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ABSTRACT 
Co3O4 nanorods, nanobelts, nanosheets and cubic/octahedral nanoparticles have been successfully synthesized 
with tunable size from the nanoscale to the microscale, accompanied by a variation in the nature of the exposed 
crystal planes. The products are formed by thermal treatment of Co(CO3)0.5(OH)·0.11H2O nanorod, nanobelt, 
nanosheet and nanocubic/nanooctahedral precursors at 250 °C. Detailed characterization, including X-ray 
diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray photo- 
electron spectroscopy (XPS), and nitrogen adsorption and desorption isotherms, revealed that the as-prepared 
nanorods, nanobelts, and nanosheet Co3O4 samples are single crystalline and mesoporous in nature with a 
predominance of exposed high-energy (110)  crystal planes. They exhibited excellent electrochemical properties 
in supercapacitors, showing higher capacitance and better rate capability than conventional cubic/octahedral 
Co3O4 nanoparticles having exposed low-energy (100) and (111) planes. No decay in capacitance was observed 
when the scan rate was increased from 5 mV/s to 100 mV/s, or from 1 A/g to 10 A/g. The maximum value of the 
specific capacitance was calculated to be 162.8 F/g and the capacitance retention reached as high as 90%. Their 
excellent performance in supercapacitors is believed to result from the large-area exposure of active (110) 
crystal planes. The Co3O4 nanosheets showed the best performance due to their larger surface area and ability to 
provide a better pathway for charge transfer, and are promising electrode materials for application in practical  
supercapacitors. 
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1. Introduction 

The controllable and selective synthesis of nano- 
structured materials is gradually becoming more 
important due to their unique applications [1–7], 
especially in the field of catalysis [1–4]. Among the 

factors influencing the catalytic reactivity, selectivity 
and durability, the arrangement of surface atoms and 
number of dangling bonds on the different crystal 
planes are believed to be the most important [8–10], as 
the amount of active sites is highly dependent on these 
factors. Compared with materials with conventional 
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nanoparticulate forms, nanocrystals with predominant 
exposure of specific crystal planes show significantly 
higher activity and remarkable selectivity [1–4, 8–10]. 
Most recently, it has been shown that (110)  and (112) 
planes and their equivalent crystal planes in spinel 
Co3O4 present more active Co3+ sites and more open 
space for the absorption of CO and CH4 molecules, 
hence exhibiting higher efficiency in the catalysis of 
CO oxidation and CH4 combustion compared to other 
Co3O4 nanoparticles [8, 9]. In addition to catalysis, 
electrochemical reactions may be another important 
class of process that is strongly dependent on the 
surface structure [11, 12]. Nanostructured materials 
with exposed high-energy crystal planes will show 
distinct and novel electrochemical properties, because 
crystal planes with much higher energies will reduce 
the oxidation–reduction gaps so as to considerably 
accelerate the reaction rates. In this respect, it would 
be reasonable to expect these materials to have a good  
rate capability.  

Among all the devices utilized in electrochemical 
energy storage, supercapacitors are attracting intense 
interest from researchers all over the world due to 
their unique advantages in actual applications [13–17], 
such as lower cost, longer lifespan, and significantly 
higher charging/discharging currents. There has been 
considerable progress in the field of supercapacitors 
and many highly efficient materials, including RuO2 
[16] and MnO2 [17], have been exploited in an attempt 
to increase the performance in electrochemical tests. 
However, there have been few reports involving the 
study of the dependence of electrochemical effects  
on the different exposed crystal planes of materials. 
Furthermore, Co3O4 has been rarely investigated as a 
potential candidate for the electrode material in 
supercapacitors. Regarding the controllable synthesis 
of its nanostructures [18–20], only a few reports have 
involved the exposure of high-energy crystal planes. 
Developing a universal method for the preparation  
of functionalized Co3O4 still remains a significant 
challenge, and investigation of the electrochemical 
effects associated with different crystal planes of Co3O4 
is also an intriguing research topic. Herein, we report a 
facile and general way to fabricate Co3O4 with uniform, 
tailorable morphologies and structures ranging from 
nanosize to microsize. The precursor employed to 

prepare the samples is Co(CO3)0.5(OH)·0.11H2O, which 
on thermal treatment is transformed into spinel Co3O4. 
Electrochemical characterization showed that the 
samples exhibit excellent rate capabilities and good 
capacitances. To the best of our knowledge, this is the 
first report of the attainment of high capacitance by 
tailoring the crystal planes of materials. Since electro- 
chemical energy storage is becoming more important, 
the as-prepared materials are promising candidates for  
use in the supercapacitors of the future. 

2. Experimental 

The following materials were used directly without 
further purification: ethylene glycol (EG) (Fisher Che- 
mical, 99.99%), aqueous ammonia (NH3·H2O, 28 wt%– 
30 wt%, J. T. Baker), cobalt nitrate (Co(NO3)2, 99.9%, 
Aldrich), sodium carbonate (Na2CO3, 99.9%, Aldrich). 

In a typical synthesis, 12.5 mL of aqueous ammonia 
(28 wt%–30 wt%) was first mixed with 20 mL of EG 
and formed a homogeneous solution after 2 min of 
stirring. 5 mL of aqueous sodium carbonate solution 
(1 mol/L) was then added to the mixture which was 
stirred for another 2 min. Afterwards, 5 mL of aqueous 
cobalt nitrate solution (1 mol/L) was added to the mix- 
ture followed by continuous stirring for 20 min. The 
resulting homogeneous solution was transferred into 
a Teflon-lined stainless steel autoclave with a volume 
of 45 mL which was then heated in a temperature- 
preset oven at 170 °C for 17 h. The autoclave was then 
allowed to cool down naturally to room temperature, 
and the precipitate was centrifuged and rinsed with 
deionized water at least four times and then once with 
ethanol. The products were then dried in a vacuum 
oven overnight at 40 °C and calcined in a program- 
controlled furnace at 250 °C for 4 h with a ramp rate  
of 1 °C/m.  

The amounts of precursors required for the synthesis 
of the various samples were as follows.  

G1-Co(CO3)0.5(OH)·0.11H2O nanorods: 12.5 mL of 
ammonia, 20 mL of EG, 1 mL of aqueous sodium 
carbonate solution (1 mol/L), 5 mL of aqueous cobalt  
nitrate solution (1 mol/L). 

G2-Co(CO3)0.5(OH)·0.11H2O nanobelts: 12.5 mL of 
ammonia, 20 mL of EG, 1.2 mL of aqueous sodium 
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carbonate solution (1 mol/L), 5 mL of aqueous cobalt  
nitrate solution (1 mol/L). 

G3-Co(CO3)0.5(OH)·0.11H2O nanosheets: 10 mL of 
ammonia, 25 mL of EG, 1.5 mL of aqueous sodium 
carbonate solution (1 mol/L), 5 mL of aqueous cobalt  
nitrate solution (1 mol/L). 

Co3O4 cubic/octahedral nanoparticles: 12.5 mL of 
ammonia, 12.5 mL of deionized water, 5 mL of aqueous  
cobalt nitrate solution (1 mol/L). 

Electrochemical characterization: 10 mg of a sample 
was mixed with 2 mL of a solution composed of 85% 
deionized water, 10% 2-propanol and 5% Nafion by 
volume. The mixture was converted into a homo- 
geneous solution by vigorous stirring for 3 h. 10 μL of 
this mixture was extracted by micropipette and 
dropped onto a graphite electrode to serve as the 
working electrode after being dried naturally in air. 
The electrochemical properties of the sample were 
tested using an Autolab potentiostat (model AUT71740) 
in a three-electrode cell. Pt foil was used as the counter 
electrode, with Ag/AgCl as the reference electrode and  
KOH (2 mol/L) as the electrolyte. 

3. Results and discussion 

3.1 Characterization of Co3O4 nanostructured  
materials 

Figures 1(a), 1(c), and 1(d) show some representative 
low-magnification transmission electron microscopy 
(TEM) images of Co(CO3)0.5(OH)·0.11H2O nanorods 
(G1), nanobelts (G2) and nanosheets (G3), respectively, 
in which uniform products can be clearly observed. 
All of these samples exhibit sharp and straight sides 
with ribbon (Fig. 1(a)), belt (Fig. 1(c)) or sheet-shaped 
(Fig. 1(d)) morphologies. By changing the concentra- 
tions of the precursors, the widths of the products were 
tailored from 15 nm (Fig. 1(a)) to 30 nm (Fig. 1(c)), and 
to approximately 1.50 µm (Fig. 1(d)). Meanwhile, their 
lengths could be varied from 250 nm (Fig. 1(a)) to 
800 nm (Fig. 1(c)), and finally up to more than 1 µm 
(Fig. 1(d)). Another important discovery is that the 
products are single crystalline, as highlighted in the 
high-resolution transmission electron microscopy 
(HRTEM) image (Fig. 1(b)) collected from the marked   

 
Figure 1 TEM and HRTEM images for the as-prepared 
Co(CO3)0.5(OH)·0.11H2O samples: (a) TEM image of nanorods; 
(b) HRTEM image of nanorods; (c) TEM image of nanobelts 
(d) TEM image of nanosheets 

area in Fig. 1(a). The distances between adjacent crystal 
planes are 0.452 nm and 0.297 nm, corresponding to  
the interplanar spacings (001) and (300), respectively. 

As shown in Fig. 2(a), all the XRD patterns from 
samples labeled as G1, G2, and G3 can be indexed  
as orthorhombic Co(CO3)0.5(OH)·0.11H2O, with lattice 
constants of a = 0.8792 nm, b = 1.0150 nm, and c = 
0.4433 nm (JCPDS card No. 48-0083), with no evidence 
of impurity peaks from any other phases. After cal- 
cination of the samples at 250 °C for 4 h in air with a 
ramp rate of 1 °C/min, the XRD patterns of the products 
(Fig. 2(b)) indicated that the materials had undergone 
partial oxidation of Co2+ into Co3+, leading to the for- 
mation of a pure spinel Co3O4 face-centered cubic (fcc) 
phase with a lattice constant of a = 0.8084 nm (JCPDS  
card No. 42-1467). 

Transmission electron microscopy (TEM) and 
HRTEM observations confirmed the conversion process, 
as shown in Fig. 3. Figures 3(a), 3(c), and 3(d) show 
some representative TEM images of materials S1–S3 
formed by calcination of G1–G3. Thermal conversion 
did not destroy the particle morphology but resulted 
in the appearance of some porous structure. The 
corresponding HRTEM images (Figs. 3(b), 3(d), and 
3(e)) indicate lattice spacings of around 0.250 nm and  
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Figure 2 XRD patterns for the Co(CO3)0.5(OH)·0.11H2O nano- 
structures and the calcined samples: (a) Co(CO3)0.5(OH)·0.11H2O 
nanostructures G1–G3; (b) Co3O4 samples S1–S3 after calcination 

0.280 nm, which are in good agreement with the 
standard data of {113} and {220} interplanar spacings 
for spinel Co3O4. In addition, based on the structural 
analysis, the normal directions perpendicular to the 
particle surfaces can be indexed as [110]  and [110]. 
Therefore, the preferentially exposed crystal planes 
for these samples, including two side planes and two 
end planes, can be determined to be {110}. It is 
noteworthy that as the particle widths increase from 
S1 to S3, the exposed {110} planes account for an 
increasing proportion of the total surface area. To the 
best of our knowledge, this is the first report of the 
successful synthesis of single crystal Co3O4 nanosheets 
with large scale exposure of unusually high-energy 
crystal planes. It is widely recognized that developing 
well-grown nanocrystals with a predominance of 
exposed regular and sharp crystal planes, especially  

 

Figure 3 TEM and HRTEM micrographs of the calcined samples 
S1–S3: (a), (b) Co3O4 nanorods S1; (c), (d) Co3O4 nanobelts, S2; 
(e), (f) Co3O4 nanosheets, S3 

those with high energy, still remains a great challenge. 
Further examination of the properties of our materials, 
especially in the field of specific catalysis, would be 
of interest. Our results provide a platform for the 
study of specific molecular absorption, desorption and 
even chemical reactions using atomic force microscope 
(AFM) and scanning tunneling microscope (STM) 
techniques [21, 22]. Through this approach, it should 
be possible to investigate the mechanisms of some 
significant chemical reactions at the molecular level,  
e.g., CO oxidation and CH4 combustion.  

In addition to X-ray diffraction (XRD) measurements, 
the conversion of Co(CO3)0.5(OH)·0.11H2O into Co3O4 
can also be confirmed by using photoelectron spec- 
troscopy (XPS) to monitor the change in oxidation 
state of the Co. Figures 4(a) and 4(b) show the X-ray 
photoelectron spectra of G1 and its calcined analogue 
S1. Both samples were thoroughly dried in a vacuum 
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oven at 40 °C overnight to remove adsorbed water prior 
to characterization. In the spectrum of S1 (Fig. 4(b)) 
the two XPS binding energy (BE) peaks without pro- 
minent shake-up satellite peaks, centered at 794.79 eV 
and 779.77 eV, can be assigned to Co 2p1/2 and Co 2p3/2 
spin-orbit peaks, respectively, characteristic of Co3O4 
[23]. The precursor sample G1 shows two highly intense 
shake-up satellite peaks centered at 787.24 eV and 
803.23 eV, which are consistent with the presence of 
Co2+ [23]. The peaks centered at 781.22 eV and 797.21 eV, 
which correspond to Co 2p3/2 and Co 2p1/2 core levels, 
are slightly shifted to higher binding energy compared 
to those of the calcined sample, further confirming that  
the sample G1 mainly consists of Co2+ [24]. 

Figure 5(a) shows a typical low-magnification TEM 
image of G1 showing it consists of nanorods with a 
regular rectangular cross-section and lengths of 200– 
300 nm. In the enlarged image, shown in Fig. 5(b), it 
can be seen that the nanorods have a thickness of 
8–10 nm and widths ranging from 14–16 nm. Upon  

 
Figure 4 XPS spectra of (a) precursor G1 and (b) its calcined 
analogue S1 

calcination at 250 °C for 4 h, the resulting sample S1 
maintains its 3D morphology and particle size. 
However, it experienced a transformation in chemical 
composition and crystal structure from orthorhombic 
Co(CO3)0.5(OH)·0.11H2O to fcc Co3O4. Along the [11̄0] 
and [001] directions of fcc Co3O4, two distinct crystal 
structures are revealed, as indicated in Figs. 5(c) and 
5(e). They exhibit continuous crystal structures and 
almost completely flat planes. In the crystallographic 
nature of fcc Co3O4, the (110)  and [001] directions  
are perpendicular to each other. The micrographs in 
Figs. 5(c) and 5(e) confirm that the calcined S1 has  

 
Figure 5 A representative TEM image (a) and the enlarged TEM 
image (b) reveal that the particles in precursor G1 have dimensions 
of 8–10 nm in thickness, 14–16 nm in width, and 200–300 nm in 
length. After calcination at 250 °C for 4 h to give sample S1, no 
apparent changes in morphology are observed (c–e). HRTEM 
characterization shows the crystal structure along three different 
directions, including [110] (c), [112]  (d) and [001] (e). All the 
results indicate that the calcined S1 has a cuboid morphology, with 
exposure of specific crystal planes (f) 
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retained its original nanorod shape with a rectangular 
cross-section, and the two exposed crystal planes being 
(110)  and (001). Along another crystal orientation [112], 
which is located in the plane jointly determined by 
[110] and [001], and perpendicular to [110], a third 
crystal structure has also been detected, as shown in 
Fig. 5(d), (indicated by black arrows). The SEM data 
provide additional proof that the calcined S1 consists 
of cuboid nanorods with an axial direction of [110]. 
The particles of calcined S1 can be described as a 
rod-like nanostructure with three sets of mutually 
perpendicular crystal planes, as illustrated in Fig. 5(f). 
From Fig. 5(f), the calculated percentage of the total  
surface area contributed by the set of high-energy 
planes {110} (including (110) and its equivalent plane 
(110)),  can reach as high as 39.2%. As the width of 
the nanostructure increases from S1 to S2 to S3, the 
percentage of the surface area contributed by the highly  
active planes will also increase.  

3.2 Electrochemical testing of Co3O4 

A number of samples were selected in order to inves- 
tigate the relationship between the electrochemical 
performance and the sample morphology. Cyclic 
voltammetry (CV) (Fig. 6(a)) and chronopotentiograms 
(Fig. 6(b)) revealed that the calcined S3 exhibits higher 
capacitance and better rate capability than calcined 
S1. The maximum capacitance for a current density 
of 1 A/g reached as high as 176.8 F/g after 5000 cycles, 
which is much higher than the most recently reported 
value for Co3O4 (prepared by calcination of β-Co(OH)2) 
of 92 F/g [25]. For a higher current density of 10 A/g, 
S3 was still able to retain a value of 156.0 F/g, corres- 
ponding to 88.2% of the initial specific capacitance 
(Fig. 6(b)). The CV curves shown in Fig. 6(a) indicate 
that, if a narrower potential scan range is applied, it 
can result in a higher specific capacitance. This is 
reasonable, because the enclosed area within the 
curve in a scan range of 0.25 V to 0.5 V is much more 
“effective” than that in a scan range of 0 to 0.5 V in 
view of the capacitance equation: C = It/m·ΔV, where 
C is the specific capacitance, I is the current density, 
m is the mass of the sample, and ΔV is the potential 
drop within the scan. However, in our experiments, 
which are aimed at developing potential applications, 
a wider scan scope ranging from 0 to 0.5 V was  

utilized in order to provide a more realistic test of the 
electrochemical performance of the samples. The two 
distinct redox peaks in Fig. 6(a) indicate that reversible 
electrochemical reactions occur during the cyclic 
voltammogram scanning process, and their shapes are 
totally different from those of normal double-layer 
capacitance with its typical rectangular area [16]. In 
Fig. 6(b), which focuses on the charging stage, two steps 
can be clearly detected, where double-layer capacitance 
and pseudocapacitance have the distinctive charac- 
teristics of being parallel to the voltage axis and the 
slope, respectively. Two kinds of capacitive mechanism 
are involved: (1) charge separation for double-layer 
capacitance and electrochemical absorption–desorption; 
(2) redox reactions for the pseudocapacitance. The data 
shown in Figs. 6(a) and 6(b) indicate that no apparent 
decay takes place when the scan rate is increased   
to 100 mV/s. This result can be ascribed to the large 
exposure of high-energy crystal planes in the sample, 
since it is well known that the high-energy crystal 
planes ((110) or its equivalent planes) can speed up 
surface reactions. From the results of the nitrogen 
adsorption and desorption isotherm measurements, 
the Brunauer–Emmett–Teller (BET) surface area and 
pore diameter of calcined S3 were determined to be 
127.4 m2/g and 2.3–2.7 nm respectively, as shown in 
Fig. 6(c). These values should be compared with those 
in the literature for Co3O4 prepared by calcination of 
β-Co(OH)2 [25], namely a surface area of 25.12 m2/g 
and pore size of 23.5 nm. The larger surface area of 
our material is responsible for its higher capacitance, 
because surface area is one of the key factors affecting  
the interfacial electrochemical properties of a material. 

The capacitive properties of calcined S1 were also 
investigated. The CV curves (Fig. 6(d)) and chronopo- 
tentiograms (Fig. 6(e)), are fairly similar to those for 
calcined sample S1 (Figs. 6(a) and 6(b)), and the material 
demonstrated characteristics of both high capacitance 
and good rate capability. The high surface area, as 
indicated in Fig. 6(f) (90.6 m2/g), is responsible for the 
high specific capacitance, just as for the calcined S3.  
It is noteworthy that the calcined S3, with its sheet- 
shaped structure, showed a superior performance in 
electrochemical tests to the rod-like structure (calcined 
S1). In electrochemical systems, at least three factors 
may be responsible for an enhanced performance, 
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namely the surface area, conductivity and electrolyte 
diffusion efficiency. In general, a larger surface area will 
result in the improvement of the contact area between 
electrode and electrolyte, leading to better conductivity 
and more efficient diffusion of electrolyte, giving an 
accelerated charge transfer rate and ultimately improve 
the performance. In other electrochemical systems, 
e.g., Li-ion batteries [26, 27], it has been shown that a 
belt-or sheet-shaped structures are more favorable  
in terms of providing an efficient pathway for charge 
transfer than a rod-like one. Calcined sample S2 
exhibits values of surface area (118.7 m2/g) and pore 
sizes (from 2.8–6.0 nm) (see Fig. S-1 in the Electronic 
Supplementary Material (ESM)) which fall in the 
range between the values for S1 and S3, and its 
electrochemical performance, including capacitance 
and rate capability, is also intermediate between those 
of S1 and S3. A reversible capacitance of 150–160 F/g 
was found for S2 (see Fig. S-1 in the ESM). This is 
reasonable, since all the three samples have high-energy 
crystal planes of (110) exposed to a large extent and 
the percentage of the whole surface area accounted 
for by (110) planes increases with the sample width. 
Although some materials have previously been shown 

to exhibit better performance than Co3O4 in super- 
capacitors, e.g., NiO and NiCo2O4 [28, 29], our results 
are still high enough for the materials to be employed  
in practical supercapacitors. 

Co3O4 nanocrystals with cubic and octahedral 
morphology were also used as control samples in 
electrochemical tests in order to investigate the crystal 
plane effect. SEM (Fig. 7(a)) and TEM (Fig. (b)) images 
indicate that the samples consist of uniform Co3O4 
nanocrystals with a diameter of 10–15 nm, most of 
which exhibit nanocube or nanooctahedron shapes, 
implying that the samples expose their (100) or (111) 
crystal planes [18–20]. BET analysis reveals that these 
nanocrystals had a surface area of 51.86 m2/g (Fig. 7(c)). 
A series of electrochemical tests, including CV (Fig. 7(d)) 
and chronopotentiograms (Fig. 7(e)), showed that the 
maximum specific capacitance was only 20 F/g under 
a slow scan rate of 5 mV/s (Fig. 7(d)), which is much 
lower than the values for the calcined S1, S2, and S3. 
In addition, chronopotentiograms (Fig. 7(e)) also show 
a poor specific capacitance of 17.4 F/g under a low 
constant current flow of 0.1 A/g. Furthermore, the rate 
capability is not ideal. In Fig. 7(f), it can be seen that 
the specific capacitance decays rapidly with increasing 

Figure 6 Electrochemical characterization and BET measurements on the calcined S3 (a–c) and S1 (d–f) 
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scan rate, and a loss of nearly 50% occurs at a scan 
rate of 150 mV/s. It has been reported that the (100) 
and (111) crystal planes of Co3O4 are catalytically very 
inactive compared to (110) [8–10]. Since electrochemical 
testing is also based on an interfacial reaction process, 
it is easily understood why the Co3O4 nanocrystals 
demonstrate a much poorer performance in the 
electrochemical tests, even though its surface area is  
as high as 51.86 m2/g (Fig. 7(c)). 

In general, there are some aspects we should consider 

in order to improve the electrochemical performance 
for supercapacitors, namely the double layer capacitance, 
faradaic capacitance from surface redox process and 
faradaic contribution from the diffusion-dominated 
interaction between electrolyte ions and electrode 
materials [30–32]. For some layered or other materials 
which possess interior sites which can accommodate 
active species—especially when they exhibit meso- 
porous structures—active ions, e.g., Li, can insert/ 
deinsert into the bulk electrode materials so that the  

 

Figure 7 Characterization of Co3O4 nanocrystals used as a control in electrochemical tests—SEM image (a), TEM image (b), BET
measurements (c)—and the results of the electrochemical tests (d–f) 
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related energy density will be significantly increased 
[30]. In fact, the process is similar to that in the 
cathodes of Li-based batteries where intercalation and 
deintercalation of Li ions usually occur, although we 
still define such systems as supercapacitors. However, 
the definition further blurs the differentiation between 
supercapacitors and batteries. In the CV profiles in 
Figs. 6(a), 6(d), and 7(d), a pair of redox processes give 
rise to the anodic (around 0.42 V, versus Ag/AgCl) 
and cathodic (around 0.37 V, versus Ag/AgCl) peaks. 
The tiny difference between them (around 0.05 V) 
implies that the polarization is greatly reduced and 
that the electrolyte diffusion process will play a less 
important role in the overall capacitive performance 
[33, 34]. For nanobelts/nanosheets or nanoparticles, 
such a result can be reasonably understood, because 
these two-dimensional or zero-dimensional samples 
present ultrathin thickness and mesoporosity, or small 
size, so that the electrolyte can easily diffuse through 
them without an internal pressure and delay effect [34], 
which also can further explain the good rate capability  
achieved for our nanobelt/nanosheet samples. 

4. Conclusions 

The controllable synthesis of Co3O4 nanostructures 
with different exposed crystal planes has been achieved. 
The as-made samples exhibited large scale exposure of 
the set of high-energy {110} crystal planes of (at least 
39.2%). A series of electrochemical tests revealed that 
the as-prepared samples exhibited higher capacitance 
and better rate capability compared to conventional 
Co3O4 nanocubes/nanooctahedra displaying lower 
energy (100) and (111) crystal planes, and can be 
employed in practical supercapacitors; other applica- 
tions in areas such as Li-ion batteries and chemical 
sensing are also possible. Furthermore, the large scale 
exposure of high-energy crystal planes and its quan- 
tification provide good opportunities for researchers 
to study specific catalysis processes, such as CO 
oxidation, N2O decomposition and CH4 combustion,  
using these materials.  
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