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Abstract

In this study, bismuth doped silicon dioxide (SiO;) was synthesized by simple and
lowcostsol-gel method. The surface morphology of the nanocomposite was obtained by the
scanning electron microscopy with energy dispersive X-ray analysis (SEM-EDX). The crystal

structure was analyzed by X-ray diffraction.
Keywords:Nanoparticles, Surface morphology, Sol-gel method, Silicon dioxide.

1. INTRODUCTION

Silica is suitable in many areas such as semiconductors, ceramics, glass industries and it
is also used as catalytic support. However, silica exhibits measurable activities for some catalytic
and photocatalytic reactions. The history of nanoparticles is quite long. The first nanoparticle-
based technology, which is heterogeneous catalysis, was developed in the early nineteenth
century. Advanced oxidation processes can be classified into two main groups: Non-
photochemical AOPs and Photochemical AOPs [1-6].

Synthesis methods for nanoparticles (NPs) are typically grouped into two categories:
“top-down” and “bottom-up” approach. Top-down is characterized by reducing the dimension of
the original size by utilizing special size reduction techniques (physical approach). Bottom-up or
chemical approach involves a common route used to produce NPs from atomic or molecular

scale.Nanoparticles can be prepared via various methods hydrothermal, electro deposition (ED),
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chemical vapor deposition (CVD), electrochemical, solution combustion, sol-gel and
precipitation method [7-12].

Bismuth-doped composites seem to be capable candidates in environmental remediation
[13,14]. The doped bismuth ions an appropriate content can temporarily trap the photogenerated
charge carriers and inhibit their electron-hole recombination during migration from bulk to
surface and expand the light absorption capacity and enhance the photogenerated radicals [15-
19], to enhances the photocatalytic activity.

2. EXPERIMENTAL
2.1. Materials

Ethanol (C,HsOH), tetraethyl orthosilicate (TEOS, Si(OCzHs)4), nitric acid (HNOs3),
bismuth nitrate pentahydrate (Bi(NO3)3.5H,0) and anhydrous ethanol (C,HsOH) were the
guaranteed reagents of Sigma Aldrich and used as supplied[20-26].

2.2. Synthesis of Bi- dopedSiO, nanocomposite

Bi@SiO,was synthesized by simple sol-gel method. The process involves hydrolysis and
condensation of metal alkoxides such as TEOS in the presence of HNOs;. TEOS
(20 mL) and C,HsOH (30 mL) was mixed together; the resulting mixture was added drop-wise to
30 mL of a 0.2 M HNOs; (solution A). Then, Bi(NO3)3.5H,0 (0.4 M) in a 200 mL beaker
(solution B) and sonicated for 60 min. Solution B was added to solution A drop by drop under
vigorous stirring at 80 °C for 4 h. The mixture was allowed to stand for 12 h to allow the sol was
left to ageing, drying and shrinking. The substrate was dried at 200 °C for 2 h in an
isotemperature oven. This was followed by further calcination at 600 °C for 1 h. Finally the sol-

gel matrix was ground well to obtain Bi@SiO, nanocomposite[27-31].
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2.3. Characterization methods

Scanning electron microscopy and elementary dispersive X-ray analysis experiments
were carried out on a FEI Quanta FEG 200 instrument with EDX analyzer facility at 25 °C. The
sample was prepared by placing a small quantity of prepared nanocomposites on a carbon coated
copper grid and allowing the solvent to evaporate.X-ray diffraction spectra was recorded on the
X’PERT PRO model X-ray diffractometer from Pan Analytical instruments operated at a voltage
of 40 kV and a current of 30 mA with Cu Ko radiation[32-39].
3. RESULTS AND DISCUSSION
3.1. Characterization of the synthesized Bi-doped SiO, nanocomposite
3.1.1. SEM with EDX analysis

The SEM image of the Bi/SiO, is shown in Figure la. From the SEM images of the
particles possess an almost spherical structure with the size range of ~90 nm. EDX analysis
confirms Bi, Si and O are present in composite material (Figure. 1b), which provides direct
evidence that the Bi particles were encapsulated within SiO, matrix[40-45].

3.1.2. XRD analysis
The obtained XRD of the Bi/SiO,was shown in Figure.2. Bi-doped SiO,shows that

intense peaks at 22.4° (003), 25.9° (101), 33.5° (110), 40.9° (110), 46.7° (113), 55.2° (103) and
57.2° (213) are the diffractions of the Bi in SiO; respectively. It shows Bi was present in the

SiO, matrix (JCPDS no. 85-1330 and 33-1161).
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Figure. 1. (a) SEM images of Bi/SiO, and (b) EDX analysis of Bi/SiO,
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Figure. 2. XRD spectra of Bi/SiO;

4. Conclusions
Bi-doped SiO,wassynthesized by a simple and cost effective sol-gel method. The presence of Bi

into SiO,lattice structure has been revealed by XRD and SEM with EDX analysis. Results

confirmed the formation of Bi/SiO,matrix. The SEM and XRD analysis showed the Bi/SiO; has
average particle size of 90 nm was confirmed.
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