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Abstract

Mn doped ZnO nanopowders with homogenous particle distribution were synthesized using spray drying
and thermal decomposition dual methods. Synthesis was carried out in spray drying slurry containing zinc
acetate powders followed by calcining the as-prepared powders at 300, 400, and 500°C. Mn doping was
achieved by adding manganese (II) acetate at different concentrations between 0.01-0.05 M during the
synthesis. The obtained powders were characterized by a variety of characterization techniques. The
results of phase analysis revealed that Mn-doped ZnO nanopowders having a single hexagonal structured
ZnO phase. According to the results of microstructural and UV-vis characterizations; morphologies and
optical properties of the Mn-doped ZnO nanopowders were affected by Mn doping. Furthermore, the
results of this study exhibited that the addition of Mn have a significant influence on the antibacterial
performance of the synthesized ZnO nanopowders.
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Piiskiirtmeli Kurutma ve Ardindan Termal Bozunma ile Sentezlenen Mn Katkih
ZnO Nanotozlarin Antibakteriyel ve Optik Ozellikleri

Oz

Homojen dagilimli Mn katkili ZnO nanotozlar, piiskiirtmeli kurutma ve termal bozunma ikili yontemleri
kullanilarak sentezlenmistir. Sentez, ¢inko asetat tozlari igeren piiskiirtmeli kurutma bulamacinda
gergeklestirilmis olup, ardindan hazirlanan tozlar 300, 400 ve 500°C’de kalsine edimistir. Sentez sirasinda
0,01-0,05 M arasinda farkli konsantrasyonlarda mangan (II) asetat ilave edilerek Mn katkis1 saglanmustir.
Elde edilen tozlarin karalterizasyonu gergeklestirilmistir. Faz analizinin sonuglari, Mn katkili ZnO
nanotozlarinin, altigen bir yapida tek bir ZnO fazina sahip oldugunu ortaya ¢ikardi. Mikroyapisal ve UV-
goriiniir karakterizasyon sonuglarina gore Mn katkisi, ZnO nanotozlarinin morfolojilerini ve optik
ozelliklerini degistirmistir. Ayrica sonuglar, Mn ilavesinin sentezlenmis ZnO nanotozlarin antibakteriyel
performansini énemli 6l¢lide artirabildigini ortaya koymustur.

Anahtar Kelimeler: Mn katkili ZnO, Piiskiirtmeli kurutma, Optik 6zellikler, Antibakteriyel 6zellikler
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1. INTRODUCTION

ZnO is an important material due to its low cost,
environment-friendly, high stability property, and
high optical transparency thanks to its direct large
bandgap (3.37 eV) and high binding energy
(60 meV) [1,2]. By doping the transition metals
(Fe, Mn, Co, Cr, Ni) into ZnO, the properties of
ZnO nanostructures can be altered like the shape
and size of the nanoparticles, and its optical,
antibacterial, electrical, and magnetic properties
can be enhanced [2,3]. Transition metals doped
ZnO, especially manganese (Mn), is a promising
functional material with good optic, ferromagnetic,
photocatalytic activity, and antibacterial properties
due to the fact that new energy situation within the
bandgap of ZnO is generated by Mn'? doping [4].
So, it can be used for applications including
optoelectronics, solar cells, varistors, high
performance, and biomedical sensors [4,5].
Furthermore, Mn-doped ZnO nanoparticles display
strong absorption in the UV visible range [6,7]. It
was reported by Ma and Wang [7] who found that
while particle size decreased, the absorbance of
UV light increased. Venkataprasad Bhat and
Deepak were also reported that increasing
calcination temperature was increased the particle
size of nanoparticles [6,8]. According to studies in
the literature, when Mn concentration into ZnO is
increased, the optical band gap and particle size of
nanopowders decrease [6,9].

Various methods have been studied for obtaining
Mn-doped ZnO  nanopowders such as
hydrothermal, solvothermal, sol-gel, and chemical
vapor deposition [6,10-12]. Synthesis of Mn-doped
ZnO nanopowders which has homogeneous
dispersed can be difficult with only a thermal
decomposition process by using acetate-based
powders [13,14]. Therefore, spray drying, which is
transformed from feed slurry to dry homogeneous
granules by spraying into a hot medium, was
performed as a preliminary process [13-15]. The
preparation of anode material for lithium-ion
batteries was successfully carried out by spray
drying and subsequent thermal decomposition
[16].
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The present study reports the synthesis of Mn-
doped ZnO particles during thermal decomposition
of spray dried manganese acetate doped zinc
acetate-based granules. The effect of various Mn
dopant concentrations and different thermal
decomposition temperatures were investigated.
The characterization of the ultimate powders was
conducted using by scanning electron microscopy
(SEM), energy dispersive spectroscopy (EDS),
nano-particle size distribution (Nano-PSD),
specific surface area measurement (BET), X-ray
diffractometer (XRD), UV-vis. spectroscopy, true,
and apparent density measurements. The
antibacterial performance of the nanocomposites
was investigated. The results showed that the
addition of Mn can significantly improve the
antibacterial performance of the synthesized
nanocomposites with also improving their optical
properties.

2. MATERIAL AND METHOD

2.1. Fabrication Procedure

Zinc acetate dihydrate (Zn(CH;COO),.2H,0) Alfa
Aesar™),  manganese acetate tetrahydrate
(Mn(CH5C00),.4H,0 Alfa Aesar™) all in powder
form were used as starting materials. Aqueous
solutions of 1 M zinc acetate (hereafter Zn(Ac),)
were prepared by dissolving it in 50 ml distilled
water. For the preparation of doped samples, 0.01,
0.02, 0.03, 0.04, or 0.05 M manganese acetate
(hereafter Mn(Ac),) was added into the zinc
acetate solution and stirred to obtain homogeneous
solutions at room temperature for 30 minutes.
Prepared five different solutions were spray dried
prior to thermal decomposition using a laboratory-
scale spray dryer. Spray drying conditions such as
inlet temperature, feed rate, and drying air flow
rate were adjusted 220°C, 3 ml/min and
800 ml/min, respectively. Also, these experiments
were spray dried by using on Biichi brand Mini
Spray-Dryer B-290. 2 g of the spray dried powders
were placed in an alumina crucible and later placed
in a furnace. The crucible was heated to 300°C,
400°C and 500°C with a heating rate of 2°C/min in
air atmosphere and held for 12 h dwell time at
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peak temperature. The flow chart summarizes the
experimental details given in Figure 1.

Spray Drying Process

Mn Doped ZnO
Na Nopowders

Thermal
Decomposition
Process

Figure 1. The flow chart showing the applied
procedure for prepared samples.

Scanning  electron  microscopy  (FE-SEM,
Quanta™ FEG 250) and energy-dispersive
spectroscopy (EDS) characterized the morphology
of the synthesized Mn-doped ZnO nanopowders.
X-ray diffraction (XRD, Bruker™ D8 Advance)
analyses were performed on the crystal structures
using Cu oK radiation in a scanning range from
20° to 80° with a step size of 2°/min on the 26.
Particle size measurements of the powders were
conducted using Microtrac™ Stabino Particle Size
Distribution. The specific surface area of the
synthesized nanopowders prepared in this study
was measured using the Brunauer—-Emmett—Teller
(BET) method via Quantachrome™ Autosorb-1
MP device. For this purpose, all samples were
outgassed for at least 3 h at 120 °C prior to the
adsorption measurements. The apparent and true
densities were measured with Arnold density
measurement kit and helium pycnometer
(Micromeritics™, Accupyc 1330), respectively.
The optical absorbance of the synthesized powders
was determined by a Shimadzu™ UVmini-1240
UV-vis Spectrophotometer in the wavelength
range between 200 and 800 nm.

Antibacterial activity tests were performed with
Staphylococcus aureus (S. aureus), yeast and mold
ATCC 6538 and ATCC) suspensions of
microorganisms in a pH 7 Maximum Recovery
Diluent according to ASTM 2149 method. Also,
Model bacteria Escherichia coli (E. coli), which is
yeast and mold (ATCC 35218) suspensions of
microorganism, was tested with different
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nanocomposites in  the same  method.
Nanocomposites were weighed as 1 g and placed
in a 250 mL flask with 50 mL of microorganism
solution. The sealed flasks were shaken at 37 °C in
an incubator, and solution samples were collected
after 10 minutes, 20 minutes, and 30 minutes of
contact times. Serial dilutions of the solutions
contacting the surfaces were plated on Muller-
Hinton II agar and incubated for a duration of 24 h
and a temoerature of 37 °C. The presence of viable
bacteria was determined by Colony counts.

3. RESULTS AND DISCUSSION

In our previous studies [13,14], it was reported the
synthesis of ZnO nanoparticles by spray drying
and subsequent thermal decomposition processes
as a result of the decomposition reaction of zinc
acetate into ZnO. In this study, the same processes
were used and Mn-doped ZnO was synthesized by
using manganese acetate tetrahydrate as a dopant
material and compared with ZnO nanopowders
synthesized previously.

Figure 2 shows FE-SEM micrographs of the spray
dried powders and the synthesized Mn-doped ZnO
nanopowders. It is clear that spherical granules
were obtained after spray drying of zinc acetate
based solution (Figure 2a). We observed similar
granulation behavior for the Mn-doped ZnO
nanopowders as  well.  During  thermal
decomposition of zinc acetate to ZnO, new
nanoparticles were created by destroying spray
dried spherical granules. It is determined in the
previous study that a characteristic morphology
was not observed after the thermal decomposition
of zinc acetate in the absence of dopants [14]. It is
shown in Figure 2b-d that rod-shaped morphology
was achieved in the presence of Mn dopant after
the thermal decomposition process, but this
morphology has an irregular structure. Because of
Mn doping, the length, and diameter of rod-shaped
ZnO nanoparticles increases in comparison to the
undoped one. It was previously found reported in
the article by Panda et. al [17] that the diameter
and length of Mn-doped ZnO nanorods showed a
slight increase comparing to the undoped ZnO
nanorods. It is very clear that dopants play a key
role in the change of morphology.

1075



Antibacterial and Optical Properties of Mn Doped ZnO Nanopowders Synthesized via Spray Drying and Subsequent

Thermal Decomposition

SEM micrographs of the synthesized

Mn doped ZnO nanopowders: a) Spray
dried zinc acetate powders, b) Z-1M,
¢) Z-3M and d) Z-5M

200 kX 400 nm

Figure 2.

Mn doped ZnO nanopowders were between the
range of 235-306 nm. It was observed that with
Mn doping and the increase of dopant
concentrations, particle size was decreased
whereas the BET surface area was increased in the
range of 18.50- 28.04 m*/g. The theoretical density
of ZnO is 5.61 g/cm’. Apparent and true densities
of the synthesized Mn doped ZnO nanopowders
are given in Table 1. While the apparent density
values for undoped and Mn doped ZnO
nanopowders decreased from 0.25 g/em® to
0.18 g/em’, true density values increased from
5.58 g/em’ to 5.62 g/em’. The theoretical density
of Mn is 7.21 g/em’ and when Mn incorporated
into ZnO, true density values were increased.
Mn doped ZnO nanopowders displayed poor flow
and packing characteristics due to the formation of

The physical properties of powders after thermal  rod-like and irregular structures; therefore,
decomposition process are summarized in  apparent density values decrease.
Table 1. While the particle sizes for undoped and
Table 1. Physical properties of the synthesized Mn doped ZnO nanopowders
. . . Length .
Sample Particle Size | Specific suzrface /Diameter A[?parent , True Del;SIty
(nm) area (m’/g) (L/D) Density (g/cm”) (g/cm”)
Z 306 18.50 2.5 0.254+0.03 5.58+0.05
Z-1M 298.8 25.40 2.6 0.23+0.01 5.58+0.06
Z-2M 295.7 25.48 - 0.224+0.03 5.59+0.02
Z-3M 292.1 25.57 3.1 0.20+0.07 5.60+0.05
Z-4M 290.3 26.63 - 0.20+0.06 5.61+0.09
Z-5M 289 28.04 3.5 0.18+0.09 5.62+0.01

Z-5M sample synthesized at 300°C was selected
due to its high density and synthesized at 400°C
and 500°C for investigating the effect of different
temperatures. SEM micrographs of the synthesized
Z-5M nanopowders at different temperatures were
shown in Figure 3. It can be observed from
Figure 3 that the morphologies of the Mn doped
ZnO changes greatly with an increase in
temperature. Thermal decomposition at
temperatures higher than 500°C led to having in
thicker rod-diameter and shorter rod-length of the
nanoparticles. Toloman et. al. [18] reported that
the morphology is clearly improved when the
temperature increases.
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Figure 3. SEM micrographs of the synthesized Z-
5SM  nanopowders at different
temperatures: a) 300 °C, b) 400 °C and
¢) 500 °C.
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The density results of the synthesized Z-5M
nanopowders at different temperatures are
tabulated in Table 2. In this table, it can be noticed
a decrease in apparent density with increasing the
thermal decomposition temperature. Furthermore,
the true density of Z-5M nanopowders, determined
as 5.62 g/em’, increased with increasing of
temperature and was measured as 5.65 g/cm’.

Table 2. Density results of the synthesized Z-5M
nanopowders at different temperatures

Seyma DUMAN, Biisra BULUT, Burak OZKAL
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Figure 4a presents the XRD patterns of Mn doped
ZnO nanopowders by thermal decomposition of
the spray dried powders. It was confirmed in the
XRD patterns that the peaks of ZnO have
crystalline quality and peaks position are in good
agreement with standard JCPDS card no. 70-8070
[14]. The high-density peaks corresponding to the
planes (100), (002), and (101) are clear evidence of
the formation of the hexagonal structure of ZnO.
No other peaks corresponding to Mn related
secondary or impurity phase was found in Mn-
doped ZnO nanopowders. This situation was
commented in the literature as the incorporation of
Mn ion into the Zn lattice site [19]. Furthermore,
peaks intensity of Mn doped ZnO nanopowders
increased with increasing of Mn concentration.
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/;. aon
<
-’
e (102) ae (19 qiy
=
P
&
2 JUJL A A
D Z-4M A
‘éé Z-3M A H’\ A A A
E Z-2M A A A x
Z-1M A A’\ A A
z LLA A ¥ O S W
T T T T T
20 30 40 50 60 70 80
20 (degree)

(@)

C.U. Miih. Mim. Fak. Dergisi, 35(4), Aralik 2020

20 30 40 50 60 70 80

20 (degree)

(b)

Figure 4. XRD patterns of the synthesized
nanopowders by thermal decomposition
of the spray dried powders: a) Mn
doped ZnO and b) Z-5M synthesized at
different temperatures

Figure 4b shows the XRD patterns of the Z-5M
nanopowders synthesized by thermal
decomposition at different temperatures of the
spray dried powders. While thermal decomposition
temperature increased to 400 °C and 500 °C,
crystalline quality increased and all the diffraction
peaks were in accordance with the JCPDS card no.
70-8070. Except for ZnO characteristic peaks, no
extra peaks which can be composed of manganese
clusters, zinc or their complex oxides could be
detected. These results are in good agreement with
those obtained by Ahmed [20].

The average crystallite sizes of undoped and Mn-
doped ZnO nanopowders are estimated from the
full width at half maximum (FWHM) of the XRD
peaks using Debye-Scherrer’s equation as follows:

kA
pcosé

(M

where B is the corrected half-peak width of the
experimental sample (FWHM), 0 is Bragg angle,
A = is the X-ray wavelength (1.54°A), and k is the
shape factor of value 0.9. The mean crystallite
sizes of the samples synthesized in different Mn
concentrations are given in Table 3. The XRD
patterns show a slight shift in the peaks of the high
concentration of Mn doping compared to undoped
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ZnO nanopowders. According to Table 3, the
mean crystalline size of the undoped and Mn-
doped ZnO nanopowders is in the range of
22.7-28.1 nm. The small grain growth of
Mn doped ZnO as compare to pure ZnO
nanoparticles resulted in a decrease in the mean
crystallite size when Mn doping in ZnO crystal
increases. Mote et al. [5] also reported quite
parallel mean crystallite size for Mn-doped ZnO
samples. The mean crystallite sizes of the Z-5M
sample  synthesized in different thermal

decomposition temperature are given in Table 4.
Using the plane (101) (main peak) for
Z-5M nanopowders, the crystallite size was found
to increase in this thermal decomposition range
(Table 4). ZnO crystallite size increased from
227 nm for the Z-5M sample thermally
decomposed at 300°C to 26.4 and 31.3 nm for
Z-5M samples thermally decomposed at 400 and
500°C. However, the XRD patterns show slight in
the peaks of Z-5M with an increase in temperature.

Table 3. XRD results of undoped and Mn doped ZnO nanopowders

Mn concentration (M) (101), 20 (°C) D (nm) a (I:Ot)tlce parameze(rzo)
0 36.871 28.1 3.2496 5.2065
1 36.832 27.8 3.2501 5.2069
3 36.778 25.9 3.2510 5.2088
5 36.615 22.7 3.2519 5.2094

Table 4. XRD results of Z-5M nanopowders synthesized at different temperatures

Temperature (°C) (101), 20 (°C) D (nm) . (I;?,;t‘ce parametcea,,)
300 36.615 227 3.2519 5.2094
400 36.587 264 3.2498 52019
500 36.413 313 3.2432 51911

Effect of dopant and temperature on optical
properties of the synthesized samples by thermal
decomposition of the spray dried powders was
determined by UV-vis  Spectrophotometric
analysis at room temperature. Figure 5 shows

Absorbance (a.u.)

T T T T T
200 300 400 500 600 700 800

Wavelength (nm)

(@)

optical absorption spectra of Mn doped ZnO
nanopowders in the visible range prepared by
synthesizing in different Mn concentration and
thermally decomposing at various temperatures.

Absorbance (a.u.)

T T T T T
200 300 400 500 600 700 800

Wavelength (nm)

(b)

Figure 5. UV-vis spectroscopy of the synthesized samples: (a) Mn doped ZnO in different concentrations
and (b) Z-5M sample in different temperatures

1078

C.U. Miih. Mim. Fak. Dergisi, 35(4), Aralik 2020



In the previous study, a single and the
characteristic band peaking of undoped ZnO
nanopowders was indicated at 375 nm [14]. It can
be seen from Figure 5a that the absorption peak of
Mn doped ZnO get shifted towards higher energy
values compared to undoped ZnO. This situation
shows that optical properties in the visible region
improve with Mn doping. Our UV-vis results are
in agreement with Li et al. [21] reported enhancing
optical properties while the sample color is darker.
Figure 5b shows the optical absorption spectra of
Z-5M nanopowders in the visible range thermally
decomposed at various temperatures. The
thermally decomposed Z-5M nanopowders at
different temperatures revealed the increase in the
intensity of the 381 nm peak (the characteristic
peak of wurzite structure of ZnO) increases with
the increase of the decomposition temperature. The
resulting Z-5M nanorods exhibited enhanced

Seyma DUMAN, Biisra BULUT, Burak OZKAL

optical ~ properties even  after  thermal

decomposition at high temperatures.

Antibacterial activities of ZnO and Mn doped ZnO
nanopowders synthesized at 300°C are shown in
Table 5. Our study aimed to develope the
antibacterial properties of ZnO nanopowders by
Mn addition. According to antibacterial activity
results in Table 5, the antibacterial activity of the
Mn doped ZnO granules is impressed regardless of
dependent on the type of bacteria in both gram-
positive and gram-negative bacteria. Mn doped
ZnO nanopowders had stronger antibacterial
activity against the Gram-positive bacterium
S. aureus than against the Gram-negative
bacterium E. coli. Moreover, the antibacterial
properties of Z-5M nanopowders increased with
decreasing crystallite size.

Table 5. Antibacterial activities of ZnO and Mn doped ZnO nanopowders synthesized at 300°C

Zone of inhibition (ZOI)
Samples Concentrations (mg/L) D (nm) (mm)
E. coli S. aureus
Z 50 28.1 21 23
Z-3M 50 25.9 23 25
Z-5M 50 22.7 26 29
4. CONCLUSIONS 3. From XRD investigations result that the Mn

The effects of the dopant concentration and
thermal decomposition temperature on the
morphology of the Mn doped ZnO nanopowders
synthesized via spray drying and subsequent
thermal decomposition processes have been
investigated in the present study. Based on the
obtained results, the following conclusions can be
drawn:

1. Microstructural characterizations by SEM
revealed that new ZnO nanoparticles have rod-
like structures, were created by destroying
spray dried zinc acetate spherical granules. It is
very clear that dopant and temperature play a
key role in morphology changing.

2. The Mn doping was increased true densities, as
the particle sizes of ZnO decreased. The
temperature was also increased the true
densities of Mn doped ZnO nanopowder.

C.U. Miih. Mim. Fak. Dergisi, 35(4), Aralik 2020

doped ZnO for the analyzed samples increases
with the decrease of the Mn concentration.
Contrary to this, the crystallite size for the
analyzed samples increases with the increase of
the thermal decomposition temperature.

4. As a result of our investigations, it seems that
the optical properties in Mn doped ZnO
nanopowders gave similar results with those
low-temperature thermally decomposed
samples. Furthermore, the optical properties in
the Z-5M sample enhanced after thermally
treated at high temperatures.

5. The antibacterial activity is enhanced for Mn
doped ZnO nanopowders by Mn doping.
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