ionic liquid electrolyte (Fig. S12). As shown in Fig. 4a, the
RCSS700 shows the smallest charge resistance from the EIS plots. And
considering that the ionic liquid is easy to absorb moisture in atmo-
spheric environment, we do not perform contact angle test for
EMIMBF4. As in EMIMBF4 ionic liquid electrolyte, we assum that the
ion transport rate became the main parameter to affect the charge
transfer resistance. Because RCSS700 shows larger average mesopore
volume (1.07 cm3 g−1), than that of RCSS850 (0.83 cm3 g−1) and
RCSS800 (0.94 cm3 g−1), electrolyte ions penetrate much easier into
the RCSS700 to

form a double layer capacitive, which reduces the impedance [54].
The nearly ideal rectangular CV curves for RCSS-based supercapacitors
with neat EMIMBF4 at 100mV s−1 (Fig. 4b) and various scan rates (Fig.
S13) again imply that electrostatic attraction occurs at the electrode-
electrolyte interface and the existence of ideal EDL capacitive behavior.
Figs. 4c and S4 show the GCD curves at different current densities. The
specific capacitance at 0.5 A g−1 is 138.8 F g−1 and maintains
109.3 F g−1 at 30 A g−1. This value is comparable to that of the RCSS-
based supercapacitors in 6M KOH electrolyte. The abundant mesopores
in RCSSs can not only contribute to the formation of EDL capacitance
but also provide a facile path for penetration and transportation of
electrolyte ions, which is especially critical for ionic liquid. On the other
hand, the ionic liquid electrolyte supplies a wide work voltage, which is
more favorable for high specific capacitance of RCSSs (Fig. S16). When
the current density increases by 60 times, 79% of the capacitance is
remained. In addition, the initial capacitance value of 83.5% is retained
after 10,000 cycles at 1 A g−1 (Fig. S17).

The Ragone plots in Fig. 4d compare the energy and power char-
acteristics of the RCSSs. The maximum energy density of the RCSS700-
based supercapacitor is 59.0Wh kg−1 at a power density of
875W kg−1. The high rate-capability of RCSSs leads to a high energy
density of 46.5Wh kg−1 even at high power density of 52.5 kW kg−1,
which is superior to many carbon-based electrodes (Fig. 4d)

[47,55–59]. In addition, a detailed comparison of the RCSSs with other
carbon-based electrodes for supercapacitors in ionic liquid electrolytes
has been listed in Table S2.

The fascinating results of electrochemical performance demonstrate
that the rationally designed raspberry-like carbon superstructures pos-
sess high rate-capability, long-term cyclic stability and high energy
density along with high power density. The remarkable electrochemical
performance can be attributed to the critical features of well-organized
porous structure, high accessible surface area, and interconnected fra-
mework. On one hand, the presence of abundant mesopores not only
offer high accessible surface area and active sites for charge storage, but
also promote the migration of electrolyte ions, through providing free
access for electrolyte ions into the micropores [7,60–63]. This will re-
sult in high capacitance and is true for RCSS-700 electrodes. On the
other hand, the crystallized carbon framework enables good electrical
conductivity for RCSSs, and hence contribute to small charge transfer
resistance, which is critical to high rate-capability [38,42,61–63]. In
short, high electrical conductivity and fined-tuned pore structure of
raspberry-like carbon superstructures makes them as good candidates
in advanced supercapacitors.

4. Conclusion

In conclusion, we have demonstrated that CO2 can be converted into
raspberry-like carbon superstructures with high accessible SSA and high
electrical conductivity (up to 2700 Sm−1). In-situ transformed carbon
layers self-assemble on well-dispersed MgO templating particles, re-
sulting in interconnected pore structure, which is crucial to fast ion
transfer and rapid electric double layer capacitive establishment. RCSS-
based supercapacitors deliver a high energy density of 46.5Wh kg−1 at
a high power density of 52.5 kW kg−1 in ionic liquid electrolyte.
Notably, the devices show>98% capacitance retention after 10,000
cycles at 1 A g−1 in 6M KOH electrolyte, demonstrating excellent cy-
cling stability. Herein reported promising results unambiguously

Fig. 4. Electrochemical performance of the RCSS-based symmetrical supercapacitors in EMIMBF4 ionic liquid electrolyte. (a) Nyquist plots and the inset magnifies
the high-frequency range. (b) CV curves for RCSSs at a scan rate of 100mV s−1. (c) GCD curves for RCSSs at a current density of 5 A g−1. (d) Ragone plots of RCSS700
in comparison with other carbon materials in EMIMBF4 ionic liquid electrolytes.
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demonstrate that the rationally designed carbon superstructures based
on self-assembled strategy have great potential in application for ad-
vanced supercapacitors and also other devices such as the batteries, fuel
cells, and devices for hydrogen generation.
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