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We report a facile and efficient strategy for preparing flower-like hierarchical mesoporous carbon 
superstructures (FMCS) through a one-pot hydrothermal reaction of nickel acetate with glucose. In the 
fabrication process of FMCS, the nickel acetate ingeniously plays multifunctional roles: as inducer of 
flower-like hierarchical carbon, as catalyst of graphitization, and as pore-forming agent. First, flower-like 10 

Ni(OH)2/ polysaccharide microspheres were self-assembled via the hydrothermal reaction at 180 °C for 
24 h. Second, flower-like mesoporous carbon superstructures were obtained by etching and removing the 
Ni from the Ni/C precursor carbonized from the Ni(OH)2/polysaccharide microspheres. The obtained 
flower-like superstructures is composed of two-dimensional mesoporous carbon petal building blocks, 
with thickness of 20 nm. Electrochemical data showed that the product FMCS-1 displayed a specific 15 

capacitance of 226 F/g at 0.5 A/g, and retained 82% (185 F/g) at high current density of 20 A/g, 
indicative of outstanding rate capability. Furthermore, the three-dimensional (3D) flower-like hierarchical 
mesoporous carbon superstructures demonstrated excellent cycle stability with approximately 100% 
retention of initial specific capacitance after 2000 cycles at current density of 10 A/g. 

1.   Introduction  20 

Due to the fast consumption of non-renewable fossil energy, 
human being begins to seek new energy, e.g. solar and wind 
energy, in order to satisfy the increasing demand. However, the 
productions of these energies are not even and continuous. 
Hence, high-performance energy storage devices are needed to 25 

store the generated energy.1 Among these energy storage devices, 
supercapacitor is a promising candidate because it has higher 
power density than batteries, and higher energy density than 
conventional capacitors.2 In general, supercapacitors can be 
classified into two categories, namely, the electrical double-layer 30 

capacitors (EDLCs), with carbon-based materials as active 
materials, and the Faradaic pseudocapacitors, with transition 
metal oxides (RuO2, Co3O4, MnO2, NiO, etc.) and hydroxides 
(Ni(OH)2, Co(OH)2, etc.), or conducting polymers as active 
materials.3-8  35 

 Among various electrode materials, porous carbon-based 
materials have attracted great interest due to their high surface 
area, good electrical conductivity, high chemical/thermal stability 
and low cost.9, 10 During the past decades, porous carbons with 
micro or mesoporous structures have been widely studied as 40 

electrode materials for supercapacitors.11-15 The previous 
investigations clearly show that the structures of porous carbons 
have an important influence on their performances. Microporous 
carbon materials, for example, activated carbons, have high 
surface areas with random pore distribution including micropores 45 

smaller than 1 nm and a long diffusion distance, which could 
storage much more charges at low current density, but leads to 
low accessible surfaces area at high current density.16, 17 Hence, 
their applications are restricted due to the limited energy storage 
and rate capability. Compared with microporous carbon, 50 

mesoporous carbon has larger pore size, which is expected to 
favor fast electrolyte ions transport in the bulk, leading to a good 
rate performance.18-22 However, mesoporous carbons have lower 
specific surface areas than that of microporous carbons, so they 
usually have a low capacitance even at low current density. 55 

Recently, the design and synthesis of three dimensional (3D) 
hierarchical porous carbon materials consisting of interconnected 
micropores, mesopores and macropores are of great interest due 
to their hierarchical pores and structural diversity and their 
potential applications in catalysis, separation, advanced 60 

functional materials, etc.23-26 Among them, 3D flower-like 
hierarchical porous carbon material has attracted special attention 
due to their unique carbon sheets and the high specific surface 
area and excellent interconnected pore structure. Compared with 
microporous carbon and mesoporous carbon, 3D flower-like 65 

hierarchical porous carbon not only has a high accessible surface 
area for electrolytes, but also facilitates electrolyte ions transport 
by shortening the diffusion distance.27, 28 Up to date, only few 
approaches have been reported for the successful synthesis of 3D 
flower-like hierarchical porous carbon, which mainly involves the 70 

use of complicated template and the tedious multi-step and costly 
process. For example, very recently, Wang et al. reported a 3D 
flower-like hierarchical porous carbon material fabricated 
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through a carbonization method followed by chemical activation 
with a pre-prepared flower-like ZnO as template and pitch as 
carbon precursor.29 Until now, to fabricate 3D flower-like porous 
carbon superstructures through a simple approach has remained a 
challenge. 5 

 Herein, we report a convenient strategy for the synthesis of 3D 
flower-like mesoporous carbon superstructures (FMCS) through a 
one-pot hydrothermal reaction and carbonization processes 
without any additional template. The preparation scheme was 
shown in Fig. 1. In the fabrication process of FMCS, the nickel 10 

acetate is used for multiple purposes: as inducer of flower-like 
hierarchical carbon, as catalyst of graphitization, and as pore-
forming agent. The obtained 3D FMCS is composed by 2D 
carbon nanosheets with mesopores, which could provide large 
accessible active sites for electrical charge storage. The graphitic 15 

pores in the carbon sheets formed conductive network which will 
enhance the electrons transfer. The 3D FMCS–based electrodes 
exhibit outstanding super-capacitive performances and rate 
capability, indicating potential applications as high-rate 
supercapacitor electrode materials. This study also provides a 20 

new insight into the rational design of 3D hierarchical porous 
carbons as electrode materials for energy storage applications. 

2.   Experimental  

2.1. Synthesis of FMCS and carbon sphere 

All reagents were pure and thus were used without purification. 25 

In a typical synthesis procedure of FMCS-1, as shown in Fig. 1, 
firstly, 2.48 g Ni(CH3COO)2•4H2O and 0.98 g glucose(1.98 g for 
FMCS-2), were dissolved in 35.0 mL distilled water. The solution 
was then transferred into a 50.0 mL Teflon-lined stainless steel 
autoclave, which was then sealed and kept in an oven of 180 °C 30 

for 24 h. After cooling down to room temperature, the precipitate 
was collected and subsequently washed with distilled water 
before it was dried in an electric oven at 70 °C. Secondly, the 
dried product was calcined at 700 °C under Ar for 3 h with a 
ramp rate of 2 °C/min and the product was transformed into Ni/C 35 

composite. Finally, Ni particles in Ni/C composite were removed 
by hydrothermal treatment in HCl (37 wt %) solution at 180 °C 
for 24 h. The final product (FMCS) was centrifuged, washed with 
distilled water and ethanol, and dried at 70 °C in air. For 
comparison, carbon spheres were synthesized with the same 40 

procedure, but without using nickel acetate in the hydrothermal 
reaction. Briefly, 35.0 mL solution containing 1.98 g glucose was 
hydrothermally treated at 180 °C for 24 h, the resulted solids was 
centrifuged, washed with distilled water and ethanol, and calcined 
at 700 °C under Ar for 3 h. 45 

 

Fig. 1 Schematic illustration of the preparation of 3D FMCS. 

2.2. Characterization  

The morphology and structure were examined by scanning 
electron microscope (SEM, Hitachi S-4800) and transmission 50 

electron microscope (TEM, JEOL-2011). The crystal phases were 
identified by wide-angle X-ray powder diffraction (XRD) and the 
patterns were recorded on Philips X′Pro diffract meter using Cu 
Kα radiation (λ = 1.5418 Å) at 40 kV and 40 mA. Thermo-
gravimetric (TG) was performed in NETZSCH STA 449 C at a 55 

heating rate of 5 °C/min from room temperature to 800 °C in an 
Al2O3 sample pan. Raman spectra were measured by a Horiba 
LabRAM Aramis Raman system with a 514 nm laser as the 
excitation source. The specific surface area was determined by N2 
sorption at -196 °C using an adsorption apparatus (Micromeritics 60 

Tristar 3020), with the adsorption data fitted to the Brunauer-
Emmett-Teller (BET) equation. The pore size distribution was 
derived from the desorption branches of the isotherms by means 
of Barrett-Joyner-Halenda (BJH) method. 

2.3. Electrochemical tests 65 

Electrochemical tests were performed in a three-electrode glass 
cell in 6.0 M KOH solution at room temperature. The working 
electrode was prepared by mixing the as-prepared samples, 
acetylene black, and poly(tetrafluoroethylene) (PTFE) binder 
with a weight ratio of 80:15:5, which were pressed (10 MPa) onto 70 

a nickel foam and dried in an vacuum oven at 80 °C for 12 h. A 
platinum wire and an Hg/HgO electrode were used as counter and 
reference electrodes, respectively. All the electrochemical tests 
were carried out on a CHI660D electrochemical workstation (CH 
Instruments Inc.). The cyclic voltammetry (CV) experiments 75 

were performed between -1 and 0 V at a scan rate of 10～200 
mV/s. The galvanostatic charge-discharge (CD) behaviour was 
investigated within the potential window -1 V～0 V at various 
current densities. The specific capacitance can be calculated by C 
= It/m∆V, where I is the discharge current, t is the discharge time, 80 

m is the mass of the active materials, ∆V is the voltage drop upon 
discharging. Electrochemical impedance spectroscopy (EIS) tests 
were carried out with a frequency loop from 105 Hz to 0.01 Hz 
using perturbation amplitude of 5 mV at open circuit voltage. 

3.  Results and discussion  85 

The products of hydrothermal reaction were imaged by SEM 
and TEM. As shown in Fig. 2a, uniform flower-like spheric 
solids with diameter size of 2-5 µm could be formed after 
hydrothermal reaction. Only carbon spheres (Fig. S1) can be 
obtained without nickel acetate. The flower-like precursor was 90 

composed of very thin two-dimensional carbon petals with 
thickness of 20 ~ 30 nm (Fig. 2b). HRTEM image (Fig. 2d) of the 
edge of carbon nanosheet showed that many well dispersed 
nanoparticles embedded in the carbon sheets and their diameter 
was about 5 nm. The interplanar spacing of the nanoparticle is 95 

0.397 nm (inset of Fig.2d), which corresponds to the d spacing of 
(006) plane of α-Ni(OH)2. In order to further confirm the 
composition of those nanoparticles, the precursor was tested by 
XRD. The XRD pattern (Fig. 3a) clearly shows that these 
nanoparticles are α-Ni(OH)2 particles and there are no additional 100 

impurity diffraction from the precursors. Since glucose is easy to 
be hydrothermally polymerized into polysaccharide (carbon-rich), 
30 the XRD results suggested that the precursor was composed of 
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α-Ni(OH)2 nanoparticles and polysaccharide. The possible 
formation mechanism could be described as follows. Firstly, 
amorphous Ni(OH)2 is formed due to the forced hydrolysis of 
nickel acetate (Ni(Ac)2) at high temperature and self-assembled 
into petals. The reaction is illustrated below:  5 

Ni(Ac)2 + 2H2O → Ni(OH)2  + 2HAc        (1) 
Meanwhile, glucose might be adsorbed on the surface of Ni(OH)2 
due to the hydrogen-bonding interaction, and was hydrothermal 
polymerized into polysaccharide and was coated on the surface of 
Ni(OH)2. Along with the prolonged hydrothermal process, the 10 

amorphous Ni(OH)2 petals might crystallized into α-Ni(OH)2 
nanoparticles with the coating of polysaccharide.  

 
Fig. 2 (a,b) SEM, (c)TEM and (d)HRTEM images of the product of 
hydrothermal reaction. 15 

 

 
Fig. 3 XRD patterns of (a) Ni(OH)2/polysaccharide precursor, (b) Ni/C 
composite and (c) FMCS-1. 
 20 

 As shown in Fig. 4a, SEM images of the obtained Ni/C 
composite showed that the flower-like structure could be well-
maintained after calcination/carbonization of 
Ni(OH)2/polysaccharide composite under Ar atmosphere. While 
the surface of nanosheets became rough due to the shrinkage of 25 

polysaccharide during the carbonization process. The thickness of 
the carbon petals was reduced to about 20 nm (Fig. 4b). The 

corresponding XRD pattern was shown in Fig. 3b, there were 
three obvious diffraction peaks at 44.5°, 51.8° and 76.4° emerged, 
which could be attributed to be the (111), (200) and (220) 30 

diffractions of cubic Ni (JCPDS: No.04-0850). It’s well known 
that the polysaccharide will be carbonized at 700°C under Ar, the 
XRD results confirmed that the obtained composites would be 
Ni/C composites. Fig. 4c showed the typical TEM image of Ni/C 
composite. It can be seen that some big Ni particles with size of 35 

~50 nm emerged in the carbon nanosheets. Enlarged TEM images 
(Fig. 4d) from the edge of sheets clearly demonstrated that there 
were a lot of small Ni particles with size of ~4 nm 
homogeneously embed in the 2D carbon nanosheet. The 
interplanar spacing is 0.201 nm (inset of Fig.4d), which is in good 40 

agreement with the d spacing of (111) plane of cubic Ni. 
Compared with the corresponding Ni(OH)2/polysaccharide 
precursor, it’s obvious that the small Ni nanoparticles are derived 
from the ~5 nm α-Ni(OH)2 nanoparticles because of the reduction 
of α-Ni(OH)2 to Ni during the carbonization process. The big Ni 45 

particles maybe formed by the agglomeration of some small Ni 
nanoparticles with less polysaccharide coating under high 
temperature. 

 
Fig. 4 (a,b) SEM, (c) TEM and (d) HRTEM images of Ni/C composites. 50 

 
 In order to obtain the 3D FMCS, the Ni/C composites were 
etched in HCl solution. After acid treatment, the diffraction peaks 
of Ni particles disappeared (Fig. 3c), indicating that the effective 
removal of Ni nanoparticles. The broadened peak near 25° which 55 

could be attributed to the (002) diffraction peak of graphite, 
indicated that there were short-range order crystal structure 
existed in the obtained carbon material.31 Fig. 5a showed the 
SEM image of the obtained FMCS-1. After calcining and etching 
processes, the original flower-like carbon morphology can be 60 

well maintained and the obtained uniform flower-like carbon 
spheres FMCS-1 have diameters ranging from 2 to 5 µm. TEM 
measurements were carried out to further investigate the structure 
of the as-synthesized 3D hierarchical mesoporous carbons 
spheres. Fig. 5b showed that FMCS-1 have hollow structure. 65 

HRTEM image of FMCS-1 clearly revealed that the porous 
carbon presents an onion-like carbon shells within the carbon 
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sheets. The lattice fringes of the onion-like carbon shells showed 
an interplanar spacing of 0.346 nm, which could be attributed to 
graphitic (002) layers, suggesting the graphitic carbon shells (Fig. 
5d).32 The SEM and TEM images of FMCS-2 (Fig. S2) were 
similar to that of FMCS-1, except the thicker nanosheets of 5 

FMCS-2 due to the more glucose in the synthesis. 

 
Fig. 5 (a) SEM, (b,c) TEM and (d) HRTEM images of FMCS-1. The 
presence of mesopores is indicated by the white arrows. 
 10 

 The nitrogen adsorption-desorption isotherms were shown in 
Fig. 6a. Both of the FMCS can be classified as type IV isotherm, 
according to the International Union of Pure and Applied 
Chemistry (IUPAC) classification. At a relative pressure of above 
0.4, the distinct hysteresis loop reflects the capillary condensation 15 

of the mesopores. The nitrogen adsorption-desorption isotherms 
of carbon sphere (Fig. S3) indicated a tanglesome porous 
structure. The specific surface areas (SBET) of FMCS-1 and 
FMCS-2 are calculated to be 796 and 612 m2/g, respectively.  
The specific surface area of carbon sphere is 404 m2/g, lower than 20 

that of 3D FMCS. Fig. 6b showed a narrow pore size distribution 
for both of FMCS with pore size of 3.9 nm, in accordance to the 
TEM results. The mesopores were derived from the removal of 
the Ni nanoparticles embedded in the carbon sheet matrix. The 
mesopore size agreed very well with the Ni nanoparticle size, 25 

based on above HRTEM data of the Ni/C composites and FMCS-
1 (Fig. 4d and Fig. 5d).  TG results (Fig. S4) showed that the last 
weight of Ni/C composite was 35.5%. However, FMCS-1 was 
completely combustion after 800 °C in air. The results further 
illustrated that the obtained 3D hierarchical mesoporous carbon 30 

superstructures were clean, and the nickel particles have been 
completely removed, in accordance to the XRD results. 
 The obtained 3D hierarchical mesoporous carbon 
superstructures and carbon sphere were also characterized by 
Raman spectroscopy. Raman spectrum (Fig. 7) clearly showed 35 

two distinguishable peaks at 1340 cm-1 (D-band) and 1590 cm-

1(G-band). The D-band is associated with disorder, allowing zone 
edge modes of the graphite structure to become active due to the 
lack of long-range order in amorphous and quasi-crystalline 
forms of carbon materials. The G-band corresponds to the E2g 40 

mode in the basal plane of the crystalline graphite.33The peak 
intensity ratio between D and G-bands usually provides a useful 

index for comparing the degree of crystallinity of carbon 
materials, that is, the smaller the ratio of ID/IG, the higher the 
degree of ordering in the carbon material.34-36 The ID/IG ratio for 45 

FMCS-1 and FMCS-2 is 0.90 and 0.91, respectively, in 
accordance to the existence of graphitic carbon shells indicated 
by TEM results. However, the ID/IG ratio of carbon sphere is 1.2, 
which is larger than that of 3D flower-like hierarchical 
mesoporous carbon spheres, and demonstrates that carbon sphere 50 

has lower degree of graphitization than that of 3D flower-like 
hierarchical mesoporous carbon spheres. 

  

 
Fig. 6 (a) Nitrogen adsorption-desorption isotherms and (b) pore size 55 

distribution curve of the FMCS. 
 
 Based all above results, the obtained 3D flower-like 
hierarchical mesoporous carbon superstructures are composed of 
2D carbon nanosheets with mesoporous structure. These results 60 

clearly showed that the nickel acetate plays a pivotal role for the 
fabrication of FMCS with multiple functions: inducing the 
formation of flower-like hierarchical precursor, offering catalyst 
for graphitization, and serving as mesopore template. Only 
carbon spheres can be obtained without nickel acetate. The 65 

channel between carbon nanosheets form macropores, which can 
serve as ion buffering reservoirs, minimizing the diffusion 
distance between the electrolyte and the interior pore surface of 
the carbon sheets.37 Moreover, the 2D carbon nanosheets with 
mesoporous structure, provide highly accessible pathways for the 70 

solvent and ions, can sufficiently contact with the electrolyte and 
facilitate fast adsorption of electrical charge. The stacked 
graphitic carbon shells may be very beneficial for fast electron 
transport, thus further enhance the whole electrochemical 
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performance. 

 
Fig. 7 Raman spectra of 3D FMCS and carbon sphere. 

 
The electrochemical capacitive performances of the obtained 5 

carbon materials were performed by CV and CD measurements. 
Both of the CV curves of FMCS (Fig. 8a and Fig. S5a) display 
relatively good rectangular profile, showing a typical 
characteristic of double-layer capacitance. When the scan rate is 
increased from 10 mV/s to 200 mV/s, a similar rectangular shape 10 

is retained, indicating a good capacitive performance at high scan 
rates for fast electrolyte movement within the electrodes and 
good charge propagation of ions at the interfaces between the 
electrolyte and the carbon material. For carbon sphere-base 
electrode, the CV cure is distorted fiercely even at a low scan rate 15 

(Fig. S5c). Under the same electrode preparation and testing 
conditions, the CV curve of the FMCS-1 based electrode has a 
larger encircled area than that of FMCS-2 and carbon sphere 
based electrodes, suggesting that the FMCS-1 based electrode has 
a better capacitance performance, which may be mainly attributed 20 

to its highest specific surface area. 
 Fig. 8b and Fig. S5b show the CD curves of the FMCS-1 and 
FMCS-2 based electrodes at various current densities from -1 V 
to 0 V, respectively. The CD curves at different current densities 
all show isosceles triangular shapes, suggesting excellent 25 

Coulombic efficiency and ideal capacitor behavior. No sudden 
potential drop is observed, revealing that FMCS based 
electrochemical electrodes have low equivalent series. By 
contrast, there is an obvious potential drop in the CD curve of 
carbon sphere (Fig. S5d). The results further indicated that the 30 

nickel acetate not only serves as inducer, but also offer catalyst 
for the graphitization, which enhances the conductivity. In 
addition, the discharge time of FMCS-1 is longer than that of 
FMCS-2 and carbon sphere at the same current density, and thus 
the specific capacitance of FMCS-1 is higher than that of FMCS-35 

2, in accord with the CV results. 
 Fig. 9a shows the curves of the specific capacitance vs. current 
densities for the electrodes made from the synthesized 3D 
hierarchical mesoporous carbon superstructures and carbon 
sphere. The specific capacitance of the FMCS-1, FMCS-2 and 40 

carbon sphere can be calculated to be 226, 168 and 62 F/g at 
discharge current density of 0.5 A/g, respectively. Impressively, 
both of the two hierarchical mesoporous carbon superstructures 
not only exhibit a much high specific capacitance at 0.5 A/g, but 

also maintain them well at higher current densities. When the 45 

current density increases to 20 A/g, the specific capacitance of 
FMCS-1 can still maintain to 185 F/g and preserves 82% of its 
specific capacitance delivered at 0.5 A/g. FMCS-2 could preserve 
80% of its specific capacitance. In contrast, the specific 
capacitance of carbon sphere decreases sharply with the 50 

increasing current density and only retains 37% at the current 
density of 20 A/g. The high capacitance and excellent rate 
performance of the hierarchical mesoporous carbon 
superstructures are mainly attributed to the significantly enhanced 
accessible surface area and the special hierarchical pore structure. 55 

 
Fig. 8 (a) Cyclic voltammograms of FMCS-1 based electrode at various 
scan rates. (b) Charge/discharge curves of FMCS-1 based electrode at 
various current densities. 
 60 

Electrochemical Impedence Spectroscopy (EIS) is a useful 
method to evaluate the transport property of an electrochemical 
system. Fig. 9b shows the Nyquist plots of the FMCS-1, FMCS-2 
and carbon sphere, respectively. Nyquist plot exhibits two distinct 
parts including a semicircle in the high frequency region and a 65 

sloped line in the low frequency region. In the high frequency 
region, the semicircle corresponds to the charge-transfer 
resistance at the electrode/electrolyte interface.22, 38 Carbon 
sphere has the largest charge-transfer resistance. The large 
resistance of carbon sphere electrode is consequently related to its 70 

low electrical conductivity. In contrast, for the FMCS, the added 
nickel acetate will be transferred into nickel during the 
calcination process which is a good catalyst for graphitization,39 
thus enhances the conductivity of FMCS. In the low frequency 
region, 3D FMCS has straight line along the imaginary axis, 75 
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which demonstrates their low electrolyte ions diffusion resistance 
and more ideal capacitor behavior.40 It can be mainly ascribed to 
the 3D hierarchical superstructure, which facilitates electrolyte 
fast contact to the carbon nanosheets and less jammed ion paths. 
The low diffusion and electron transfer resistances of the 5 

synthesized 3D hierarchical mesoporous carbon superstructures 
revealed by EIS measurement is consistent with the results of CV 
performance above and their high rate capability. 

  

 10 

Fig. 9 (a) Corresponding specific capacitances of FMCS and carbon 
sphere at different current densities; (b) Nyquist plots of electrodes based 
on FMCS and carbon sphere. 
 
 Stability over repeated charge and discharge cycling is critical 15 

for practical application and is demonstrated by continuous 
charge-discharge cycling test for 2000 cycles. The cycle stability 
of the synthesized 3D hierarchical mesoporous carbons spheres 
based electrodes is examined and results are shown in Fig. 10. It 
is found that the specific capacitance of FMCS-1 shows a slight 20 

increase (103%) after the 200 cycles, which is possibly due to the 
activation process, which means that unused electrochemically 
active sites of active material inside the nickel foam electrode are 
fully exposed to the electrolyte during the cycling process.41, 42 
After 2000 cycles at the current density of 10 A/g，the specific 25 

capacitance of 3D hierarchical mesoporous carbon spheres 
electrodes retains 103%. Compared with the charge/discharge 
curve of the 200th cycle, no obvious changes can be found on 
that of the 2000th cycle (Fig.10), illustrating a remarkable cycling 
stability and life time as electrodes for supercapacitor. 30 

 
Fig. 10 The cycling performance of FMCS-1 electrodes at the current 
density of 10 A/g (inset: the charge/discharge curves for the 1st, 200th 
and 2000th cycles). 
 35 

 Based on the above comparison of the carbon sphere and 
FMCS, it is obvious that the superior electrochemical 
performance of FMCS electrode is greatly attributed to its unique 
flower-like hierarchical mesoporous carbon superstructure. As 
the basic building blocks, the ultrathin carbon nanopetals with 40 

rich mesopores offer the material high accessible surface area for 
electrolytes, resulting in highly increased capacitance. The special 
macropores assembled by the ultrathin carbon nanopetals serve as 
ion-buffering reservoirs, which provide a short diffusion distance 
and benefit the rapid transport of electrolyte to the inside of the 45 

hierarchical material, leading to its outstanding high rate 
performance at high current density.28,36 And more, the graphitic 
carbon shells in the FMCS electrode compose an excellent 
conductive network, which facilitates the transfer of electrons at 
high charge/discharge rates, and is beneficial for its rate 50 

capability. Due to the outstanding electrochemical performances, 
the 3D flower-like hierarchical mesoporous carbon 
superstructures show promising applications as high-rate 
supercapacitor electrode materials, which also provides new 
insight into the rational design of 3D hierarchical porous carbons 55 

for energy storage applications. 
 

4.   Conclusions 

 In summary, we have proposed a simple strategy for the synthesis 
of 3D flower like mesoporous carbon superstructures through a 60 

one-pot hydrothermal reaction and carbonization processes 
without any additional template. The nickel acetate plays an 
ingenious and pivotal role for the fabrication of FMCS with 
multiple functions: inducing the formation of flower-like 
hierarchical precursor, offering catalyst for graphitization, and 65 

serving as mesopore template. Electrochemical data demonstrated 
that FMCS-1 delivers a specific capacitance 226 F/g at 0.5 A/g 
and 184 F/g even at a higher current density of 20 A/g with 
excellent electrochemical stability, suggesting that FMCS would 
be a highly promising electrode material for high-rate 70 

performance supercapacitors. Such intriguing electrochemical 
performances are attributed to the 3D interconnected pore texture 
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and highly accessible mesopores on the ultrathin carbon sheets 
for efficient electrical charge storage, as well as the excellent 
conductive network. 
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