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Abstract: In this study, evaluation of antibacterial activity of zinc oxide (ZnO) nanoparticles treated with
gamma radiations of different dosages on Kliebsiella pneumonia (K pneumonia) and Pseudomonas aeruginosa
(P aeruginosa) bacteria has been carried out. The ZnO nanoparticles have been synthesized by solution
combustion method, and these synthesized samples were irradiated with gamma radiation of different dosages
from 0 to 200 kGy. All the samples were characterized using Powder X-ray Diffractometer (Powder XRD),
Fourier Transform Infrared Spectrometer (FTIR), Ultraviolet-Visible Spectrophotometer (UV-Vis), and Field
Emission Scanning Electron Microscopy (FESEM). The antibacterial activity of gamma irradiated samples was
studied against gram negative bacteria K pneumonia and P aeruginosa. The gamma irradiated ZnO
nanoparticles show significant variation in the inhibition of cell growth and eventually cell death of the gram
negative bacteria. The study shows remarkable antibacterial activity and the lethal effect of gamma irradiated
ZnO nanoparticles against K pneumonia and P aeruginosa.
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. Introduction

Transition metal oxides have a wide range of applications as catalysts, sensors, superconductors,
antimicrobial agents, etc. Among transition metal oxides, zinc oxide (ZnQO) nanoparticles are of special interest
because of its large exciton binding energy of 60 meV with a direct band gap of 3.37 eV [1-3]. It has been
widely used in gas sensors, transparent conductors, piezoelectric application, and as antimicrobial agents. Nano-
crystalline powders, due to their average particle size of less than 100 nm may show different behaviours
resulting from higher surface energy due to the large surface area and the wide gap between the valence band
and the conduction band [4]. These phenomena may increase the potential use of the material including its
optical, chemical, and electromagnetic properties [5, 6].

Researchers have extensively studied the role of noble metals such as gold and silver nanoparticles as
antimicrobial agents [7-9]. Recently, the antimicrobial activity of nano-sized ZnO particles has attracted
attention [10, 11], since the small size (less than 100 nm) and high surface to volume ratio of the nanoparticles
allow for better interaction with bacteria [10, 12]. Recent studies have shown that these nanoparticles have
selective toxicity to bacteria and exhibit minimal effects on human cells [13, 14]. Since, most of the ZnO
nanoparticles are produced synthetically; it has certain advantages, compared to silver nanoparticles, such as
lower cost and white appearance [13].

lonizing radiations have been reported to modify surface structure, texture, electric, and magnetic
properties of a wide variety of solids [15, 16]. Extensive studies have been carried out by researcher on the
antimicrobial activity of ZnO [17], but studies on the antimicrobial activity of ZnO nanomaterials subjected to
gamma irradiation are sparse. In the present study, solution combustion technique has been employed to
synthesize ZnO nanoparticles. The synthesized ZnO nanoparticles were treated with gamma radiation with
doses ranging from 0 to 200 kGy, and antibacterial studies were carried out using gram negative Klebsiella
pneumonia (K pneumonia) and Pseudomonas aeruginosa (P aeruginosa) bacterial cultures.

Il.  Materials and Methods

1.1 Preparation of ZnO nanoparticles

Zinc nitrate hexahydrate [Zn(NO3),.6H,0] (Himedia, Mumbai, India) as an oxidizing agent and glycine
(Merck, Mumbai, India) as fuel were used for synthesizing ZnO nanoparticles. All the chemical reagents used in
synthesizing the ZnO nanoparticles were used directly without any further purification. MilliQ water was used
as a solvent throughout the experiment.

The molar ratio of oxidant-to-fuel was fixed to 1:1, and the aqueous solution taken in a borosilicate
glass container was heated to 400° C in a muffle furnace. The solution is boiled to form the foams, and
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undergoes flameless combustion to produce ZnO nanoparticles in powdered form. This method is based on the
principle that once a reaction is initiated by heating, an exothermic reaction occurs that becomes self-sustaining
within a certain time interval, resulting in a powder form as the final product.

1.2 Gamma irradiation

The gamma irradiation process was carried out using the Gamma Irradiator (GC5000, BRIT, India)
which has cobalt-60 (*°Co) as a radioactive source and delivered a dose rate of about 7.23 kGy/hr at the time of
irradiation. The synthesized ZnO powder samples was divided into four replicates and sealed in plastic tubes.
The samples were irradiated for different doses of gamma radiation from 0 to 200 kGy (Table 1). Irradiation of
the samples was conducted at room temperature and in the presence of air.

1.3 Antibacterial study of ZnO nanoparticles

Two species of gram negative [Pseudomonas aeruginosa (NCIM 2200), Klebsiella pneumonia (NCIM
2957) procured from the National Chemical Laboratory, Pune, India] bacteria were used for the microbial
sensitivity assay studies.

The disk diffusion method was employed for the antibacterial assay studies. In vitro antibacterial
activity was studied by taking two hundred micro liters of overnight grown cultures of each organism and
dispensed in 20 ml of sterile nutrient broth and incubated for 4-5 hours at 37° C to standardize the culture to 10°
CFU/ml. For this, 0.1 ml (10° CFU /ml) of 24 hr old bacterial culture was placed on the Muller Hinton agar
medium and spread throughout the plate by spread plate technique [18].

Each set of the synthesized ZnO nanoparticles was dispersed (30 pg/L) in dimethyl sulfoxide (DMSOQO)
using ultra-sonicator for 5 min and loaded on to sterile discs (250ug concentration, 6 mm diameter) purchased
from HIMEDIA laboratories, individually and aseptically before screening for antibacterial activity. The
antibacterial activity was recorded by measuring the diameter zone of inhibition. Streptomycin and DMSO were
used as positive and negative controls against the bacterial strains, respectively.

1.4 Characterization of ZnO nanoparticles

The crystallite size and structural information were recorded by powder X-ray diffraction (Rigaku
Miniflex) using Cu Ko radiation (1.5406 A°). The intensity data was collected for all the samples over a 20
range of 25-80° with a scan speed of 3° per min. The average grain size of the samples was estimated with the
help of Scherrer equation (1) using the diffraction intensity of (101) peak.

_ 0892
- B cosO

Where, X is the wavelength (Cu Ka), B is the full width at the half- maximum (FWHM) of the ZnO
(101) peak, and 0 is the diffraction angle.
The lattice strain (g,) has been calculated using tangent formula (equation 2).

The optical absorption spectrum was taken using the UV-Vis spectrophotometer (Shimadzu, UV-1800)
in aqueous condition within the wavelength range of 250 to 600 nm. The energy band gap (Eg) values of the
samples were calculated using the equation 3.

Where, h is the planks constant, ¢ is the speed of light and A, is the wavelength corresponding to
maximum wavelength.

The elemental constituents of the material and various functional groups present in the material were
analyzed using FTIR (Prestige 21, Shimadzu, Japan) in the wavelength range of 400-4000 cm™.

The surface morphology of all the samples was studied using the Field Emission Scanning Electron
Microscopy (ULTRA 55 FESEM, Karl Zeiss) at 1 pum range with uniform magnification.

I1l.  Results and Discussion
The powder XRD pattern of the samples is shown in Fig. 1. All the peaks match with the ZnO
hexagonal wurtzite structure of JCPDS standards. There are no other characteristic impurity peaks present. This
confirms that the products obtained are in the pure phase. The crystallite size for irradiated and un-irradiated
samples were calculated using equation 1 ranges from 13 to 16 nm. The lattice strain (g,,) has been calculated
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using equation 2, which shows significant increase in the lattice strain associated with the reduction of crystallite
size of ZnO. The spectra presented in Fig. 1 shows no structural variation among the irradiated and un-irradiated
samples. A detailed analysis of the XRD is presented in Table 1.
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Figure 1: Powder XRD pattern of un-irradiated and irradiated ZnO synthesized by solution combustion
technique

Table 1: Variation in the crystallite size, lattice strain, and energy band gap of ZnO nanoparticles irradiated

from 0 to 200 kGy
Sample Crystallite size ‘d’ Lattice strain Wavelength corresponds to Energy band gap (Eg) in
innm ‘€a’ maximum absorption (Ar) in NM eV
Un-irradiated 16 0.4928 369 3.3668
50 kGy 145 0.4619 363 3.4225
100 kGy 135 0.4515 360 3.4510
200 kGy 12.9 0.4264 358 3.4703

The UV-Vis absorption spectrum of ZnO nanoparticles are shown in Fig. 2. All the samples exhibits
strong absorption peaks at about 358 to 369 nm. From the optical absorption spectra (Fig. 2) it is clear that the
absorption edge of gamma irradiated samples symmetrically shifts towards the lower wavelength or higher
energy region with respect to un-irradiated sample. The energy band gap (Eg) of all the samples were calculated
using equation 3 and tabulated in Table 1. The appearance of sharp excitonic peak indicates the high crystalline
quality of the grown nanostructures.
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Figure 2: UV-Vis spectroscopic analysis of un-irradiated and irradiated ZnO nanoparticles

Fig. 3 shows the FTIR spectra of the ZnO nanoparticles irradiated for gamma irradiation dose from 0 to
200 kGy. The peak observed at ~3470 and ~1030 cm™ may be due to O-H stretching and deforming, probably
due to atmospheric moisture [19]. The strong absorption peak at ~470 cm™ represents the Zn-O stretching
frequency [20, 21].
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Figure 3: FTIR analysis showing the functional groups involved in the prepared samples.

Fig. 4 shows the SEM images of nanocrystalline ZnO. The SEM image of the pure ZnO powder
exhibits high porosity, which is attributed to the release of gaseous products like H,0, CO,, and N, during the
combustion process [22, 23]. The SEM images show a progressive increase in porosity with increase of gamma
radiation dose. The maximum increase corresponds to maximum dose 200 kGy as can be seen from image 4 (d).
The increase in porosity was noticed in the irradiated samples in comparison to the un-irradiated samples.
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Figure 4: Comparison of SEM images of Zno nanopartlcles irradiated W|thd|fferent dosages (a) Un-
irradiated, (b) 50 kGy, (c) 100 kGy, and (d) 200 kGy

The antibacterial activity of ZnO nanoparticles was assessed by agar disk diffusion method in order to
investigate the efficacy of the gamma irradiation on the gram negative bacteria namely, K pneumonia and P
aeruginosa. It has been observed from Fig. 5 and Table 2 that the zone of inhibition increased significantly from
8.5 mm to 16.5 mm and 10 mm to 18 mm in the case of K pneumonia and P aeruginosa, respectively with the
increase of the gamma radiation dose. In both cases, gamma irradiation has led to the enhancement of the
inhibition zone, from 50 kGy to 200 kGy. DMSO, which was used as a negative control did not show any
activity, whereas the positive control, streptomycin showed maximum activity against both bacteria. Fig. 6
shows the succeeding increase in the antibacterial activity with increase in gamma irradiation dose.
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Figure 5: Graph showing increase in inhibition zone with respect to gamma irradiation dose for K pneumonia
and P aeruginosa

Table 2: Antibacterial assessment of K pneumonia and P aeruginosa by disk diffusion method

Mean value of inhibition zone in mm
Sample Klebsiella pneumonia Pseudomonas aeruginosa
Un-irradiated 85+0.7 10+0
50 kGy 95+0.7 10.5+0.7
100 kGy 12+141 145+0.7
200 kGy 16.5+0.7 18+1.41
Klebsiella pnevumonia Pseudomonas aeruginosa

100kGy

Fiu re 6: Antibacterial activity images of gamma irradiated ZnO nanoparticles against
K pneumonia and P aeruginosa

IV.  Conclusion

The structural, optical, functional groups and morphology of gamma irradiated ZnO nanoparticles
synthesized by the solution combustion method has been investigated. The antibacterial activity of gamma
irradiated ZnO nanoparticles against gram negative bacterium, K pneumonia and P aeruginosa are reported. The
XRD results showed that ZnO nanoparticles were composed of hexagonal wurtzite structure with very good
crystallinity, which has not been altered by the gamma irradiation treatment. The average particle size (d)
decreased with increase in gamma irradiation dose. The FTIR studies confirm the characteristic peaks at ~470
cm* for Zn-O stretching and also the absence of any major impurities in the samples. Uv-vis analysis shows
substantial increase in the energy band gap (Eg) with respect to gamma irradiation dose. SEM images confirm
the porous nature of all the samples which tend to increase with the increase of gamma radiation dose. The
current work indicates that gamma irradiation has led to increase in the surface area which in turn has resulted in
the increase in the antibacterial activity of P aeruginosa and K pneumonia bacterial culture, and the antibacterial
activity was closely related to the surface area of the ZnO nanoparticles [24].
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