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Synthesis, characterization with optical property of Zn-O NPs
using sol-gel route in alkaline medium
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Zn-0 nanoparticles were successfully synthesized by sol-gel route using ZnSO,.7H,0 as
precursor in alkaline medium. Structural, morphological and optical property of Zn-O NPs
was analyzed. Zn-O NPs were characterized by using X-ray diffraction (XRD), Fourier
transform infrared spectral (FTIR), UV-Visible spectrophotometer, scanning electron
microscopy (SEM) and Energy Dispersive X-ray analysis (EDAX).XRD pattern shows the
purity of synthesized Zn-O nanoparticles particle size. Scanning electron microscopy
(SEM) observations revealed remarkable change in morphological structure of Zn-O NPs.
Analysis studies was confirmed, the functional groups and chemical bonding present in the
synthesized Zn-O nanoparticles.
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1. Introduction

Nanosized particles of semiconductor materials have attracted much more interest in the
research field due to their properties and applications in various field such as optoelectronics,
catalysis, solar cells, ultraviolet light emitter, piezoelectric device, chemical gas sensors etc*®Zn-
O nanoparticles is a n-type semiconductor material with a wide band gap of 3.37 eV and large
excitation binding energy of 60 meV'**Zn-O nanoparticles have used in different application field
such as varistors, photocatalysis, gas sensors, solar cells, pigment, transducers, etc. due to its
unique physical, chemicall and biological properties of biocompatible, environmentally friendly,
low cost and non-toxic nature. Zn-O nanoparticles have several advantages which include unique
chemical and thermal stability, robustness, and long shelf life over other metal oxides such as
TiO,, WO;, SiO,, and Fe,O3. Zinc oxide exists in the following phases: hexagonal quartzite, cubic
zinc blende, and cubic rock salt. Zinc oxide as one of the safest metal oxides, Food and Drug
Administration (FDA) includes also it can be used in food industries. Zn-O nanoparticles are
classified into based on the number of dimensions, such as zero-dimensional (0OD), one-
dimensional (1D), two-dimensional (2D), and three-dimensional (3D)".Zinc oxide nanoparticles
were synthesized by using different chemical and physical methods such as, sol-gel,
hydrothermal, precipitation and co-precipitation, chemical vapour deposition, spray pyrolysis,
magnetic sputtering, microwave-assisted technique, solvothermal etc.

Zn-0 nanoparticles having a lot of morphology structures have been reported due to their
physical and chemical properties of crystals, such as nano-combs™ *°, nanotubes®’, nano-springs®,
nanorods®, nanorings® nanowires* and nanoflower® Differenttype of zinc salts were used as a
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precursor to synthesize Zn-O nanoparticles such as zinc acetate dehydrate
(Zn(CH;3C0O0),-2H,0)), zinc nitrate hexahydrate (Zn(NO3),-6H,0), zinc chloride (ZnCl,) and zinc
sulphate (Zn(S0,),-7H,0).

In this present paper, the aim of this work is to synthesize Zn-O nanoparticles by sol-gel
method using ZnSO,.7H,0 as precursor in alkaline medium. Synthesized Zn-O nanoparticleswere
characterized by XRD, FT-IR, UV-Visible, SEM, EDAX analysis and the results of their
structural, morphological, optical properties and elemental analysis has been discussed.

2. Materials and methods

2.1. Materials Required

The high purity chemicals (>99% purity) such as (Zn(SQg),-7H,0), and Sodium
Hydroxide (NaOH) were purchased from Sd. AR grade fine chemicals were used as the precursors
without further purification.

2.2. Synthesis of Zn-O NPs.

Zn-O NPs was synthesized by using sol-gel route method in the following manner. To
synthesis pure Zn-O, 1M Zinc sulphate ZnS0,.7H,O was dissolved in 100ml double distilled
water under vigorous stirring for 10 minsby using magnetic stirrer (solution A). Next add drop
wise 0.2M sodium hydroxide (NaOH) solution into aqueous solution (A) with vigorous stirring for
2hrs to attain p" level-12. The gelatinous white precipitate was formed. After that precipitate
filtered and washed with distilled water, ethanol, dry for overnight at room temperature and dried
in oven at 100°C for six hours. The dried white precipitates then annealed at 500°C for two hours
followed by grinding to get fine particles. These were used for various characterization techniques.
[15-25].The flow chart of the synthesized Zn-O nanoparticles is shown in Fig.1
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Fig.1. Flow chart of synthesized Zn-O nanoparticles.
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3. Characterization techniques

A synthesized Zn-O nanoparticle has been analyzed at normal room temperature by XRD
with 28 scanning angle range was maintained between 30 - 90°. The powder samples have been
examined for identification of functional groups by using FTIR measurements range from 400 —
4000 cm-*. The optical studies recorded by UV-visible Spectro-photometer from 100 to 900 nm.
The structure and Surface morphology of the particles also have been examined using (HR-SEM)
HR-field emission scanning electron operated at 10kV. The synthesized nanoparticles have been
examined with Energy-Dispersive X-ray Spectrometer (EDAX) to identify elemental composition
analysis.

4. Results and discussion of Zn-O NPs.

4.1.X-ray diffraction (XRD) analysis

Fig.2. indicates the XRD analysis of Zn-O NPs.XRD analysis clearly shows the crystalline
nature and well-defined sharp diffraction peaks corresponding to planes of (100), (002), (101),
(102), (110), (103), (200),(112),(201), (004) and (202) were observed. XRD peaks clearly show
wurtzite - hexagonal structure matched with card No.36-14510f JCPDS data. [22-29].
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Fig. 2. XRDanalysis ofsynthesized Zn-O nanoparticles.

De-bye-Scherer formula was used to calculate the average crystallite size of Zn-O NPs.

D = 0.94(K)*1.54(A)/p COS 6

where D — average crystallite size
K — Scherer’s constant (0.94)
A — Wavelength (1.54)
B — FWHM
0 — Bragg angle

The average crystallite size was calculated as 71 — 87 nm for synthesized Zn-O NPs
depending on the crystal growth condition.
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4.2. Fourier transform infrared (FTIR)-analysis

The chemical bonding and constituting elements in the samples can be analyzed by using
FTIR spectrum. Fig. 3 shows FTIR spectrum of Zn-O NPs was observed from 400 - 4000 cm™.
The peak observed at 686 cm™ corresponds to Zn-O vibration of stretching[22].The broad peaks
observed around 3609 cm *for stretching vibration of water molecule.The peak observed around
1693 cm*for bending vibrations of water molecule The peak observed at 2926 cm™* corresponds to
C-H symmetric stretching vibration modes[25-28].The peak observed at 2308 cm* O =C = O
symmetric stretching vibration mode [60]. The peak observed at 1514 cm™ for antisymmetric
vibration of mode of (COO") [29].
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Fig. 3. FTIR analysis ofsynthesized Zn-O nanoparticles.

4.3. SEMAnalysis
The Surface morphology of Zn-O NPs was exhibited in Fig 4. From the SEM image
hexagonal crystal shape was observed for Zn-O NPs.
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Fig. 4. Surface morphology ofZn-O NPs.
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4.4. EDAX Analysis

Fig. 5.indicates the composition of element present inZn-O NPs was measured by using
EDAX spectrum. From this spectrum, the elements of Zn, O, and C present in the samples. The C
peaks correspond to their origin in copper grid. EDAX spectrum shows no impurities present in
Zn-O samples.Weight percentage of the element was also confirmed by EDAX spectrum and
presented in Table 1.
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Fig. 5. EDAX analysis ofsynthesized Zn-O nanoparticles.

Table 1. Weight percentage of synthesized Zn-O nanoparticles from EDAX spectrum.

Element Weight %
Zn 55.98
) 22.88
C 21.13
Total 100

4.5. Ultra violet -visible(UV-VIS)Analysis

The ultra violet -visible absorption peak of synthesized Zn-O NPs was exhibited in Fig 6.
Generally, the position of absorbance value is depending on the size of the nanoparticles, oxygen
deficiency, grain structure, band gap etc. The absorption peak of the Zn-O nanoparticles appeared
at 321 nm clearly observed®*.
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Fig. 6. Ultra violet -visible analysisofZn-O NPs.

5. Conclusion

Zn-O NPs are synthesizedin alkaline medium byusing sol-gel method. XRD analysis
reveals structure of hexagonal wurtzite-type with calculated average crystallite size in range of 71-
87 nanometer. FTIR analysis reveals absorption peak around 686 cm™* corresponds to Zn-O
stretching vibration is observed.SEM observations reveal the hexagonal shape crystal structure for
Zn-O NPs. Purity of Zn-O NPs was confirmed by EDAX analysis. Zn-O absorption peak appeared
at 321 nm clearly observed in the UV-Visible spectral analysis.
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