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Abstract: ZnO nanoparticles were synthesized by sol-gel method. The synthesized particles were characterized by XRD, SEM, EDAX, UV, FTIR and 
antibacterial studies .The X-ray diffraction studies reveals that the synthesized ZnO nanoparticles have wurtzite structure and the particle size varies 
from 10 to 26 nm. A change in morphology after doped with aluminium has been observed. The Energy Dispersive X-Ray Analysis (EDAX) reveals that 
the elemental composition of prepared samples and the incorporation of the Al ions into the ZnO lattice. The antibacterial activities of   Al doped ZnO 
nanoparticles were examined using the disc diffusion method against four pathogenic bacteria (Eschericia Coli, Klebsiella Pneumoniae , Bacillus Cereus, 
and Staphylococcus aureus). 
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1. INTRODUCTION 
Zinc oxide play an vital role in industry, due to the   efforts 
have been made to improve the properties of ZnO 
nanostructures by doping various chemical elements such as 
Ga [1, 2], In [3, 4], Sn [5], Mn [6], Mg [7], Bi [8] and    Al [9, 10] 
into ZnO structures. Among them, Al-doped ZnO nanorods are 
capable of reaching the highest conductivity without 
deterioration in optical transmission and crystallinity and thus 
have been regarded as a potential alternative to the most 
accepted transparent conductive material [11]. Products such 
as flat panel displays, solar cells, optoelectronic and electronic 
components and thermally insulating architectural glass have 
one thing in common. Among many kinds of the metal oxide 
nanostructures that have been developed. Zinc oxide 
materials are having a variety of applications. Zinc oxide 
exhibits hexagonal wurtzite structure and has a direct band 
gap semiconductor around 3.37eV at 300K and the large 
exciton binding energy of 60 meV as an II–VI semiconductor 
[12-14]. Zinc oxide is a semiconductor used for various 
applications such as gas sensor, piezoelectric transducers and 
photo catalytic activity [15-16].    It has been synthesized with 
a variety of well defined nanostructures such as nanowires, 
nanorods, nanotubes and   nanobelts [17-18]. The Al doped 
ZnO materials are most arguable. The ZnO is widely used in 
the gas sensors, solar cells, and luminescent, electrical and 
chemical sensors [19]. Among them, Al-doped ZnO 
nanoparticles are capable of reaching the highest conductivity 
without corrosion in optical transmission and crystalline and 
thus have been regarded as a potential alternative to the most 
accepted transparent conductive material. The products such 
as flat panel displays, solar cells, optoelectronic and electronic 
components and thermally insulating architectural glass have 
one thing in common. They have a combination of 
transparency and electrical conductivity. The quality of 
synthesis technique depends on its ability to control the 
important features of the nanocrystalline materials such as 
crystalline size and morphology of the nanoparticles. There 

are many methods to synthesis ZnO nanomaterials namely, 
Solvo thermal method [20], Co-precipitation method [21], 
Hydro thermal method [22], Sol-gel method [23], Spray 
pyrolysis [24], and Vapour-liquid- solid method [25], so on. 
Among many techniques for preparing ZnO nanoparticles, sol-
gel process has many advantages such as simple, 
inexpensive, and having large area applications. Aluminium 
has been an efficient n-type dopant to generate high quality 
samples with strong high transparency to visible light. 
Currently, biomedical nonmaterials have received more 
concern because of their well-known biological characteristic 
and biomedical applications. With the development of 
nanomaterials, metal oxide nanoparticles show promising and 
far-ranging prospect for biomedical field, mainly for 
antibacterial, anticancer drug delivery, cell imaging, biosensing 
and so on.[26] Pure cultures of all investigational bacteria and 
fungi were obtained from Microbial Type culture Collection 
Centre (MTCC), Chandigarh.  

 

2 MATERIAL AND METHODS 
The host precursor zinc acetate dihydrate 
(Zn(CH3COO)2.2H2O) was dissolved in deionized water which 
was used as the starting solution (0.2 M). Aluminium nitrate (Al 
NO3) was used dopant precursors for Al, respectively. The pH 
value of the starting solution was maintained at 9 by adding 
the required amount of NH4OH solution. After, Tri-
ethanolamine (C6H15NO3) is added as surfactant to control 
size and morphology of nanoparticles. The resultant mixture 
was heated to 60

°
C and magnetically stirred for 2hrs. After 

completed the stirring process the precipitate was separated 
carefully by filtration and washed several times with a mixture 
of ethanol and water kept in the ratio of 1:3. The final products 
were irradiated with microwave oven (LG India, frequency 
employing 2.45GHZ) for 30 min. Finally the powder calcined at 
700 °C for 2hrs. 
 

3. CHARACTERIZATION 
Structural analysis was carried out using X-ray diffractometry 
(XRD) using CuKα radiation ( λ=1.5406Å )  in the 2θ range 
from 20 ̊ to 80

 
̊. Morphology and microstructure were identified 

by scanning electron microscope (SEM) and energy dispersive 
X-ray absorption (EDAX) respectively. The formation of ZnO 
wurtzite phase and available molecular bonds were 
investigated by the FTIR spectrum..The investigation of the 
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optical properties of these nanoparticles, the absorbance 
spectra of the samples were obtained using UV-vis-NIR 
spectrophotometer. The anti-bacterial and anti-fungal activities 
were examined for Al doped ZnO nanoparticles. Antibacterial 
and anti-fungal activities against two pathogenic bacteria and 
two pathogenic fungai were investigated by the agar disk 
diffusion method [27]. 
 
3.1. RESULTANT DISCUSION 
 
3.1.1 Structural study 
The Fig.(3.1a) shows the X-ray diffraction (XRD) patterns of 
undoped and Al doped ZnO nanopatrticles with different 
dopant concentrations of aluminum (Al

3+
). The structural 

properties of nanoparticles including crystalline size, lattice 
strain, dislocation density and crystalline orientation can be 
obtained from XRD spectra as represent Al doped ZnO 
nanopowder. The strong and clear peaks reveal the high purity 
and crystallinity of the as-prepared powder. The sharp 
diffraction peaks corresponding to (100), (002), (101) and 
(102) planes indicate the crystalline ZnO with hexagonal 
wurtzite structure, which are in close agreement with the 
standard card (JCPDS Code No. 36-1451). Besides the ZnO 
characteristic peaks, the peaks corresponding to (110) and 
(113) planes of AlNO3 have also been detected (JCPDS Code 
No. 88-0826) [28]. The intensity of the peak (1 0 1) 
corresponding to AlNO3 increases with increase of the Al 
content in the rod. From the spectra, broadening line clearly 
indicates synthesized powders in nanoscale. In figure (3.1) 
diffraction peaks at 31.20, 31.68°, 34.35°, 36.17°, 47.47°, 
56.53°, 62.80°, 66.30°, 67.50°, 69.01°, 72.56°, 76.85°, 81.25°, 
89.47°, 92.63°, 95.14° and 93.48° respectively. In particular, 
the intensity of diffraction peaks is enhanced significantly with 
increasing of Al

3+ 
concentration. This behavior indicates that 

the increase in the doping concentration enhances the 
crytallinity, which may be attributed to the difference ionic radii 
of zinc, aluminum. With the increase of Al concentration, it has 
been reported that the intensity of diffraction peak decreased 
[29] The peaks confirm the formation of hexagonal wurtzite 
structure of  ZnO  nano powder (JCPDF 36-1451). The 
average crystallite size of nanopowders obtained using 
Scherrer‘s formula  

                              




cos

9.0
D

 
Where D is grain size (nm), λ is wave length of the X-ray, β is 
FWHM, and θ is the Bragg angle.  
where ‗dhkl‘ is interplanar distance and (hkl) are Miller indices 
the volume of the unit cell (v), the volume of the crystallites (V) 
and the number of unit cells in a crystallite (Nu) are calculated 
using the following relations: 
                                          v = √3∕2 a2c 3 
 
                                               V = D3 4 
 
                                              N 5 u = V ∕v 
The estimated crystallite size and other structural parameters 
are given in Table (3.1). The calculated values of lattice 
parameters ‗a‘ and ‗c‘ and volume of the unit cell (v) do not 
deviate much from the standard JCPDS card values of  ZnO. 
The mean crystallite size of the synthesized nanopowder 
increase with in Al doping concentration (from 24-26 nm) and 
increases [29].                                                    

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.3.1 (a) XRD Spectra Analysis of Undoped Al doped ZnO 
Nanoparticles 

 
In detail, the peak (101) of the Al doped ZnO nanoparticles 
shows a slight shift towards lower angle due to additional 
strain induced by the dopant in ZnO  lattices as shown in 
Fig.3.1(b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3.1 (b). XRD patterns, the (101)  peak of  the  Al doped  
ZnO  nanoparicles. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. 1(c). Lattice parameters “a” and “c” versus the 
concentration molarity 
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It is observed that as the molarity concentration increases, the 
lattice parameter ‗a‘ decreases rapidly whereas the lattice 
parameter ‗c‘ increases rapidly first and then starts decreasing. 
The plot of FWHM and grain size versus calcinations 
temperature is shown in Fig.3.1(c). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3.1(d). FWHM and Grain size versus molarity 
concentration. 

 
The shift towards higher angle illustrates that Al ions have 
been successfully incorporated into the ZnO lattice and in turn 
decrease the lattice parameters a and c. The reaction 
temperature greatly influences the particle morphology of the 
as prepared ZnO powders and Al doped ZnO nanoparticles in 
various molarity 0.01, 0.02 and 0.03M. As the molarity 
concentration increases FWHM increases and at higher 
molarity concentration value FWHM decreases [30]. Thus the 
size of the Al doped ZnO nanoparticles shows variation as the 
concentration molarity increases as given in the Fig.3.1(d). 
The structural parameters of undoped and Al doped ZnO 
nanoparticles tabulated in Table3. 1. The variation of the 
lattice parameters a and c with respect to the concentration 
molarity is as shown in Fig.3.1(c). 

 
Table. 3.1 structural parameters of Undoped and Al doped 

ZnO Nanoparticles 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.2 MORPHOLOGICAL ANALYSIS 
 
3.1 .3 SEM ANALYSIS 
The SEM images of undoped ZnO and ZnO:Al  nanopowders 
are shown in Fig.(3.3). The grain sizes of all the samples are 
in the nanoscale and have a rod like closely packed 
arrangement. It is seen that the grain size increase with the 
increasing doping concentration [31]. The increase in the grain 
size is one of the reasons for the enhancement in the 
antibacterial activities of the synthesized doped ZnO 
nanopowders as discussed in Sections Antibacterial studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3.1.3 SEM Image of Al doped ZnO nanoparticles 
 

 
 
 
 

 
 

 
 
 
Fig.3.1.2 EDAX Analysis of Al doped ZnO Nanoparticles 
 
The EDAX analysis indicates the successful undoped and 
aluminium doped ZnO nanoparticles which are with the 
coincidence of XRD result. The EDAX spectra of undoped and 
doped samples are shown in Fig.(3.2) Elemental analysis 
shows that the presents of elements Zn, Al, O are confirmed 
the Al doped ZnO nano particles. The Undoped ZnO contains 
only zinc and oxygen elements, where as the doped samples 
contains zinc, oxygen and aluminium in the appropriate ratios 
[32]. 

 
3.1.4 FTIR ANALYSIS 
In the FT-IR spectra shown in Fig.(3.1.4) the broad absorption 
band at ~3435 cm

−1
 corresponds to the O–H stretching 

vibrations of water present in ZnO and the other transmission 
band at ~3503 cm

−1
 is assigned to a remaining organic 

component. The band at ~1640 cm
−1

 can be associated with 
the bending vibrations of H2O molecules. The transmission 
band at ~163 cm

−1
 and ~1383 cm

−1
 in both the samples is due 

to the carbonyl groups of the carboxylate ions which might 
remain adsorbed on the surface of ZnO. The stretching of 
band appearing at 521 cm

−1
 confirms the formation of rod 

shaped ZnO particles [33]. The peaks appearing between 400 
and 600 cm

−1
 are assigned to the metal–oxygen (M–O) 

stretching mode. Verges et al. already reported that 
appearance of peaks in three different positions depends on 
shapes of ZnO. The shape affects the position and intensity of 
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Fig.3.1.4 FTIR spectra of Al doped ZnO nanoparticles 

 
3.1.5 UV-VIS ANALYSIS 
Absorption of light by the semiconductor nanoparticles can be 
tailored by varying the energy band gap and the doping 
concentration. Fig. (3.1.5)  shows absorption spectra of 
undopoed and Al doped ZnO (0.01, 0.02 and 0.03%) 
respectively. The optical absorption spectra were recorded in 
the wavelength region of 300-800 nm. From these figures, it is 
clear that the absorption wavelength varies according to the 
change in doping concentration. The absorption edge shifts 
towards higher wavelength when the doping concentration 
increases. This indicates that the band gap of ZnO material 
decreases with the doping concentration upto some critical 
level which is known as Mott critical density. Above Mott critical 
density the absorption edge shifts towards the lower 
wavelength region. The lower wavelength shift or increase in 
the band gap or blue shift can be explained by the Burstein-
Moss effect [34]. The Burstein–Moss effect is the process by 
which the apparent band gap of a semiconductor is increased 
as the absorption edge is pushed to higher energies as a 
result of all states close to the conduction band being 
populated. Increase in the dopant concentration leads to the 
supply of excess carriers which cause the increase band gap 
or blue shift. In Burstein-Moss effect the Fermi level merges 
into the conduction band width increase of doping 
concentration.  

(αhν)1/n ~ (hν-Eg) 
where α is the absorption coefficient, hν is the photon energy, 
Eg  is the optical band gap and n is the integer whose value 
depends on the nature of transition. Value of n is 1/2, 2, 3/2 
and 3 for direct transition, indirect transition, forbidden direct 
transition and forbidden indirect transition respectively. The 
optical band gap was determined from the graph Fig. (3.1.5 a)  
3. 1.5 b. The intercept of this plot on the energy axis gives the 
energy band gap of the samples. In this case ZnO, 0.01, 0.02 
and 0.03M wt% Al doped ZnO shows the band gap of 3.38, 
3.35, 3.28 and 3.17eV respectively tabulated in table 2.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3.1.5a UV-VIS spectra of Al doped ZnO nanoparticles 
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Fig 3.1.5(b): (αhν)

2
 vs (hν) spectra of Al -doped ZnO 

nanoparticles at various temperatures. 
 

Table.3.2. Variation of absorption edges and energy band gap 
of Al doped ZnO nanoparticles at various molarity. 

 
 
 
 
 
 
 
 
 
 
 

ANTIBACTERIAL ACTIVITY 
The synthesized Al doped ZnO nanoparticles of distinct 
shapes such nano rod like structures by the sol-gel process. 
The nanoparticles were subjected to annealing for 2 hrs at 700 
C. The antimicrobial activity of Al doped ZnO nanoparticles 
were studied against two pathogenic bacteria strains, one 
Gram-positive (Staphylococcus aureus) and one Gram-
negative (Escherichia coli) and two anti-fungal strains 

 
Molarity 

Absorption (nm) Eg (Ev) 

 
ZnO 

391 3.17 

 
0.01 

388 3.28 

 
0.02 

381 3.35 

 
0.03 

377 3.38 
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(Aspergillus flavus and Aspergillus niger).  Antibacterial and 
anti-fungal prospective Al doped ZnO nanoparticles were 
assed in terms of zone oh inhibition of bacterial growth [35-
36]. The results of antibacterial and anti-fungal activities are 
presented in table 3.3.  
 

 
 

Fig.3.1.6 Antibacterial activity Al doped ZnO Nano particles 
 

Table 3.3 Assay Of Antibacterial Activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
*Amikacin for Bacteria; Amphotericin b for Fungi 
 

4. CONCLUSION 
The Undoped and Aluminium doped ZnO nanoparticles were 
synthesized by    sol-gel method. The effect of structural, 
morphological and optical properties of undoped and Al doped 
ZnO nanoparticles were investigated. The XRD analysis 
reveals that the prepared particles are in hexagonal wurtzite 
structure with an average particle size for undoped and doped 
ZnO nanoparticles less than 30 nm. The surface morphology 
analysis carried out using SEM and EDAX. The chemical 
groups of the samples were identified by FTIR spectra and 
prominent IR peaks were analyzed. UV-Vis measurement 
show free exciton absorption edges at 391, 388, 381 and 377 
nm and a decrease in band gap of 3.17, 3.28,3.35 and 3.38 
eV with increase in  molarity various. Thus, the current doping 
method can be regarded as one of the effective technique to 
modulate the optical properties of ZnO nanoparticles. The 
present study shows strong activity against the tested bacterial 
and fungal strains. The results were compared with standard 
antibiotic drugs. In this work Al doped ZnO nanoparticles were 

found to be not inactive against any organism (Anti-bacterial) 
such as Gram-positive and Gram-negative and inactive for 
anti-fungal activities.  
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