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a  b  s  t  r  a  c  t

A  novel  cathode  material,  NH4V3O8 nanorods  with  high  discharge  capacity  and  good  rate  capability  are
hydrothermally  prepared  in  the  presence  of  sodium  dodecyl  benzene  sulfonate  (SDBS).  The  diameter  of
nanorods  is  about  30  nm  and  the  length  is  less  than  1  �m. In  comparison  with  the ammonium  trivanadate
flakes  prepared  without  surfactant,  the  nanorods  are  better  suited  as  lithium  inserting  electrode  material,
with superior  lithium  ion  insertion/deinsertion  plateaus,  higher  discharge  capacity  and  better  cycling
eywords:
i-ion batteries
mmonium trivanadate nanorod
lake
ydrothermal method
odium dodecyl benzene sulfonate

stability.  The  nanorods  deliver  a maximum  specific  discharge  capacity  of 327.1  mAh g−1 at  30  mA  g−1. It
also  demonstrates  good  rate capability  with  the capacity  of  207.6  mAh  g−1 at 300  mA  g−1, 201.2  mAh g−1

at  450  mA  g−1, and  181.8  mAh  g−1 at  600  mA  g−1.  Good  cycling  stability  is  also  shown  at  150  mA  g−1 for
the  nanorods,  with  no  capacity  loss  over  60  cycles.

© 2011 Elsevier B.V. All rights reserved.

lectrochemical performance

. Introduction

Li-ion batteries have been widely used in portable electronic
evices and hold a great potential for utilization in powering elec-
ric vehicles (EVs) and hybrid electric vehicles (HEVs) due to their
igh energy density, high voltage, and long cycling life [1–5]. How-
ver, the energy and power density should be further improved to
eet the current challenge of energy storage [1,6,7].  To achieve this

oal, new materials with higher capacity and new nanomaterials
hemistry are essential [8].  Over the past decade, nanostructur-
ng has been considered one of the most powerful methods to
mprove electrochemical performance of electrode materials in
erms of both energy and power densities, probably owning to
heir high surface-to-volume ratio, and short Li+ diffusion distance
8–10].

Tremendous attention has been focused on vanadium oxides
nd their derivatives as cathode materials for Li-ion battery due
o the easy synthesis, low cost and high capacity [11–16]. Of

hese materials, the most studied one is lithium trivanadate
LiV3O8), which possesses good structural stability. However, its
lectrochemical performance is strongly affected by the synthesis

∗ Corresponding authors. Tel.: +86 731 88879850; fax: +86 731 88879850.
E-mail addresses: wanghy419@126.com (H. Wang), klhuang@mail.csu.edu.cn

K. Huang).

378-7753/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2011.10.069
conditions and the possible following thermal treatment [17,18].
Meantime, it is noted that Li+ in LiV3O8 usually occupy the octa-
hedral sites in the interlayer, which are immobile. For this reason,
other cations with larger ionic radius, such as NH4

+, Na+ and K+

could substitute the Li+ in V3O8
− layers to form new electrode

materials, which are expected to possess the larger path for Li+
intercalation and deintercalation [19–21].  Recently, we  have fab-
ricated the NH4V3O8 flakes with the thickness of 500–600 nm
[21]. It shows a discharge capacity of about 300 mAh g−1. How-
ever, it is found that the large thickness of the flakes hinders the
movement of lithium ion, which limits the rate capability. Further-
more, the abnormal lithium insertion potential (less than 2.0 V)
into the host reveals the lower energy density as cathode material.
Therefore, NH4V3O8/CNTs composite is fabricated, which shows
a high discharge capacity up to 358.7 mAh  g−1 at 30 mA g−1 and
excellent cycling stability [21]. Several other groups [22–24] have
reported the preparation of NH4V3O8 so far. However, only one
paper mentioned the electrochemical performance of this kind
material as lithium intercalated electrode [24]. Torardi and Miao
[24] once introduced the F substituted ammonium trivanadate,
(NH4)0.9V3O7.9F0.1·0.9H2O, which delivered an initial discharge
capacity of 409 mAh  g−1 at C/80 rate during 1.5–4.0 V versus Li but

with very poor cycling life. Our research results demonstrate that
NH4V3O8 could be used as a novel and potential cathode mate-
rial for Li-ion batteries. It is believed that nanostructured NH4V3O8
could provide improved electrochemical performance, especially

dx.doi.org/10.1016/j.jpowsour.2011.10.069
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:wanghy419@126.com
mailto:klhuang@mail.csu.edu.cn
dx.doi.org/10.1016/j.jpowsour.2011.10.069
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he rate capability. Surfactants have been widely used as soft tem-
late to prepare a variety of nanostructured cathode materials
25–28].

Herein, we present one-dimensional NH4V3O8·0.37H2O
anorods with high electrochemical performance by sodium
odecyl benzene sulfonate (SDBS) assisted hydrothermal method
or Li-ion batteries. The nanorods exhibit a high discharge capacity
f about 332 mAh  g−1 at 15 mA  g−1, associated with good cycling
tability and rate capability. More importantly, in comparison
ith NH4V3O8 flakes without SDBS, the nanorods here show much
igher Li ions intercalation plateaus, leading to a higher discharge
apacity of about 200 mAh  g−1 with the low cut-off voltage of 2 V,
hich makes it more promising when used as cathode material

or Li-ion battery.

. Experimental

.1. Synthesis

All the starting materials were analytically pure grade and used
irectly without any purification. In this paper, sodium dodecyl
enzene sulfonate (SDBS) was used as a soft template. At first,
.909 g NH4VO3 and 0.300 g SDBS were dissolved in deionized
ater successively and the mixture was stirred violently at about

00 ◦C. Then a proper amount of hydrochloric acid with the con-
entration of 1.2 mol  L−1 was added into the solution to adjust
he pH value to about 4.0. The mixed solution with some insol-
ble intermediate was then transferred into a 50 ml  Teflon lined
tainless steel autoclave. The total volume of the solution was
bout 40 ml.  The autoclave was sealed and heated at 180 ◦C for
8 h and then cooled to room temperature naturally. The obtained
recipitate was collected by centrifugation, washed with deion-

zed water and ethanol for several times to remove the residual
DBS. Finally, NH4V3O8·xH2O nanorods were obtained after drying
t 80 ◦C overnight.

For comparison, orange-yellow NH4V3O8·xH2O flakes were pre-
ared by the similar hydrothermal method without adding SDBS.

.2. Characterization

X-ray diffraction (XRD) data were collected by a Philips X-Pert
ystem (Cu-K� radiation) with a step of 0.02◦. Fourier transform
nfrared (FT-IR) spectra were recorded using the Nicolet 6700 FT-
R spectrometer. Thermal gravimetry (TG) was carried out with

 NETZSCH STA 449C differential scanning calorimeter under N2
tmosphere at a ramping rate of 10 ◦C min−1. Morphological studies
ere conducted using a JSM6430F scanning electron microscopy

SEM) and a JEOL JEM-2011 transmission electron microscopy
TEM) employing a LaB6 filament as the electron source and an
ccelerating voltage of 200 keV. N2 adsorption–desorption analysis
as carried out using a Micromeritics ASAP 2020. The typical sam-
le weight used was about 100 mg.  The outgas condition was  set
o 180 min  at 120 ◦C under vacuum, and all adsorption–desorption

easurements were carried out at liquid nitrogen temperature.

.3. Electrochemical measurements

The electrochemical cells were constructed by mixing the active
aterial, polyvinylidene fluoride (PVDF), and Super S carbon in

he weight ratio of 80:10:10. Tetrahydrofuran was  used as solvent.
he slurry was cast onto Al foil using a Doctor-Blade technique.
fter solvent evaporation at room temperature and heating at

0 ◦C under vacuum for 8 h, the electrodes were cut into disks and
ssembled into CR2016 coin-type cells with commercial electrolyte
Merck; 1 M LiPF6 in 1:1 v/v ethylene carbonate/dimethyl carbon-
te) and a Li metal as counter electrode. The cells were constructed
Fig. 1. XRD patterns of as-prepared materials: (a) flake without SDBS; (b) nanorod
with SDBS, the standard PDF cards (no. 51-0378 and 88-1473) are attached.

in an Ar-filled MBraun glovebox and then cycled galvanostatically
between 1.5 and 4.0 V (voltage unit in this paper is versus Li/Li+)
at a desired current density with a Land CT2001A tester system at
room temperature. Cyclic voltammetry (CV) test was carried out
using the electrochemical station (Shanghai Chenhua, China) with
a scan rate of 0.1 mV  s−1 at room temperature.

3. Results and discussion

Fig. 1 illustrates the XRD patterns of as-prepared powder by
hydrothermal method with SDBS and without SDBS, together with
the enlarged view of that with SDBS between 10◦ and 12◦ inset.
For better comparison, the standard PDF cards of no. 51-0376
((NH4)2V6O16·1.5H2O) and 88-1473 (NH4V3O8) are also attached.
As seen, all the diffraction lines in XRD pattern a could be read-
ily indexed to a monoclinic crystalline NH4V3O8 phase (space
group P21/m)  with the lattice parameters a = 0.5051 nm,  b = 0.
8439 nm,  c = 0. 8010 nm and  ̌ = 97.06◦, which are consistent well
with our previous paper [21]. No peaks from other phases have
been detected, indicating that the products are of high purity. It
also shows the much decreased relative intensity of diffraction
line (0 0 1), implying the inferior crystallinity in comparison with
the standard card of 88-1473, which probably holds a promise for
better Li+ insertion/extraction ability since the preferential order-
ing of crystal would lead to a long Li+ diffusion path [29]. An
analogous effect is known for V6O13, where the material with
short diffusion paths has a much higher capacity than the highly
crystalline material with long, one-dimensional diffusion paths
[30]. The sample with SDBS demonstrates much more complicated

diffraction patterns. Apparently, as recorded in Fig. 1, it matches
well with the diffraction patterns of two  ammonium vanadate
phases ((NH4)2V6O16·1.5H2O and NH4V3O8) based on the JCPDS
cards (no. 51-0376 and 88-1473), revealing that the as-prepared
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ig. 2. FT-IR spectra of as-prepared materials: (a) nanorod with SDBS; (b) flake
ithout SDBS.

aterial with SDBS is probably the composite phases of both
mmonium vanadates. It is a little hard to explain why  the prod-
ct here shows two quite similar structure phases. But our related
esearch suggests that NH4V3O8 is sensitive to the experiment con-
itions, including pH value, reaction temperature, reaction time as
ell as surfactants, which play a crucial role in forming of structure

nd morphology for final products. It is obvious that the different
hases of the flakes and the nanorods are attributed to the absence
r presence of the SDBS. Nevertheless, both phases are almost the
ame except for the difference of crystal water. So, the complicated
roduct could be described as NH4V3O8·xH2O, which should still
elong to the monoclinic system with the P21/m space group.

FT-IR spectra provide further insight into the slight difference of
nternal structure of the obtained materials with and without SDBS
Fig. 2). The sample without SDBS has characteristic IR peaks at
004.7, 967.3, 731.1 and 526.7 cm−1 which can be attributed to V O
tretching of distorted octahedral and distorted squarepyramids,
symmetric and symmetric stretching vibration of V–O–V bonds,
espectively [31,32]. In addition, NH4

+ group and crystal water are
dentified by their characteristic bands at 3235.9 and 1410.5 cm−1,
464.8 and 1612.5 cm−1, respectively [33,34].  So the sample with-
ut SDBS is actually composed of NH4V3O8·xH2O. The sample with
DBS shows the similar absorption IR bands, but the position and
he intensity of those bands are a little different, which imply the
lteration of chemical structure of the product due to the addition
f surfactant SDBS. The IR spectra change further confirms the XRD
esults in Fig. 1. The difference has been reported [21,35].

To determine the amount of crystal water in each molecular
ormula, TG test of as-prepared materials without and with SDBS
ere carried out (Fig. 3). The difference in the weight loss and the

orresponding decomposition temperature is discovered, implying
he effect of SDBS on the structure of the final product. The similar
henomenon was reported in our previous work due to the addition
f CNTs [21]. The mass loss is attributed to the decomposition of
mmonium trivanadate, shown as the following Eq. (1):

NH4V3O8 · xH2O
�−→3V2O5 + 2NH3 ↑ +(1 + 2x)H2O (1)

Based on the mass loss of 10.7 wt% for the nanorods and
1.0 wt% for the flakes, it demonstrates that the nanorods
onsist of NH4V3O8·0.37H2O (it also could be written as
NH4)2V6O16·0.74H2O), while the flakes are composed of

H4V3O8·0.42H2O. The amount of crystal water for the nanorods

0.37 per formula unit) is reasonable, which is in good agreement
ith the composite phases in Fig. 1. It should be pointed out that

he amount of crystal water for the flakes without SDBS is a little
Fig. 3. TG curves of as-prepared materials: (a) nanorod with SDBS; (b) flake without
SDBS.

larger than that of the nanorods. However, its structure phase is
closed to the pure NH4V3O8, rather than the (NH4)2V6O16·1.5H2O.
In our opinion, it should be due to the absence of SDBS.

Fig. 4 shows the morphology of as-prepared materials with and
without SDBS. As can be seen, the sample prepared without SDBS
shows good flake-like morphology. The flakes have the width of
4–10 micrometers and the thickness of 600–900 nm, which are a
little larger than that in our recent work [21]. At the same time,
smooth and clean surface is observed. As for the material with
the SDBS, it consists of a large quantity of uniform 1D nanorods.
The diameter of the nanorods is about 30 nm and the length is
less than 1 �m,  some of which are only about 100 nm. The com-
parison result indicates that SDBS plays a key role in forming
the nanorod morphology. It is believed that SDBS could act as a
soft template to direct the growth of nanoparticles into nanorods
at the early stage of the process through a preferential bonding
to certain crystal planes. Similar work using SDBS as soft tem-
plate to obtain nanostructured LiFePO4 has been reported by Teng
et al. [36]. Brunauer–Emmett–Teller (BET) was conducted to obtain
the information of surface area. BET specific surface area of the
nanorods is estimated to be 15.1 m2 g−1, which is a reasonable
value achievable for electrode materials and it is much larger than
that (4.2 m2 g−1) of the flakes. The relatively larger surface area
of NH4V3O8·0.37H2O nanorod prepared using SDBS as soft tem-
plate ensures particle–particle tight contact and short diffusion
distances of Li ions and therefore holds the promise for enhanced
Li storage performance. Note that less sodium dodecyl sulfonate
(SDS) was once used in our previous work for the synthesis of
NH4V3O8·0.2H2O [19]. However, the product still shows the flake
morphology, almost the same with that without surfactant. It is
probably due to the addition of a slight amount of SDS. As a mat-
ter of fact, the concentration of the surfactants plays an important
role in controlling the morphology of the nanostructured materials
[25,28].

High-resolution TEM image (HRTEM) of individual nanorod is
depicted in Fig. 5. As shown in Fig. 5(a) and (c), the fringe spacings
of the crystalline nanorods are 0.345 nm and 0.283 nm,  which are
in good accordance with plane distance of the (1 1 −1) and (0 0 3)
planes, respectively, of the monoclinic layered NH4V3O8·xH2O
shown in Fig. 1. HRTEM result demonstrates single crystalline
nature of the nanorods and the crystal growth along the (1 1 −1)

direction. However, it should be noted that the as-prepared mate-
rial is beam-sensitive under an electron beam with an accelerated
voltage of 200 kV. Thus, it is hard to obtain high quality HRTEM
images.
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Fig. 4. SEM images of as-prepared material without SDBS (a

Fig. 6 shows the CV curves of NH4V3O8·0.37H2O nanorods and
H4V3O8·0.42H2O flakes. It is very interesting to note that the two
aterials indicate significant difference in terms of the lithium ion

ntercalation/deintercalation behavior. Two main pairs of redox
eaks with the oxidation peak at 1.84, 3.01 V and correspond-

ng reduction peak at 1.71, 2.89 V respectively, associated with a
light one at 2.61 and 2.43 V, are observed for the sample with-
ut SDBS. It is interesting that the reduction peak at 3.01 V is much
maller than the corresponding oxidation peak, while that at 1.84 V
s greatly larger, which is different from that of NH4V3O8·0.2H2O
19]. A slight structure difference should be involved for the uncom-
on  electrochemical behavior. It further suggests that the structure
f the vanadate is sensitive to the experimental conditions [37].
anadium oxide nanotubes (VOx-NTs) also indicated the simi-

ar phenomenon [38]. Note that the main reduction peak, almost
) and TEM images of as-prepared material with SDBS (c–e).

corresponding to the discharge plateau in the following Fig. 7, is less
than 2.0 V, which means the lower energy density for this kind of
material used as cathode. On the contrary, NH4V3O8·0.37H2O pre-
pared by the SDBS assisted method shows much higher lithium ion
insertion potentials. Three main pairs of redox peaks are concen-
trated between 2.1 and 3.0 V, with the oxidation peak at 2.58, 2.79,
3.01 V and the corresponding reduction peak at 2.34, 2.64, 2.89 V,
respectively, which are similar to those of LiV3O8 in the literature
[39]. The splitting of many redox peaks was  because of the differ-
ent lithium sites with energy difference for holding the lithium ions
[40]. XRD, FT-IR, TG and CV results leave no doubt that the addition

of SDBS affects the structure and electrochemical performance of
the as-prepared product. Apparently, the nanorods with SDBS pos-
sess much better practical application and perspective as cathode
material for Li-ion battery.
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Fig. 5. High-resolution TEM image (a) and the corresponding TEM image (b) of NH4V3O8

Fig. 6. Cyclic voltammetry curves of as-prepared materials: (a) nanorod with SDBS;
(b)  flake without SDBS, operated between 1.5 and 4.0 V at a scanning rate of
0.1  mV s−1.
·0.37H2O nanorods, image c is the enlarged view of selective area in image (a).

Fig. 7 illustrates the electrochemical performance of
NH4V3O8·0.37H2O nanorods and NH4V3O8·0.42H2O flakes,
associated with the first 10 discharge galvanostatic curves inset. As
can be seen, the nanorods deliver a high initial discharge capacity of
308.5 mAh  g−1 at 30 mA  g−1. It is increased to 327.1 mAh g−1 at the
second cycle, which corresponds with about 3.5 lithium ions inser-
tion into per formula unit, forming the (NH4)Li3.5V3O8·0.37H2O.
The discharge capacity of the nanorods here is comparable to
those LiV3O8 with high capacity [15,38,41].  A slight capacity loss
is found during the following several cycles. However, it then
keeps more stable with the discharge capacity of 311.7 mAh  g−1

maintaining at the 10th cycle. As for the flakes without SDBS, it
shows a much lower initial discharge capacity (206.5 mAh  g−1)
and reaches a maximum discharge capacity of 301.3 mAh  g−1

gradually. The phenomenon of noticeable increasing discharge
capacity, also shown in our former paper, might be ascribed to the
severe polarization of the electrode related to the structure [19],
which could be partially explained by the discharge curves inset.
We ascribe such phenomenon to a possible activation process.
Undoubtedly, the nanorods suffer from the less electrochemical
polarization in comparison with the bulk flakes. Both samples
show very low initial charge capacity, suggesting the NH4

+ group
could not be extracted at the first charge process. It is worthwhile
to highlight that the nanorods exhibit about 200 mAh  g−1 discharge
capacity to 2.0 V, while that of the flakes is less than 100 mAh  g−1,
which agrees well with the CV results (higher discharge plateaus).

Cycling performance of the nanorods and flakes at a relatively
high current density of 150 mA  g−1 are also investigated (Fig. 8). The
initial discharge capacity of the nanorods is 208.9 mAh g−1, which
is about 14 mAh  g−1 higher than that of flakes. More interestingly,
the nanorods exhibit much better cycling performance. The capac-

ity increases gradually until reaching the maximum value of about
231 mAh  g−1, then it maintains well after 60 cycles, indicating the
excellent cycling stability. On the other hand, the flakes present
a discharge capacity of 181.3 mAh  g−1 (about 93% of the initial
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Fig. 7. Cycling performance of as-prepared materials: (a) nanorod with SDBS; (b)
fl
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Fig. 9. Variation of discharge capacity versus cycle numbers for NH4V3O8·0.37H2O
nanorods and NH V O ·0.42H O flakes (a) and the corresponding discharge curves
ake without SDBS, operated at 30 mA  g−1 between 1.5 and 4.0 V. Inset is their
ischarge galvanostatic curves.

alue) after 60 cycles. Both samples show much better cycling sta-
ility than (NH4)0.9V3O7.9F0.1·0.9H2O [24]. Generally, the structure
f LiV3O8 and NH4V3O8 can be described as V3O8

− puckered lay-

rs held together by Li+ and NH4

+ groups [19], respectively, which
lmost occupy the octahedral sites in each crystallite and acts as pil-
ar for stabilizing the structure. Accordingly, like LiV3O8, NH4V3O8
lso shows good structure stability during the cycling. Anyway,

ig. 8. Cycling performance of as-prepared materials: (a) nanorod with SDBS; (b)
ake without SDBS, operated at 150 mA g−1 between 1.5 and 4.0 V.
4 3 8 2

for  the nanorods (b) at various current densities (15 mA  g−1, 90 mA g−1, 180 mA g−1,
300  mA  g−1, 450 mA  g−1, 600 mA g−1, 900 mA g−1) between 1.5 and 4.0 V.

results above reveal that the addition of SDBS in this work is of great
importance to the melioration of lithium ion insertion/deinsertion
plateaus, as well as the cycling stability for NH4V3O8. The improved
electrochemical performance should be mainly ascribed to the
nanorod characteristic with much larger BET area (more than three
times) and shorter Li ion diffusion path [8–10].

As an interesting cathode material candidate for lithium ion
battery, the rate capability should also be considered. Fig. 9
depicts the cycling performance and the typical discharge curves
of the NH4V3O8·0.37H2O nanorods at various current densities
from 15 to 900 mA  g−1. For comparison, electrochemical per-
formance of NH4V3O8·0.42H2O flakes is also given. Clearly, the
specific discharge capacities of 332.3, 258.3, 230.4, 207.6, 201.2
and 181.8 mAh  g−1 are observed for the nanorods at 15, 90, 180,
300, 450 and 600 mA g−1, respectively. Even at 900 mA  g−1, it
still maintains 155.4 mAh  g−1 discharge capacity. While those for
the flakes are 311.3, 214.8, 185.3, 146.5 mAh  g−1 at 15, 90, 180
and 300 mA g−1, respectively. Apparently, the nanorods with SDBS
show much better rate capability than flakes without SDBS due to
the larger BET surface area and shorter Li+ diffusion distance [8–10].
The typical discharge curves (Fig. 9(b)) at various rates demon-
strate the good lithium ion intercalation/deintercalation plateaus.

It is worthwhile to note that no obvious capacity fading could be
observed at relatively high rates even at 900 mA  g−1. Two things
should be noted. One is the obvious capacity loss at 15 mA  g−1,
which is consistent with those of LiV3O8 [15,39] and NH4V3O8
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21]. It is believed that more available sites for Li ions could be
sed at low current density, some of which probably possess the

nferior reversibility of Li+ insertion and extraction. For example,
i+ inserted into the octahedral sites in the interlayer is hard to
e extracted. The other is the large decreasing discharge capacity
hen the current density increases from 15 to 90 mA  g−1, implying

he intrinsic poor lithium ion transport ability in the vanadate sys-
em. It might be due to the existence of a large amount of crystal
ater. Bonino et al. [42] considered that the low diffusion coeffi-

ient of Li+ in LixV3O8 was probably correlated with the residual
ater in the material, which could limit the lithium ion mobility

y forming electrostatic bonds. However, the hypothesis is beyond
he scope of this paper. We  will investigate the influence of the
rystal water on the electrochemical performance in our follow-
ng work. Nevertheless, NH4V3O8·0.37H2O nanorods here present
ood rate capability and cycling stability at relatively high current
ensity, which are comparable to the results of the best LiV3O8 to
ate [15,39]. LiV3O8 nanorods with a maxmium discharge capacity
f 348 mAh  g−1 at 20 mA  g−1 was prepared by Liu et al. [15], but it
ecreased to ca. 200 mAh  g−1 at 100 mA  g−1. Pan et al. [39] fabri-
ated LiV3O8 nanosheet, showing the best cycling stability so far.
owever, the insufficient rate capability was demonstrated by the

arge capacity drop from 260 to ca. 190 mAh  g−1 when the current
ensity was increased from 100 to 300 mA  g−1.

. Conclusions

In summary, NH4V3O8·0.37H2O nanorods with a diameter of
bout 30 nm were synthesized by a facile hydrothermal method
sing SDBS as the soft template. Crystal structure of the nanorods
as a little different from the material made without SDBS.

t should be noted that the addition of surfactant meliorates
he lithium ion insertion/extraction plateaus. More importantly,
he electrochemical performance was greatly improved owning
o the nanorod morphology and probable change of structure.
he nanorods showed a maximum specific discharge capacity of
27.1 mAh  g−1 at 30 mA  g−1, together with good rate capability
p to 900 mA  g−1. Good cycling performance at 150 mA g−1 was
ssociated with 100% capacity retention after 60 cycles. Appar-
ntly, with the excellent lithium ion insertion/deinsertion ability,
H4V3O8·0.37H2O nanorods here could be used as a very promising
athode material for Li-ion battery.
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