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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• This article reported the synthesis of 
pure and Na doped zinc oxide nano 
powders (Zn1-xNaxO) through co- 
precipitation process. 

• Hexagonal wurtzite Zn1-xNaxO nano 
powders with high crystallinity and 
stability were confirmed by XRD. 

• The factors such as particle size and 
surface morphology were controlled 
with varying Na concentrations. 

• The absorption peaks of as-synthesized 
Zn0.99Na0.01O samples are recorded at 
196, 284 and 365 nm, respectively. 

• The as-prepared Zn1-xNaxO nano pow
ders were proved to be excellent anti
bacterial and antifungal agents.  
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A B S T R A C T   

Zinc oxide (ZnO) is one of the semiconductor materials with unique antimicrobial properties towards various 
microorganisms. In this article, pure and Na doped ZnO nanopowders were synthesized by easiest and cost- 
effective co-precipitation process. X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), ul
traviolet – visible (UV – Vis) spectroscopy, scanning electron microscopy (SEM), and Energy dispersive X-ray 
analysis (EDAX) techniques were used to characterize the particle size, surface morphology and chemical 
composition of prepared materials. The XRD analysis revealed that the samples exhibiting hexagonal wurtzite 
crystal structure with high crystallinity and the average crystallite size values increased from 23.51 to 28.118 
nm. The UV – Vis spectroscopy results exposed that the bandgap energy (Eg) of the samples with the values in the 
range of 3.068–3.301 eV. The SEM micrographs showed that the morphology of the of synthesized particles are 
hexagonal and spherical in nanometric size. The EDX spectra confirmed the elemental composition of Na, Zn and 
O in the crystal lattice and FTIR spectroscopic data proved the formation of functional groups and the presence of 
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chemical bonding at the ZnO interface. Antibacterial activity of pure and Na doped Zinc oxide nanoparticles 
against Gram-negative pathogens such as Escherichia coli, Pseudomonas aeruginosa & Klebsiella pneumoniae 
and Gram-positive pathogens such as Staphylococcus aureus reveal that the zone of inhibition increases with 
increasing Na concentration. The antifungal activity against Aspergillus and Candida was investigated. These 
results demonstrated that the pure and Na doped ZnO samples exhibit enhanced antibacterial and antifungal 
activity with increasing particle size in presence of visible light and they could be used as good antibacterial as 
well as antifungal agents.   

1. Introduction 

Semiconductor nanomaterials with large band gap have drawn much 
interest to the researchers in the field of electronics, optics, optoelec
tronics and photovoltaic cells. Amongst the various semiconductor 
nanoparticles discussed so far, Zinc Oxide is a II-VI group compound 
direct band gap semiconductor with Eg of 3.37 eV and has an exciton 
binding energy of 60 meV both at room temperature and crystallizes into 
hexagonal wurtzite structure. It has the ability to grow single crystals as 
well as high piezoelectricity and exhibit excellent photonic and elec
trochemical properties [1–3]. Due to these aspects of ZnO, it has been 
considered to be an important material for various applications ranging 
from optical sensors, UV laser diodes and nanotechnology-based devices 
such as plasma displays. Also, nano-powdered ZnO semiconductors have 
received broad attention because of its applications in the field of 
electrostatic dissipative coatings, transparent ulta-violet protection 
films, sensors, spintronic machinery, luminescence, optoelectronics, 
photocatalysis, varistors, laser technology, imaging, energy conversion, 
and communications to biotechnology etc. It is a unique material and 
has a diverse form of growth morphologies, such as nano-rods, nano- 
bars, nano-rings, nano-springs, stone shaped like nano-structures, nano- 
belts, nano-wires and nano-cages [4,5]. 

In recent times, much attention has been given on the synthesis 
process to produce pure and doped ZnO nanomaterials. ZnO is visible 
light transparent material and can be improved its conductivity by 
doping as the dopants have strong influence on the properties of ZnO 
such as the electrical, optical and optoelectronic properties. In addition, 
the average crystalline size (D), band gap (Eg) and optical properties of 
ZnO are improved by introducing dopants into Zinc Oxide matrix. The 
ZnO doped with various metals (Al, Co, Cd, Eu, Cu, Ni, Ag, Co) show 
improved properties, since these metals have ionic radius almost 
matches well with Zn2+ (0.74 Å) [6]. Over the last few years, many 
researchers reported the incorporation of second element into ZnO 
matrix leads to modify physical and chemical properties. Few of them 
reported are ZnO:Na [4], ZnO:Ga [5], ZnO:Al [6,7], ZnO:Cd [8], ZnO:Co 
[9], ZnO:Cr [10], ZnO:Cu [11], ZnO:Eu [12], ZnO:Fe [13], ZnO:In [14], 
ZnO:Li [15], ZnO:Mn, Fe [16], ZnO:Ni, Al [17], etc. Here, to obtain 
stable p-type ZnO semiconductor nanopowders, Column-IA (Li, Na, K) 
and Column-V (P, As, Sb) elements are needed to dope, since these el
ements acts as deep acceptors or interstitial donors that contribute p- 
type conductivity [3,18]. In the last few decades, a group of methods 
have been successfully used for the synthesis of pure and doped Zinc 
Oxide NPs, such as sol - gel, co-precipitation, solid state reaction 
method, thermal diffusion method and mild and simple solution 
method. 

During the past few years, many researchers have published their 
findings on antimicrobial activities of pure and doped zinc oxide 
nanomaterials and showing that these nanostructures are acted as 
powerful antibacterial and antifungal agents. According to our litera
ture, the antimicrobial activities of the Na doped ZnO (Zn1-xNaxO) to
wards various filamentous bacteria and fungi have been rarely reported. 
Four bacterial strains, Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumoniae and Staphylococcus aureus as well as two fungal 
pathogens, Aspergillus and Candida were used against pure and Na doped 
ZnO samples. However, to best of our knowledge, there is no study re
ported in the literature particularly for these selected bacterial and 

fungal strains. In the present paper, the research study demonstrates 
about synthesis of pure and Na doped ZnO nanoparticles by the simple, 
low cost and energy consumption effective co-precipitation method. We 
also studied the structural, morphological, optical, antibacterial, and 
antifungal properties of pure and Na doped ZnO samples [19,20]. 

2. Experimental 

2.1. Chemicals used 

Zinc acetate dihydrate [Zn(CH3COO)2⋅2H2O, SRL chem. 99.5%] was 
used as the starting material for ZnO. Sodium nitrate [NaNO3, Merck 
Ltd., 99.0%] was used as the source compound for doping with sodium. 
Sodium hydroxide pellets GR [NaOH, Loba Chemie, 98.0%] was used as 
an agent. All precursors are used without any further purification as they 
received. 

2.2. Synthesis of the samples 

ZnO nanostructures were successfully synthesized in an aqueous 
medium by taking zinc acetate dihydrate [Zn(CH3COO)2⋅2H2O] and 
sodium hydroxide [NaOH] in a stoichiometric ratio according to the 
following chemical reactions (1), (2) and the formed sodium salt 
CH3COONa has been removed by deionized water [21]: 

Zn(CH3COO)2.2H2O+NaOH→Zn(CH3COO)(OH)+CH3COONa(↓) (1)  

Zn(CH3COO) (OH)+NaOH→ZnO+CH3COONa(↓) +H2O (2) 

The washing process was repeated until the pH of the solution was 7. 
For the synthesis of pure and sodium doped ZnO nano powders, Zinc 
acetate dihydrate [Zn(CH3COO)2⋅2H2O], sodium nitrate [NaNO3] and 
sodium hydroxide [NaOH] were used as precursors. During the synthesis 
of pure and sodium doped ZnO nanoparticles the main parameters such 
as, particle size, morphology, chemical composition and crystalline 
structure must be controlled [22]. Sodium doped zinc oxide nano
structures have been prepared by co-precipitation process and the syn
thesis procedure was shown in the Fig. 1. In this synthesis process, 21.95 
g of Zn(CH3COO)2⋅2H2O was dissolved in 100 ml of distilled water in a 
glass beaker and stirred for 30 min using magnetic stirrer. After stirring 
at room temperature, an appropriate amount of sodium nitrate (NaNO3) 
solution was prepared and added it to Zn(CH3COO)2⋅2H2O solution. 
Subsequently, 8 g of NaOH solution was prepared by using 100 ml of 
deionized water in a separate glass beaker and stirred it for 10 min. Now, 
this NaOH solution was slowly added drop by drop to the Zn 
(CH3COO)2⋅2H2O and NaNO3 mixture solution under stirring condition. 
The suspension formed with the dropping of NaOH alkaline aqueous 
solution to the Zn(CH3COO)2⋅2H2O and NaNO3 mixture solution and it 
was magnetic stirred for two hours at the room temperature. Now, the 
liquid white gel was formed under normal air condition, and it was 
vacuum filtered using membrane filtration assembly. The solid white gel 
was formed after vacuum filtration; it was heated in oven at 95 ◦C for 5 h 
to get Na-doped ZnO as white nano powders. Different masses of Sodium 
nitrate were mixed with the mixture of Zinc acetate and NaOH to vary 
the doping percentage (Na/Na + Zn). 
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2.3. Instrumentation 

Zn1-xNaxO nanopowder samples were characterized by the powder 
XRD patterns recorded using a Bruker-D8 advance powder x-ray 
diffractometer with CuKα radiation and a graphite monochromator in 
the angle (2θ) range of 30–80◦. UV–Visible optical absorption studies for 
the optical transmission and absorption measurements were carried out 
for pure and Na doped ZnO nanopowders by Shimadzu UV-1601 spec
trometer in the wavelength range of 200–800 cm. Fourier transform 
infrared spectroscopy was performed to identify the functional groups, 
which in turn determines the molecular structure of the synthesized 
nanopowders recorded using Varian-660 FTIR spectrometer in the wave 
number range of 400–4000 cm− 1. Scanning Electron Microscope with 
High-resolution provides detailed surface data of powder samples, 
which includes morphological structures, topographical structures and 
compositional information. For the purpose of these measurements, the 
powers were ultrasonically dispersed in alcohol and the suspension was 
deposited on the sample holder. Energy dispersive X-ray spectroscopy 
for elemental composition of the as-prepared samples was investigated 
by using EDX analysis. 

2.4. Antimicrobial activity test 

ZnO nanoparticles were reported as a superior antimicrobial agents 
and the performance was size and shape-dependent for many nano
particles, the smaller the size the higher the activity due to their higher 
specific surface area [23]. However, the ZnO NPs shows strong inhibited 
fungal and bacterial growth at higher doping concentrations of Na. In 
the current paper, we reported four types of bacterial cultures and two 
standard fungal pathogens for Zn1-xNaxO nanopowders with increased 
sodium dopant concentrations (x = 0, 0.01, 0.02, 0.04, 0.06, 0.08, and 
0.10) for their antibacterial activity and antifungal effect, respectively. 
The bactericidal assay on one strain of Gram-positive Staphylococcus 
aureus and, three strain of Gram-negative bacteria Pseudomonas aeru
ginosa, Escherichia coli and Klebsiella pneumoniae was performed. In 
addition, the antifungal activities of as-synthesized samples towards the 
economically important fungi, Aspergillus and Candida have been 

studied. 
The Kirby–Bauer disk diffusion method [24] was employed for 

evaluating antimicrobial activity. For screening antibacterial, antifungal 
activity nutrient agar medium and potato dextrose agar medium were 
prepared and sterilized by using autoclave at 121 ◦C and 15 lbs pressure 
for 15 to 20 min. The molten agar was poured into sterile Petri plates and 
allowed to solidify [25]. The 24 hrs old actively growing selected bac
terial and fungal cultures were spread on solid nutrient agar plates and 
on PDA plates. Concurrently, sterilized Whatman filter paper disks of 
around 6–8 mm size were coated with the graded concentrations of Na- 
doped ZnO nanoparticle solution and carefully placed on the culture. 
The plates containing bacterial culture were incubated at 37 ◦C for 24 
hrs and fungal cultures were incubated at 24 ◦C for 48 hrs. 

The antimicrobial activity of the as-synthesized Zn1-xNaxO nano
powders against all pathogenic microorganisms was studied in terms of 
zone of inhibition [26]. The zone of inhibition is the area appeared 
around pure and Na-doped ZnO samples coated in the disk at each 
respective concentrations where the growth of the microorganisms was 
arrested by the pure and Na-doped ZnO nanopowders. The measurement 
of the zone of inhibition was expressed in mm [27]. 

3. Results and discussion 

3.1. XRD analysis 

Fig. 2 shows the XRD patterns of as-synthesized pure and Na doped 
ZnO nanopowders. The XRD spectra of grown Zn1-xNaxO samples show 
the various diffraction peaks corresponding to (100), (002), (101), 
(102), (110), (103), (200), (112), (201), (004) and (202) planes 
[28]. It is clear from XRD spectra line broadening; the co-precipitation 
synthesized powders are in nano-scale [6]. All the diffraction patterns 
of Zn1-xNaxO confirmed the formation of hexagonal wurtzite structure of 
Zinc Oxide (JCPDS # 36-1451) [29]. No signal of extra diffraction peaks 
could be detected in this range of XRD corresponding to the sodium and 
its compounds due to its doping, leading to the formation of high purity 
single phase nanopowder samples. It is observed that Na ions are well 
doped into the hexagonal wurtzite ZnO matrix [30]. 

The average crystallite size (D) of Na doped ZnO nanostructures were 
calculated by using Debye-Scherrer’s formula 

Fig. 1. Flow chart of the co-precipitation synthesis process of sodium doped 
zinc oxide nanopowders. 

Fig. 2. X-ray diffraction pattern of Zn1-xNaxO nanopowders, for × is equals to 
(a) 0, (b) 0.01, (c) 0.02, (d) 0.04, (e) 0.06, (f) 0.08 and (g) 0.10. 
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D(nm) =
Kλ

βcosθ
(3) 

where K is the constant with value 0.94, λ represents wavelength of 
the X-ray of CuKα radiation (0.154 nm), β is the full width at half 
maximum (FWHM) of the diffraction peak and θ is the Bragg’s angle and 
D is the crystallite size in nm. From the line broadening of XRD (Fig. 3a), 
it clearly indicates that the mean crystallite size is increases from 23.51 
to 28.11 nm with increasing Na doping concentration. 

The dislocation density (δ) is defined as a measure of the amount of 
defects and vacancies in the crystal, which can be calculated from the 
average crystallite size (D) using the formula, 

δ =
1

D2 (4) 

and the micro strain (ε) of the samples induced was determined by 

ε =
βcosθ

4
(5) 

respectively [31]. 
The calculated dislocation density and lattice strain both decreases 

with an increase in Na+ ions doping concentration (Fig. 3b) due to the 
local distortion of lattice. The lattice cell volume (v) and bond length in 
Zn – O of Zn1-xNaxO is increased up to × = 0.04, then slightly decreases 
and is minimum for × = 0.06 (Fig. 3a & c). The atom at × = 0.04 could 
be trapped and shifted from the non-equilibrium to the more equilib
rium position thereby releasing the lattice strain. Also, there was a slight 
shift in the diffraction peak positions of the Zn1-xNaxO samples. These 
diffraction peak shifts change the lattice parameters a and c. 

Table 1 shows how both the lattice parameters a and c change as a 
function of Na doping concentration. The lattice constants a and c were 
found to be 3.250 and 5.207 Å for pure ZnO; and 3.255 and 5.214 Å for 
Zn0.90Na0.10O samples, respectively (Fig. 3d). This variation of the lat
tice constants (a and c) and the lattice cell volume (v) is due to the 

following two aspects: (i) the size variation of the ionic radii of Zn2+

(0.74 Å) and Na+(1.02 Å) and (ii) Increase in free carriers causes 
deformation of the conduction band potential [32,33]. 

The comparison of structural parameters such as Bragg’s angle (2θ), 
FWHM (β), crystallite size (D) and inter-planar distance (d) of Zn1-xNaxO 
(x = 0.00–0.10) for (101) diffraction peak were provided in Table 2 and 
it is observed that the inter planar spacing (d) was slightly varying with 
increasing Na concentration. 

The bond length L (Å) of Zn – O is given by [34]: 

L =

[(
a2

3

)

+

(
1
2
− u

)2

c2

]1/2

(6) 

Where a and b are lattice parameters and u denote the positional 
parameter, which measures the amount of displacement of each atom w. 
r.t. next atom along the c – axis in the wurtzite hexagonal structure and 
is given by: 

u =
a2

3c2 + 0.25 (7) 

The reported bond length L (Å) value of Zn – O in the undoped ZnO 
unit cell viewed in a direction parallel to Zn2+ and O2– atoms was given 
1.9767 Å [35]. It can be observed that the calculated L(Å) values of as- 
prepared nanopowders matches well with the reported value and its 
variation with Na doping concentration is shown in Fig. 3a. 

The Williamson and Hall graphs (W – H graphs) are plotted between 
4 sinθ on X – axis and βhkl cosθ on Y – axis for preferred peaks of 
diffraction of Zn1-xNaxO nanoparticles are shown in Fig. 4. In W-H 
methodology, the average crystallite size (Davg) and the micro strain (ε) 
of the pure and Na-doped ZnO samples are calculated from the y- 
intercept and slope of linear plot [36]. The structural parameters Davg 
and ε values evaluated from W – H method are 40.78 nm and 0.00139 
for pure ZnO; and 34.75 nm and 0.000825 for Zn0.96Na0.04O samples, 

Fig. 3. The calculated structural parameters variations of Zn1-xNaxO nanopowders with Na doping concentration (a) Average crystallite size and Bond length; (b) 
Dislocation density and Micro strain; (c) c/a ratio and Unit cell volume; and (d) Lattice constants (a and c). 
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respectively. 

3.2. The UV–Vis optical absorption spectra 

UV–Visible absorption spectra are formed by suspending the as- 
prepared samples in deionized water for a long period of time at room 
temperature. Various optical absorption peaks were observed due to 
large exciton binding energy (60 mV) [6]. The UV–Vis optical absorp
tion pattern of Zn1-xNaxO nanopowders in the wavelength the range of 
200 – 800 nm are showed in Fig. 5. The absorption peaks of 
Zn0.99Na0.01O samples were recorded at 196, 284 and 365 nm, respec
tively and it is evident that all Na-doped ZnO samples shows excellent 
optical absorbance below the wavelength of 390 nm while a very small 
absorbance was found in the visible region. From the spectra it is 
obvious that Na doped ZnO strongly absorb around 370 nm compared to 
pure ZnO due to presence of sodium content [8]. These absorption peaks 
are due to the electronic transitions from deep level of valence band to 
conduction band. Due to the difference in the particle size and shape of 
Zn1-xNaxO samples, the UV–Vis absorption peak pattern was slightly 
varying with an increase in Na+ doping content [28]. 

The optical direct band gap of Zn1-xNaxO samples is determined by 

Tauc’s formula, 

(αhυ)n
= B

(
hυ − − Eg

)
(7) 

where, B is a constant of the material, hν is the incident photon 
energy in eV, h is Planck’s constant, Eg is the optical energy bandgap in 
eV, n is an exponent and n = 2/3, 1/3, 2 and 1/2 for direct forbidden, 
indirect forbidden, direct allowed and indirect allowed transitions 
respectively, and α is the absorption coefficient (in cm− 1) [31]. 

Plots of (αhν)2 vs photon energy (hν) of pure and Na doped ZnO 
samples are illustrated in Fig. 6. The direct allowed band gap energy (Eg) 
for which n = 2 is measured by the extrapolation of the linear portions of 
the curves on the X-axis as shown in the Fig. 6. Bulk form of ZnO has a 
direct gap of 3.15 eV. It can be noticed that the band gap measured in 
nano sized form is higher than the value of bulk ZnO as in the nano scale, 

Table 1 
The average crystallite size, lattice constants (a and c) and unit cell volume of the Zn1-xNaxO (x = 0–0.10) nano powders.  

Na doping 
concentration (x) 

Average crystallite size 
Davg (nm) 

Lattice 
Parameters 

c / a 
ratio 

Average Unit cell 
volume (Å3) 

Dislocation 
density (δ) 

Micro strain 
(ε) 

Bond Length L (Å) 
of Zn-O 

a = b 
(Å) 

c (Å) 

x = 0  23.510  3.249  5.208  1.6028  47.643 1.919E-03 15.046E-04  1.977 
x = 0.01  26.131  3.252  5.210  1.6021  47.718 1.527E-03 13.452E-04  1.979 
x = 0.02  26.196  3.255  5.233  1.6076  48.038 1.560E-03 13.549E-04  1.983 
x = 0.04  26.275  3.260  5.225  1.6024  48.118 1.634E-03 13.833E-04  1.984 
x = 0.06  27.051  3.251  5.208  1.6021  47.669 1.573E-03 13.463E-04  1.978 
x = 0.08  27.280  3.253  5.211  1.6018  47.781 1.523E-03 13.267E-04  1.979 
x = 0.10  28.119  3.253  5.211  1.6020  47.761 1.342E-03 12.583E-04  1.979  

Table 2 
The Bragg’s angle (2θ), FWHM (β), crystallite size (D) and inter-planar distance 
(d) of Zn1-xNaxO (x = 0–0.10) for (101) diffraction peak.  

Na doping 
Concentration (x) 

Bragg’s 
angle (2θ) 
(Deg) 

FWHM 
β (Deg) 

D 
(nm) 

Inter planar 
distance (d) (Å) 

x = 0  36.251  0.323  25.807  2.476 
x = 0.01  36.218  0.301  27.694  2.478 
x = 0.02  36.163  0.303  27.535  2.481 
x = 0.04  36.075  0.275  30.348  2.487 
x = 0.06  36.242  0.247  33.732  2.476 
x = 0.08  36.192  0.251  33.271  2.479 
x = 0.10  36.203  0.260  32.133  2.479  

Fig. 4. W-H plots of Zn1-xNaxO nanopowders; (a) × = 0 and (b) × = 0.04.  
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Fig. 5. Optical absorption spectra of Zn1-xNaxO samples; (a) × = 0, (b) × =

0.01, (c) × = 0.02, (d) × = 0.04, (e) × = 0.06, (f) × = 0.08 and (g) × = 0.10. 
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the electronic levels become completely discrete in atoms and molecules 
of a semiconductor [37 –40]. 

Furthermore, the band gap energy (Eg) of the Na doped ZnO nano
powders increases up to × = 0.06 and reached maximum (3.289 eV), 
then slowdown and decreases as Na doping concentration increases as 
depicted in Fig. 7. This significant behaviour of Eg is due to the modi
fication of electronic structural of ZnO over Na sustitution. So, it is clear 

that the synthesized Zn1-xNaxO samples show the quantum-confinement 
effect. 

3.3. FTIR studies 

Fig. 8 represents the FTIR spectroscopic pattern of Zn1-xNaxO nano
powders, which showed various peaks at 3412, 2996, 2360, 1550, 1391, 

Fig. 6. Tauc plot of [αhν]2 versus photon energy (hν) to determine the band gap Eg of the as-prepared Zn1-xNaxO nanopowders; (a) × = 0, (b) × = 0.01, (c) × =

0.02, (d) × = 0.04, (e) × = 0.06, (f) × = 0.08 and (g) × = 0.10. 
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1018, 796, 633 and 425 cm− 1 for Zn0.90Na0.10O sample. The important 
functional groups such as ZnO, carboxylate (COO–) and hydroxyl (O–H) 
impurities can be seen. From the figure, the absorption band at 425 cm− 1 

is attributed to the Zn–O stretching vibration mode of phonons of the 
samples. The peaks around 633 cm− 1 attributed to the existence of Na in 
Zinc Oxide lattice [10]. The O–H stretching mode of vibration found 
around 3412 cm− 1, which is a confirmation of presence of hydroxyl 
groups and water molecule on the surface of ZnO nanoparticles. The 
small absorption peaks about 2360 and 2996 cm− 1 corresponds to C–H 
stretching vibration of alkane groups. C–O stretching modes of vibration 
corresponds to 1018 cm− 1 and the symmetric and asymmetric stretching 
mode of vibration bands due to C=O and carboxylate found at 1550 and 
1391 cm− 1, which is attributed to the Zinc Oxide nanopowders during 
co-precipitation synthesis [41]. This functional group appeared due to 
the non-uniform decomposition of the acetate group with mixed pre
cursor solution. The FTIR analysis indicates the successful formation of 
hexagonal wurtzite ZnO nanoparticles. Table 3 provided information 
about the peak positions, nature of the peak, and vibrational modes from 
FTIR spectroscopic data of molecules of Zn0.90Na0.10O. From the Fig. 8, 
the FT-IR data of synthesized Na doped ZnO samples are similar to that 
of the pure ZnO. The modes of vibrations are slightly changes due to 
mismatch between ionic radius of Na+ and Zn2+ which attributes the 
activation of defects and oxygen vacancies in the intrinsic host lattice of 
ZnO. So the red shift in the vibrational modes was caused by these 
activated impurities [42]. 

3.4. Scanning Electron microscopy (SEM) analysis 

Scanning Electron Microscopy (SEM) technique was used to examine 
the size, shape of the nanoparticles and surface morphology which in
cludes topographical, morphological structures and growth mechanism 
of the particles. Fig. 9(a–d) shows the SEM micrographs of undoped and 
Na doped ZnO samples. These images clearly indicate the formation of 
nanoparticles with average size in the order of nanometer scale exhib
iting hexagonal structure, which is also confirmed by XRD analysis. The 
morphology of Zn1-xNaxO nanopowders contain mixer of uniformly 
distributed rod-like and bar-like particles in its morphology [43]. The 
particle size increases with increasing Na doping concentration. As so
dium content increases, the shape of the particle’s is changing from rod- 
like to non-uniform shaped stone-like structures which showed the 
structural morphology largely depends on the doping concentration. In 
all cases, an agglomeration of nanoparticles was observed due to 
densification of dispersed particles. Particularly, Zn1-xNaxO samples 
consist of small number of stone-like and large number of rod / bar-like 
structures with the average diameters of around 375 nm and 273.5 nm, 
respectively. The crystallite sizes evaluated from the powder XRD cal
culations do not match well with the particle grain sizes obtained from 
SEM micrographs as the grains formed in the SEM images are the do
mains consists of aggregation of the nano-size crystallites (in the XRD) 
[11]. It can be seen that the powder XRD technique is more stringent 
method which leads to smaller sizes [44]. So, the substitution of Na 
influences changes in the shape, the crystallization and growth of ZnO 
nanoparticles and also causes an increase in the size of nanoparticles for 
higher concentration [45]. 

3.5. EDX spectroscopy 

The Energy Dispersive X-ray (EDX) data gives the information about 
the elemental composition in atomic and weight percentage terms of the 
pure and Na doped ZnO nanopowders. The EDX analysis of Zn1-xNaxO 
samples were shown in Fig. 10(a-b). From the EDX images, it clearly 
indicates that the intensity and amount of Na element in the as- 
synthesized samples increases with increasing Na doping concentra
tion. The peaks present in the EDX pattern may be related to Zn, Na and 
O only [30,41]. It can be evident that no other dispersive peaks were 
observed related to foreign elements and impurities, which provides the 
confirmation about the formation of single-phase sodium doped ZnO 
nanopowders [46]. Also, there are no independent peaks resulting from 
sodium and its compounds in the Zn1-xNaxOsamples indicating the 
complete dissolution of sodium into ZnO crystal lattice. 

EDX elemental analysis histogram depicts the number of different 
elements of Zn1-xNaxO nanopowders in weight percentage, as shown in 

Fig. 7. The calculated variation of energy band gap (Eg) of wurtzite Zn1-xNaxO 
nanopowders as a function of the Na doping concentration (x). 

Fig. 8. FTIR spectra of Zn1-xNaxO nanopowders; (a) × = 0, (b) × = 0.01, (c) 
× = 0.02, (d) × = 0.04, (e) × = 0.06, (f) × = 0.08 and (g) × = 0.10. 

Table 3 
FTIR spectroscopic data including absorption peaks and the corresponding 
functional groups of Zn0.90Na0.10O sample.  

S. 
No. 

Absorption peak position 
(cm¡1) 

Nature Bond/ Functional groups 

1 3412 Very 
strong 

–OH stretching mode 

2 2996  Weak  C–H stretching mode of 
alkane groups 

3 2360 Weak C–H stretching vibration 
mode 

4 1550 Very 
strong 

νs (C–O) + δ (OC = O) 

5    
6 1391 Very 

Strong 
νs (C–O) + δ (OC = O) 

7 1018 Strong νs (C–O) 
8 796 Weak C–C stretching 
9 633 Weak Existence of Na in ZnO lattice 
10 425 Strong ZnO stretching vibration  
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the Fig. 11. Clearly, the measured amounts of Zn and O elements are 
higher than that of the Na element in the as-synthesized samples. 

3.6. Antibacterial and antifungal activity 

The antibacterial activity of pure and graded concentrations of Na 
doped ZnO samples was tested using disk diffusion method against 
selected four different bacterial cultures namely Escherichia coli, 

Fig. 9. (a - d) SEM micrographs of Zn1-xNaxO nanopowders; (a) × = 0, (b) × = 0.02, (b) × = 0.06, and (d) × = 0.10.  

Fig. 10. EDX analysis of (a) Zn0.99Na0.01O and (b) Zn0.90Na0.10O samples.  

Fig. 11. Elemental analysis histogram representation in weight percentage of 
selected Zn1-xNaxO samples. 
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Pseudomonas aeruginosa, Klebsiella neumoniae and Staphylococcus aureus. 
The Inhibition zone around the graded sample in the disc was depicted 
in the Fig. 12 and the estimated values of Zone of Inhibition in mm are 
plotted as histogram (Fig. 13) [46]. The results showed that the pure and 
Na doped ZnO nanopowders exhibit excellent bacterial growth in the 
disc for all bacteria; E. coli, P. aeruginosa, K. neumoniae and S. aureus. It 
is noted that the dose dependent highest growth inhibitory zone was 
observed with the increased dopant concentrations of Na than pure ZnO 
and the superior zone of Inhibition was obtained for Zn0.90Na0.10O 
samples for all the bacterial strains. 

The Antifungal activity of pure and Na doped ZnO nanopowders was 
also studied with different Na concentrations against two fungi Candida 
and Aspergillus, respectively. In the case of Candida as shown in Fig. 14(a 
- b), the Inhibition zone is found to increase proportionally with 
increasing Na doping concentration and the highest Inhibition was 
observed at higher concentrations. No Inhibitory zone is obtained for 
control which is prepared using the stack without zinc oxide and tested 
in the disc. However, in the case of Aspergillus as depicted Fig. 14(c - d), 
the Zone of Inhibition is observed same at lower Na doping concentra
tions and obtained enhanced zone at higher concentrations. It can also 
be noted that, the increased Na dopant have shown more growth 
inhibitory effect against the fungal pathogens Candida and Aspergillus 
when compared to pure ZnO nanoparticles, which was evident in Fig. 15 
[47]. The present study reported a significant high growth inhibitory 

zone against pure ZnO [48,49]. The results were noticed as extremely 
significant and the values are Mean ± SD (n = 4). *P < 0.0001 
Compared to control (Pure ZnO). 

4. Conclusions 

In the present work, Zn1-xNaxO nanopowders have been successfully 
synthesized by a simple co-precipitation method. It was evident from 
XRD studies that the as-synthesized Zn1-xNaxO nanopowders exhibits 
hexagonal wurtzite structure and the average crystallite size determined 
by using the Scherrer formula increases and the calculated bond length L 
(Å) values were slightly varies with increase in Na-doping concentra
tion. The average diameter estimated by the SEM micrographs of the 
prepared samples also increases, which confirms the surface area 
reduction with Na content. The FTIR analysis shows the presence of 
precursors and the formation of functional ZnO and Na doped ZnO 
nanopowders. The results obtained from UV – Vis spectroscopic data 
shows the suffered band gap between 3.068 and 3.301 eV and affected 
optical absorption band with the presence of Na concentration. The 
energy dispersive X-ray study confirms the successful incorporation of 
Na in the ZnO lattice. Antibacterial study against the microorganisms E. 
coli, P. aeruginosa, K. pneumoniae and S. aureus reveals that the zone of 

Fig. 12. Antibacterial activity of pure and Na doped ZnO nanoparticles against 
standard human pathogenic bacteria (a-b: Klebsiella pneumoniae; c-d: Staphy
lococcus aureus; e-f: Pseudomonas aeruginosa; and g-h: Escherichia coli). 

Fig. 13. The Zone of inhibition of pure and Na doped ZnO nanoparticles 
against Bacterial cultures. The values are Mean ± SD (n = 4). *P < 0.0001 
Compared to control (Pure ZnO). 

Fig. 14. Potent antifungal activity of pure and Na doped ZnO nanoparticles 
against pathogenic fungi (a-b: Candida; and c-d: Aspergillus). 
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inhibition increases with increase in Na doping content. The antifungal 
study against the fungal pathogens Aspergillus and Candida shows that in 
case of Candida the inhibition zone increases with increase in Na con
centration but in case of Aspergillus the inhibition zone is remained same 
for all Na concentrations except at very high concentrations. This study 
concluded that the as-synthesized nano powders may be used as anti
bacterial agents and antifungal medication in pharmaceutical 
applications. 
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