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Abstract
In this investigation, nanostructured holmium oxide was fabricated through a new and simple way. The efficacy of some synthesis parameters was examined to reach optimum condition. Outcomes of this research illustrate that morphology and dimension of the holmium oxide could be substantially influenced via these parameters. The as-produced holmium oxide nanostructure was characterized by FT-IR, FESEM, EDS and XRD. According to the obtained outcomes, it was found that with the aid of this new approach can be synthesized homogeneous nanostructured holmium oxide. The photocatalyst yield of as-fabricated holmium oxide was also examined by elimination of the organic pollutant under visible light irradiation.
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Introduction
The preparation of nanomaterials has attracted wonderful attention because of their usages in various areas and specific features [1, 2]. Among these nanostructured compounds, holmium oxide is currently the focus of substantial interest owing to its potential utilizations, including pyrolysis catalysts and wavelength-calibration instruments [3, 4]. Up to now, the thermal decomposition method has been utilized to fabricate holmium oxide [5, 6]. In this investigation, nanostructured holmium oxide was fabricated through a new and simple way. The efficacy of some synthesis parameters was examined by utilizing field emission scanning electron microscopy (FESEM). The as-produced holmium oxide nanostructure was characterized by FT-IR, FESEM, EDS and XRD. The as-produced holmium oxide nanostructure was employed as a nanocatalyst for the elimination of the organic pollutant.


Materials and Method
All the chemical reagents employed in our research were of analytical grade and were applied as received without additional purification. Fourier transform infrared (FT-IR) spectrua of the as-prepared holmium oxide nanostructure were recorded on Varian 4300 spectrophotometer in KBr pellets. Microscopic morphology of as-synthesized holmium oxide nanostructure was visualized by a Tescan mira3 field emission scanning electron microscope. Powder X-ray diffraction (XRD) pattern of the as-produced holmium oxide nanostructure were collected from a diffractometer of Philips Company with X’PertPro monochromatized Cu Ka radiation (k = 1.54 Å). Holmium oxide nanostructure were fabricated through a new and simple way. At first, aqueous solution of propylenediamine as new precipitator 



was added to aqueous solution of holmium source and trisodium citrate as capping agent. To obtain the final product, the as-produced precipitate was washed, dried and calcined at certain temperature in the air. 


Results and Discussion
In the FTIR spectrum, the band at 550 cm-1 may be ascribable to the ν(Ho–O) vibration, which reflect the fabrication of  holmium oxide [7].
In order to examine the structural features and mean crystallite size of the as-produced nanomaterials, powder X-ray diffraction technique was utilized. Fig. 1 exhibits XRD pattern of as-synthesized holmium oxide. All the diffraction bands in XRD pattern of the as-fabricated sample can be indexed to pure holmium oxide with cubic phase (JCPDS No. 83-0932).
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Figure 1: XRD pattern of as-synthesized holmium oxide nanostructure


The mean crystallite size of the as-fabricated holmium oxide nanomaterials was estimated from Scherrer equation [8] given by the following equation:

where, λ is the wavelength of X-ray, K is the so-called
shape factor, β is the breadth of the observed diffraction line at its half intensity maximum and τ is the crystallite size. The mean crystallite diameter of the as-produced holmium oxide sample was about 17 nm.
Fig. 2 denotes FESEM images of as-prepared holmium oxide nanomaterials.
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Figure 2: FESEM images of as-synthesized holmium oxide nanostructure

The as-produced holmium oxide nanomaterial was employed as a nanocatalyst for the photodegradation of Acid red 14. Based on the photocatalytic test outcomes, it was found that as-produced homogeneous holmium oxide nanomaterials exhibits great photocatalytic performance (about 79%) and may be applied as an efficient candidate for photocatalytic uses under visible light illumination.

Conclusions
This research demonstrated that homogeneous holmium oxide nanomaterials can be produced employing propylenediamine as new precipitator via an easy way. The as-produced holmium oxide nanomaterial was employed as a nanocatalyst for the photodegradation of Acid red 14. The photocatalytic test outcomes suggest as-formed holmium oxide nanomaterials as an efficient candidate for photocatalytic utilizations under visible light illumination.
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