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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 500oC. 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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Püskürtmeli Kurutma ve Ardından Termal Bozunma ile Sentezlenen Mn Katkılı 
ZnO Nanotozların Antibakteriyel ve Optik Özellikleri 

 
Öz 
 
Homojen dağılımlı Mn katkılı ZnO nanotozlar, püskürtmeli kurutma ve termal bozunma ikili yöntemleri 
kullanılarak sentezlenmiştir. Sentez, çinko asetat tozları içeren püskürtmeli kurutma bulamacında 
gerçekleştirilmiş olup, ardından hazırlanan tozlar 300, 400 ve 500oC’de kalsine edimiştir. Sentez sırasında 
0,01-0,05 M arasında farklı konsantrasyonlarda mangan (II) asetat ilave edilerek Mn katkısı sağlanmıştır. 
Elde edilen tozların karalterizasyonu gerçekleştirilmiştir. Faz analizinin sonuçları, Mn katkılı ZnO 
nanotozlarının, altıgen bir yapıda tek bir ZnO fazına sahip olduğunu ortaya çıkardı. Mikroyapısal ve UV-
görünür karakterizasyon sonuçlarına göre Mn katkısı, ZnO nanotozlarının morfolojilerini ve optik 
özelliklerini değiştirmiştir. Ayrıca sonuçlar, Mn ilavesinin sentezlenmiş ZnO nanotozların antibakteriyel 
performansını önemli ölçüde artırabildiğini ortaya koymuştur.   
 
Anahtar Kelimeler: Mn katkılı ZnO, Püskürtmeli kurutma, Optik özellikler, Antibakteriyel özellikler  
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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+2 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]. 

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(CH3COO)2.2H2O) Alfa 
AesarTM), manganese acetate tetrahydrate 
(Mn(CH3COO)2.4H2O Alfa AesarTM) all in powder 
form were used as starting materials. Aqueous 
solutions of 1 M zinc acetate (hereafter Zn(Ac)2) 
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)2) 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 220oC, 3 ml/min and             
800 ml/min, respectively. Also, these experiments 
were spray dried by using on Büchi 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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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 

optical properties even after thermal 
decomposition at high temperatures. 
 
Antibacterial activities of ZnO and Mn doped ZnO 
nanopowders synthesized at 300oC 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 300oC 

Samples Concentrations (mg/L) D (nm) 
Zone of inhibition (ZOI) 

(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 
 
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. 

3. From XRD investigations result that the Mn 
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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