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27Eucalyptus globulus leaf extract mediated synthesis of spherical zinc oxide nanoparticles (ZnO NPs) was
28carried out under ambient conditions. UV–Visible studies of the synthesized nanoparticles revealed the
29characteristic peak at 361 nm indicating the formation of ZnO nanoparticles. Powder X-ray
30Diffractometric (XRD) study showed the strong, intense and narrow-width diffraction peaks indicating
31the formation of crystalline nanoparticles with most stable hexagonal phase. Field emission-scanning
32electron microscopy (FE-SEM) and high resolution-transmission electron microscopic (HR-TEM) results
33confirmed the formation of spherical ZnO NPs with mean particle size of 11.6 nm which is in close agree-
34ment with XRD pattern. Further, energy dispersive X-ray diffraction analysis (EDAX) revealed the forma-
35tion of highly pure ZnO NPs with the peaks of Zn and O atoms. ZnO NPs exhibited effective photocatalytic
36activity in degrading Methylene blue and Methyl orange with maximum degradation efficiency up to
3798.3% at 30 mg of catalyst doses. In addition, ZnO NPs exhibited high antioxidant activity against DPPH
38free radicals scavenger.
39� 2016 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
40Technology Japan. All rights reserved.
41
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44 1. Introduction

45 Most dyes released by the industries such as plastic, leather,
46 paint, food, tanneries, pharmaceutical, cosmetic and textile indus-
47 tries belong to mainly synthetic organic compounds. During last
48 decades the discharge of effluents from industries containing
49 intractable pollutants causes severe concern and challenge to our
50 environment. The color content in dye absorbs and reflects sun-
51 light radiation by inflowing polluted water, thereby hindering pho-
52 tosynthesis and interfere the development of aqua species [1].
53 Dyes contain different functional groups like acidic, basic, azo,
54 anthraquinone and metal complexes. Most of the dyes cause a
55 major health problem in humans including mutagenic and carcino-
56 genic effects. These organic pollutants may induce skin irritation, a
57 blood disorder, liver and kidney damage with the poisoning of the
58 central nervous system in humans and animals [2,3]. Dyes cannot
59 be degraded readily by predictable methods such as coagulation,
60 flocculation, adsorption on activated carbon and membrane filtra-
61 tion. Conversion of these compounds to non-toxic compounds is
62 difficult due to complex structures and higher stability. In order
63 to overcome these difficulties researchers are favoring green

64synthesized metal oxide NPs for the degradation of organic con-
65taminants as a green catalyst [4] due to the involvement of envi-
66ronmentally non-toxic reactants, solvents and without any
67unwanted byproducts during synthesis [5]. In addition, for safe
68operation, energy saving and avoiding the use of organic solvents,
69the development of suitable processes for the degradation of
70organic dyes in aqueous solutions under the mild condition is still
71in demand for both industrially and environmentally. Since the
72conventional methods involve toxic chemicals and produce toxic
73intermediates which are hazardous to the environment, green
74methods promote the researchers to minimize the usage of toxic
75chemicals and reduce waste generation by doing operations in
76aqueous medium [6]. Among different metal oxides NPs ZnO NPs
77has gained lot of importance due to its versatile properties. ZnO
78NPs exhibits hexagonal phase, wurtzite structure with a wide band
79gap of 3.37 eV and n-type semiconductor [7]. ZnO nanostructures
80are used in optoelectronic devices such as liquid crystal devices,
81solar cells, piezoelectric, metal insulator-semiconducting diodes
82and catalytic applications [8,9]. The fabrication of ZnO NPs is dom-
83inated by various physical and organic methods such as thermal
84evaporation, pulsed layer deposition, molecular beam epitaxy
85and chemical vapor condensation (CVC) [10–12]. Generally, these
86methods consuming supplementary energy and obligatory high
87vacuum, whereas chemical methods such as chemical vapor
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88 deposition (CVD), sol-gel, hydrothermal, spray pyrolysis, sono-
89 chemical and electro-deposition methods are costly and harmful
90 mass production methods [13,14].
91 Biological fabrication of ZnO NPs by using plants, microorgan-
92 isms, algae and enzymes are ecologically favorable and sustainable
93 compared to physical and chemical approaches [15]. Although sig-
94 nificant works had been reported on using various plant-based
95 extracts to formulate several metal oxide nanoparticles, the use
96 of Eucalyptus globulus (E. globulus) plant extract mediated biosyn-
97 thesis of ZnO nanoparticles explicitly is not seen in literature. E.
98 globulus (Blue gum) is an evergreen tree native to Australia and
99 also found in other southeast countries. E. globulus leaves are

100 widely used in Ayurveda and general public community due to
101 its divergent health promoting medicinal activity effects against
102 respiratory and cold infections [16–18].
103 Present work reports the green synthesis of ZnO NPs by using E.
104 globulus as green reducing and capping agent for the first time to
105 our knowledge. The crystal structure, surface morphology, and
106 sizes are characterized by using UV–Visible spectroscopy, PXRD,
107 FE-SEM, HR-TEM, DLS techniques. The efficiency of ZnO nanoparti-
108 cles as photocatalyst for the degradation of various organic dyes
109 like methylene blue and methyl orange and their antioxidant activ-
110 ity by DPPH assay are studied (see Table 1).

111 2. Experimental section

112 2.1. Materials

113 Fresh leaves of E. globulus were collected in the early morning
114 during the month of March 2015 in the University of Hyderabad
115 (UOH) Campus, Hyderabad [19]. Zinc nitrate hexahydrate [Zn
116 (NO3)2�6H2O] and required organic solvents were purchased from
117 Sigma-Aldrich, India. De-ionized Milli-Q water was used through-
118 out the experiments.

119 2.2. Preparation of extract

120 Freshly collected leaves were washed 2–3 times under running
121 tap water and sanitized with Milli-Q water 2–3 times and dried at
122 room temperature in dust free condition for one week. Fully dried
123 leaves were crushed into powder form by using an electrical mixer.
124 About 20 g of leaf powder was added to 100 ml of de-ionized water
125 and kept for boiling at 80 �C for about 1 h. The appearance of the
126 light black color solution was observed which settled down at
127 room temperature. The formed precipitate was filtered and the
128 obtained supernatant was stored at 4 �C in the refrigerator for fur-
129 ther use.

1302.3. Synthesis of zinc oxide nanoparticles

131Required amount of precursor Zn (NO3)3�6H2O was dissolved in
132de-ionized water to prepare 0.1 N 20 mL solutions after stirring for
133some time. Then 20 mL of E. globulus plant leaves extract was
134mixed with 20 mL precursor solution in equal ratio (1:1 v/v) drop
135by drop with the aid of peristaltic pump stirring at 600 rpm for 3 h
136till the formation of a brown colored precipitate and allowed to
137settle for 24 h. The solution was centrifuged at 6000 rpm for
13815 min and finally washed 2–3 times with ethanol to remove
139impurities followed by drying at 80 �C in hot air oven for 24 h.
140Dried ZnO NPs powder was exposed to annealing in a muffle fur-
141nace at 400 �C for 2 h.

1422.4. Characterization

143The formed ZnO NPs powder was characterized by using pow-
144der X-ray Diffractometer (PXRD) (SMART Bruker D8 Advance X-
145ray Diffractometer) with Cu Ka radiation (k = 1.5404 Å) after scan-
146ning at 2h from 20� to 90� and at an accelerating voltage of 40 kV
147for determining crystallinity and size of crystallites/nanoparticles.
148The surface morphology and chemical composition i.e. purity were
149determined by using FE-SEM with Energy dispersive X-ray spec-
150troscopy (EDX) (FE-SEM, Carl-Zeiss model ultra-microscope 55,
151Germany) at 30 kV electron beam energy. Transmission electron
152microscopic (TEM) studies (FEI-make electron microscope TECNAI
153G2 S-Twin) were carried out at an accelerating voltage of 200 kV.
154Electron diffraction patterns (EDP) and selected area electron
155diffraction (SAED) were recorded using Gatan CCD camera. Raman
156spectral analysis was performed by using Senterra R200-L appara-
157tus (Bruker Optics) by passing laser light with a wavelength of
158532 nm. Dynamic light scattering and Zeta potential studies were
159done using Horiba Scientific Nano particci (SZ-100) instrument to
160identify the particle size distribution and hence the stability of
161nanoparticles. Specific surface area, average pore diameter and
162pore volume were measured using Autosorb-1 instrument (Quanta
163Chrome Nova-1000 Instrument). The Brunauer-Emmett-Teller
164(BET) specific surface area of samples was measured by
165adsorption-desorption study of nitrogen molecules at 77 K.
166Barrett-Joyner-Halenda (BJH) method was used to measure the
167pore size distribution derived from desorption isotherms. UV-
168DRS (UV-Diffuse Reflectance mode) studies were conducted by
169using UV–Vis-NIR spectrophotometer (JASCO-V-670) to find out
170the band gap energy values at a wavelength range from 200 nm
171to 800 nm. To identify metal–oxygen bond interactions and func-
172tional moieties studies were performed by Attenuated Total
173Reflection-Fourier Transform Infrared spectrometer (ATR-FTIR)
174(ATR-FTIR, Jasco-4100) at wave number range from 4000 to
175400 cm�1. The chemical compounds present in E. globulus extract
176were identified by Gas chromatography–Mass spectroscopic (GC–
177MS) analysis using Clarus 680 electron ionization model (Perkin
178Elmer, India) and controlled by Turbo mass version 5.4.2 software.
179The GC–MS employed a fused silica column (packed with Elite-
1805MS (5% biphenyl 95% dimethyl polysiloxane, 30 m � 0.25 mm
181ID � 250 lm df) and the components were separated by using
182helium as inert carrier gas at a constant flow rate of 1 mL min�1

183and scan time interval of 0.1 s with run time of 60 min. The spectra
184of the components were compared with the aid of NIST database
185(2008) library and identified.

1862.5. Adsorption study

187Batch tests for adsorption of MB and MO dyes by ZnO NPs as
188adsorbent were performed under normal room conditions in
189absence of UV light. Separate batch experiments were carried out
190for MB and MO in the absence of both ZnO NPs and UV light. In

Table 1
Catalytic doses of ZnO NPs for degradation of methylene blue and methyl orange
dyes.

Dye name and Conc.
(M)

Weight of the catalyst
(mg)

Time
(min)

Degradation
(%)

Methylene blue 10�4

(M)
5 180 96
10 160 96.8
15 125 97.2
20 90 97.5
25 50 98.3

Methyl orange 10�4

(M)
5 185 95.0
10 162 95.8
15 136 96.2
20 105 96.5
25 83 97.0
30 60 97.3
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