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Alkali-metal vanadium oxide bronzes with layered structures
have attracted special attention due to their application as cathode
materials in rechargeable high-energlensity lithium batteries and
their diverse structural chemistry and propertié&,V ¢0;6°3H,0
(barnesite) is a member of the Hewettite ;{k4O;¢:nH,O, M =
monovalent element or MMD;¢nH,O, M = divalent element)
family.2 NaV¢O1¢3H,O consists of Og layers and interstitial
hydrated Na ions. The 3Dg layer is composed of V@ octahedra _
and \,Og units of edge-sharing square pyramids. The hydrated Na
ions are located between the layers. Further structural details of
the Vz0g layers have been described in the literafure. T : r r T

Since the discovery of carbon nanotubes in 199dne- © 2 S Thetare % &
dlmen§lonal (1D) nanostructured materials (ngnotubes, nanpbelts,Figure 1. XRD patterns of (a) the starting material and (b) the product.
nanowires, and nanorods) have attracted considerable attention due
to their distinctive geometries, novel physical and chemical
properties, and potential applications in numerous areas such as
nanoscale electronics and photorfiégdthough many methods have
been used to fabricate 1D objects, including electrochenfistry,
templates (mesoporous silica, carbon nanotubes, %etm)gro-
emulsion-mediated systertfsarc dischargéJaser-assisted catalysis
growth?e solution® vapor transport¢ and solvothermal synthesis,
they suffer from the limits of high temperature, special equipment
and conditions, or tedious procedures. Furthermore, these methods
have mainly been concentrated on mono- and binary component
structures, such as carbbmetals® oxides$® and 11-VI,% 11l —
Védeecompounds, etc. However, only limited kinds of single-crystal
ternary 1D nanostrcutures have been obtained until now, and the
synthesis of new multicomponent 1D nanostructures remains
challenging to materials scien_ti@fs7.R_ecent_ly, the_ belt-shaped 1D peaks in Figure 1b can be readily indexed to a pure monoclinic
nano_st_ructure_s_have been |n_ten3|vely |nvest|gat_ed due to thecrystalline phase [space groufP2:/m] of NagV¢Oye3H,0 with
promising building-block function for nanoelectronics and opto- calculated lattice contents = 12.01(3) A,b = 3.71(2) A, ¢ =
electronics$ also, much effort has been devoted to developing new 7.70 (4) A, 8 = 94.90(3, which are in go’od agreement \,/vith the
approa<_:hes_ to prepare these nanobt_elt matéridése, we report literature values (JCPDS No. 16-601). X-ray photoelectron spec-
for the first t.' me tha.t nanobelts of multicomponentMgO;-3H,0 troscopy (XPS) spectra (see Supporting Information) show that the
can be easily obtam_ed by hy_drothermal treatment of bulk@sv nanobelts consist of Na, V, and O in a ratio of 1:2.99:9.61.
and NaF powders without using any templates or catalysts. Furthermore, a V2§, binding energy of 517.2 eV is characteristic

In a typical procedu_re, 305 (0.005 n_wo_l) and NaF (0'015 mol)  of vs, Thermogravimetric analysis (TGA) measurements (see
powders were added into 70 mL of distilled water and stirred for Supporting Information) reveal a 7.8% weight loss from 100 to
2 min. The slurry solution was placed in a 100-mL autoclave with 360°C. This matches the water content obMgD1e-3H;0 (8.16%).

a T('jeflf:)n Iin_er. Thledautoclave was maintain'(:?t at IGqur 24: H The results from XRD, XPS, and TGA studies leave no doubt that
and then air cooled to room temperature. After reaction, the p the product is N&/gOse3H,0.

value of the solution was 5.3. The brownish-red precipitate was
collected and washed with distilled water and anhydrous alcohol
several times. The final product was dried in a vacuum at®@0
for 6 h.

An X-ray diffractometer (XRD, Bruker D8 Advance XRD with
Cu Ko radiation) was used to characterize the crystal structure of
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Figure 2. SEM images of the N&s016-3H20 nanobelts.

the products. Panels a and b of Figure 1 show the XRD patterns of
the starting material and the nanobelt product, respectively. All the

The morphology and size of the resulting product are shown in
the scanning electron microscope (SEM, LEO 1450VP with an
energy-dispersive X-ray fluorescence analyzer) images (Figure 2).
Through the hydrothermal treatmentp® powders of several
micrometers in size react with NaF to produce belt-like materials
of width around 60 to 500 nm and length of tens of microns. The
tThe Chinese University of Hong Kong. rectaqgle—like cross_section of the materials is clearly visible in the
*Wuhan University of Technology. SEM image. The thickness of the belts ranges from more than 10
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solid (VS¥® or solution-solid (SS}° process for nanobelt growth.
Controlled experiments were carried out to investigate the influence
of F~ ions on the synthesis of Més0,63H,0 nanobelts. It was
found that the presence of Rons is crucial for the formation of
NaVe016-3H,0 nanobelts. Without Fions or in the presence of
other anions such as GIBr—, NO3-, and SQ?-, the 1D nanobelts
could not be obtained. This can be ascribed to the fact thatris

can enhance the dissolution and reaction gdyby nucleophilic
substitutiont?

V,05+ F — VO, + VO,F (3)
Figure 3. (a) TEM images of the resulting products and SAED pattern
(inset of a) taken from a single nanobelt. (b) HRTEM image of an individual VO,F+H,0—VO, +F + 2HT 4)
nanobelt.

to tens of nanometers, as estimated from the SEM images, and the !N conclusion, we have developed a general hydrothermal
width-to-thickness ratios are about 5 to 15. The yield and phase reactlon—crystalllz_atlon route_ using bulky powders as precursors
purity of the nanobelts are estimated to be higher than 90 and 95%, synthesize uniform multicomponent N&O:s3H,0 single-
respectively, based on the SEM and XRD results. Energy-dispersivecrySta"'ne nanobelts on a large scale. This new strategy could be

X-ray (EDX) analysis also shows that there is no fluorine in the €Xténded to prepare other multicomponent 1D nanomaterials
resulting product including ammonium, alkali-metal or alkali-earth metal vanadium

The belt-like structures of the products were further examined oxide b_ronze hydrated_ cpmpound§ and other tran_sition metal
using transmission electron microscopy (TEM) and high-resolution 0).<yfluor|de products. This is an eﬁ!glent ar.1d mild solution method
transmission electron microscopy (HRTEM) (JEOL-2010F at 200 with clear advantages over_the tradltlona_l high-temperature apprpach
KV). Figure 3a shows the low magnification TEM image of typical for the large-scale production of 1D multicomponent nanomaterials.

N&VeO016-3H,0 nanobelts. As can be seen from Figure 3a, the  Acknowledgment. This work was supported by the NSFC (No.
nanobelts show uniform width over their entire lengths, and some 50272049) and ITF (ITS/118/01).

of the nanobelts stick together. The selected area electron diffraction i ) ] )
(SAED) pattern (inset in Figure 3a) taken from a single nanobelt ~ SuPporting Information Available: Detailed XPS and TGA
and recorded from the [001] zone axis indicates that the nanobeltscharacterization results (PDF). This material is available free of charge
are single crystals with a preferential growth direction along the Vi@ the Interet at http://pubs.acs.org.

[010] direction. Figure 3b is a representative HRTEM image of a
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