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In this paper, MnO, nanomaterials of different crystallographic types and crystal morphologies have been selectively
synthesized via a facile hydrothermal route and electrochemically investigated as the cathode active materials of
primary and rechargeable batteries. 5-MnO, nano/microstructures, including one-dimensional (1-D) nanowires,
nanorods, and nanoneedles, as well as 2-D hexagramlike and dendritelike hierarchical forms, were obtained by
simple hydrothermal decomposition of an Mn(NOs), solution under controlled reaction conditions. a.- and v-MnO,
nanowires and nanorods were also prepared on the basis of previous literature. The as-synthesized samples were
characterized by instrumental analyses such as XRD, SEM, TEM, and HRTEM. Furthermore, the obtained 1-D a-
and y-MnO, nanostructures were found to exhibit favorable discharge performance in both primary alkaline Zn—
MnO, cells and rechargeable Li—-MnO, cells, showing their potential applications in high-energy batteries.

Introduction

Nanostructures have received steadily growing interest not
only for their fundamental scientific significance but also
for the many technological applications that derive from their
peculiar and fascinating properties, superior to the corre-
sponding bulk counterpartg. Recent studies have been

focused on synthesizing 1-dimensional (1-D) nanostructures

and constructing hierarchical structures or networks, which
are expected to play an important role in fabricating the next
generation of microelectronic and optoelectronic devices
since they can function as both building units and interconnec-
tions3° For the purpose of property studies and future

applications of nanoscale materials, it is doubtless that the
primary objective should lie in developing various convenient
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synthetic strategies to obtain new nanostructures of novel
shapes. Because of its easily controllable reaction condition
and the relatively abundant reactant sources, the so-called
soft chemical route, based on a solution process, might
provide an attractive option for large-scale production of
nanomaterials with special morphology. For example, nu-
merous studies have been reported on the synthesis of pecul-
iar materials by hydrothermal or solvothermal meth8d%2
and in particular, large quantities of inorganic materials
including metals, chalcogenides, and metal oxides/hydroxides
are achieved in nanoscaled forms through such a féute.

As an important functional metal oxide, manganese
dioxide is one of the most attractive inorganic materials
because of its physical and chemical properties and wide
applications in catalysis, ion exchange, molecular adsorption,
biosensor, and particularly, energy stordgeé? It is well-
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known that manganese dioxide can exist in different struc- of material science such as reinforcing composite materials
tural forms, a-, 8-, v-, and A-types, etc., when the basic or further modifying other nanoarchitectures.

structure unit (namely, the [Mngpoctahedron) is linked in ) )

different ways. Much effort has been directed toward the EXperimental Section

preparation of low-dimensional Mnhanostructures with Synthesis All chemicals were of analytical grade and were used
various polymorphs. For example;, -, andy-MnO, were as purchased without further purification. MngB,0, MnNO; (50
prepared in different morphologies, such as rods, wires, tubeswt % solution), KMnQ, and (NH,),S;0s were all supplied by
etc., using hydrothermal techniqués?® However, few Tianjin Chemical Reagent Company (P. R. China). Deionized water
reports have been focused on the formation of MnO Was used throughout.

hierarchical architectur®.In addition, until now the inves- B-MnO; was prepared through hydrothermal treatment of a Mn-
tigation of the application of 1-D nanostructured manganese (NOg3), aqueous solution. A series of parallel experiments were

g . . S carried out by altering the reaction parameters such as heating
dioxide as electrode materials still remains “mlfédlthoth temperature, reactant concentration, and reaction time. In brief, the

the.shape and size of inorganic materials is generally bellevedsynthesis process could be described as follows: an MgENO
to influence their properties and performances. In these sojytion (0.14.0 M) was loaded into a Teflon-lined stainless steel
regards, we report in this paper the synthesis of MnO autoclave and heated at 16080 °C for 3—72 h. The autoclave
nanostructures with novel shapes and their application aswas allowed to cool to room temperature after the dwell time. Then,
cathode materials in batteries. the powders obtained were collected and washed repeatedly with
distilled water to remove any possible residual reactant. Finally,

In our work, 3-MnO, was synthesized by simply decom-
B 2 y y Py the MnQ, precipitated was dried in air at 40C. In another

posing a Mn(N@), solution under hydrothermal conditions. experiment, nitric acid was added to the starting MngN®olution

T.he for.matlon of different morphologleg, including one- so that the influence of acid on the product morphology could be
dimensional (1-D) nanorods and nanowires as well as 2-D i estigated. The details are available later in the text.

hierarchical nanostructures, was achieved by controlling the  The synthesis of- andy-MnO, was carried out on the basis of
hydrothermal reaction parameters. This synthetic route the previous work of Li's group with little modificatio?. In a
requires no templates, catalysts, or organic reagents andypical synthesis oft--MnO,, 0.2 g of MnSQ-H,0 and 0.5 g of
therefore can be scaled up to produce novel-shaped,MnO KMnO, were mixed in distilled water and magnetically stirred to
nanocrysta's without Specia| postsynthesis treatment forform a homogeneous mixture, which was then transferred into a
purification. Furthermore, to investigate the electrode proper- 1€flon-lined stainless steel autoclave and heated atCAfor 12

ties of nanostructured MnOwe also preparedi- and h. For the preparation Qf-Mr]Oz, stoichiometric moles of MnSO
»-MnO, nanowires/nanorods on the basis of the work and (NH;),S,0s were well mixed and hydrothermally treated at 90

. . °C for 24 h. The product was collected, washed, and dried in a
reported by Li et at* Electrochemical measurements showed manner similar to that g8-MnOy.

that the as-synthesized andy-MnO, nanostructures exhibit Characterization. The powder X-ray diffraction (XRD) pattern
relatively good discharge performance as the cathode activeyas measured on a Rigaku D/max 2500 X-ray diffractometer (Cu
materials in both the laboratory-made primary alkaline-Zn  Ka radiation,A = 1.54178 A). Scanning electron microscope (SEM)
MnO, cells and rechargeable lithium-ion cells. The present and field-emission SEM (FE-SEM) images were taken using Philips
results should foster the application of inexpensive and low- XL-30 and JEOL JSM-6700F microscopes operated at the ac-
toxicity a- andy-MnO, 1-D nanostructures in energy storage, Ccelerating \(oltages of 20 kV and lq kV, respegtively. Transmission
and they should also provide a facile route for mass €lectron microscope (TEM) and high-resolution TEM (HRTEM)
production ofg-MnO; crystals with hierarchical nanostruc- characterization was performed with a Philips Tecnai F20 (ac-

t Thi Iso find potential lication in oth t celerating voltage= 200 kV) microscope. For the sake of
ures. This may also find potential application in other aSpecsconvenience, all SEM and FE-SEM images are briefly called SEM

images later.
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an end voltage of 0.8 V at a constant current rate of 40 mA g
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Figure 1. XRD patterns of the as-synthesized (&) (b) a-, and (c)

y-MnOz nanostructures.

10 20 30

while the Li-MnO; cells were cycled at the rate of 50 mAgin
the voltage range of 3-81.5 V.

Results and Discussion

Composition of the Product. The crystal phase of the
samples was analyzed by powder X-ray diffraction. Figure
1 shows the XRD patterns of three representative products.
All the diffraction peaks in Figure la can be indexed to
tetragonal symmetry with a space group Bf#2/mnm
(No0.136). The lattice constants were calculated taabe
4.40 A andc= 2.87 A, which are in good agreement with
the reported data for the pure phasefMnO, (ICDD-
JCPDS No. 24-073% = 4.399 A andc = 2.874 A). Thus,
the obtained3-MnO, products were of high purity and in
good crystallinity. The XRD pattern in Figure 1b corresponds
to a-MnO, (ICDD-JCPDS Card No. 44-0141), and the
pattern in Figure 1c confirms the formation pfMnO;
(ICDD-JCPDS No. 14-0644). Meanwhile, the broadened
diffraction peaks indicate that the crystalline sizes of the
samples are small and that the crystallinityoefandy-MnO,
is not as good as that gtMnO,. The XRD analysis results
presented here are similar to that reported in the literatute,
in which o- andy-MnO,, synthesized via a solution-based
route, showed relatively poor crystallinity compared to that
of 5-MnO..

The chemical reaction involved in our present hydrother-
mal synthesis can be briefly described as

Mn(NO,), — -MnO, + 2NO,! (a)
4NO, + O, +2H,0 — 4HNO; (b) (1)
2KMnO, + 3MnSQ, +2H,0 —
50-Mn0O, + K,S0O, +2H,S0, (2)
MnSO, + (NH,),S,0, +2H,0 —
y-MnO, + (NH,),S0, +2H,S0, (3)

Cheng et al.

Figure 2. SEM images of the obtained one-dimensight&linO, materials
at 170°C and 6 h. Panels a, b, ¢, and d correspond to the samples synthesized
from 0.2, 0.4, 0.6, and 0.8 M Mn(Ng) solutions, respectively.

Figure 3. SEM images of the 2-D hexagonal starligeMnO, crytals
synthesized from (a, b) 1.2 M and (c, d) 2.0 M Mn(jy©solution.

dioxide with different morphologies and desired crystal forms
becomes possible. Moreover, since all involved chemicals
are of low cost and low toxicity and all procedures in the
synthesis are facile to manipulate, large-scale production of
nanostructured Mn@for practical application is possible.

Morphology Characterization. The morphologies of the
MnO, powders obtained were examined by SEM, TEM, and
HRTEM microscopy. To the best of our knowledge, few
studies concerned the synthesis and characterization of
B-MnO; hierarchical nanostructures, and there is no report
on their preparation via simple hydrothermal treatment of a
Mn(NO:s), solution. So, in this part, we will at first emphasize
the analysis ofi-MnO; crystals of different shapes, and then
we will briefly discuss thex-MnO, andy-MnO, nanostruc-
tures.

As can be seen in the above equations, the related reactions 1. 5-MnO.,. A series of experiments were carried out by

are quite simple: no catalyst or organic template is needed,

all of the reactant is soluble in water, nad only the target
product is in precipitate form. Hence it is easy to control

varying the reaction parameters (i.e., reaction temperature,
heating time, and reactant concentratighftMnO; crystals
with various shapes and sizes could be obtained under

the reaction system, and the rational synthesis of manganeséifferent conditions.

2040 Inorganic Chemistry, Vol. 45, No. 5, 2006
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Figure 4. 3-MnO; nanowires and microrods obtained from Mn(§£solution with the following reaction conditions: 1.0 M, 17G, 3 h. (a, b, c) SEM
and (d, e) TEM images at different magnifications, (f) HRTEM image of a single nanowire, and (g) the corresponding FFT pattern taken from f.

Figure 2 shows the SEM images of the as-synthesized 1-D
B-MnO; nano- and micromaterials. The four samples cor-
responding to Figure 2a, b, ¢, and d were obtained at 170
°C by controlling the starting concentration of the Mn(§O
solution at 0.2, 0.4, 0.6, and 0.8 M, respectively. As can be
seen in Figure 2a, both microrods and nanowires can be
observed in the sample precipitated from the low-concentra-
tion solution. At a solution concentration of 0.4 M, the
nanowires became larger in diameter (Figure 2b) and their
morphology proportion to the whole product decreased. With
a concentration of 0.8 M, all rods grew to the micrometer
scale with much more uniform diameters and lengths (Figure
2d).
Figure 3 shows the SEM images of 24MnO, struc-
tures, which were obtained from hydrothermal treatment of
a Mn(NGy), solution of higher concentratior(L.0 M). The
Iow-ma}gnlflcatlpn Images in Flgure,3a and ¢ dlsplay Iarge Figure 5. SEM images at different magnifications of the dendritelike
quantities of uniform hexagonal starlike or snowflake-shaped hierarchicalg-MnO, nanostructures synthesized from Mn(§©solution
crystals. The higher magnification in Figure 3b and d clearly with the addition of nitric acid.
show the 6-fold structures, and in both cases, the six points
of a “star” are roughly geometrically symmetric. The samples these interesting structures are still under investigation
resulted from a 1.2 M Mn(Ng), solution have acicular tips  because their growth mechanism is unclear. The TEM images
in each crystal (Figure 3b), while flatter ends can be observedin Figure 4d and e show the coexistence of nanowires and
in the crystals obtained from a 2.0 M solution (Figure 3c). microrods. The nanowires are around 20 nm in diameters,
This difference may be the result of the different crystal and they are several micrometers in length. HRTEM analysis
growth velocities that occur in the two Mn(NJR solutions. (Figure 4f) provides more detailed structural information
Moreover, we have also found that when a medium starting about the nanowires, showing the apparent lattice fringes of
concentration (1.0 M) was adopted, the morphology of the the crystal. The interlayer distance is calculated to be 0.315
product obtained after a short dwell time was not uniform, nm, which agrees well with the separation between the [110]
as shown in Figure 4. From the low-magnification SEM planes of 5-MnO,. As can be seen in Figure 6g, the
image (Figure 4a), both nanowires and microrods can be corresponding FFT pattern displays a spot line perpendicular
clearly seen. A novel conjunct structure is shown in the to the lattice fringes of Figure 6f, further confirming the good
higher-magnification SEM image (Figure 4b), in which the crystallinity of 3-MnO; and indicating that the length of the
white square marks the cross-joint architecture. The further nanowire extends along the [110] direction.
enlarged SEM image (Figure 4c) reveals that several nano- All above-mentione@-MnO, products were synthesized
wires stick out from the surface of the microrods. Details of directly via the hydrothermal decomposition of manganese

Inorganic Chemistry, Vol. 45, No. 5, 2006 2041
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Figure 6. (a, b) Typical SEM and TEM images of the as-synthesiaednO, samples. (c) The corresponding HRTEM image of a single nanowire in b.

Table 1. Experimental Summary of the Synthesis/MnO, under
Different Reaction Conditions

T dwelltime Mn(NOs)> HNO;

allow the decomposition of Mn(N£k. At an elevated
temperature of 180C, the crystal growth of Mn@was
accelerated, leading to the formation of irregular microrods

) (molt)  (mol/L) morphology and microparticles (see Supporting Information Figure S1a).
11706 0208 0 nanowire and nanorod When nitric acid is added to the starting solution, hierarchical
2 170 3 1.0 0 nanowire and microrod .

3 170 12 12 0 hexagonal starlike crystal ~N@nostructures can be formed (Figure 5) because of the
(with acicular ends) epitaxial growth of 1-D Mn@ nanorods from a common

4 10 12 20 0 Sr(‘\?v‘i’;’rf]'ac';ﬁ;f dhr?‘cgﬁigt?gta' source. However, the addition of too much acid é) would

5 170 3 1.0 012  dendrite hierarchical restrict the decomposition of Mn(N{3 because nitric acid

6 170 ) o o Structurf) | is a result of the reaction (see eq 1). When the concentration

17 7 1. 1. no visible precipitate " [ o :
7 180 24 5040 O irreqular microrod/particle of n|t_r|<_: acid in the initial solution exceed_ed 1.Q M, no MnO
8 160 324 10 0 no visible precipitate precipitated even after a long reaction time of 72 h.

Moreover, it should be noted that in some cases, we observed

nitrate solutions without any additional reagents. The pH is epitaxial growth and self-assembly of nanorods, which led

_beheve(_j to hav_e a large 'mp"?“’.t on the crystal growth of to irregularly shaped Mngcrystals (Figure Slbd).
inorganic materials, and thus it influences the morphology . )
of product® Therefore, we added different amounts of acid 2+ ¢"MnO2zand y-MnO.. The main purpose of synthesiz-
to the starting Mn(N@), solution and found thaf-MnO, ing a- andy-MnOz nanpmaterlals is, from a point view of
crystals of new shapes were obtained. Figure 5 shows theCONcerning the emerging problem of power resources, to
SEM images of the as-synthesized hierarchical nanostructure§valuate their performances in batteries, which is important
resulting from a 1.0 M Mn(N@), solution with the addition for the_ utilization of inexpensive anma_terlals but has
of 0.12 M HNO;. Large quantities of hexagon crystals can Nt gained much attention. The synthesisoeMnO, and
be seen in the panoramic SEM image (Figure 5a); the higher-7-MnOz was performed according to the previous work with
magnification images (Figure 5b and c) clearly demonstrate little modification?* However, some of the morphology
the dendritic hierarchical structures, each of which consists Observations are somewhat different, which may be caused
of a core nanorod and several secondary nanorods that growy the slightly altered specific experimental conditions.
along the trunk rod in parallel. The further magnified image Figure 6a and b shows the representative SEM and TEM
in Figure 5d shows that the nanorods of the hierarchical images of the obtained-MnO, samples, respectively.
structures are straight and have smooth surfaces. Dispersive nanowires can be observed throughout the
Table 1 summarizes the experimental result of the samples. Most of the wires are several micrometers in length
synthesis of3-MnO,. The concentration of the starting and tens of nanometers in width, with a large aspect ratio.
material and the dwell time of the reaction are influential A HRTEM image (Figure 6¢) of a single nanowire indicates
on the final morphology of product. Low reactant concentra- the polycrystalline nature of the as-synthesizenO,, in
tion and short duration time favors the formation of 1-D agreement with the above XRD analysis. Figure 7a shows a
nanostructures (Figure 2) because of the anisotropic growthtypical SEM image of the as-preparedMnO, sample,
habits of the Mn@ crystal, whereas a more concentrated revealing high-yield growth of nanorods with lengths up to
Mn(NOs), solution tends to result in 2-D structures with several micrometers. As can be seen in the low-magnification
larger crystals (Figure 3). Reaction temperature also has somélEM image (Figure 7b), the synthesized rods are not uniform
influence on the product. At a heating temperature of 160 in diameter (26-100 nm). A HRTEM image (Figure 7c) of
°C, no visible solid could be obtained in our synthesis. Thus, an individual nanorod demonstrates thatHeinO, obtained
enough energy should be provided to the reaction system tois of polycrystalline character and that the center of the rod
exhibits better crystallinity than the outer part. We expect
that the amorphous surface @¢fMnO, nanorods might
provide more active sites for electrochemical reaction which

(32) (a) Kijima, N.; Yasuda, H.; Sato, T.; Yoshimura, ¥. Solid State
Chem.2001 159 94. (b) Xiao, T. D.; Strutt, P. R.; Benaissa, M.;
Chen, H.; Kear, B. HNanostruct. Mater1998 10, 1051.
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Figure 7. (a, b) Typical SEM and TEM images of the as-synthesigddnO, nanorods. (c) HRTEM image of an individual nanorod.

Figure 8. Discharge performance of the as-synthesizeg-, andy-MnO; Figure 9. First discharge curves of the as-obtained and y-MnO,
nanostructures in the laboratory-made alkaline Zn-Muélls (discharge nanostructures in the laboratory-tMnO; cells. The discharge rate is 50
condition: 40 mA gl, 25°C). mA g1, and the temperature is set at Z5.

results in its better electrode performance, as will be deliver adischarge capacity of about 210 mAT,@lthough
discussed later. they show a similar discharge curve to that of {h&InO,
Application Studies. Although the synthesis of MnQ1-D nanostructures (S| Figure S3). It's well-known thainO.
nanomaterials with a desired crystal phase is often researchedgxhibits better electrochemical performance thanand
the use of them in batteries and further comparison of their 8-MnO; in batteries.” However, the discharge capacity of
performance are rarely reported. So here we investigate thethe obtainedr-MnO; nanowires in our work is even higher

electrode properties of the as-synthesiaegs-, andy-MnO, than that of they-MnO, commercial powders. Hence, the
nanostructures in alkaline primary ZMnO, cells and  as-synthesized 1-D nanostructured and y-MnO. show
rechargeable 5MnO; cells. enhanced discharge performance in alkaline cells compared

Figure 8 displays the discharge curves of the obtained  t0 their counterparts composed of the materials normally used
B-, and y-MnO, 1-D nanostructures in laboratory-made in batteries.
alkaline Zn—-MnO; cells to an end voltage of 0.8 V. It is Figures 9 and 10 show the first discharge behaviors and
obvious thato- and y-MnO, nanowires/nanorods exhibit  cycling performances of the laboratory-made-MnO, cells
good discharge performance, both of which display sloping that are constructed of the as-synthesizedand y-MnO;
curves with an open-circuit potential of about 1.6 VV and an nanostructures. The first discharge curve of thdinO;
average voltage of approximately 1.2 V. In addition, the nanostructures shows a flat plateau in the voltage range
synthesized-MnO, nanowires deliver a discharge capacity between 3.0 and 2.5 V, and the discharge capacity reaches
of 235 mA h g, while the prepared’-MnO, nanorods 204.4 mA h g' to an end voltage of 1.5 V. This value is
exhibit a higher capacity of 267 mA h§ In contrast, the comparable to the reported dataceMnO, nanofibers and
initial voltage of 3-MnO, nanostructures is lower, and their is much higher than that of the related bulk materidfs.
capacity is much smaller. Furthermore, we also evaluated Recently, Kijima et al. reported a first discharge capacity of
the performance of-MnO, commercial powders usually 230 mA h gt at a lower current rate of 10 mA gfor their
used in batteries (see SEM images in Figure S2). As aprepareda-MnO, specimen, which showed reversibility
comparison, the commercighMnO, powders can merely  during Lit insertion/extraction reactions but with a steady

Inorganic Chemistry, Vol. 45, No. 5, 2006 2043
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The electrochemical performance #MnO, nanostruc-
tures in Li—=MnQO; cells was still undesirable, since the first
discharge capacity was less than 80 mA t gnd the
capacity quickly fell below 20 mA h¢f within five cycles
(Figures S6 and S7). This result is consistent with earlier
reports, in which the highly crystalline-MnO, was found
to show poor capacity and cycling capability.However,
Tang et al. demonstrated thgfanO, nanocrystal/acetylene
black composite is an excellent electrochemical lithium
insertion materiat® Perner’s group also reported a ness-
MnO, composite cathode material which showed superior
performance for lithium cell® Thus, by modifying or
combining it with other components, the as-prep#tédnO,
nanostructures are likewise possible to find application as
electrode materials in rechargeable batteries.

Figure 10. Discharge capacities of the as-preparedand y-MnO, Conclusions

nanostructures over the first 20 cycles. ]
In summary, we have demonstrated the synthesis and

application of MnQ nanomaterials with different crystal-
lographic forms and morphologies.-, 5-, and y-MnO;
hanostructures can be selectively prepared in high yields
through a facile solution rout@-MnO; crystals with various
shapes, including 1-D nanowires/nanorods, 2-D hexagonal
starlike structures, and dendritelike hierarchical nanostruc-
tures, were synthesized via the simple hydrothermal decom-
position of a Mn(NQ), aqueous solution. Electrochemical
investigations indicate that the- and y-MnO, 1-D nano-

loss of capacity on cycling In our work, the synthesized
a-MnO, nanowires also exhibited a continuous capacity drop
during the repeated charge/discharge process. However, afte
cycling at the current rate of 50 mA-§for 20 cycles, the
nanowires still retained an acceptable capacity of 112 mA h
g % For y-MnO; nanorods, the open-circuit potential was
3.43 V, and the discharge capacity exceeded 210 mAth g
indicating that a desirable amount of lithium inserted (i Li
MnO,, x &~ 0.70). After a significant capacity drop in the

Prst thbr:ae cylc.:IeS, the)k/)—_ll\./lnodz flanostructtl:res preser:lted /structures obtained exhibit favorable performance as cathode
avorable cycling capability during the subsequent charge/ , ;e materials in both laboratory-made alkaline primary

discharge. From the fourth to the twentieth cycle, the averagez,_ mMno, cells and rechargeable £MnO, cells. The

i 1
capacity loss was less than 2 mA higper cycle. As a present study should promote the use of MAED nano-

?ongnshon, thQ"Mn.OZ c?rlnggerc;‘alhpow%ers d_ell\éere? 4 materials to construct high-power batteries. Furthermore,
Irst discharge capacity o m band retained only these nanocrystals with novel morphologies may also find

0 2 d . ;
55% of the initial capacity after cycling for 20 cycles (Figures potential applications in sensors, catalysis, microelectronic

S4 and S5). :
: . devices, etc.
The improved electrode properties of lreandy-MnO,

nanostructures may be the result of the 1-D morphology, ~Acknowledgment. This work was supported by the
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MnO:; cells. Moreover, compared to the bulk counterparts,  Supporting Information Available: Figures showing SEM
the, relatively, poorly crystalline Mnfhanomaterials might  images of -MnO, crystals of irregular shapes ang-MnO;
possess high surface ar®sind provide more active sites commercial powders, discharge curves of the a laboratory-made
for the contact between electrode material and electrolyte. Zn—MnO; cell with commercialy-MnO, powders, a laboratory-
Accordingly, we believe that 1-D Mn{nanostructures are ~ Made Li-MnO, cell made with commercial-MnO, powders, and
beneficial to faster diffusion kinetics and decreased electrode? aboratory-made HMnO, cell with as-synthesize@-MnO;
polarization. Further studies are underway on nanostructured2"0rods/wires, evolution of the discharge capacity of the com-
MnO, using more analysis techniques, such as cyclic mercialy-MnO, powders over the first 20 cycles, and the cycling

| cV del hemical i d capacity of a laboratory-made £MnO, cell with as-obtained
voltammograms (CV) and electrochemical impedance Spec'ﬁ-MnOZ nanorods/wires. This material is available free of charge
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