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A  structural-controlled  synthesis  of manganese  oxide  nanostructures  from  single  Mn3O4 precursor  via
hydrothermal  method  is  presented.  The  obtained  products  include  �-  and  �-MnO2 nanorods,  �-MnO2

urchin-like  microspheres,  birnessite  nanowires  and  nanosheets.  The  morphology  evolution  process  and
the  effect  of  varying  reaction  parameter  to  the  phase  and  morphology  are  systematically  investigated.
vailable online 30 May 2011
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The  formation  mechanisms  have  been  rationalized.  The  obtained  nanostructures  are  as the  model  sys-
tem for  studying  the  electrochemical  capacitance  performances,  which  have  been  investigated  by  cyclic
voltammetry.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Manganese oxides are of considerable interests because of their
igh applicability in various fields, like magnetic materials, energy
ransfer, redox catalysis, and battery materials [1–3]. A class of

anganese oxides such as spinel hausmannite Mn3O4, birnessite-
ype MnO2 and tunnel-based octahedral molecular sieve structures
todorokite, cryptomelane-type �-MnO2, �-MnO2, and pyrolusite
-MnO2) are possible by interlinking the basic MnO6 octahedra
ia edges and vertices [2].  The birnessite-type MnO2 has a layered
tructure with a [2 × ∞]  framework, in which metal ions, OH− ions
nd water molecules locate in the interlayer space of MnO6 octa-
edral layers [4].  The cryptomelane-type �-MnO2 is constructed

rom double chains of edge-sharing octahedra, which share cor-
ers to form 2 × 2 tunnel with metal ions in the tunnel. �-MnO2 is
onstructed of single chains of edge-sharing octahedra, forming a
ramework structure with 1 × 1 tunnels arrays. On the other hand,
-MnO2 is considered as a disordered intergrowth of the �-MnO2
nd ramsdellite structures, consisting of a random arrangement of
ingle and double chains of MnO6 octahedra [5].  The outstand-
ng structural flexibilities of MnO2 is attractive since it offers a

ide alteration of different structure types and provide practi-

ally potential systems to research the impact of dimensionality
nd crystalline structure on catalytic, electrochemical and mag-
etic properties. Thus, the synthesis approaches of MnO2 in various

∗ Corresponding author. Tel.: +86 771 3237022; fax: +86 771 3233718.
E-mail address: fanwang@gxu.edu.cn (F. Wang).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.05.085
morphologies and structures for a very wide variety of applications
are of great significance.

Comparing to other soft chemical route in solution, the
hydrothermal route is especially adapted to the elaboration of
nanostructures since it provides versatile control over crystal-
lization under mild conditions, and act as one of the promising
technology due to the low environmental impact and low-cost.
Several hydrothermal methods can be used in syntheses of MnO2
nanostructures as well as other Mn  oxides materials such as reduc-
tion of MnO4

−, mixing of MnO4
− and Mn2+, and oxidation of Mn2+

compounds [6–12]. Recently, the synthesis of MnO2 nanostruc-
tures using commercial Mn  oxide solid powder, likes MnO2 and
Mn2O3, as raw materials by facile hydrothermal treatment has
attracted attentions because it not only avoids complicated purifi-
cation processes but also shows clearly the relationships between
phases of the target products and the raw materials [13–18].
Generally, �- [13,14],  �- [14], �-MnO2 [15–17] and MnOOH [18]
nanorods/nanowires were successfully synthesized. In our previ-
ous work, we  presented a simple surfactant free hydrothermal
method to the synthesis of 1D tunnel-based �- and �-MnO2 nanos-
tructures using Mn3O4 powder as raw materials [19]. In this work,
more nanostructure including �-MnO2 in acid conditions and lay-
ered birnessite-type MnO2 in basic media were obtained. The
structures and morphologies of the MnO2 nanoscale materials can
be controlled by adjusting the pH, temperature and additive in

the hydrothermal system. This work provides a comprehensive
understanding on manganese oxide re-crystallization process, and
present phase tuning tools to obtain pure manganese oxide phase
with controlled morphologies.

dx.doi.org/10.1016/j.jallcom.2011.05.085
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:fanwang@gxu.edu.cn
dx.doi.org/10.1016/j.jallcom.2011.05.085
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Table  1
Detailed synthetic parameters for the synthesis of Mn oxide nanostructures.

Mn3O4 (mmol) Solution Additive reactants (mmol) Reaction temperature (◦C) Products Specific surface
area (m2 g−1)

1 3 0.5 M H2SO4 – 180 �-MnO2 nanorods 33
2 3  0.5 M H2SO4 – 80 �-MnO2 nanourchins 97
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obvious differences among the phases and morphologies of the
products. The tunnel-typed MnO2 nanorods are formed in acidic
media, while the layered birnessite nanowires are achieved in
basic solution. A detailed investigation of the variable transfor-
3  3 0.5 M H2SO4 K2Cr2O7 (2.0 mmol) 

4  0.09 6 M NaOH – 

5  0.09 6 M KOH – 

. Experimental

The raw Mn3O4 materials were obtained from Qiulong chemical company,
hanghai. All chemicals were of analytical grade and used without further purifi-
ation. All aqueous solutions were prepared using deionized water. The various
anganese oxide nanostructures were synthesized via hydrothermal treatment of
n3O4 powders at different solution for 24 h [19]. To synthesis of �-MnO2 nanorods,

or example, 0.68 g (3 mmol) of Mn3O4 powder, 0.8 mL  of concentrated H2SO4 and
.6  g (2.0 mmol) of K2Cr2O7 were added to 20 mL  of deionized water under magnetic
tirring, and then the solution was transferred into a 23 mL  Teflon-lined autoclave.
he autoclave was  heated at 180 ◦C for 24 h. The resulting product was filtered,
ashed and dried for further characterization. The detail reaction parameters for

he preparation are listed in Table 1.
The crystallographic characteristics of the products were characterized by

-ray powder diffraction (XRD) pattern with a Rigaku D/max-2500 X-ray diffrac-
ometer equipped with graphite monochromatized high-intensity Cu K� radiation
�  = 1.54178 Å). The scanning electron microscopy (SEM) images were taken on a
itachi S-3400N SEM. The nitrogen adsorption–desorption experiments to obtain

urface area of the products were performed on a Quantachrome NOVA1000 auto-
ated surface area analyzer.

The electrochemical measurement was carried out by cyclic voltammetry on
amry PCI4/750 electrochemical workstation. The electrode material was a mix-

ure of MnO2/acetylene black/PVDF with weight ratio of 65/25/10. The mixture and
-methyl pyrrolidone were spread on aluminum foil and further dried at 120 ◦C for
2 h. The loading level of the active materials was  3 mg/cm2. The electrochemical
ell consisted of a three-electrode system, where the prepared composite materi-
ls  were used as the working electrode, Pt-sheet as the counter electrode and SCE
s  the reference electrode. Cyclic voltammetry was carried out at a sweep rate of
–200 mV s−1 over the range 0–1.0 V in 1 M Na2SO4 aqueous electrolyte. The spe-
ific  capacitance C value is calculated as C(F g−1) = Q/(�E × m), where Q is the charge
btained from CV test, �E  is the voltage window (1.0 V) and m is the mass of the
ctive electrode material.

. Results and discussion

.1. Structural and morphological characterization

Fig. 1 shows the XRD spectra of commercial Mn3O4 powder and
ll synthesized MnO2 products. The XRD pattern of the precursor
Fig. 1a) indicates that the raw material is well crystallized and
s composed of hausmannite Mn3O4 (JCPDS 80-0382) and MnOOH
65-2776). The patterns of all as-prepared products are significantly
ifferent from that of the raw material. As for �-MnO2, �-MnO2
nd layered birnessite-type MnO2, the diffraction peaks are sharp
nd symmetric, indicating that the as-prepared products are well
rystallized. The main peaks at 2� = 22.4, 37.1, 42.1 and 56.1◦ mea-
ured from Fig. 1c can be indexed to the orthorhombic phase of
-MnO2, while the observed broad peaks are characteristic of rel-
tively poorly crystallized powder. Therefore, the phases of the
n  oxides products of hydrothermally treated Mn3O4 powder are

trongly dependent on the synthetic parameters.
The typical shape of Mn3O4 precursor and the obtained prod-

cts were observed by SEM. The raw material has irregular-shaped
articles with inhomogeneous size distribution ranging from one
o several 10 �m,  as shown in Fig. 2a. For as-synthesized products,
he �- and �-MnO2 are characterized by the formation of nanorods
Fig .2b and c). The as-obtained nanorods have uniform diameter

round 100 nm with lengths up to 1 �m.  Instead, the spherical par-
icles with urchin-like �-MnO2 nanostructures are achieved by the
ssembly of nanorods (Fig. 2d). The particles diameters are about
–2 �m,  while the uniform nanorods have lengths up to about
�-MnO2 nanorods 47
Na-birnessite type nanowires 44
K-birnessite type nanosheets 19

200 nm and width around 40 nm. The layered Na-birnessite-type
(Na-bir) MnO2 is composed of nanowires with average length over
10 �m and diameter about 100 nm.  The uniform nanowires bun-
dles are also observed (Fig. 2e). The K-birnessite-type (K-bir) MnO2
product only consists of the nanosheets (Fig. 2f). They are usually
several or several 10 �m in size and about 20–50 nm in thickness.

N2 adsorption–desorption studies were performed to determine
the surface characteristics. The special surface areas of the obtained
Mn oxide nanostructures are listed in Table 1. The results show that
the specific surface area is more dependent on the morphologies
and nanostructures of prepared MnO2. The �-MnO2 microspheres
hold the largest special surface area, suggesting higher electro-
chemical activity of �-MnO2 microspheres.

3.2. Formation mechanism of tunnel-based Mn oxide
nanostructures

As demonstrated by the XRD and SEM results, there are
Fig. 1. XRD patterns of (a) commercial Mn3O4 powder, (b) �-MnO2,  (c) �-MnO2, (d)
�-MnO2, (e) Na-birnessite-type MnO2 and (f) K-birnessite-type MnO2.
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products are shown in Fig. 4. The main forms are of �-MnO2 phases
for those obtained products except the �-MnO2 phase of the sam-
ig. 2. SEM images of (a) Mn3O4 precursor, (b) �-MnO2 nanorods, (c) �-MnO2 nan
nO2 nanosheets. Arrows in panel e indicate the splitting of nanosheets to nanowi

ation processes is necessary since it is important to realize
he controllable fabrication of nanomaterials with different struc-
ures. Up to now, a range of formation mechanism of manganese
xides one-dimension nanostructures, such as rolling growth,
elf-assembly and dissolution–recrystallization process, has been
resented [6,20–22]. In addition, different tunnel-structured man-
anese oxide may  be obtained under different pH conditions via
ydrothermal synthesis. In this way, hard cations, like K+, Mg2+

nd Rb+, act as templates to control the size of tunnels since the
ydrated cations have various sizes in acidic, neutral and basic
onditions [1,9].

Selectively synthesizing various nanostructures of manganese
xide from single precursor provides particularly relevant systems
o investigate the impact of phase on physic-chemical properties.
n our previous work, the evolutions of phases and morphologies of
roducts were investigated [19]. In acidic solution (pH < 1), Mn3O4
ends toward the following fast dismutation reaction:

n3O4 + 4H+ → MnO2 + 2Mn2+ + 2H2O (1)

The transformation of Mn3O4 at 80 ◦C results in the formation
f �-MnO2 urchin-like nanostructures. However, the metastable �-
nO2 will transform into �-MnO2 oxide with 1 × 1 tunnel structure

y hydrothermal treatment at high temperature. �-MnO2 acts as
he important intermediate at the very beginning of the hydrother-

al  process, and the symmetrical 1 × 1 tunnel structure of �-MnO2
cts as directing factor and orients the preferential growth direction
f nanorods.

A series of metal sulphates (NiSO4, CuSO4, MgSO4, (NH4)2SO4,
a2SO4 and K2SO4) were introduced into the hydrothermal system

o investigate the effect of cations. The XRD patterns of products
ith the additive cations are shown in Fig. 3a–f. The phases of prod-
ct still remain �-MnO2, suggesting that the metal cations have

ittle effect onto the tunnel structure in strong acidic solution.

�-MnO2 nanostructures are yielded by using K2Cr2O7 as oxi-

ant (Fig. 1d). However, the main products by reacting Mn3O4
ith stronger oxidants (KClO3, (NH4)2S2O8 and KMnO4) in H2SO4

olution are �-MnO2 (Fig. 3g–i). These evidences suggest that the
, (d) �-MnO2 urchin-like nanostructures, (e) Na-bir MnO2 nanowires and (f) K-bir

phases of product are also strongly dependent on the kinds of oxi-
dant. By using KClO3, (NH4)2S2O8 and KMnO4 as oxidants, a higher
Mn oxidation state (+4) is yielded, which lead to the formation of
�-MnO2 structure. Instead, the lower oxidation states of Mn  are
achieved by using Cr (VI) oxidant, in which result in the formation
of �-MnO2 phase [22].

To identify the role of Cr compounds that would determine the
crystal structure of product, hydrothermal experiments of Mn3O4
precursors in different systems containing Cr compounds were car-
ried out. The detailed synthetic conditions are listed in Table 2. For
sample b and c, the strong acidic solutions were formed with the
soluble CrO3 acid anhydride. For sample d, the orange–red solu-
tion was observed after the reaction due to the oxidation of Cr3+

ions into Cr2O7
2− ions by KClO3. The XRD patterns of the obtained
Fig. 3. XRD patterns of the products by reacting Mn3O4 with different metal salts and
oxidants in H2SO4 solution including: (a) NiSO4, (b) CuSO4, (c) MgSO4, (d) (NH4)2SO4,
(e)  Na2SO4, (f) K2SO4, (g) KClO3, (h) (NH4)2S2O8, (i) KMnO4 and (j) pure �-MnO2.
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Table  2
MnO2 nanostructures obtained under comparative hydrothermal conditions.

Mn3O4 (mmol) Additive reactants /mmol H2SO4 (mL) Color of the solution Main phase

a 3 K2SO4 (2 mmol), CrO3 (4 mmol) 0.8 Red–orange �-MnO2

b 3 K2SO4 (2 mmol), CrO3 (28.8 mmol) 0 Red–orange �-MnO2

c 3 CrO3 (28.8 mmol) 0 Red–orange �-MnO2

d 3 Cr2(SO4)3·6H2O (2 mmol), KClO3 (4 mmol) 0.8 Red–orange �-MnO2
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e 3 Na2Cr2O7 (2 mmol) 

f 3 MgSO4 (4 mmol), CrO3 (28.8 mmol) 

g 3 Cr2(SO4)3·6H2O (2 mmol) 

le g, which demonstrate that the presence of Cr(VI) ions is greatly
mportant for the formation of �-MnO2 phase.

The XRD patterns in Fig. 4 also reveal the effects of metal ions.
hen the reaction is carried out in the absence of K+, the main

orm of product is still �-MnO2 phases (Fig. 4c). A small amount
f �-MnO2 is found. The morphology of the obtained product is
mooth nanorods of about 50 nm diameter and 1–2 �m length (not
hown in this article). Similarly, when Na2Cr2O7 or CrO3 + MgSO4
ere used as oxidants instead of K2Cr2O7, both phases of �-MnO2

nd �-MnO2 were obtained simultaneously (Fig. 4e and f). �-MnO2
as hexagonal structure with structural faults, which is similar to
hat of �-MnO2. The �-MnO2 nanostructures had been synthesized
y reacting MnCl2 with NaClO4 [23]. In these studies, the forma-
ion of �-MnO2 phase should be templated by Na+ or Mg2+ ions
ince no catalyst or capping agent was used in the hydrothermal
rocess.

.3. The formation of layered birnessite-type MnO2 nanowires

Birnessite is a common intermediate for the preparation of

unnel-based octahedral molecular sieve structures. Birnessites
ontaining Na+, K+ ions in the interlayer with nanosheets-like mor-
hology is always prepared by redox reactions of MnO4

− and/or
n2+ or direct conversion of manganese oxides (e.g., Mn2O3,

ig. 4. XRD patterns of MnO2 samples obtained under different reaction conditions.
he  detailed reaction condition for each sample (a–g) was listed in Table 2.
0.8 Red–orange �-MnO2 + �-MnO2

0 Red–orange �-MnO2 + �-MnO2

0.8 Green �-MnO2

Mn3O4, etc.) in a basic or dilute acidic medium or by electrochem-
ical conversion from Mn3O4 thin films [21,24–27].  In particular,
hydrothermal treatment of Mn2O3 or Mn3O4 powders in NaOH
solution leads to the production of Na-bir nanobelts [26], or tun-
nel structure Na0.44MnO2 nanowires [27]. In our experiment, the
morphologies of the obtained materials via hydrothermal treat-
ment of Mn3O4 are various in NaOH or KOH solutions. The large
sheet-like structures with a few nanowires and the unreacted
particles are obtained in 1 M NaOH solution (Fig. 5a). In com-
pany with the increase in NaOH concentrations, the Na-bir with
nanowires bundle morphology can be synthesized at high yield
(Fig. 2e). The morphologies of the obtained materials change
to large particles with smooth surfaces in 10 M NaOH solution
(Fig. 5b).

Based on the layered structure of birnessite and the experi-
mental results, the splitting process can be proposed to illustrate
the formation of Na-bir nanowires [28]. At basic solution, Mn3O4
powders are partially converted into birnessite sheet-like struc-
ture. Then, the structural reconstruction induced by the migration
of some Mn  atoms into interlayer positions lead to the split-
ting of nanosheets to nanowires, as indicated by the arrows in
Fig. 2e. The added base in the system determines the formation
of nanosheets or nanowires. In high concentrated NaOH solution,
birnessite have strong splitting behavior and high solubility under
the hydrothermal conditions, resulting in fast growth of the micro-
crystals.

The effect of the cations is also the key to tune the hydrother-
mal  conversion of Mn3O4 in basic solution. In 6 M KOH solution,
the products can be recognized as K-bir structure according to the
XRD pattern (Fig. 1f). The glittering samples indicate the prepara-
tion of anisotropically shaped microcrystals with considerable size.
Moreover, most of the nanosheets have angular tips with a spe-
cific angle, which may  relate to particular crystal planes serving as
growth front. Most of the sheets had long and straight edges. This
particular morphology is likely occurred from the splitting process.
However, the degree of splitting process is more weakened in KOH
solution with limited tendency to form nanowires.

A second hydrothermal treatment was  adopted to investigate
the stability of birnessite nanowires in NaOH solution [27]. The
birnessite nanowires were mixed again with 20 mL  of 6 M NaOH
solution and heated at 180 ◦C for another 72 h. The XRD profile
(Fig. 6a) shows similar but broad diffraction pattern, while the
intensities of the main peaks are lower, in which a structural
change may  take place. However, the product is still composed
of nanowires (Fig. 6b). Hence, the broad diffraction peak may  be
related to the further splitting process in the second hydrothermal
treatment. Perceptibly, the increasing transparency of nanowires
after second hydrothermal treatment indicates its smaller thick-
ness.

3.4. Electrochemical studies
Electrochemical supercapacitors, which could provide higher
power density than conventional electrostatic capacitors, are cur-
rently extensively studied. Comparing with other transition-metal
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Fig. 5. SEM images of the hydrothermal products synthesized in basic solution at 180 ◦C for 72 h. (a) 1 M NaOH; (b) 10 M NaOH; (c) 6 M KOH; (d) 10 M KOH.

irnessite nanowires by a second hydrothermal treatment.
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Fig. 6. (a) XRD pattern and (b) SEM image of the Na-b

xide electrode materials, Mn  oxides appear to be a promising
aterial with the advantage of low-cost and environmental friend-

iness and the ability to charge–discharge rapidly [29–33].  The
arious Mn  oxide nanostructures synthesized from single Mn3O4
recursors provide a promising system to understand the relation-
hip between the charge-storage characteristics of MnO2-based
lectrodes and the corresponding microstructures.

Cyclic voltammetry (CV) curves of the obtained Mn  oxides elec-
rodes recorded at 5 mV  s−1 scan rate are depicted in Fig. 7. The
ectangular shapes, in some ways, of �-, �- and �-MnO2 nanostruc-
ures reveal a pseudo-constant rate of charge–discharge process
ver the CV cycle. Among all samples, the highest current den-
ity is obtained for �-MnO2 due to its structural advantages. The
-D urchin-like microspheres of �-MnO2 are composed of finer
anorods, which provide a much larger surface area and the higher
orosity. In addition, the �-MnO2 polymorph is a highly disordered
aterial, typically having considerable Mn  vacancies according to

he cation vacancy model proposed by Ruetschi [5]. The vacan-
ies and the corresponding coordination water content provide the
inetically facile sites for the charge transfer and protons/cations
iffusion, which also lead to the increase of capacitance. The low-
st current density obtained for �-MnO2 form is due to the narrow

 × 1 tunnel, which prevents the insertion of protons and cations.
espite the large 2 × 2 tunnel size of �-MnO2, the charge–discharge
rocess may  be hindered by the presence of Cr(VI) and K+ cations

nside the tunnel and Na+ does not have enough space to interca-
ate into the solid phase, which result in the low CV current density.

or comparison, the CV curve of �-MnO2 nanorods prepared in
he absence of K+ (sample c in Table 2) was measured. The slight
ncrease in current density suggests the restrictive effect of cations
nside the tunnel.

Fig. 7. Cyclic voltammograms of the as-prepared Mn  oxide nanostructures and
Mn3O4 precursor recorded between 0 and 1.0 V vs. SCE in aqueous 1.0 M Na2SO4

solution at a scan rate of 5 mV s−1.
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ig. 8. Relationship between the specific capacitance of the as-prepared Mn oxide
anostructures and Mn3O4 precursor and scan rate (5–200 mV s−1).

The rate-dependent CVs of MnO2 electrodes were investigated
ver a wide range of scan rates from 5 to 200 mV  s−1, as shown
n Fig. 8. At 5 mV  s−1, the �-MnO2 microspheres, �-MnO2 and
-MnO2 nanorods possess 237.6, 103.9 and 57.7 F g−1 of capaci-

ance, respectively. The C value of �-MnO2 microsphere reduces
o 118.6 F g−1 at 100 mV  s−1 and 105.9 F g−1 at 200 mV  s−1, with
he specific capacitance retentions of 49.9% and 44.6% respectively.
he decreasing trend of the capacitance suggests that parts of the
urface of the electrode are inaccessible at high charge–discharge
ates.

The capacitance values were measured for all as-prepared MnO2
anostructure over extended charge–discharge cycling, as shown

n Fig. 9. The capacitance values of �- and �-MnO2 nanorods remain
onstant during the entire cycling experiments. These results show
hat no significant modifications on the tunnel structure of �- and
-MnO2 or corrosion on the electrode are taken place. On the other
and, a significant improvement of the capacitance for �-MnO2 is
bserved. This enhancement in electrochemical performance may
e attributed to the gradual change in the microstructures upon
ycling.

For Na-bir nanowires, the leaf curve shows an unfavorable
apacitive behavior (Fig. 7). The curve also reveals the presence of a
arge internal resistance even in low scan rate. It is reported that the
V curve of birnessite compound has two redox waves arising from

he cations deintercalation and insertion upon redox process [34].
owever, the lack of redox waves for Na-birnessite nanowires indi-
ates the exchange limitation of Na+ ions upon cycling, which result

ig. 9. Capacity retention from Mn  oxides electrodes as a function of cycling number
scan rate 30 mV s−1).
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in the low capacitance (76.9 F g−1 at 5 mV s−1). This experiment
capacitance is greatly lower than that of Na-birnessite compounds
reported preciously [32,33]. The Na-birnessite nanowires can sus-
tain a large number of charge/discharge cycles with a capacitance
increase (155% after 500 cycles at 30 mV  s−1). The increase of C val-
ues may be due to the activation effect of electrochemical cycling,
or mechanical breakdown of the material to expose a higher surface
area.

4. Conclusion

A hydrothermal synthesis of various Mn  oxides nanostructure
from single Mn3O4 precursor has been reported. This simple route
enables pure phase with tuning morphologies to be prepared
and the reaction parameters for structural-control are investi-
gated. In acid solution, �-MnO2 urchin-like microspheres and
�-MnO2 nanorods were obtained at different reaction tempera-
ture, while the �-MnO2 nanorods were obtained with the addition
of Cr(VI) compound. In basic solution, Na-birnessite nanowires
and K-birnessite sheets were prepared. The obtained Mn oxide
nanostructures were investigated as electrode materials for elec-
trochemical capacitors in 1.0 M Na2SO4 aqueous solution. The CV
experiments reveal that the crystallographic form as well as the
morphology of Mn  oxide influences the electrochemical perfor-
mance. The capacitance values at 5 mV s−1 were found to increase
in the following order: �-MnO2 nanorods (57.7 F g−1) < Na-bir
nanowires (76.9 F g−1) < �-MnO2 nanorods (103.9 F g−1) < �-MnO2
microspheres (237.6 F g−1).
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