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INTRODUCTION 
 
Nanotechnology deals with using objects in the nanometer 
scale (10-9) size range to develop products with possible 
practical application. It is usually based on 
insights. “Nanotechnology is concerned with materials and 
systems whose structures and components exhibit novel and 
significantly improved physical, chemical, and biological 
properties, phenomena, and processes due to their nanoscale 
size. The goal is to exploit these properties by gaining control 
of structures and devices at atomic, molecular and supra 
molecular levels and to learn to efficiently manufacture and 
use these devices (Filipponi et al., 2010).
literally means any technology on a nanoscale that has 
applications in the real world (Bainbridge, 2004). 
Nanotechnology encompasses the production and application 
of physical, chemical, and biological systems at scales ranging 
from individual atoms or molecules to submicron dime
as well as the integration of the resulting nanostructures into 
larger systems.  
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ABSTRACT 

In this study ZnO nanoparticles were synthesized by using different procedures. In the first procedure 
ZnO prepared by using sol-gel method by precipitating ZnO from a reaction of Zinc nitrate 
(Zn(NO3)2) and Sodium hydroxide (NaOH) different techniques are used sol
and centrifugation to obtain ZnO nanoparticles. In the second procedure grinding of Zn(CH

2C2O4.2H2O in a mortar for 30 min is used, also by doping Selenium powder (5%) to the 
mixture and ZnO-doped Selenium was obtained. ZnO nanoparticles were characterized by X
(Rajendra et al., 2009) diffraction (XRD) where diameter ranged between 16
equation. d-space (d) was calculate theoretically by using Bragg’s law and practically by the formula. 
Some lattice also were calculated and showed in the tables like: micro strain (ε), potential parameter 
(μ), bond length (L), unit cell volume (V) and stress (σ).      
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Nanotechnology deals with using objects in the nanometer 
) size range to develop products with possible 

practical application. It is usually based on nanoscience 
insights. “Nanotechnology is concerned with materials and 
systems whose structures and components exhibit novel and 
significantly improved physical, chemical, and biological 
properties, phenomena, and processes due to their nanoscale 

goal is to exploit these properties by gaining control 
of structures and devices at atomic, molecular and supra 
molecular levels and to learn to efficiently manufacture and 

2010). Nanotechnology 
nology on a nanoscale that has 

applications in the real world (Bainbridge, 2004). 
Nanotechnology encompasses the production and application 
of physical, chemical, and biological systems at scales ranging 
from individual atoms or molecules to submicron dimensions, 
as well as the integration of the resulting nanostructures into 
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Nanotechnology is likely to have a profound impact on our 
economy and society in the early 21st century, comparable to 
that of semiconductor technology, information technology, or 
cellular and molecular biology. Science and technology 
research in nanotechnology promises breakthrough in areas 
such as materials and manufacturing, nanoelectronics, 
medicine and healthcare, energy, biotechnology, information 
technology, and national security. It is widely felt that 
nanotechnology will be the n
(Bhushan, 2010) (Fang and Wu, 2013)
nanostructure have been receiving remarkable attention 
because of their unique properties and vast application for 
nano devices and nano systems (Wang
Ahsanulhaq et al., 2007, Reddy
2007b, Law et al., 2005, Kön
Osterloh, 2005). Various approaches have been employed to 
grow verity of ZnO nanostructures (Ahsanulhaq
Umar et al., 2006b, Umar et al., 
Umar et al., 2005b, Sekar et al., 
Umar and Hahn, 2006, Cheng and Samulski, 2004). ZnO nano 
structures with flower-like morphology have been synthesized 
by solution methods such as hydrothermal, and solvothermal 
methods at relatively higher temperature of 160_200
et al., 2004, Zhang et al., 2005a, Zhang
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were synthesized by using different procedures. In the first procedure 
gel method by precipitating ZnO from a reaction of Zinc nitrate 

) different techniques are used sol-gel method with stirring 
and centrifugation to obtain ZnO nanoparticles. In the second procedure grinding of Zn(CH3COO)2 

O in a mortar for 30 min is used, also by doping Selenium powder (5%) to the 
doped Selenium was obtained. ZnO nanoparticles were characterized by X-ray 

diffraction (XRD) where diameter ranged between 16-33 nm by using Scherrer 
space (d) was calculate theoretically by using Bragg’s law and practically by the formula. 

Some lattice also were calculated and showed in the tables like: micro strain (ε), potential parameter 
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Nanotechnology is likely to have a profound impact on our 
economy and society in the early 21st century, comparable to 
that of semiconductor technology, information technology, or 
cellular and molecular biology. Science and technology 

search in nanotechnology promises breakthrough in areas 
such as materials and manufacturing, nanoelectronics, 
medicine and healthcare, energy, biotechnology, information 
technology, and national security. It is widely felt that 
nanotechnology will be the next Industrial Revolution 

(Fang and Wu, 2013). Zinc Oxide (ZnO) 
nanostructure have been receiving remarkable attention 
because of their unique properties and vast application for 
nano devices and nano systems (Wang et al., 2013, 

2007, Reddy et al., 2007a, Reddy et al., 
2005, Könenkamp et al., 2005, Kim and 

Osterloh, 2005). Various approaches have been employed to 
grow verity of ZnO nanostructures (Ahsanulhaq et al., 2008, 

et al., 2006a, Umar et al., 2005c, 
et al., 2005, Umar et al., 2005a, 

Umar and Hahn, 2006, Cheng and Samulski, 2004). ZnO nano 
like morphology have been synthesized 

by solution methods such as hydrothermal, and solvothermal 
methods at relatively higher temperature of 160_200oC (Zhang 

2005a, Zhang et al., 2005b, Feng et 
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al., 2005). Zhang et al. reported flower-like ZnO nanostructure 
using hydrothermal method at high temperature of 180oC 
(Zhang et al., 2002). Recently Jiang et al. also reported 
morphologically controlled ZnO flower-like structure by 
hydrothermal methods at 180oC (Jiang et al., 2007). However, 
hydrothermal and solvothermal methods required a rather  
high-growth temperature, long reaction time, surfactants and 
additives for tailoring the shape and size of ZnO 
nanostructures. A wide variety of organic pollutants especially 
pesticides are introduced into the water system from various 
sources such as effluents, agricultural runoff and chemical 
spills (Cohen et al., 1986, Rahman et al., 2006). Their toxicity, 
stability to natural decomposition and persistence in the 
environment have been the cause of much concern to the 
societies and regulation authorities around the world (Qamar 
and Muneer, 2009). The control of organic pollutants in water 
is an important measure in environmental protection. Among 
many processes proposed and /or being developed for the 
destruction of the organic contaminants, biodegradation has 
received the greatest attention. However, many organic 
chemical, especially those that are toxic or refractory, are not 
amenable to microbial degradation. Recently considerable 
attention has been focused on the use of a semiconductor as a 
means to oxidize toxic organic chemicals (Blake, 2001, 
Herrmann, 1999, Litter, 1999, Vidal et al., 1999, Alfano et al., 
2000, Fujishima et al., 2000, Macounova et al., 2001, Topalov 
et al., 2001, Li et al., 2001). 
 
Synthesis of noble metal nanoparticles for applications such as 
catalysis, electronics, textiles, environmental protection, and 
biotechnology is an area of constant interest. Recently, an 
awareness of general sanitation, contact disease transmission, 
and personal protection has led to the development of 
antimicrobial textiles. The development of antimicrobial using 
Zinc Oxide nanoparticles has been investigated in various 
works. The ZnO nanoparticles were prepared by wet chemical 
method in this work (Rajendra et al., 2010, Rajendra, 2009 
#552, Basheer et al.) 
 
Objectives 
 

 Synthesis of Zinc Oxide (ZnO) nanoparticles by  
bottom-up process and  then Selenium Doped. 

 Characterization of the synthesized Zinc Oxide 
nanoparticles using XRD. 

 Propose  further use of  Zinc Oxide in redox reaction 
 

MATERIALS AND METHODS 
 
Zinc nitrate (Zn(NO3)2,6H2O)2.(H2O)2, Oxalic acid dehydrate, 
Selenium (Se) metal powder (99.9%), Sodium hydroxide 
(NaOH), Zinc acetate and Ethanol. All precursors used in this 
study were of analytical grade and the solvents were of 
laboratory grade, which were used without further purification. 
 
Synthesis of ZnO Nanoparticles by Sol-gel Method: ZnO 
nanoparticles were synthesized by sol-gel method using Zinc 
nitrate and NAOH as precursors. In this work, the aqueous 
solution (0.2M) of Zinc |nitrate (Zn(NO3)2.6H2O) of NaOH 
were prepared with deionized water. The Zinc nitrate weighed 
around 2.9749g and it is  transferred into a beaker and exactly 
1.22 g of  NaOH pellets were taken another beaker measure 50 
ml of deionized water and pour in to respected beakers. The 
NaOH solution is taken in the beaker and slowly added into the 
Zinc nitrate solution which is taken in another beaker and it is 

kept on magnetic stirrer which helps in the proper mixing of 
both the solution at room temperature which resulted in the 
formation of a white precipitation. The white product was 
centrifuged at 5000 rpm for 30 min and washed three times 
with distilled water. Then it is filtered by Whatman’s filter 
paper. This filter paper was removed after filtration and kept 
for drying in hot oven at the temperature of 60 - 80°C for 3 
hours. The calcinations were carried out for the obtained 
product at 400°C in the presence of atmosphere air for 4 hr 
(Dutta et al., 2012). The reaction between Zinc nitrate and 
Sodium hydroxide for the synthesis of Zinc oxide nanoparticle 
can be represented as:   

 
Zn(NO3)2+2NaOH→ZnO +2NaNO3+H2O 

 
Synthesis of Selenium doped pristine ZnO NPs: To 
synthesise the pristine ZnO NPs, 5.48g of Zinc acetate 
dehydrate and 3.78 g of Oxalic acid were mixed and ground in 
a mortar at room temperature for 30 min. the smell of acetic 
acid ceased indicating the completion of the reaction to form 
hydrated ZnC2O4. The thermo gravimetric analysis of  the 
synthesized ZnC2O4 revealed mass loss at about 400°C 
sample(4) in Table (1), suggesting formation of ZnO NPs and 
agreed well with the reported  literature (Shyni et al., 2016). 
Consequently, the ZnO NPs were prepared by heating the 
synthesized hydrated ZnC2O4 in a quartz crucible at 450°C for 
30 min in a temperature controlled muffle furnace. Similarly 
batches of Se doped ZnO NPs (10%) were synthesized by 
mechanochemical method after adding required amount of 
selenium metal powder with the Zinc acetate and oxalic acid 
precursors. The synthesized NPs were washed with ethanol 
and kept overnight for drying at 60oC.sample (5) see Table (1). 

 
Preparation of Selenium Doped Zinc Oxide 
Nanocomposite: The synthesis of ZnO-Se has been carried out 
using Mory autoclaves provided with the Teflon. The 
condition selected for the synthesis of ZnO – Se particles are T 
= 150°C temperature. ZnO nanoparticles prepared by the sol 
gel method were taken and around O.2 g of this ZnO is 
weighed and taken in the Teflon liners. Around 0.2 g Selenium 
is weighed and taken in the same Teflon lines. Then exactly 
measure 15 ml of Ethanol and it is poured into the seam Teflon 
liners. Stir the content for 10 minutes. Then these Teflon liners 
are placed in a Moray autoclave. Then the autoclaves were 
placed in the oven provided with a temperature controller, the 
temperature of the oven was raised up to a predetermined 
temperature  for a desired period (5 hours). After 5 hours the 
autoclave is cooled to the  room temperature. The contents of 
the liners are thoroughly washed in ethanol repeatedly and 
later drive in an oven at 60oc for 3 hours. These dried ZnO–Se 
nanoparticles were characterized by XRD. (Shyni et al., 2016).          
 

RESULTS AND DISCUSSION 
 
Typical XRD patterns of ZnO nanoparticles which are shown 
in Fig(1). The different peaks at angles 2ϴ of 32.08°, 34.70°, 
36.60°, 48.00°, 56.80°, 36.00°, 66.70°, 68.20° and 69.40° 
correspond to the respective reflections from the (100), (002), 
(101), (102), (110), (103), (200), (112) and (201) crystal planes 
of the hexagonal Wurtzite  Zinc Oxide structure (JCPDS 36-
1451) can be seen at the spectrum of ZnO. The XRD for the 
different experiments are shown in Table (1). The lattice 
parameters are obtained using the formulae (Zak and Abd, 
2011). 
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 The crystal sizes (D) of the ZnO nanoparticles were calculated 
using Scherrer equation (Patterson, 1939) 
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 where λ is the wavelength of the incident X-ray (1.5406 Aᵒ) 
for Cu Kα, k is a constant equal to 0.90 (Damonte et al., 2004), 
βhkl is the peak width at half-maximum intensity, and θ is the  
peak position. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The (101) plane (the strongest) was selected to calculate the 
crystal size as can be seen in Table (2).The lattice parameters 
are shown in table (2), the lattice parameter a and c have 
determined for all samples. The values for the lattice 
parameters a and c are identical to those reported (Damonte et 
al., 2004), for ZnO nanoparticles prepared by standard  
methods. The lattice parameter obtained in this work highly 
related to  those previously reported (Saleem et al., 2012). The 
d-spacing was calculated by both methods using the Bragg’s 
law:  

Table 1. The XRD for the different experiments 

 
Planes (hkl ) 1 2 3 4 5 

 2ϴ° 

100 32.08 32.00 32.10 31.94 31.96 
002 34.70 34.60 34.60 34.62 34.60 
101 36.60 36.50 36.52 36.44 36.42 
102 48.00 47.80 47.70 47.76 47.82 
110 56.80 56.80 56.80 56.86 56.80 
103 63.00 36.00 63.00 64.08 63.08 
200 66.70 66.70 66.60 66.68 66.64 
112 68.20 68.20 68.24 68.18 68.18 
204 69.40 69.30 69.34 69.22 69.18 

 
Table 2. The lattice constant value for the different samples 

 

Sample 2ϴ° β (FWHM) D (nm) a c c/a 

1 36.6 0.2526 33.125 3.2191 5.1662 1.6049 
2 36.4849 0.5366 15.588 3.2172 5.1807 1.6103 
3 36.4849 0.5366 15.588 3.2175 5.1807 1.6015 
4 36.4840 0.2782 30.067 3.2328 5.1807 1.6025 
5 36.4092 0.3535 23.657 3.2309 5.1807 1.6035 

 
Table 3. The lattice constant value for the different samples 

 
Sample ε Strain  (nm) 2- d (Bragg) (A°) d (formula) (A°) Reduction % 

1 3.331x10-3 9.1136x10-4 2.4532 2.4529 0.5 
2 7.101x10-3 4.1154x10-3 2.4597 2.4537 0.4993 
3 7.101x10-3 4.1154x10-3 2.4584 2.4537 0.4995 
4 3.679x10-3 1.1061x10-3 2.4636 2.4626 0.4999 
5 4.689x10-3 1.8005x10-3 2.4650 2.4616 0.4997 

 
Table 4.  The lattice constant value for the different samples 

 

Sample L(A°) μ V (A°)3 σ (Gpa) 

1 1.9602 0.3794 46.362 -1.7857 
2 1.9612 0.3785 46.437 -1.1368 
3 1.9612 0.3786 46.445 -1.1368 
4 1.9676 0.3798 46.888 -1.1368 
5 1.9669 0.3796 46.833 -1.1368 

 

 
 

Fig. 1. The different peaks at angles 2ϴ for the different samples 
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as well as the formula:   
 

   
 
that relates it to the lattice constants. The values obtained were 
almost similar Table (3). The dhkl for the different samples 
calculated by theoretical methods   
 The micro-strain is given by the formula, 
 

  and dislocation density (), that indicate the 
amount of defects is defined as the length of dislocation line 

per unit volume of crystal, is calculated via relation   

(Barrett and Massalski, 1980). The Zn  ـــــO bond length L is 

given by (Seetawan et al., 2011),  here μ is the 
measure of an atom displacement to the neighboring one along 
the "c" axis. The value of μ is calculated by the equation,  

. The unit cell volume is calculated as follows 

 (Srinivasan et al., 2007). The stress σ (GPa) in 
the crystallite’s planes can be determined using the formula, 

, where c is the lattice parameter 
crystallite’s planes calculated from XRD analysis, cbulk is the 
strain-free lattice parameter of ZnO (5.2061A°). That 
calculations are summarized in table (4). The parameter is 
changed with c/a ratio in away to maintain the tetrahedral 
dimension due to the angle distortion. From table (3), it can be 
seen that μ differ with c/a ratio. On the other hand the L value 
obtained is almost equal to the 1.9767A° value reported by 
Seetawan et al. (Seetawan et al., 2011).  
 
Conclusion 
 
 In the present study,  different chemical methods  were used to 
synthesis Zinc Oxide( ZnO) nanoparticles (NPs) and Selenium 
were also used to dope the  Zinc Oxide ( ZnO-Se) at nanoscale 
ere it has been shown that control is possible  by bottom-up 
process. ZnO and  ZnO-Se nanoparticles were characterized 
using X-ray  diffraction (XRD), whe are the average crystallite 
size of obtained ZnO nanoparticles range is 16-33 nm. The 
average c/a ratio was consistent with the values for the 
hexagonal wurtzite structure of ZnO demonstrating that the 
composite still retain the ZnO structure. D-space (d) was 
calculated theoretically by using Bragg’s law and practically 
by the formula and there was no difference existed and  as  
supported byanalysis. Some lattice also were calculated micro 
strain (ε), potential parameter (μ), bond length (L), unit cell 
volume (V) and stress (σ), these parameters result that highly 
stable nanoparticles were synthesized. Some reduction in 
crystal size of ZnO were shown when doped with Selenium.  
 

REFERENCES 
 
Ahsanulhaq, Q., Kim, J.-H. and HAHN, Y.-B. 2007. 

Controlled selective growth of ZnO nanorod arrays and 
their field emission properties. Nanotechnology, 18, 
485307. 

Ahsanulhaq, Q., Kim, S., Kim, J. and Hahn, Y. 2008. 
Structural properties and growth mechanism of flower-like 

ZnO structures obtained by simple solution method. 
Materials Research Bulletin, 43, 3483-3489. 

Alfano, O., Bahnemann, D., Cassano, A., Dillert, R. and 
Goslich, R. 2000. Photocatalysis in water environments 
using artificial and solar light. Catalysis today, 58, 199-
230. 

Bainbridge, W. S. 2004. Social and ethical implications of 
nanotechnology. Springer Handbook of Nanotechnology. 
Springer. 

Barrett, C. and Massalski, T. 1980. Structure of Metals, 3rd. 
Oxford: Pergamon Press. 

BASHEER, H. S., GADEIN, A. H. O., IDRISS, M. E., 
MOHAMMED, E. A., AHMED, H. A. M. & BABIKER, 
S. F. Synthesis Of ZnO NanostructuresBy Simple 
Chemistry. chemical sensors, 13, 14. 

Bhushan, B. 2010. Introduction to nanotechnology. Springer 
handbook of nanotechnology, 1-13. 

Blake, D. 2001. Bibliography of Work on the Heterogeneous 
Photocatalytic Removal of Hazardous Compounds from 
Water and Air--Update Number 4 to October 2001. 
National Renewable Energy Lab., Golden, CO (US). 

Cheng, B. and Samulski, E. T. 2004. Hydrothermal synthesis 
of one-dimensional ZnO nanostructures with different 
aspect ratios. Chemical Communications, 986-987. 

Cohen, S., Eiden, C. and Lorber, M. Year. Monitoring ground 
water for pesticides. In:  ACS Symposium series-American 
Chemical Society (USA), 1986. 

Damonte, L., Zélis, L. M., Soucase, B. M. and Fenollosa, M. 
H. 2004. Nanoparticles of ZnO obtained by mechanical 
milling. Powder Technology, 148, 15-19. 

Dutta, R., Nenavathu, B. P., Gangishetty, M. K. and Reddy, A. 
2012. Studies on antibacterial activity of ZnO nanoparticles 
by ROS induced lipid peroxidation. Colloids and Surfaces 
B: Biointerfaces, 94, 143-150. 

FANG, X. & WU, L. 2013. Handbook of innovative 
nanomaterials : from syntheses to applications, [United 
States], Pan Stanford Pub. ; Boca Raton : CRC Press. 

Feng, P., Wan, Q. and Wang, T. 2005. Contact-controlled 
sensing properties of flowerlike ZnO nanostructures. 
Applied Physics Letters, 87, 213111. 

Filipponi, L., Sutherland, D. and Center, I. N. 2010. 
Introduction to Nanoscience and Nanotechnologies. 
NANOYOU Teachers Training Kit in Nanoscience and 
Nanotechnologies, 1-29. 

Fujishima, A., RA°, T. N. and Tryk, D. A. 2000. Titanium 
diOxide photocatalysis. Journal of photochemistry and 
photobiology C: Photochemistry reviews, 1, 1-21. 

Herrmann, J.-M. 1999. Heterogeneous photocatalysis: 
fundamentals and applications to the removal of various 
types of aqueous pollutants. Catalysis today, 53, 115-129. 

Jiang, L., LI, G., JI, Q. and Peng, H. 2007. Morphological 
control of flower-like ZnO nanostructures. Materials 
Letters, 61, 1964-1967. 

Kim, J. Y. and Osterloh, F. E. 2005. ZnO− CdSe Nanoparticle 
Clusters as Directional Photoemitters with Tunable 
Wavelength. Journal of the American Chemical Society, 
127, 10152-10153. 

Könenkamp, R., Word, R. and Godinez, M. 2005. Ultraviolet 
electroluminescence from ZnO/polymer heterojunction 
light-emitting diodes. Nano Letters, 5, 2005-2008. 

Law, M., Greene, L. E., Johnson, J. C., Saykally, R. and 
YANG, P. 2005. Nanowire dye-sensitized solar cells. 
Nature materials, 4, 455. 

LI, X., Cubbage, J. W. and Jenks, W. S. 2001. Variation in the 
chemistry of the TiO2-mediated degradation of hydroxy-

73647                          Musadag. M. Mustafa et al. Synthesis and characterization of selenium doped zinc oxide (zno-se) nanoparticles 
 



and methoxybenzenes: electron transfer and HOads 
initiated chemistry. Journal of photochemistry and 
photobiology A: chemistry, 143, 69-85. 

Litter, M. I. 1999. Heterogeneous photocatalysis: transition 
metal ions in photocatalytic systems. Applied Catalysis B: 
Environmental, 23, 89-114. 

Macounova, K., Urban, J., Krýsová, H., Krýsa, J., Jirkovský, J. 
and Ludvık, J. 2001. Photodegradation of metamitron (4-
amino-6-phenyl-3-methyl-1, 2, 4-triazin-5 (4H)-one) on 
TiO2. Journal of photochemistry and photobiology A: 
chemistry, 140, 93-98. 

Matthews, R. W. and Mcevoy, S. R. 1992. Photocatalytic 
degradation of phenol in the presence of near-UV 
illuminated titanium diOxide. Journal of photochemistry 
and photobiology A: chemistry, 64, 231-246. 

Patterson, A. 1939. The Scherrer formula for X-ray particle 
size determination. Physical review, 56, 978. 

Qamar, M. and Muneer, M. 2009. A comparative 
photocatalytic activity of titanium diOxide and Zinc Oxide 
by investigating the degradation of vanillin. Desalination, 
249, 535-540. 

Rahman, M. A., Qamar, M., Muneer, M. and Bahnemann, D. 
2006. Semiconductor mediated photocatalysed degradation 
of a pesticide derivative, acephate in aqueous suspensions 
of titanium diOxide. Journal of Advanced Oxidation 
Technologies, 9, 103-109. 

RAJENDRA, R., AHMED, H. A. M. & KARTHIK, S. S. 
2009. DEVELOPMENT OF MICROBIAL 
CONSORTIUM FOR THE BIODEGRADATION AND 
Biodecolorization of Textile Effluents. Journal of Urban 
and Environmental Engineering, 3, 1-6. 

Rajendra, R., Balakumar, C., Ahammed, H. A. M., Jayakumar, 
S., Vaideki, K. & Rajesh, E. 2010. Use of zinc oxide nano 
particles for production of antimicrobial textiles. 
International Journal of Engineering, Science and 
Technology, 2, 202-208. 

Reddy, N. K., Ahsanulhaq, Q., Kim, J. and Hahn, Y. 2007b. 
Well-aligned ZnO nanorods for device applications: 
synthesis and characterisation of ZnO nanorods and n-
ZnO/p-Si heterojunction diodes. EPL (Europhysics 
Letters), 81, 38001. 

Reddy, N. K., Ahsanulhaq, Q., Kim, J., Devika, M. and Hahn, 
Y. 2007a. Selection of non-alloyed ohmic contacts for ZnO 
nanostructure based devices. Nanotechnology, 18, 445710. 

Saleem, M., Fang, L., Ruan, H., WU, F., Huang, Q., XU, C. 
and Kong, C. 2012. Effect of Zinc acetate concentration on 
the structural and optical properties of ZnO thin films 
deposited by Sol-Gel method. International Journal of 
Physical Sciences, 7, 2971-2979. 

Seetawan, U., Jugsujinda, S., Seetawan, T., Ratchasin, A., 
Euvananont, C., Junin, C., Thanachayanont, C. and 
Chainaronk, P. 2011. Effect of calcinations temperature on 
crystallography and nanoparticles in ZnO disk. Materials 
Sciences and Applications, 2, 1302. 

Sekar, A., Kim, S., Umar, A. and Hahn, Y. 2005. Catalyst-free 
synthesis of ZnO nanowires on Si by oxidation of Zn 
powders. Journal of Crystal Growth, 277, 471-478. 

Shyni, L. S., Jagadish, K., Srikantaswamy, S. and Abhilash, M. 
2016. Photocatalytic degradation and removal of heavy 
metals in pharmaceutical waste by selenium doped ZnO 
Nano composite semiconductor. Journal for Research| 
Volume, 2. 

Srinivasan, G., Kumar, R. R. and Kumar, J. 2007. Li doped 
and undoped ZnO nanocrystalline thin films: a comparative 

study of structural and optical properties. Journal of sol-gel 
science and technology, 43, 171-177. 

Topalov, A., Abramović, B., Molnár-Gábor, D., Csanádi, J. 
and Arcson, O. 2001. Photocatalytic oxidation of the 
herbicide (4-chloro-2-methylphenoxy) acetic acid (MCPA) 
over TiO2. Journal of photochemistry and photobiology A: 
chemistry, 140, 249-253. 

Turchi, C. S. and Ollis, D. F. 1990. Photocatalytic degradation 
of organic water contaminants: mechanisms involving 
hydroxyl radical attack. Journal of catalysis, 122, 178-192. 

Umar, A. and Hahn, Y. 2006. ZnO nanosheet networks and 
hexagonal nanodiscs grown on silicon substrate: growth 
mechanism and structural and optical properties. 
Nanotechnology, 17, 2174. 

Umar, A., Jeong, J.-P., Suh, E.-K. and HAHN, Y.-B. 2006a. 
Synthesis of ZnO nanowires on steel alloy substrate by 
thermal evaporation: Growth mechanism and structural and 
optical properties. Korean Journal of Chemical 
Engineering, 23, 860-865. 

Umar, A., Kim, S., Lee, Y.-S., Nahm, K. and Hahn, Y. 2005a. 
Catalyst-free large-quantity synthesis of ZnO nanorods by 
a vapor–solid growth mechanism: structural and optical 
properties. Journal of Crystal Growth, 282, 131-136. 

Umar, A., Lee, S., IM, Y. and Hahn, Y. 2005b. Flower-shaped 
ZnO nanostructures obtained by cyclic feeding chemical 
vapour deposition: structural and optical properties. 
Nanotechnology, 16, 2462. 

Umar, A., Lee, S., Lee, Y., Nahm, K. and Hahn, Y. 2005c. 
Star-shaped ZnO nanostructures on silicon by cyclic 
feeding chemical vapor deposition. Journal of Crystal 
Growth, 277, 479-484. 

Umar, A., RA, H.-W., Jeong, J.-P., Suh, E.-K. and Hahn, Y.-B. 
2006b. Synthesis of ZnO nanowires on Si substrate by 
thermal evaporation method without catalyst: Structural 
and optical properties. Korean Journal of Chemical 
Engineering, 23, 499-504. 

Vidal, A., Dinya, Z., Mogyorodi JR, F. and Mogyorodi, F. 
1999. Photocatalytic degradation of thiocarbamate 
herbicide active ingredients in water. Applied Catalysis B: 
Environmental, 21, 259-267. 

Wang, C., LEE, W.-Y., Nakajima, R., Mei, J., Kim, D. H. and 
BA°, Z. 2013. Thiol–ene cross-linked polymer gate 
dielectrics for low-voltage organic thin-film transistors. 
Chemistry of Materials, 25, 4806-4812. 

ZAK, A. K. and ABD, W. 2011. Majid, ME Abrishami, and R. 
Yousefi. Solid State Sci, 13, 251. 

Zhang, H., Yang, D., JI, Y., Ma, X., Xu, J. and Que, D. 2004. 
Low temperature synthesis of flowerlike ZnO 
nanostructures by cetyltrimethylammonium bromide-
assisted hydrothermal process. The Journal of Physical 
Chemistry B, 108, 3955-3958. 

Zhang, H., Yang, D., LI, D., MA, X., LI, S. and Que, D. 
2005a. Controllable growth of ZnO microcrystals by a 
capping-molecule-assisted hydrothermal process. Crystal 
growth and design, 5, 547-550. 

Zhang, H., Yang, D., LI, S., MA, X., JI, Y., XU, J. and Que, D. 
2005b. Controllable growth of ZnO nanostructures by citric 
acid assisted hydrothermal process. Materials Letters, 59, 
1696-1700. 

ZHANG, J., SUN, L., YIN, J., SU, H., LIA°, C. and YAN, C. 
2002. Control of ZnO morphology via a simple solution 
route. Chemistry of Materials, 14, 4172-4177. 

73648                                          International Journal of Current Research, Vol. 10, Issue, 09, pp. 73644-73648, September, 2018 
 

******* 


