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Field Emission Scanning Electron Microscope (FE-SEM) confirms the

_ _ presence of flower-like structure. Energy Dispersive X-ray (EDAX)
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641014 result confirms the presence of zinc, oxygen and Mg atoms and proves

that the dopant Mg has successfully incorporated into the ZnO matrix.

From the UV-Vis absorption spectra, the band gap energy of the Mg doped ZnO
nanoparticles was calculated and found to increase with the increase in Mg concentration.
The antibacterial activity of the Mg doped ZnO samples on gram positive S. aureus and gram

negative E.coli bacterial strains was assayed by well diffusion method.
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1. INTRODUCTION

Nanobiotechnology is an emerging field, which has revolutionized each and every field of
science. Medical, pharmaceutical, agricultural and environmental sciences are some fields
where nanostructures have a wide application.[l] Zinc oxide, with its unique physical and
chemical properties, such as high chemical stability, high electrochemical coupling
coefficient, a broad range of radiation absorption and high photostability, is a multifunctional
material.[! A semiconductor nanoparticle such as ZnO, TiO, and SiO. has become the centre
of attention due to their unique optical, electronic, structural and catalytic properties.!
Among this, ZnO nanoparticles with a wide direct band gap (3.37eV) and a large excitonic
binding energy (60meV) have larger applications.”! It has a wide application in rubber
industry, pharmaceutical and cosmetic industry, textile industry, electronic and electro
technology and photocatalysis. Zinc oxide nanoparticles play a role in promoting seed
germination, seedling vigour and plant growth.® Zinc oxide nanoparticles showed
antibacterial activity against various organisms.’” The doping of ZnO nanoparticles showed
more antibacterial activity than the pure ZnO nanoparticles.’®! Doping of MgO to ZnO has a
wider band gap of 7.3eV.P! The antibacterial activities of Mg-doped ZnO nanoparticles
synthesized by a simple co-precipitation technique have been investigated against bacterial
strains. It has been interestingly observed that Mg-doping has enhanced the inhibitory activity
of ZnO against S. aureus more efficiently than the E. coli bacterial strain.*"! The antibacterial
activity of the nanoparticles was tested against E.coli (Gram-negative bacteria) cultures and
was found that both pure and doped ZnO nanosuspensions show good antibacterial
activity.!™ The earlier literature survey suggests that various gum exudates such as gum
olibanum, gum arabic, and gum kondagogu and gum karaya have been reported as reducing
and stabilizing agent for the synthesis of gold, silver and copper nanoparticles.***®

Azadirachta indica gum obtained from neem tree is a natural polysaccharide, is widely
utilized as emulsifier, thickener, and stabilizer due to its stability in a wide range of pH and
temperature and high viscosity. In the present study, we have reported the green synthesis of
Mg doped ZnO nanoparticles using Azadirachta indica gum as the stabilizing agent (bio
template). The synthesized nanoparticles were characterized using UV-Vis, FT-IR, XRD,
EDAX and FE-SEM techniques.
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2. MATERIALS AND METHODS

2.1. Materials

Zinc nitrate hexahydrate, magnesium nitrate hexahydrate, and sodium hydroxide were
purchased from Merck Chemicals with 99% purity. Azadirachta indica gum used in the
present work was collected locally from the barks of the neem tree and purified using double

distilled water.!*"®!

2.2. Green synthesis of Mg-doped ZnO nanoparticles

High purity Mg-doped ZnO nanoparticles were synthesized using a simple wet chemical
method. About 1 g of zinc nitrate was dissolved in 90 ml of double distilled water. After 10
minutes stirring, about 0.1 g of Al gum in 10 ml water was added. To this mixture,
stoichiometric quantities of magnesium nitrate solution calculated using the formula Zn;.
xMgxO (where x=0.0, 0.01, 0.03 and 0.05) was added. Then, about 100 ml of NaOH solution
was added dropwise with vigorous stirring for 3 hours. The white suspension obtained was
centrifuged and dried in hot air oven at 80°C. The white crystalline powder of Mg doped ZnO

was obtained.

2.3. Characterization techniques

The UV-Visible absorption spectra of undoped and Mg-doped ZnO nanoparticles were
recorded using JASCO Corp., V-570 spectrophotometer over a range of 200-800 nm. The
presence and interaction of chemical functional groups of the prepared nanoparticles were
analyzed using FT-IR spectrophotometer (Perkin Elmer) at the scanning range of 400-4000
cm™. The X-Ray powder diffraction patterns were recorded using an X-Ray diffractometer
(XRD, PW 3040/60 Philips) with Cu (ka) radiation (A=1.5406 A") operating at 40 kV and 30
mA with 20 ranging from 20°- 90°. The surface morphology of Mg-doped ZnO nanoparticles
was characterized by using FE-SEM. The antibacterial activity was also investigated using
well disc diffusion method. Two pathogenic bacterial strains namely E. coli and S. aureus

were used in this investigation.

2.4 Antibacterial assay

The antibacterial activity of the Mg doped ZnO samples on gram positive S. aureus and gram
negative E.coli bacterial strains was assayed by the well diffusion method. The effect of the
given sample can be assessed by the inhibition of mycelia growth of the bacteria and was
observed as a zone of inhibition near the wells. Muller Hinton agar was prepared and

sterilized. Log phase culture of the test specimens was swabbed over the agar surface using
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the sterile cotton swab and about 10 ul of the given samples were loaded onto the wells. The
plates were incubated at 37° C for 24 hours. The incubated plates were examined for the
interruption of growth sample. The zone of inhibition was calculated by measuring the
diameter of the inhibited growth around the substrate.

RESULTS AND DISCUSSION

3.1. UV-Visible absorption spectra

The UV-Vis absorption spectra of pure ZnO and Mg doped ZnO (Znoge7Mdo.030,
ZNo.95MQo.050, and Zng.93Mgo.070) synthesized using Al gum as the bio-template are given in
Figures 1 and 2.
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Figure 1: UV-Visible absorption spectra of undoped ZnO using Al gum as bio-template.

UV-Visible absorption spectroscopy is highly useful to investigate the effect of doping on
optical properties of nanoparticles. The absorption edge of undoped ZnO is 369 nm. The
addition of Mg as dopant shifts the absorption wavelength towards the lower side. The
absorption wavelength of Zng97Mgo.030, ZNo.95sM0o.050, and Zngg93sMgo07O nanoparticles are
355, 352, and 348 nm respectively. This indicates the stronger interaction between the dopant
and the ZnO nanoparticles. The intensity of absorption also increases with increase in the
concentration of dopant. Band gap energies of the synthesized nanoparticles were calculated
by the following relation!*”),

Eq= (1240/%) eV

A- Wavelength of nanoparticles
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Figure.2 UV-Visible absorption spectra of green synthesized Mg-doped ZnO using Al

gum as stabilizing agent.

The absorption wavelength and band gap energy of the undoped ZnO, Zngg7Mgoo30,

Zng 95sMgo 050 and Zno.93Mgo.070 nanoparticles are included in Table.1.

Table 1: Absorption wavelength and band gap energy of (a) ZnO, (b) Zn.97Mg.030, (C)
Zno.95|\/|go.o5o and (d) Zno_ggMgolmo.

S.No | Composition Wavelength | Band gap energy
(nm) eV
1 ZnO 369 3.36
2 Zno_g7Mgo_030 355 3.49
3 Zno.95Mdo.050 352 3.52
4 Zno_ggMgo_mO 348 3.56

The band gap energies of the synthesized nanoparticles are found be 3.36, 3.49, 3.46 3.52 and
3.56 for undoped ZnO, Zng 97M(0.030, ZNo.9sMQo.050 and Zng 93Mgo.070, respectively [19].

3.2. FT-IR Spectral analysis

The chemical functional groups present in undoped ZnO and Mg doped ZnO nanoparticles
were confirmed by FT-IR analysis. Fig.3 exhibits a comparison between the FT-IR spectra of
the undoped ZnO and the prepared Mg doped ZnO samples using Al gum as bio-template. In
all the samples, O—Hstretching appears as a broad band between 3600 and 3200 cm™.1*% The
existence of these bands indicated the existence of absorbed water on the surface of the
prepared Zng97Mgo.030, ZNp.osMgoosO and Znge3Mgoo;O nanoparticles. The C-H stretching
appears at 2921-2934 cm™ in all the samples. The strong band at 1589 cm™ of pure ZnO is
attributed to the C=0 stretching of polysaccharides in Al gum. This is shifted towards higher
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frequency 1627cm™ side by the addition of Mg dopant. This higher wavenumber shift is due
to the slight change in the conformation of the bio-template by the incorporation of Mg as the

dopant.
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Figure 3: FT-IR Spectra of undoped ZnO and biosynthesized Mg-doped ZnO using Al

gum as stabilizing agent.

The peak appears at 1381 cm™ in all the samples is due to C-N stretching vibration and the
strong peaks at 1018, 1056, 1064 and 1064 cmin Zno, ZNo.97MQ0.030, ZNnp.9sMgo.0sO and
Zng 93Mgo 07O nanoparticles indicates the presence of amine groups in Al gum. The presence
of peaks at 524,439, 470 and 490 cm™ was the characteristic peaks of Zn-O stretching
vibration.”! The Zn-O peak appears at 524 cm™in undoped ZnO shifts to lower frequency
side (524,439, 470 and 490 cm™) in Mg doped ZnO due to some structural changes by doping
with Mg.

3.3. XRD Analysis

The XRD patterns of the biosynthesized Zn;4MgxO (x= 0.00, 0.03, 0.05 & 0.07)
nanoparticles in the 20 range 20° 90° are shown in Fig-3. All the XRD patterns show strong
and more intense diffraction peaks, which are located at the angle of 31.61°, 34.28° and 36.1°
which confirm the hexagonal wurtzite structure of Mg-doped ZnO nanoparticles. The

observed values are well matched with the standard values JCPDS Card no: 36-1451.
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The XRD pattern of Mg-doped ZnO clearly showed that there is a significant shift of
diffraction peaks towards the lower angle side, indicating the expansion of a unit cell.?*?*
The shift confirms the replacement of Mg®* into the ZnO matrix in the Zn®* site. This shift is
due to the ionic radius of Mg®* (0.66A°) is smaller compared to that of Zn?* (0.74A°). The
intensity of all the diffraction peaks decreases as the doping concentration of Mg increases
with peak broadening and there is no additional peak of MgO was observed. This indicates

that the presence of Mg concentration in impurity level.
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Figure 4: XRD patterns of undoped ZnO and biosynthesized Mg-doped ZnO using Al

gum as stabilizing agent.

The average crystallite size of all the prepared undoped and Mg doped ZnO samples are

calculated with (101) peak using the Scherer’s formulal®¥,

_ 094
- Becos@

The strain (¢) is calculated using the relation.

e =pcost /4

The dislocation density (8) defined as the length of dislocation lines per unit volume of the

crystal and can be evaluated using the formula.

1
8:_
D2
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For hexagonal symmetry, the lattice parameters ‘a’ and ‘c’ can be determined using the
following expression.
1 4 h?+hk+k* 17

daz” 3 a? c2

The crystallite size, dislocation density and lattice strain and lattice constants ‘a’, ‘c’ of the
prepared Mg doped and undoped ZnO samples have been calculated and are given in Table
.2. The values are in good agreement with the standard JCPDS values (JCPDS card number
36-1451). The strain and dislocation density of the prepared nanoparticles are found to

increase with the increase in the doping concentration of Mg.

Table 2: Structural parameters of undoped and Mg doped ZnO nanoparticles

synthesized by chemical and green method using Al gum as the stabilizing agent.

S.No | Sample code _Crystallite La_ttice Dislo_cation Lattice (;:]arrr];;lmeters
' size (D) (nm) | Strain (%) | density (d) a c
1 Zn0O 15 0.2310 4.4421 3.276 5.245
2 ZNo.97M0.030 13 0.2658 5.880 3.2978 5.2779
3 ZNo.95sMo.0s0 11 0.2714 6.132 3.2968 5.2764
4 Zn0.93Mgo.070 11 0.2779 6.42 3.2835 5.2584

3.4. Energy dispersive X- rays analysis

The elemental content in the synthesized sample has been determined with the help of energy
dispersive X- ray analysis. The chemical composition of Mg doped ZnO synthesized using Al
gum as bio-template has been identified using energy dispersive X- ray analysis and the
EDAX pattern (figure 5A, 5B, and 5C). The EDS analysis exhibited clear peaks of only Zn,
Mg and O elements, whereas no additional peaks were detected, which means there are no

impurities. The percentage of Zn, Mg and O elements present are given in Table.3

Table 3: Elemental composition of Mg doped ZnO nanoparticles.

Zn Mg Oxygen

S.No | Sample code (@t %) | (at %) (at %)
1 Zno_97Mgo_030 38.63 1.21 60.16
2 Zn0.95|\/|golo5o 36.06 1.87 62.06
3 Zno_ggMgo_mO 48.06 2.12 49.82
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Figure.5A, 5B, and 5C EDAX spectra of Mg doped ZnO nanoparticles.

3.5. FE-SEM analysis
Fig.6 shows the Field Emission Scanning Electron Microscope (FE-SEM) image of Mg

doped ZnO nanoparticles. Flower like structure were found for all the three Mg ZnO

nanoparticles and also it is found that particles was closely packed while increasing the

concentration of Mg. FE-SEM image clearly shows that Mg doped ZnO nanoparticles show

uniform spherical shape with nearly flower shape structure.
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Figure 6: Field Emission SEM images of Mg-ZnO nanoparticles (a) Zngg7 Mgoos O
(b)zno.g5 Mg0.05 and (C) Zno.gg Mgo.o7 O.

3.6. Antibacterial assay

The special features of nanoparticles are the larger surface to volume ratio renders greater
surface area of contact with the bacterial pathogens and enhanced its reactivity. The smaller
size of the Mg doped ZnO nanoparticles facilitates easy entry into the microbial cell

membrane and inside the cell, it generates hydrogen peroxide which chemically reacts with.

Table 4: Zone of inhibition of Mg doped ZnO nanopatrticles.

S.No | Sample code Zone (_)f inhibition(mm)
E. coli S. aureus

1 Zn0.97|\/|golo3o 11 17

2 Zno_g5Mgo_o5o 14 20

3 ZnolggMgolmo 22 23

The bacterial strains and induces cell death. From table.4 the maximum zone of inhibition
was observed in Zngg3Mgo 07O of about 22 mm against E.coli and 23 mm against S.aureus.
The Zny9sMgo.0s0 exhibits the higher zone of inhibition of about 14 mm against E.coli and
20 mm against S.aureus. The least zone of inhibition was revealed in Zng97Mg.030 about 11

mm and 17 mm against E. coli and S. aureus respectively.
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Figure.7 Antibacterial activity of Mg-ZnO nanoparticles (a) Zngg7 Mgooz O (b)Zno.gs
Mgo_05 and (C) Zno_g3 Mgo_o7 @)

CONCLUSION

The zinc oxide nanoparticles with different Mg concentration Zngg7 Mgoo3 O, ZNng.9s Mdo.0s
and Zng 93 Mgo o7 O were green synthesized by the wet chemical method using Al gum as the
stabilizing agent (bio-template). The nanocrystalline hexagonal structure was revealed by
XRD with a preferred hexagonal wurzite structure and the lattice constants ‘a’ and ‘c’ values
were also calculated and well matched with JCPDS Card no 36-1451. The elemental
composition of the synthesized nanoparticles was determined by EDAX which confirmed the
presence of elements Zn, Mg and O. The band gap energy of the Mg doped ZnO
nanoparticles were found to increase with the increase in Mg concentration. The FE-SEM
shows uniformity in particle size with nearly flower shape morphology. The antibacterial
activity results proved the as-green synthesized Mg doped ZnO nanoparticles can be used as a

safe antimicrobial agent and also used as a photo catalyst in various applications.
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