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ABSTRACT
Chemical precipitated and followed by calcinations is a versatile process for synthesising 
undoped ZnO and Mn (5, 10 and 15 wt%) doped ZnO nanoparticles at pH-10 and calcinations 
temperature of 450°C for 2 hours were followed for synthesising all the samples. The structural 
properties evaluated via XRD pattern revealed the hexagonal wurzite phase and with the grain 
size of 19 to 9 nm. Variation in the microstructural properties as function of dopant concentra-
tion was attributed using standard relations. The morphological and cross verification of 
structural properties were made via HRTEM analysis. Wide, direct allowed band gap property 
and narrow size distributed particles nature were confirmed through UV-visible absorption 
spectra with blue shifted peaks. The bandgap values got increased on increasing the dopant 
concentration. The presences of functional groups of the prepared samples were also con-
firmed by FTIR. Bands below 700 cm−1 assigns the Metal-oxygen framework of the sample. The 
antibacterial efficiency of the prepared nanoparticles was evaluated for gram positive bacterial 
strains namely Staphylococcus aureus and Bcaillus subtilis.
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Introduction

Hexagonal wurzite phase ZnO nanoparticles are 
n-type semiconductor with wide band gap energy of 
3.7 eV. The transition metal doping on ZnO nanopar-
ticles further enhances the band gap in order to attain 
the comparatively size reduced particles. It is well 
admitted that ZnO nanoparticles exhibit numerous 
applications in every fields of science and technology 
like catalyst [1], gas sensors [2], cosmetic products [3], 
solar cells [4], antibacterial [5], antimicrobial [6] and 
anticancer agents [7]. Though zinc, a post-transition 
metal it finds a unique property to achieve these appli-
cations. ZnO nanoparticles can be prepared via sol-gel, 
co-precipitation, hydrothermal, sono-chemical, laser 
deposition and so on [8–12]. Ranjani viswanatha 
et al. [13] reported the absorption properties of size 
controlled Mn doped ZnO nanoparticles prepared via 
different synthesised conditions. Qianqian Gao et al. 
[14] discussed the stoichiometry of Mn doped ZnO 
nanosystems by correlating oxygen vacancies and Mn 
dopant concentration. Among the various synthesis-
ing routes, chemical co-precipitation method is facile, 
inexpensive and easy to access the steps. The chemical 
route for synthesising ZnO nanoparticles provides the 
suitable environment for the grain growth. The main 
objective of the paper is to prepare undoped and Mn 
(5, 10, 15 wt%) doped ZnO nanoparticles through 
chemical co-precipitation technique and the 

evaluation of their physical properties such as struc-
tural, microstructural, morphological and optical 
properties.

Experimental procedure

Materials

Zinc acetate dihydrate (Zn(CH3COO)2.(H2O)2) 
(99.9% purity), sodium hydroxide (NaOH) and etha-
nol (CH3CH2OH) were used as the anionic, cationic 
precursor and solvent for preparation. Manganese 
acetate dihydrate (Mn(CH3COO)2.(H2O)2) (99.9% 
purity) was used as dopant precursor. All the precur-
sor and solvent were purchased from MERCK and 
were used as received. The preparation of undoped 
and Mn (5, 10, 15 wt%) doped ZnO nanoparticles was 
carried out in the room temperature.

Synthesis

Undoped and transition metal Mn (5, 10, 15 wt%) 
doped ZnO nanoparticles were synthesised by chemi-
cal co-precipitation. Firstly, pure ZnO nanoparticles 
were prepared. Non-aqueous solutions of Zn(CH3 

COO)2.(H2O)2 and non-aqueous solutions of NaOH 
were separately prepared and were mixed in a round 
bottom flask. This solution mixture was stirred for 
about 1 hour at ambient temperature. Then the 
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milky precipitate was obtained at pH-10 and this pH is 
maintained under vigorous stirring. The precipitate 
was aged for about 8 hours. Finally the aged precipi-
tate was washed thoroughly using organic solvents and 
centrifuged at 6000 rpm. The pellet was kept for calci-
nation at 450°C for 2 hours. The undoped ZnO nano-
particles were prepared.

The Mn doped ZnO samples were prepared just by 
adding dissolved dopant precursor Mn(CH3COO)2. 
(H2O)2 at 5, 10, 15 wt% concentration while stirring 
of anionic solvent, followed by the addition of cationic 
precursor to the above mixture. The colour of solution 
mixture gets changed from colourless to turbid dirty 
white in colour and the formation of precipitate was 
occurred. The residue was maintained at pH-10. The 
precipitate was allowed to stir for 8 hours which is an 
ageing period for completion of reaction. The aged 
samples were washed thoroughly for several times 
using organic solvents. The well cleaned samples 
were centrifuged at 6000 rpm and the supernatant 
was removed and the pellet was dried at 450°C for 
2 hours. All the above procedures were followed for 
the preparation other samples namely 10 wt% and 
15 wt% Mn doped ZnO sample. This paper discuss 
about undoped and (5, 10, 15 wt%) Mn doped ZnO 
samples.

Characterisation

The prepared samples were characterised through var-
ious analytical techniques. Structural analysis was 
done using X-ray diffraction (XRD) and high resolu-
tion transmission electron microscopy (HRTEM). The 
composition analysis was done energy dispersive ana-
lysis (EDS). Optical studies were performed using UV- 
visible absorption (UV-Vis) and Fourier transform 
infrared (FT-IR) spectroscopy. The crystalline nature 
and phase purity of the prepared samples was identi-
fied by X-Ray diffraction technique using Shimadzu 
diffractometer which uses Cu-Kα line (1.5406 Å) from 
10° to 90°. The d-spacing and crystallinity of the sam-
ples were confirmed through HRTEM (JEOL JEM 
3010) of 200 kV accelerating voltage with lattice reso-
lution of 0.17 nm and 0.10 nm. The compositional 
analysis was also done along with HRTEM using 
BRUKER QUANTAX EDS X-Flash detector. The 
band gap and particle size analysis was done using 
Varian Cary 5E Spectrometer in the range of 
200–1200 nm whose slit width is of 0.01 nm of opti-
mum control over data resolution. The functional 
groups of the prepared samples were identified 
through FTIR spectra taken through BRUKER IFS 
66 W with rapid scan at 12 cm−1 spectral resolution 
and at the scanning rate of 25 cycles per minute. The 

FTIR spectra scans over 4000–400 cm−1 range using 
KBr pellets at room temperature.

Bactricedal analysis

The antibacterial activity of pure and various concen-
tration of Mn doped ZnO was performed against 
Gram-positive (Bacillus subtilis and Staphylococcus 
aureus) bacterial strains by disc diffusion method. 
The microorganisms were inoculated in the fresh 
nutrient broth and incubated to get required turbidity. 
The nutrient agar plate was swabbed with the test 
bacterial culture and various concentrations of sample 
discs (μg) (discs are soaked overnight in nanoparticle 
suspension) was added into the well. After 24 h incu-
bation at 37°C, the antibacterial activity was measure 
based on the diameter of the zone of clearance.

Results and discussion

X-ray diffraction studies

The structural properties of the undoped and transi-
tion metal Mn (5, 10, 15 wt%) doped ZnO nanoparti-
cles investigated through XRD analysis at room 
temperature. Figure 1. showed the X-ray diffraction 
profile for undoped and Mn (5, 10 and 15 wt%) doped 
ZnO system. Hexagonal wurtzite structure (Space 
group: p63mc) was confirmed by observing the miller 
planes (100), (002), (101), (102), (110), (103) at 31.8°, 
34.3°, 36.8°, 47.5°, 56.4° and 62.9° respectively which 
accord well with the JCPDS Card no. 89–0511 [15]. No 
impurities or secondary phase peaks were observed in 
the XRD pattern, which indicates the phase purity of 
the prepared samples.

A slight shift in the peak position towards lower 
diffraction angle (2θ) value was observed which is due 
to the insertion of Mn2+ dopants as substitutional 
defects in ZnO lattices on obeying Vegard’s law. 
Since the dopants are incorporated in the ZnO nano-
system, lattice distortion might be due to two possible 
reasons.

(1). Mn2+ions occupy the interstitial position and 
cause the lattice to expand.

(2). Mn2+ ions replace the Zn2+ ions and occupy its 
lattice position (substitution) which causes a reduction 
in the lattice. Vijayakumar et al found the same result 
while encapsulating the Mn-doped Zinc nanoparticles 
with PEG [16]. Jong et al. states that after Mn doping, 
the lattice parameter of ZnO nanoparticles commence 
to increase that might be due to the ionic radii of Mn2+ 

(0.66 Å) is greater than Zn2+ (0.60 Å) which ultimately 
shows that Mn may occupy an interstitial position as 
dopant [17]. In the present study, we observed nill 
variation in the lattice constants value concerning 
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previous reports which further validate the substitu-
tional insertion of Mn ions in the host matrices. 
Figure 2 depicts the lattice parameter against dopant 
concentration. As the Mn dopant concentration 
increases, the c/a ratio also increases, but the number 
of unit cells per volume gets reduced which indicates 
the structural changes and reduction in the crystalline 
nature of the samples.

The crystallite size was calculated using the Debye 
Scherrer equation, 

D ¼ Kλ=βcosθ (1) 

Where K is a constant,λ is the wavelength of the 
radiation(1.5406A°) and β is full width half maximum 
of a plane. From Table 1, Crystallite size reduces from 
19.3 nm to 9.32 nm upon increasing the dopant con-
centration which eventually due to increased micro-
strain in the ZnO nanosystem. The crystallite size was 
also reduced on doping which may due to the intro-
duction of impurity ions that hinders the grain growth 
of ZnO nanoparticles.

Lattice parameters (a, c), unit cell volume, crystal-
lite volume, dislocation density, microstrain values 
were also evaluated from the standard relations [18],

Figure 1. X-ray diffractogram of undoped and (5, 10, 15 wt%) Mn doped ZnO.

Figure 2. Dopant concentration vs lattice parameter.
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The microstructural properties found from the 
XRD diffractogram are tabulated (Table 1). The 
dopant induced microstrain inside the system hinders 
the grain growth and thus, we observe the grain 
growth reduction upon doping. Microstructural prop-
erties like dislocation density, crystallite volume and 
several crystallites are also found to be correlated with 
each other.

UV-Visible Spectroscopy

The optical properties of the prepared samples were 
studied through UV-Vis spectra. Figure 3 reveals the 
optical property of Mn-doped ZnO nanoparticles 
which can be defined by the absorbance of the pre-
pared samples. The wavelength observed and obtained 
bandgap by the samples were tabulated in Table 2. For 
semiconductor nanosystems, the absorption cross sec-
tion is correspondingly higher because of their high 
geometrical surface area. This factor gives rise to every 
photon cross the nanosystems within the part of the 
absorption cross-section gets absorbed by the nano-
particles. Hence, the prepared extrinsic ZnO semicon-
ductor nanoparticles showcased their band edge 
absorption at around 396 nm. In addition increase of 
absorption intensity with all composition of Mn was 
recorded.This reveals that the spin exchange interac-
tion between the d orbitals of Mn2+ and band electrons 
of ZnO crystal lattice. When alkali metal oxides doped 

with ZnO more number of electrons can jump from 
ground state to excited state. But Cai et al. give out the 
more dopant concentration of Mn doping can 
decrease the intensity due to the large number of 
defect sites produced in the ZnO lattice [19].

The optical band gap of the prepared from the 
relation, 

Eg ¼
1240

λ
eVð Þ (2) 

Where λ is the wavelength of the absorption spectrum 
(nm) [20]

The optical properties of the prepared samples were 
studied through UV-Vis spectra. Figure 3 reveals the 
optical property of Mn (5, 10 and 15 wt%) doped ZnO 
nanoparticles that can be defined by the absorbance of 
the prepared samples. The wavelength observed and 
obtained band gap by the samples were tabulated in 
Table 2. For semiconductor nanosystems, the absorp-
tion cross-section is correspondingly higher because 
of their high geometrical surface area. This factor gives 
rise to every photon cross the nanosystems within the 
part of the absorption cross-section gets absorbed by 
the nanoparticles. Hence, the prepared extrinsic ZnO 
semiconductor nanoparticles showcased their band 
edge absorption at around 396 nm. The particle size 
of the prepared samples were found from 
Meulenkemp formula, 

Table 1. Microstructural properties of undoped and (5, 10, 15 wt%) Mn doped ZnO.

Sample 2θ Crystallite Size
Lattice parameter 

a c c
a Crystallite volume Dislocation density Microstrain

Nu = V
v 

(×106)

Undoped 31.8 19.3 3.246 5.224 1.6085 7.189 2.68 1.789 0.150
5 wt% Mn 31.72 15.32 3.285 5.231 1.5925 3.595 4.271 2.26 0.313
10 wt% Mn 31.75 12.10 3.256 5.202 1.5978 1.771 6.830 2.86 0.253
15 wt% Mn 31.99 9.32 3.228 5.231 1.6207 0.8095 0.011 3.717 0.197

Figure 3. UV-visible spectra of undoped and (5, 10, 15 wt%) Mn doped ZnO.
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1240=λ1=2 ¼ aþ b=D2� �� �
� c=Dð Þ (3) 

Where, a = 3.301, b = 294 and c = 1.09 respectively. 
The obtained particle sizes were 7.256, 7.161, 7.099 
and 7.057 nm for undoped, 5 wt% Mn, 10 wt% Mn and 
15 wt% Mn doped ZnO respectively. By increasing the 
dopant concentration, the particle size was reduced 
that might be due to the hindrance of Ostwald’s ripen-
ing process and also the growth of the particles obeys 
the electronic double layer theory, in which, the net 
negative charge around the individual particles gets 
decreased due to the inclusion of anionic dopant. 
From EDS analysis, a very limited number of Mn 
ions are substituted in the place of Zn. Hence the 
maintaining the negative layer around the particle 
protects the particle from agglomeration and grain 
growth of the same. The particle sizes can also be 
found from effective mass approximation, 

R2 ¼ h2=8 ΔEð Þ½1=m�e þ 1=m�h� (4) 

The particle size of the prepared samples were 20.45, 
19.19, 18.411 and 17.917 nm for undoped, 5 wt% Mn, 
10 wt% Mn, 15 wt% Mn respectively.

FTIR Spectroscopy

FTIR is a sensitive and effective way to determine the 
functional groups of the prepared samples with high 
spectral resolution over a wide spectral data. Figure 4 
represents the FT-IR spectra which expose the stretching 
and bending vibrating modes of the synthesised undoped 
and Mn (5, 10 and 15 wt%) doped ZnO samples. Similar 
type of transmission spectra was obtained by Neha 
Sharma et.al., for Manganese and iron doped Zinc nano-
particles. The transmission spectra below 700 cm−1 indi-
cates that the grown particles are in nano size [21]. The 
broad absorption band at 3457.72 cm−1, 3471.86 cm−1, 
3502.40 cm−1 and 1561.34 cm−1, 1568.54 cm−1, 
1578.93 cm−1 attributes the stretching mode of super-
fluous – OH groups and H-O-H bending mode of water 
molecules [22]. The band at 525.57 cm−1 assigns the 
characteristic peak for ZnO sample. Upon doping char-
acteristic peaks slightly shift towards higher wavenumber 
region to 535.77 cm−1. FTIR explores the Zn-O/Mn-O/ 
Ni-O bands below 1000 cm−1 which attributes the metal- 
oxygen bonding [23].

Table 2. Optical properties of undoped and (5, 10, 15 wt%) Mn 
doped ZnO.

Sample
Wavelength 

(nm)
Band 

gap (eV)

Particle size 
(Meulenkemp) 

(nm)

Particle size 
(effective mass 
approximation) 

(nm)

Undoped 274.5 4.517 7.2564 20.45
5 wt% 

Mn
270 4.592 7.1617 19.195

10 wt% 
Mn

267 4.6441 7.0990 18.411

15 wt% 
Mn

265 4.6792 7.0572 17.91

Figure 4. FTIR spectra of undoped and (5, 10, 15 wt%) Mn doped ZnO.
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HRTEM

The micrographs in Figure 5 portrait the spherical 
morphology and wide particle distribution of the pre-
pared samples. We can also witness that there is no 
morphological variation upon increasing the dopant 
concentration on Mn (5, 10 and 15 wt%) doped ZnO 
nanosystem [24]. But it reveals that the particles are 
widely distributed with weak agglomeration for pre-
pared samples. This agglomeration gets reduced on 
introducing dopants which might be due to the low 
surface energy caused by the dopants. But at higher 
doping there might be seen cluster of particles with 
reduced particle size.This plausible change of distribu-
tion can also found in Ca doped nanostructures [25]. 
The SAED pattern elucidates the further confirmation 
of hexagonal wurzite structure of Mn incorporated 
ZnO nanosystem whose results are matched well 
with the XRD data. The EDS spectra Figure 6 clearly 
explicits the elemental composition of the samples.

BACTRICEDAL ANALYSIS

Figures 7 and 8 show the antibacterial activity of pure 
ZnO and various concentration of Mn doped (5, 10, 
and 15 wt %) ZnO nanoparticles against Gram- 
positive (S. aureus) and B. subtilis bacterias’. Pure 
ZnO nanoparticles reveal less significant antibacterial 
activity, whereas the Mn doped ZnO nanoparticles 
exhibited potent antibacterial activity against Gram- 
positive bacteria. The greater number of Reactive 
Oxygen Species (ROS) is mainly attributed to the 
small crystallite size of the Mn (5, 10 and 15 wt%) 
doped ZnO NPs, which is agreed well with the XRD 
results, an increase in oxygen vacancies and the diffu-
sion ability of the reactant molecules. In the present 
investigation, the antibacterial effect of the Mn doped 
ZnO NPs samples is mainly due to the combination of 
various factors such as ROS and the release of Zn2+ 

along with Mn2+ ions [26].
Enhanced bioactivity is also presumed to the gen-

eration of hydrogen peroxide (H2O2) from the Mn 
doped ZnO nanoparticles top layers which is 

Figure 5. HRTEM Images of undoped and 5, 10, 15 wt% Mn doped ZnO.

Figure 6. EDS anaylsis of undoped and Mn doped ZnO.
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associated with the Zn2+ and/or Mn2+ ions. The above 
layers favour the generation of highly reactive species 
such as OH−, H2O2 and O22−. They then react with 
hydrogen ions to produce molecules of H2O2. The 
generated H2O2 can penetrate into the cell membrane 
and kills the bacteria. The obvious nature of high sur-
face to volume ratio of the nanoparticulate system 
paves path to enhance the generation of highly ROS 
systems against the given gram positive bacteria [27]. 
While comparing bacteria, it has been observed that 
Mn doped ZnO nanoparticles show strong antibacter-
ial activity towards S. aureas than B. subtilis. It is 
understood that the gram-positive bacteria has the 
different structure and thickness of peptide glycans 
in the cell wall which prevents them from the killing 
agents. Our results show that the doping of Mn into 
the ZnO matrices enhances the killing efficiency of the 
pristine ZnO and shows the large area of zone of 
incubation.

Conclusion

Nanosized ZnO and Mn (5, 10 and 15 wt%) doped 
ZnO particles with an average sized of 20 nm have 
chemically developed and doping, their size reduced 
around 10 nm. The effect of doping on the basic 

properties of prepared materials has evaluated by stan-
dard analytical methods. The properties such as crys-
talline, phase purity, morphology, optical absorption 
and chemical inertness have studied. Mn doping 
reduces the crystallite size. The zero influence of Mn 
doping has revealed from the structural investigation. 
Blue shifted band edge absorption at around 396 nm 
for all samples ensures the insertion of doping ion into 
host lattice and obeys the quantum confinement effect 
that yields degeneracy of energy levels due to the 
reduced size of the particles. The presence of the 
functional groups on the surface of the nanoparticles 
confirmed through the FT-IR spectroscopic study. The 
HRTEM results confirmed the monodispersed spheri-
cal morphology with less agglomerated state of the 
particles. The prepared Mn-doped ZnO nanoparticles 
are used as the antibacterial materials for gram- 
positive bacteria strains S. aureas and B. subtilis. 
Finally, revealed that ZnO nanoparticles prepared 
through an inexpensive and reliable method has been 
used for photovoltaic applications and medical 
applications.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 7. Bactricedal efficacy of ZnO nanoparticles against S. aureus and B. subtilis.

Figure 8. Bactricedal study of Mn doped ZnO nanoparticles against S. aureus and B. subtilis.
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