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a b s t r a c t

Well crystallized copper vanadium oxide hydroxide hydrate (Cu3(OH)2V2O7·nH2O) nanoparticles have
been successfully synthesized by a simple hydrothermal method. The morphology and structure of the
as-synthesized products were characterized by field emission scanning electron microscopy (FE-SEM),
X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and Raman spectroscopy. The
ccepted 19 December 2010
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eywords:
opper vanadium oxide hydroxide hydrate
aman spectrum
hermal analysis

composition of Cu3(OH)2V2O7·nH2O was studied by thermal analysis (TG, DTA), which indicates that
there are two molecules of water in a Cu3(OH)2V2O7·nH2O molecular formula. Electrochemical properties
of Cu3(OH)2V2O7·2H2O nanoparticles as positive electrode of lithium ion battery were studied by con-
ventional charge/discharge tests at different current density, showing steady initial discharge platforms
near 1.7 V. The first discharge capacity of Cu3(OH)2V2O7·2H2O electrode arrives at 868 and 845 mAh g−1

at current density of 0.01 and 0.02 mA cm−2, respectively.

ithium ion battery

. Introduction

During the past few years, vanadium oxides based materials
ave attracted much attention due to their fascinating structures
nd electronic, optical, and magnetic properties, which are rele-
ant to such diverse areas as lubrication, chemical sensor, catalysis,
athode materials in batteries, and minerals [1–6].

Stimulated by those applications, much work has been done
n the synthesis and characterization of various vanadium com-
ounds such as single crystallized Ag2V4O11 [7], K2SrV3O9 [8],
{M(H2O)2}V2O6] (M = Co, Ni) [9], and Zn3(OH)2V2O7·nH2O [10].
s a mineral known since the 18th century, Cu3(OH)2V2O7·nH2O
an now be prepared in laboratory via an aqueous solution
ethod [11–13]. It has a novel structure that consist of alter-

ated Cu–O layer and V–O layer with channels in V–O layer,
hich is similar with that of Zn3(OH)2V2O7·nH2O [14–19]. Such
channel structure will facilitate the insertion and extraction,
aking Cu3(OH)2V2O7·nH2O to have potential applications as pos-

tive electrode in lithium ion battery. However, up to now, limited

eports about Cu3(OH)2V2O7·nH2O was mainly focused on the
ynthesis method research and structure characterization, few
ttention has been paid to the electrochemical performance of
u3(OH)2V2O7·nH2O by now.
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We have reported hydrothermal synthesis of
Cu3(OH)2V2O7·nH2O and its magnetism [20]. In this paper, we will
investigate the application of Cu3(OH)2V2O7·nH2O nanoparticles
as positive electrode for lithium ion battery.

2. Experimental

All the chemicals were of analytical grade and purchased from Shanghai Chem-
ical Reagents. In a typical process, 1 mmol V2O5, 5 mmol hexamethylenetetramine
and 3 mmol Cu(NO3)2 were dissolved in 30 ml distilled water, then 0.5 g sodium sul-
fate was put into the solution. After stirring for 20 min, the obtained homogeneous
yellowy suspension was transferred into a 50 ml teflonlined autoclave, distilled
water was subsequently added up to 80% of its capacity. The autoclave was at last
sealed and placed in an oven, heated at 140 ◦C for 24 h. The autoclave was cooled in
air. The precipitate was centrifuged with distilled water and ethanol for 4 times and
dried in an oven at 60 ◦C for 24 h [20].

The morphology, structure and composition of the products were character-
ized by field-emission scanning electron microscopy (FE-SEM S-4800, Hitachi)
equipped with energy dispersion spectrum (EDS), X-ray powder diffraction (Rigaku
RINT2400 with Cu K� radiation), Fourier transform infrared spectroscopy (IFS 66 V/S
Bruker, Germany), and micro-Raman spectrometer (Jobin Yvon LabRAM HR800 UV,
YGA 532 nm). For fabricating of Li-ion battery, a mixture of Cu3(OH)2V2O7·nH2O
(80 wt%), acetylene black (10 wt%), and polyvinylidene fluoride (PVDF, 10 wt%)
electrodes were drying (120 ◦C, 24 h, vacuum) and compressed on copper foil.

Coin-type cells (2032) of Li/1 M LiPF6 in ethylene carbonate, dimethyl carbonate
and ethylmethyl carbonate (EC/DMC/EMC, 1:1:1, v/v/v)/Cu3(OH)2V2O7·nH2O were
assembled in an argon-filled dry box. A Celgard 2320 microporous polypropy-
lene was used as the separator membrane. The cells were tested in the
voltage range between 0.02 and 3 V with a multichannel battery test system
(NewareBTS-610).

dx.doi.org/10.1016/j.jallcom.2010.12.139
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water molecules and the phase transformation. The dehydration
and decomposition steps are observed in two areas: 350–520 K and
520–600 K. The corresponding observed weight losses are 7.81%
and 3.9% by mass and total weight loss is 11.71%. The first step
Fig. 1. SEM images of the products in low (a) and higher (b) m

. Results and discussion

SEM images of the products are shown in Fig. 1. Fig. 1(a) is a low
agnification of the products, which exhibits a large quantity of

anoparticles. The mean diameter of those nanoparticles is about
00 nm. Higher magnification SEM image is shown in Fig. 1(b),
hich exhibits smooth surfaces and symmetrical size distribution.

he typical X-ray diffraction pattern of the as-synthesized prod-
cts is shown in Fig. 1(c). All diffraction peaks can be indexed as the
onoclinic phase of Cu3(OH)2V2O7·nH2O with the lattice constants
= 1.061 nm, b = 0.586 nm, and c = 0.7260 nm, which is in good
greement with the JCPDS, no. 46-1443. Strong and sharp peaks
uggest that the as-synthesized products are well crystallized. EDS
as employed for further investigation of the compositions of the
roducts, which is shown in Fig. 1(d). V, Cu and O elements are
learly observed from the EDS spectrum, which is in accordance
ith the composition of Cu3(OH)2V2O7·nH2O. The reactions during

he hydrothermal process are likely to be as follows:

CH2)6N4 + 10H2O → 6HCHO + 4NH3·H2O (1)

H3·H2O → OH− + [NH4]+ (2)

2O5 + (2n + 2)OH− + 3Cu2+

+ (2n − 4)H+ → Cu3(OH)2V2O7·nH2O + (n − 2)H2O (3)

Fig. 2 shows the infrared spectrum and Raman spectrum of the
s-prepared copper pyrovanadate. As shown in infrared spectrum
n the wavelength region of 300–4000 cm−1, the high wavenum-
er vibration located at 3531, 3470 and 3044 cm−1 correspond to
ater and hydroxyls vibration modes, and the low wavenumber

ibration located at 900, 847, 804, 763, 562, 531, 505 and 419 cm−1
re attributed to tetrahedral VO4 and octahedral CuO6 vibration
odes in the network. The vibration located at 1012, 1409, 1437,

920 and 1974 cm−1 may ascribe to HCO3
− that derives from hex-

methylenetetramine [21]. It shows similar vibration with that
eported in the literature for copper pyrovanadate [18]. Raman
cation; (c) XRD pattern and (d) EDS spectrum of the sample.

spectrum in the wavelength range of 150–1150 cm−1 is domi-
nated by Raman peaks located at 164, 236, 342, 438, 476, 758,
820, and 894 cm−1, and these peaks are the vibration bands of
Cu3(OH)2V2O7·nH2O. We suggest the peaks at 476, 758, 820, and
894 cm−1 are attributed to V–O vibration, the peaks at 164 and
236 cm−1 are caused by the symmetry-related vibration [22–24],
and the peak at 438 cm−1 comes from Cu–O vibration [25]. IR
vibrations of Cu3(OH)2V2O7·nH2O are inevitably of little shift in
wavenumber region due to the wide range. Infrared spectrum and
Raman spectrum of the product are well in agreement with its
crystal structure.

The thermal behavior of Cu3(OH)2V2O7·nH2O is investigated
by means of TG/DTA measurement in Ar atmosphere at a heat-
ing rate of 10 K min−1 (Fig. 3). The TG curve shows weight losses
between 300 and 970 K, which are relevant to the elimination of
Fig. 2. FTIR spectrum and Raman spectrum of the products.
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Fig. 3. TG, DTA, DTG curves of the products at N2 atmosphere.
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ig. 4. First discharge curves of the electrode made of Cu3(OH)2V2O7·nH2O nanopar-
icles at different current density.

f weight loss corresponds to the elimination of water and the
econd one corresponds to the elimination of hydroxyl, which indi-
ates there are two moleculars of water in a Cu3(OH)2V2O7·nH2O
olecular formula. The thermal behavior can be testified from two

ontinuous endothermic peaks on DTG curves that are observed at
96 K and 569 K. The DTA curve shows two peaks at 506 K and 568 K,
hich are relevant to the elimination of water and the decompo-

ition of copper vanadium oxide. The reactions during the thermal
rocess are likely to be as follows:

u3(OH)2V2O7·2H2O → Cu3(OH)2V2O7

+ 2H2O → Cu3(VO4)2 + H2O (4)

Fig. 4 shows the first discharge curves of a Cu3(OH)2V2O7·2H2O
lectrode at current density of 0.01 and 0.02 mA cm−2. It shows
high initial discharge capacity of 868 and 845 mAh g−1 at cur-

ent density of 0.01 and 0.02 mA cm−2, which is bigger than

hat reported in literature [26]. The initial discharge curves of
u3(OH)2V2O7·2H2O electrode show steady platforms near 1.7 V
anging from 100 to 600 mAh g−1, being similar with that reported
n literature [26]. This result suggests Cu3(OH)2V2O7·2H2O as an
deal candidate of positive material for lithium ion batteries.

[

[
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4. Conclusion

In conclusion, novel channel structured Cu3(OH)2V2O7·2H2O
nanoparticles were synthesized by a simple hydrothermal method.
Discharge curve shows steady platform, suggesting it as an ideal
candidate of positive material for lithium ion batteries. As it
is well known that the morphology and size have important
effects on the physical and chemical properties of nanomaterial,
promising work should be done on the morphology and size con-
trolled fabrication to optimize the electrochemical performance of
Cu3(OH)2V2O7·2H2O.
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