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Abstract. V,0s (Vanadium pentoxide) nanorods were prepared onto various substrates by using
simple hydrothermal method. The structural characteristics of the V>Os nanorods (NRs) have been
examined via using XRD diffraction analysis. The effects of the various substrates on the
morphological characteristics of V,Os NRs were investigated by using field emission scanning
electron microscopy (FESEM) technique. The XRD results show that the preferred orientation
along (001) plane. Raman spectra indicate that glass substrate has optimum results due to the size
and number of the nanorods with lower defects. It can be found from the absorbance of the glass
substrate increases compared with the other substrates.

1. Introduction

V,0s material has expanded interest because of their exceptional performance in optoelectronic,
microelectronic and sensing applications [1]. The preparation of V,0s thin film by hydrothermal method
has become an effective field because of its applications as sensors and catalyst devices. V,0Os has direct
bandgap of 2.3 eV which is use for photo-detection applications [2]. In the recent times, V,Os
nanostructures such as nanowires [3], nanobelts [4], nanocolumnar [5], nanoporous [6], and nanorods [7]
have gained an extensive attention due to interest properties such as Multivalancy, good chemical, thermal
stability, and wide bandgap [8, 9]. Therefore, V>Os nanostructures (1D) are more suitable for applications
of devices than other forms. Among these forms, V,0Os NRs can be introduced into many applications in
photo-detection devices and chemical sensing such as solar cells [10], infrared detectors [11], visible
photodetector [12], gas sensor [13], and extended gate field effect transistor [14].

V05 NRs can be prepared on various types of substrates by a several techniques such as atomic layer
chemical vapor deposition (ALCVD) [15], thermal oxidation method [16], heating process [17],
microwave-assisted hydrothermal [18], electron beam irradiation [19], sol electrophoretic deposition [20],
spray pyrolysis technique [21], and simple hydrothermal method [22]. However, these processes obtained
oxygen vacancies which influence on the vanadium oxidation and consequent surface reactivity
considerably. Therefore, hydrothermal method has been chosen for the growth of V>Os NRs due to

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



1CoSeMT 2019 IOP Publishing
Journal of Physics: Conference Series 1535(2020) 012046  doi:10.1088/1742-6596/1535/1/012046

numerous benefits such as low cost, effectively large area depositions, relatively simple and can be
controlled the deposition parameters which lead to controlling their morphology [23]. In this work, we
have studied the influence of the substrate type on the V20s NRs properties by using hydrothermal
method. V,0s NRs were successfully prepared on various substrates and have been investigated of the
properties. XRD diffraction analysis, field emission scanning electron microscopy (FESEM), and Raman
spectroscopy system were utilized to investigation the structural characteristics. The optical characteristics
were investigated by using ultraviolet-visible technique.

2. Experimental

V205 NRs were deposited by using simple hydrothermal technique onto Si(100), glass, and ITO
substrates. The silicon substrates were cleaned via using the American Radio Corporation cleaning
method [24]. The glass microscope slides were divided into (2.5 cm % 2.5 cm) small square shapes before
cleaning. These were cleaned by using beaker containing acetone solution. The beaker was ultrasonically
cleaned for 15 mins. Then, the substrates were submerged in the beaker containing ethanol solution and
ultrasonically cleaned for another 15 mins. Finally, the slides of glass were washed in the deionized water
and dried with the nitrogen gas. In a typical growth of V>,Os NRs, an orange solution containing 0.585 g
ammonium met-vanadate (NH4VO3) and 1.1206 g oxalic acid (H.C,0s) dissolved in distilled water of 50
ml instantly. The result mixture was stirred for 15 min under room temperature. After that 10 drop of the
HCI was added. The prepared precursor was transferred into a glass bottle with the substrates and was
kept at 95 °C for 3.5 h. At room temperature, all the substrates were rinsed with distilled water and dried
in ambient air. The samples were annealed for 1 hour at 300 °C then 2 hour at 500 °C to generate a V,0s
NRs.

3. Results and discussion

3.1 Structural properties

XRD result peaks of V205 NRs deposited onto various substrates using simple hydrothermal technique are
revealed in Figure 1. These peaks observed at 20 = 20.23°, 26.29°, 27.78¢°, 29.28°, 30.77°, 32.88°, 41.18°,
and 50.62° are matched to the (001), (110), (101), (011), (301), (002), and (020) orientation planes. These
XRD peaks confirm the composition of the orthorhombic structure according to the standard card JCPDS
No0.00-041-1426 [25]. XRD sharp peak is along (001) plane for glass and Si substrates because of low
surface energy. The low peak is along (001) of the ITO substrate due to defects in the crystalline structure
[26]. V205 NRs prepared on the glass substrate has higher intensity as compared with other substrates,
which means that the enhancement the crystallinity and larger grain size [33].

This crystallinity can be attributed to the surface diffusion and activation of certain surface reactions. The
size of crystallite was calculated along the corresponding XRD peak (001) using the relation as follow
[27]:

o k2
B B coséh (D)

In this relation D is the crystallite size, A is the wavelength of the XRD radiation, f is the full width and
half maximum (FWHM), 8 is angle in radians. The results indicate that the glass substrate has good value
of crystallite size as compared to other substrates. The results shown that the enhancement the crystallinity
and increasing of XRD diffraction peak of V>Os NRs [5]. The lattice constant have been calculated along
of (001) plane. It was indicated that the value of lattice constant at glass substrate is consistent with the
according to the standard card JCPDS No0.00-041-1426 [25]. The results can be attributed to prepared
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V.05 NRs onto glass substrate has a low structural defect and improved the crystallization along (001)
plane. The positive value of the strain indicated that the strain was tensile in nature. The determined of
crystallite size values of V205 NRs and FWHM are shown in Table 1.

Table 1. Measured values of the XRD analysis of V.Os NRs grown on the glass different

substrates.
Substrate type  (001) Lattice Constants FWHM éc D
20 () c(A) on % (nm)
Si 20.232 4.390 0.275 0.297 29.335
glass 20.259 4.383 0.167 0.16 48.309
ITO 20.176 4.351 1.422 0.571 5.680
glass
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Figure 1. XRD patterns of V>0s NRs grown on the different substrates.

The Raman results of prepared V>Os NRs onto various substrates are shown in Figure 2. The result
indicated that the Raman spectrum was symmetrical with Raman modes of V,Os structure [28]. The
predominant peak at 143 cm™ wavenumber is associated to B;g mode of V-O-V chains, which existence
indicates layer structure of V,Os material. V,Os NRs prepared onto glass substrate have a (001) preferred
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orientation along the c-direction perpendicular to the plane. The Raman spectrum peak at 993 c¢m
wavenumber was related to the Ag vibration mode of the terminal oxygen (V=0) stretching mode which
shortest vanadium oxygen bond [29]. The peaks located at 405 cm™ and 282 ¢cm™ wavenumber are related
to the bending vibration of the V=0 bonds. The peaks at 480 cm™' and 302 cm™' wavenumber are related to
the bending vibrations of the V-O-V and V3-O bonds [30]. The V;-O stretching mode was observed at 519
cm’! which results from edge-shared oxygens in common to three-pyramids. The peak centred at 694 cm™
is associated to the V»-O stretching mode which results from corner shared oxygens in common to two-
pyramids [31]. However, the Raman spectra are in good agreement with the XRD results.
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Figure 2. Raman spectra of V>0Os NRs grown on the different substrates.

3.2. FESEM observation

Figure 3 shows the surface morphology of V,Os NRs prepared onto different substrates. The images
indicate high size and density of nanorods and uniform growth which is vertically aligned on the
substrates with an orthorhombic structure. The nanorods grown on the Si substrate are typically around
170 nm in length and 70-90 nm in diameter, as shown in Figure 3(a). At the ITO substrate, the diameter of
the nanorods is obvious in the 100-120 nm diameter range. At glass substrate as revealed in Figure 3(c-d),
the V,0s nanorods have the average lengths of 400-600 nm and diameters of 40-60 nm due to grow the
nanorods from vapour of the material droplets passing near to the substrate during the evaporation
process. The nucleation locations number increases when the substrates coverage is completed with high
density nanorods. The nucleation sites functioned as a base for collecting small particles. As the grains
agglomerate, the active nucleation sites of V,0Os grains disorientate, resulting in V,Os NRs growth
orientation [32].
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3.3. Optical properties

Figure 4 displays the absorbance spectra of V2Os NRs prepared onto different substrates. V20Os NRs
deposited on glass substrate indicated a higher absorbance value which showed the formation of V,Os
NRs with enhanced crystalline nature. The results indicated that the exciton absorbance peak at 2.48 eV
(498 nm) which is displays a blue shift as compared with the bulk value of V,0s (2.3 eV). It can be
attributed to the electrons transition from the O2p valence band to the V3d conduction band of vanadium
atoms [33]. The transition band (O—V"") of the charges associated to the oxygen atoms around the
vanadium ion. Hence, vanadium ion (V°") in octahedral form absorbs at 450-600 nm wavelength. The
results indicate a low absorbance peak at wavelength of 498 nm which is attributes to lower energy charge
transfer to V°* species in octahedral form. Moreover, the absorbance peak of V,0s NRs shows a blue shift
at glass substrate which attributes the decrease of the bandgap of the samples.

Figure 3. FESEM images of V205 NRs grown on the different substrates.
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Figure 4. Optical absorbance spectra of V,0s grown on the different substrates.

4. Conclusion

V,0s NRs high density was prepared on different substrates types by using simple hydrothermal method.
The XRD results indicate enhancement the crystallinity and larger grain size under glass substrate. A
Raman spectrum shows symmetric with the Raman modes of the V,Os structure. The FESEM images
indicate high size and density of nanorods and uniform growth which is vertically aligned on the
substrates with an orthorhombic structure. The absorbance peak of V,Os NRs shows a blue shift at glass
substrate which attributes the decrease of the bandgap of the sample grown onto glass substrate.
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