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Synthesis and Field Emission Property of YOs-nH,O Nanotube Arrays
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Hydrated vanadium pentoxide {@s-nH,O) nanotube arrays with outer diameters of 200 nm and lengths of
more than 5um have been synthesized via template-based physical wetting@f 86Is. The Os-nH,O
nanotube arrays were characterized by scanning electron microscopy, X-ray diffraction, and high-resolution
transmission electron microscopy . The field emission (FE) of tf@s\H,O nanotube arrays shows a turn-

on field of about 6.35 \{/im at a current density of 10A/cm? and an emission current density up to 2.1
mA/cn? at a field of 9.20 Vim. The corresponding FowleNordheim plot shows a linear behavior. These
features make the XDs-nH,O nanotube array a promising candidate for FE emitters.

Introduction 1000

The effect of dimensionality and geometry on special PC

materials properties has been extensively investigated to meet 800+
the demands of miniaturization and better performance of
electronic devices. Field emission (FE) based on both wide- 5
band gap and narrow-band gap materials with low-dimensional
and novel geometrical structures, such as C nanofuleeé3g05
nanowires, CuO nanobelt§,well-oriented CygO film,* ZnO
nanotubes$,AIN nanoneedle§,and so forth, has attracted prime
interest due to potential application in large-area flat panel
displays. These materials with novel structures, including well-
controlled electronic properties and low electron affinities,
become good candidates in other applications, such as thermo- 0- PC
electric conversion and photovoltaic devices based on field
electron emission. 0 20 3 4 50 60

V.05 has versatile redox-dependent properties as a result of 26/
the multiple valence state of vanadium, possessing a band gapkigyre 1. XRD patterns of the as-synthesized product and the PC
of not more than 2.9 eV¥:® Furthermore, one-dimensional membrane.
vanadium oxide nanomaterials could show excellent properties
because of the large surface area and specific shape, such agspecially for amphoteric oxide /@s. Martin et al'’” and
the nanoarray structure has a high aspect ratio, large surfacd-immer et al'® prepared YOs nanorod arrays using expensive
areas, and many nanotips, which are very good for FE behaviors triisopropoxyvanadium oxide and complex direct electrochemi-
These advantages make them have great application prospectéal deposition, respectively, in PC membranes. Wang & al.
in many fields, one of which may be field emission displays synthesized YOs nanotube arrays also using electrochemical
(FED). However, to our knowledge, no report can be found on deposition in PC membranes.
a FE emitter using ¥Os nanoarrays. In this paper, we have fabricated®s nanotube arrays via a

Up to now, many one-dimensional nanomaterials have beensimple and cost-saving method, which used cheaper and more
successfully synthesized by using a variety of methods including accessible ¥Os powder as raw material, combining sael
hydrothermat? solvothermak! vapor-liquid—solid procesd? chemistry® and PC membrane. The structure and morphology
chemical vapor depositiof¥;24 and carbon nanotube template Of as-synthesized hydrated®s nanotube arrays were charac-
synthesid5 etc. Among them, as one of the most convenient terized. And the FE property of aligne¢®@s-nH,O nanotubes,
ways, template pathwa§ to synthesize nanomaterials has based on PC templates, with sharp nanotips was also investi-
attracted worldwide interest, especially in fabricating well- gated.
ordered nanoarray. Nowadays, the templates mainly are porous ) )
anodic alumina, polymer, and nanochannel glass templates. AngExperimental Section
among them, polycarbonate (PC) templates are very convenient  Aligned V,0s-nH,O nanotubes were fabricated via a simple
to be removed by organic solvent or thermal treatment, and low-cost route of template-based physical wetting £/
sols with two steps. First step iWs sols preparation, processed
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Figure 2. (a) Top view of SEM image of vanadium oxide nanoarrays (the inset is another image of the nanoarrays). (b) TEM image of an isolated

V,0s-nH,O nanotube. (c) HRTEM image of the;®@s-nH,O nanotube (the inset is a FFT image corresponding to a nanocrystal). (d) EDS pattern
of the V»,0s-nH,0 nanotube.

then obtained. When the molten liquid was quickly poured into accelerating voltage of 200 kV to further analyze the micro-
distilled water while stirring, a brownish solution was formed. structure of the as-grown sample. FE measurement was carried
The solution was allowed to heat to the boiling point and then out in a vacuum chamber with a pressure greater tharl5~"

to cool to room temperature naturally. After filtration and aging Pa at room temperature under a two-parallel-plate configuration.
for more than 7 days, brownish,@s sols were obtained. The  The distance between the sample and electrode was adjusted
second step is fabrication of;@s-nH,O nanotube arrays. The up to 300um. The emission current was measured using a
templates used for this study were radiation-etched hydrophilic Keithly 6485 picoammeter.

PC membrane (Whatman) with pore diameters of 200 nm and

thickness of 6-11 um. PC membranes were dried at 8D for Results and Discussion

more than 20 min in a drying oven for the pretreated. Some

V05 sols were dropped on a glass slide substrate (ultrasonically Figure 1 shows the XRD patterns of the composite membrane
cleaned in acetone, ethanol, and deionized water, respectively)pbtained by sol-wetting of the PC template and the PC
and the pretreated PC membrane was put on the sols. The P@nembrane. A peak can be seen éttetween 1% and 20,
membrane was attached onto the substrate quickly because oWhich is attributed to the PC membrane. Other peaks are
membrane’s hydrophilicity (for the PC membrane and substrate observed at 2 between 20 and 30 with 20 values of 7.308,

to attach well to each other, there must be no air between the22.5F, and 25.23, which correspond to the (001), (302), and
two). Finally, the sample was put into the vacuum drying oven (303) diffraction planes of monoclinic X0s-3H,0 crystal [No.

and dried at 70C for more than 24 h. The vacuum pumping 7-—332], respectively. The diffraction peaks of the XRD pattern
can be completed more than once or twice. X-ray diffraction can be indexed on the monoclinic,®s-3H,0, except that
(XRD) was carried out on a X'Pert powder diffractometer originating from the PC membrane and based on the peak
(PANalytical, The Netherlands) with CugKradiation ¢ = broadening, the as-fabricated product is determined to,Qg-V
1.5418 A) and graphite monochromator to investigate the phase3H,O nanocrystal. To see the one-dimensional nanoarray
structure of the products. The diffraction data were recorded structure of the as-grown sample, the PC membrane was
for 26 between 8and 60 with a resolution of 0.033 Scanning removed by being fired at 48 in air for 1 h through pyrolysis
electron microscopy (SEM) images were collected on a JSM- and oxidation® The corresponding low-magnification SEM
5610LV microscope operated at 20 kV to investigate the surface image is shown in Figure 2a. From the image and its inset, which
morphology of the as-grown sample after removing the PC is another SEM image of the sample, it can be revealed that
template by pyrolysis and oxidation in air. High-resolution the as-grown YOs-nH,O nanostructure has one-dimensional
transmission electron microscopy (HRTEM) images were array morphology, covering the surface of the glass slide
obtained through an IEM-2100F microscope (JEOL, Japan) at substrate. Also, it can be seen that the length of the nanotube is
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25 that the as-synthesized nanoarrays possess better FE proper-
18 ties: higher current density and lowEp,,
& 2.0 -, It is known that at room temperature, the emission current
£ ~2 ! _/" mainly originates from the tunneling of electrons through the
é 2 ., T, _‘,." surface barrier, which is described by the Fowisiordheim
E 159 = 2 . ) (F—N) theory? The emission current can be expressed in terms
:g‘ -24 ; of the experimental parameters in the equation
S 1.0 052 056 060 064 068 g
s 107%/V/ (volts™) iy | 1 7 3
g ; In{=5] = (-6-8 x 100R,® % + offset
= 0.5 ‘ V
O 5
_?‘-"' wherel is the current densityV is the applied fieldRyp is the
0.0 , , . . . . : o .
4 5 6 7 8 9 tip radius of curvatureq is a modifying factor, andb is the
Electric field (V/um) work function. The FN plot of (In 1/V?) versus (1Y) is

Figure 3. Typical FE current density versus electric field curve for represented in the inset of Figure 3. It is interesting to reveal
the \,Os'nH,0 nanotube arrays (the insert is the correspondingiF  that the F-N plot has a linear relationship of two-stage slope,

plot). which implies that the field emission from the,®s-nH,0
TABLE - C ) { EE P fies bet ” nanotube arrays follows the-f theory and the emitted current
: Comparison o roperties between the o P
As-Synthesized Product and Zn® Nanotube Arrays is indeed caused by quantum tunnelff§ The results indicate
that the \4Os-nH,O nanotube array can be a promising candidate
type Rip/nm _ Tmad(MA/CIY)  Eio/(V/pm) as a FE emitter because of the unique structure and electrical
ZnO nanotube array 50150 1.3 7.3 property of the present XDs nanotubes.
V,0s:nH,O nanotube array 100 21 635
Conclusion

a Corresponding to current density of u&/cm?. ® Corresponding
to current density of 1@A/cm?. V,05-nH,0 nanotubes with an average tip radius of 100 nm
c have been synthesized via a simple route of template-based
n physical wetting of ¥Os sols. The as-synthesized®s-nH,0
nanotubes exhibit excellent field emission properties with a low
furn-on field of 6.35 Vm and a maximum current density of

more than %um, which corresponds to the thickness of the P
membrane. A typical TEM image of a single nanotube is show!
in Figure 2b from which the hollow structure of the nanotube

can be clearly recognized. From that it can be also seen tha ! -
the outer diameter of the nanotube is about 200 nm; the inner 2-1 mA/cnf at the field of 9.20 Vikim W!th linear N property.
All these features offer us a promising future for usingOy

one is about 130 nm and therefore the nanotube wall thickness . A
is about 35 nm. Statistical TEM analyses show the average nHZ_O _nanotubes as a competltlve cathode material in field-
dimension of the nanotube wall thickness is 35 nm. Its length emission-based flat-panel displays.

is only about 2um, which is shorter than the length from the . L .
SEM image in Figure 2a and caused by the ultrasonic treatment Ackn_owledgment. Th_|s project is fln_anmally s_upported by
of preparing the TEM sample. The HRTEM image exhibits the the National Natural Science Foundation of China (50672071,
well-defined lattice fringes of the XDs-3H,0 nanocrystals with 50672072), the Wuhan Youth Chenguang Project (20065004116-
. ) el . 17), the National Nature Science Foundation of Hubei Province
particle diameter range of-21 nm (Figure 2c). The lattice ;5 ApA310). the Key Project of MOE, China (105124), the
spacing of the crystallltAes (|n_F|gure 2c) with noncrosseq fringes Foundation for innovation Research Teém of Hubei Pro’vince
Lneet\?vseuerr??hi%tl)o-?:nes, i‘g?:fg‘ﬂgg:;?sggn%s'_'tg t?_iediﬁtsaertlce (2005ABC004), and the Program for Changjiang Scholars and
. AL)p ) il Innovative Research Team in University (IRT0547), MOE,
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