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Abstract

Nanometal oxide doped silica matrix (ZnO@SiO,) was synthesized by sol-gel method. The
crystal structure and surface morphology of the material were characterized by X-ray
diffraction (XRD) and scanning electron microscopy (SEM) with energy dispersive X-ray
analysis (EDX).It is found that nanometal oxide is trapped on the pores of the silica matrix.
In the application side the synthesizedZnO@SiO,was achieved the selective
photodegradation of unwanted color constituents present in a dye molecule.

Keywords:Sol-gel process, Metal oxide, Silica matrix, Photodegradation, Photocatalytic
activity.

1. Introduction

Zinc oxide (ZnO)has an important semiconducting material because of its typical properties such as
resistivity control over the range of 103-10°Q cm, band gap of 3.37 eV, large exciton binding
energy of 60 MeV at room temperature, high electrochemical stability and non-toxicity.Doping of
metal ion into ZnOimprove the charge separation in the semiconductor system.[1-3]Theazo
functional group present in Congo Red (CR) dye, it is commonly found organic pollutant in waste
water, in terms of its molecular weight, chemical structure, and azo bonding. CR dye mainly
occursin the effluents discharged from paper, printing,textile and leather industries,and during
dyeing operation,about 15% of CR ends up in wastewater. There are many processesto remove CR
molecules from coloured effluents and thetreatment methods can be divided into three categories:

First one is the chemical methods such as ozonation, photo degradation and electrochemical process
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and second one is the physicalmethods such as adsorption and last one is the biodegradation
process. [4-6]The effects of metal ion doping on the metal oxide surface, physical structure and
photocatalytic activity were investigated very recently [7-10].However, we focused on the synthesis
and photocatalytic activity of ZnO-doped SiO; sol-gel matrix. Therefore, in the present work, we
report the synthesis of ZnO@SiO, matrix. We have studied photodegradation of CR aqueous
solution was used as a model pollutant for testing the photocatalyticbehavior[11-16]. Thus,
photocatalysis is a promisingway to eliminate CR and similar organic pollutants from the industrial
waste water[17-21].

2. Materials and methods:

2.1. Chemicals

Zincacetatedihydrate, Tetraethyl orthosilicate and Congo Red were the guaranteed reagents of
Sigma Aldrich. Ethanol and nitric acid are of analytical grade and used as received. The aqueous
solutions were prepared by using double distilled water. The chemical structure of Congo Red is

shown in Figure. 1[22-26].

NH,
NH,

h ‘ ‘ h

SO;Na SONa

Figure.1 Chemical structure of Congo Red dye

2.2. Synthesis 0fZnO doped silica sol-gel matrix
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The sol was prepared by using tetraethyl orthosilicate (TEOS), ethanol, double distilled
water, Zincacetatedihydrate used as precursor. First, solution A was prepared by mixing TEOS and
ethanol in equal volume[27-32]. Then, solution B was prepared by using ZnO precursor and nitric
acidtogether. Nitric acid was added to solution B simply to adjust the pH. Finally, solution B was
added to solution A drop wise, stirring vigorously at room temperature. The sol was left to aging,
drying and shrinking. The sol-gel substrate was dried at 100°C for 8 h in anhot air oven then
calcinated in muffle furnace at 450 °C for 2 hour.The obtained sol-gel material is ground well to
form a ZnO@SiO; sol-gel matrix[33-37].

3. Results and Discussion
3.1. Surface morphology of metal oxide doped silica material:

SEM microscopy was used for examining the surface morphology and topography of the
synthesized materials. It is utilized to characterize the size in diameterand also surface morphology
of the synthesized nanoparticles[38-42]. Figure. 2a represent the SEM images of the
ZnO@SiOznanoparticles. From the SEM images nanoparticles possess a rough and porous
structure, resulting in an large surface area, which provides direct evidence that the ZnO were
encapsulated within the silica shell.ZnO@SiO, shows particles are almost nano-meter (nm) in
range. The solvent polarity was a key factor for the encapsulation processes of the core/shell
nanostructures.Elemental analysis of the synthesized nanoparticles was performed using EDX
analysis. EDX elemental mapping of the samples are shown in Figure. 2b.EDX analysis confirms

Zn, Si and o] are present in ZnO@SiO,[43-45].
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Figure. 2 (a) SEM image of ZnO@SiO, nanoparticles and (b) EDX analysis of ZnO@SiO,.

3.2. FT-IR analysis

FT-IR study on the sol-gel silica structure is shown in Figure. 3 FT-IR spectroscopy of the
silica sample showed characteristic absorption band at 954 cm™ and 1030 cm™ band to the Si-O-Si
stretching vibration. The 954 cm™ band are assigned to Si—O groups. The vibration at 1635 cm™ is
attributed to the H-O—H deformation and indicates the presence of incorporated water in the SiO,
network. OH groups of water and silanol are detectable at 3437 cm™. The IR spectrum
demonstrates the presence of the vibration bands of Si—O-Si, H-Si—H and OH typical of SiO,

particles.
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Figure. 3 FT-IR spectrum of silica nanoparticles

3.3. X-ray diffraction analysis
The obtained XRD (Figure. 4) of the metal oxide doped silicate material shown is

amorphous in nature. Because of the broad hump, the amorphous silica XRD pattern superimposes

Bragg reflexes of quartz.The XRD give much information on the ZnO doping in our
study.The diffraction peak at26=23.33 corresponds to (101) plane in SiO, and the
diffraction peak at26= 36.08 and 62.83 corresponds to (101) and (103) planes of the

hexagonal ZnO structure, respectively.
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Figure. 3 XRD spectrum of ZnO@SiO, nanoparticles
3.4. Photodegradation and decolorization of Congo Red (CR)

We have chosen the photodegradation of CR as model dye pollutant with UV irradiation to
evaluate the photocatalytic activity of the proposed photocatalyst like ZnO@SiO,. The
photodegradation was studied using multi lamp photoreactor with mercury UV lamps of 365 nm.
The measured wavelength of CR reaction solution is 624 nm.CR of 0.001 mM concentration was
prepared and used for this study. The photocatalyst20 mg was loaded in a reaction camper. Initially
the colour of the dye solution is red, after photodegradation takes place; the color of the solution is
changes to colourless (decolourization).The calculated reaction rate and related results are same to
be reproducible.The dark reaction carried out in 30 minthen the photodegradation were
carried out in photoreactor at 20 min interval, corresponding UV-spectrum and plot the time
Vs conc. graph was mentioned the degradation of CR. The Time Vs Concentration graph
shows the decolorization of CR. The initial dye concentration (0.001 mM) of CR was

decreased with increasing irradiation time. (Figure. 4)
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Figure. 4 (a) Absorption spectra changes of CR solution and (b) The time coarse of decreasing

concentrationas function of the photocatalyst
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4. Conclusions
ZnO-doped Silica material was synthesized by simple and cost effective sol-gel method. The

material was characterized by SEM with EDX, FT-IR and XRD analysis. Photocatalytic activity of
the ZnOdoped Silica material was carried out by the photocatalytic degradation of CR as a model
pollutant. Thus, photocatalysis is a promising way to eliminate CR pollutants from the aquatic
environment.

Conflict of interest

The author declares no competing financial interest.

REFERENCE

1. Khanaa, V., Thooyamani, K.P., Udayakumar, R., Multi resigncryption protocol scheme for
an identification of malicious mobile agent host, World Applied Sciences Journal, V-29, I-
14, PP-299-303, 2014

2. Khanaa, V., Thooyamani, K.P., Udayakumar, R., A novel approach towards prevention of
spam, phising, controlling hierarchical access using Domain Keys, World Applied Sciences
Journal, V-29, 1-14, PP-181-185, 2014

3. Khanaa, V., Thooyamani, K.P., Udayakumar, R., Dual tree complex wavelet transform for
adaptive interferogram residual reduction, Middle - East Journal of Scientific Research, V-
20, 1-9, PP-1059-1064, 2014

4. Khanaa, V., Thooyamani, K.P., Udayakumar, R., An improved rao-blackwellized particle
filter for GPS-INS integrated navigation, Middle - East Journal of Scientific Research, V-
20, 1-9, PP-1111-1115, 2014

5. Khanaa, V., Thooyamani, K.P., Udayakumar, R., WSN based gas leakage detecting and
locating system for petrochemical industry, Middle - East Journal of Scientific Research, V-
20, 1-9, PP-1107-1110, 2014

6. Khanaa, V., Thooyamani, K.P., Udayakumar, R., Information sharing time based controlled
system in emergency situations, Middle - East Journal of Scientific Research, V-18, 1-12,
PP-1845-1850, 2013

7. Kumar, J.R., Vikram, C.J., Naveenchandran, P., Investigation for the performance and
emission test using citronella oil in single cylinder diesel engine, Middle - East Journal of
Scientific Research, V-12, I-12, PP-1754-1757, 2012

8. Manavalan, S., Golden RenjithNimal, R.J., Efficient and evaluation properties of medicinal
products and flowering plant conventional diesel, International Journal of Pure and Applied
Mathematics, V-116, 1-19 Special Issue, PP-407-411, 2017

9. Manavalan, S., Jose Ananth Vino, V., Extraction and optimization of Biodiesel from neem
oil, International Journal of Pure and Applied Mathematics, V-116, 1-19 Special Issue, PP-
401-404, 2017

3130



International Journal of Pure and Applied Mathematics Special Issue

10. Manavalan, S., Rakesh, N.L., Heat transfer enhancement in shell and tube heat exchangers
using twisted tapes, International Journal of Pure and Applied Mathematics, VV-116, 1-17
Special Issue, PP-405-407, 2017

11. Manikandan, J., Hameed Hussain, J., Design on blind shoe using ATMEGA328 arduino,
International Journal of Pure and Applied Mathematics, V-116, 1-19 Special Issue, PP-413-
415, 2017

12. Manikandan, J., Hameed Hussain, J., Design and fabrication of vibrating table for seperating
of nuts using different sizes mesh, International Journal of Pure and Applied Mathematics,
V-116, 1-19 Special Issue, PP-417-419, 2017

13. Manikandan, J., Hussain, J.H., Design on blind shoe using ATMEGA328 micro controller,
International Journal of Mechanical Engineering and Technology, V-8, I-8, PP-1575-1579,
2017

14. Manikandan, J., Hussain, J.H., Design and fabrication of blind shoe using ATMEGA328
micro controller and vibration motor, International Journal of Pure and Applied
Mathematics, V-116, I-17 Special Issue, PP-287-289, 2017

15. Manikandan, J., Hussain, J.H., Design and fabrication of blind shoe using ATMEGA328
micro controller and vibration motor, International Journal of Mechanical Engineering and
Technology, V-8, I-8, PP-1588-1593, 2017

16. Manikandan, J., Sabarish, R., Waste heat recovery power generation system using
thermoelectric generators, International Journal of Pure and Applied Mathematics, V-116, I-
17 Special Issue, PP-85-88, 2017

17. Meenakshi, D., Udayakumar, R., Protocol with hybridized bluetoothscatternet formation for
wireless network, International Journal of Applied Engineering Research, V-9, 1-22, PP-
7299-7307, 2014

18. Meikandaan, T.P., Hemapriya, M., Use of glass FRP sheets as external flexural
reinforcement in RCC Beam, International Journal of Civil Engineering and Technology, V-
8, I-8, PP-1485-1501, 2017

19. Meikandaan, T.P., Hemapriya, M., Use of glass FRP sheets as external flexural
reinforcement in RCC beam, International Journal of Pure and Applied Mathematics, V-
116, 1-13 Special Issue, PP-481-485, 2017

20. Meikandaan, T.P., Hemapriya, M., Study on properties of concrete with partial replacement
of cement by rice husk ash, International Journal of Pure and Applied Mathematics, V-116,
1-13 Special Issue, PP-503-507, 2017

21. Meikandaan, T.P., Hemapriya, M., Experimental behaviour of retrofitting of prestressed
concrete beam with FRP laminates, International Journal of Pure and Applied Mathematics,
V-116, 1-13 Special Issue, PP-509-513, 2017

22. Meikandaan, T.P., Hemapriya, M., Study of damaged RC beams repaired by bonding of
CFRP laminates, International Journal of Pure and Applied Mathematics, V-116, 1-13
Special Issue, PP-495-501, 2017

23. Meikandaan, T.P., Hemapriya, M., Experimental study on strengthening of shear deficient
RC beam with externally bonded GFRP sheets, International Journal of Pure and Applied
Mathematics, V-116, 1-13 Special Issue, PP-487-493, 2017

24. Michael, G., Arunachalam, A.R., Srigowthem, S., Ecommerce transaction security
challenges and prevention methods-new approach, International Journal of Pure and
Applied Mathematics, V-116, 1-13 Special Issue, PP-285-289, 2017

3131



International Journal of Pure and Applied Mathematics Special Issue

25. Michael, G., Karthikeyan, R., Studies on malicious software, International Journal of Pure
and Applied Mathematics, VV-116, 1-8 Special Issue, PP-315-319, 2017

26. Michael, G., Srigowthem, S., Vehicular cloud computing security issues and solutions,
International Journal of Pure and Applied Mathematics, VV-116, 1-8 Special Issue, PP-17-21,
2017

27. Micheal, G., Arunachalam, A.R., EAACK: Enhanced adaptive acknowledgment for
MANET, Middle - East Journal of Scientific Research, VV-19, 1-9, PP-1205-1208, 2014

28. Murugesh, Kaliyamurthie, Thooyamani, K.P., ICI self-cancellation schee for OFDM
systems, Middle - East Journal of Scientific Research, V-18, 1-12, PP-1775-1779, 2013

29. Murugesh, Kaliyamurthie, Thooyamani, K.P., Preprocessing and postprocessing decision
tree, Middle - East Journal of Scientific Research, V-13, 1-12, PP-1599-1603, 2013

30. Nakkeeran, S., Hussain, J.H., Innovative technique for running a petrol engine with diesel as
a fuel, International Journal of Pure and Applied Mathematics, V-116, 1-18 Special Issue,
PP-41-44, 2017

31. Nakkeeran, S., Nimal, R.J.G.R., Anticipation possessions for seismic use carbon black on
rubbers, International Journal of Pure and Applied Mathematics, V-116, 1-17 Special Issue,
PP-63-67, 2017

32. Nakkeeran, S., Sabarish, R., New method of running a petrol engine with diesel diesel as
fuel, International Journal of Pure and Applied Mathematics, VV-116, 1-18 Special Issue, PP-
35-38, 2017

33. Nakkeeran, S., Vino, J.A.\V., Prevention effects for earthquakes using carbon black on
rubbers, International Journal of Pure and Applied Mathematics, V-116, 1-17 Special Issue,
PP-301-305, 2017

34. Nakkeeran, S., Vino, J.A.V., Performance development by using mesh plates in parallel and
counter flows of heat exchangers, International Journal of Pure and Applied Mathematics,
V-116, 1-17 Special Issue, PP-291-295, 2017

35. Nalini, C., Arunachalam, A.R., A study on privacy preserving techniques in big data
analytics, International Journal of Pure and Applied Mathematics, VV-116, I-10 Special Issue,
PP-281-285, 2017

36. Nalini, C., Ayyappan, G., Academic social network dataset applying various metrics for
measuring author's contribution, International Journal of Pure and Applied Mathematics, V-
116, 1-8 Special Issue, PP-341-345, 2017

37. Nalini, C., BrinthaRajakumari, S., Iron toxicity of polluted river water based on data mining
prediction analysis, International Journal of Pure and Applied Mathematics, V-116, 1-8
Special Issue, PP-353-356, 2017

38. Nandhini, P., Arunachalam, A.R., Fault-tolerant quality using distributed cluster based in
mobile ADHOC networks, International Journal of Pure and Applied Mathematics, V-116,
1-8 Special Issue, PP-365-368, 2017

39. Nandhini, P., Arunachalam, A.R., Security for computer organize database assaults from
threats and hackers, International Journal of Pure and Applied Mathematics, V-116, 1-8
Special Issue, PP-359-363, 2017

40. Nandhini, P., Arunachalam, A.R., Mobile ADHOC networks: Security and quality of
services, International Journal of Pure and Applied Mathematics, V-116, 1-8 Special Issue,
PP-371-374, 2017

3132



International Journal of Pure and Applied Mathematics Special Issue

41. Naveenchandran, P., Vijayaragavan, S.P., A high performance inverter fed energy efficient
cum compact microcontroller based power conditioned distributed photo voltaic system,
International Journal of Pure and Applied Mathematics, V-116, 1-13 Special Issue, PP-165-
169, 2017

42. Naveenchandran, P., Vijayaragavan, S.P., Combination of wind energy-solar energy power
generation, International Journal of Pure and Applied Mathematics, V-116, 1-13 Special
Issue, PP-117-121, 2017

43. Naveenchandran, P., Vijayaragavan, S.P., A sensor less control of SPM using fuzzy and
ANFIS technique, International Journal of Pure and Applied Mathematics, V-116, 1-13
Special Issue, PP-43-50, 2017

44. Nima, R.J.G.R., Hussain, J.H., Design and fabrication of an indexing fixture in a shaper
machine, International Journal of Pure and Applied Mathematics, V-116, 1-18 Special Issue,
PP-441-445, 2017

45. Nimal, R.J.G.R., Hussain, J.H., Deflection and stress analysis of spur gear tooth using steel,
International Journal of Pure and Applied Mathematics, V-116, I1-17 Special Issue, PP-119-
124, 2017

3133



3134



