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The research and development of nanomaterial and the nanotechnology fields have been greatly 
improved by the fabrication of Nano devices and their unique properties of nanomaterial. Silica 
nanoparticles and their composites (SiO2/Ni and SiO2/Ni-Cu) were synthesized using simple chemical 
phase method and their morphological and structural characterizations were evaluated by scanning 
electron microscopy (SEM), energy dispersive x-ray diffraction (EDAX), X-ray diffraction (XRD), Fourier 
transform infra-red (FTIR) spectroscopy techniques. The photo catalytic behaviour of prepared 
nanostructure toward Methylene blue dye in the presence of solar light was evaluated using UV-Vis 
spectrophotometer. It has been found that the SiO2/Ni-Cu catalyst exhibited superior degradation ability 
over SiO2/Ni nanoparticles. Thus the proposed effort has not only provided a simple approach to 
synthesize the SiO2 based composites but also the effective and economically viable approach for the 
complete degradation of hazardous organic dye. 
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1. Introduction 

Nanoscience and technology has become an identifiable, if very broad 
and multidisciplinary, field of research and emerging applications in 
recent years. It is one of the most visible and growing research areas in 
materials science in its broadest sense. The International Technology 
Research Institute, World Technology Division (WTEC), supported a panel 
study of research and development status and trends in nanoparticles, 
nanostructured materials, and nanodevices during 1996–1998 [1]. This 
report attempted to cover the very broad field of nanostructure science 
and technology. A conclusion of the report is that better understanding of 
the relationships between nanostructure and properties and how these 
can be engineered [2-8]. In recent years much attention has been paid to 
silica (SiO2) nanoparticles, owing to their large pore volume, high surface 
area, tunable pore sizes, narrow size distribution, nontoxic nature, good 
surface permeability, highly ordered hexagonal structure with narrow 
pore size distribution, and large surface area, which aid the constructive 
applications of SiO2 as an effective catalyst in photocatalytic application [9-
11]. However, SiO2 exhibits certain disadvantages such as low chemical 
stability in aqueous medium, functionality degradation, unfavorable 
charge distribution, and heterogeneous electron transfer. An extreme 
interest has been generated by metals, such as Co, Ni, Cu and Fe, since they 
exhibit superior catalytic activity [12-17]. 
 

2. Experimental Methods 

2.1 Materials 

Ethanol, ammonia, tetra ethyl ortho silicate (TEOS), nickel chloride 
hexahydrate (NiCl2.6H2O), copper chloride (CuCl2) were purchased from 
Sigma –Aldrich. All reagents were of analytical grade and were used as 
without further purification. The ethanol is distilled through vacuum 
distillation and the distilled ethanol is used for the synthesis of silica and 
silica nanocomposites (SiO2/Ni and SiO2/Ni-Cu). 
 
 

2.2. Preparation of Silica Nanoparticles 

The silica nanoparticles and their composites (SiO2/Ni and SiO2/Ni-Cu) 
and photocatalytic activity were synthesized by using the following flow 
charts Figs. 1-4. 
 

 
Fig. 1 Preparation of silica nanoparticles 

 
Fig. 2 Preparation of nickel doped silica nanoparticles 

 
Fig. 3 Preparation of nickel – copper doped silica nanoparticles 
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Fig. 4 Photocatalytic activity evaluations 

 

3. Results and Discussion 

3.1 XRD Pattern 

The XRD patterns of as-synthesized SiO2 /Ni and SiO2 /Ni–Cu 
nanostructures are depicted in Fig. 5. The sharp peak found at 24.08, 
which is related to the (100) reflection plane of SiO2. In addition to the 
characteristic broad peaks at 46.6, 52.4, 68.2o corresponding (111), (200) 
and (220) planes indicate the presence of Ni in the prepared SiO2 /Ni 
nanosturctures.  

SiO2 /Ni-Cu preserved the (100) reflection plane of SiO2 and (111), 
(200) and (220) planes of the Ni. The additional (111) plane found at 40.2o 
is confirm the presence of Cu in the prepared SiO2 /Ni-Cu composite. 
 

 
Fig. 5 XRD patterns of SiO2 / Ni and SiO2 / Ni–Cu composites 

 

3.2 FT-IR Studies 

The FT-IR spectra of SiO2, SiO2/Ni and SiO2/Ni–Cu are provided in Fig. 6.  
SiO2 exhibited a broad band at 3447 cm-1, which is attributed to the 
stretching vibration of Si–OH groups. The Si–O–Si symmetric stretching 
and Si–O bending vibrations of SiO2 were observed at 1098 and 800 cm-1, 
respectively. For the SiO2/Ni–Cu composite, the bands observed at 960 
and 570 cm-1 signify the Si–O–Ni and Si–O–Cu stretching vibrations, 
respectively, further demonstrating that silanol groups are effectively 
involved in the composite formation of metal nanoparticles with SiO2. 

 
Fig. 6 FTIR spectrum of SiO2 / Ni and SiO2 / Ni–Cu composites 

 

3.3 Morphological Properties (SEM) 

The morphological features of prepared nanostructures elucidated by 
using SEM are depicted in Figs 3(a&b). The monodispersed, well separated 
and spherical shaped SiO2- Ni nanoparticles with smooth surface were 
obtained under chemical phase route and the average diameter of 
obtained spheres is in the range of 350 nm (Fig. 7a). The morphological 

images of SiO2/Ni-Cu composite clearly demonstrated that tiny particles 
Cu deposited on spherical SiO2/Ni particles without any obvious 
aggregation (Fig. 7b). The size of the spherical structure almost remain 
same as SiO2- Ni denoting the presence of Cu has not influenced any 
morphological change in the composite. The addition of NiCl2 and CuCl2 to 
the negatively charged SiO2 matrices, produces intermediate (Si–O–Ni2+ 
and Si–O–Cu2+ and ) bonds through electrostatic interactions, and the 
subsequent addition of ammonia leads to the reduction of Ni2+ and Cu2+ to 
Ni0  and Cu0 respectively. From Figures it is clear that Ni and Cu 
nanoparticles were effectively embedded in the SiO2 pore channels, and no 
other scattered particles were found outside of the channels, indicating the 
strong interaction between the Ni-Cu nanoparticles and the porous SiO2 
matrix. 
 

 
Fig. 7 SEM images of SiO2 / Ni (a) and SiO2 / Ni–Cu (b) composites 

 
3.4 EDAX Patterns 

The EDAX patterns of prepared nanostructures are depicted in Fig 4. 
The prepared SiO2/Ni-Cu nano composite was composed of Si (33.79%), O 
(44.47%), Ni (5.64%) and Cu (6.20%) element, ensuring the formation 
SiO2/Ni–Cu product. There is a small amount of Cl ions as impurity in 
SiO2/Ni–Cu nanoparticles. 
 

 
Fig. 8 EDAX spectra of SiO2 / Ni–Cu composite 
 

 
Fig. 9 UV–Vis spectra (a) Methylene Blue (MB) UV–Vis spectra of MB degradation 
process influenced by (b) SiO2/Ni  Nano Composite   (c) SiO2/Ni-Cu Nano Composite. 

 
3.5 MB Degradation Evaluation Studies 

The photocatalytic activities of prepared nanostructures toward MB 
dye degradation in the presence of prepared nano composite under solar 
light irradiation were monitored by using UV-Vis spectroscopy and the 
results are shown in Figs. 9a-c.The photocatalytic decomposition of MB 
was calculated by using the formula: 
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% of degradation = (
𝑪o−𝑪t

𝑪o
) × 100    

where 𝐶𝑜 is the initial MB concentration and   is the concentration of MB 
at time 𝑡 (90min). The characteristic of MB were located at 664 and 614 
nm (Fig. 9a). 

MB was degraded by SiO2/Ni Composite, the observed degradation rate 
at the end of 90 min was found to be minimum (65.4%) with the minimal 
decolorization (Fig. 9b). 

SiO2 /Ni-Cu nanostructure was employed as an active catalyst for the 
degradation of MB dye and the degradation rate was increased to 92.7% 
(Fig. 9c). 
 

4. Conclusion 

SiO2/Ni and SiO2/Ni-Cu were synthesised using a simple and effective 
chemical method. The morphological charectrizations revealed that the 
SiO2/Ni and and SiO2/Ni-Cu nanocomposites composed of spherical 
structure with Cu nanopaticle impinged on it. The XRD patterns revealed 
the highly crystalline nature of the prepared samples. Owing to the larger 
surface area, extended catalytic active sites and the synergic effects, 
SiO2/Ni-Cu exhibited a faster degradation rate toward MB dye degradation 
in comparison with SiO2/Ni nanostructures under the identical conditions. 
Thus the proposed research strategy has not only widened the scope of 
preparing the SiO2 supported Ni-Cu alloy material but has also explored 
their applications in dye degradation technology with the time and cost 
efficient path way. 
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