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In this study, vertically aligned ZnO nanorods were fabricated by hydrothermal growth method using manganese oxide 
Mn3O4 nanoparticles as a seed layer. X- ray diffraction and Raman studies have shown the nano meter size of Mn3O4 

nanoparticles. ZnO nanorods were characterized by field emission scanning electron microscopy and X-ray diffraction 
techniques. The prepared ZnO nanorods are highly dense, uniform and verily aligned and possess good crystal quality. 
Photoluminescence analysis has demonstrated that the ZnO nanorods exhibit deep level emission in green region due to 
oxygen vacancy related emission and the orange /red region is resulted due to interstitial oxygen defects related emission.  
This method for the fabrication of well aligned ZnO nanorods can be adapted for the development of optoelectronic devices.  
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1. Introduction 
 

Zinc oxide (ZnO) nanostructures are getting more 

attention among researchers due to their unique properties 

and future perspective in increasing the performance of 

optoelectronic and biomedical diagnosing devices. 

Especially, one dimensional nanostructure has been widely 

used in several applications such as solar cells [1], gas 

sensors [2], lasers [3], piezoelectric sensors [4], logic 

circuits [5]. Several growth methods have been adapted for 

the growth of these one dimensional nanostructures, but 

hydrothermal growth approach is more popular due to its 

simplicity, cheapness and versatility in growing different 

morphologies on the variety of substrates [6-7]. The use of 

seed layer prior to the growth of desired morphology is 

fascinating than the growth pattern and the alignment of 

nanostructure. Moreover, the presence of seed crystals on 

the substrate which provide the heterogeneous nucleation 

and hence the free energy of activation is more lowered as 

compared to homogeneous nucleation in solution and also 

gives almost structural match, therefore  preferred growth 

of ZnO with good crystallinity is observed [7]. Due to 

above fact of heterogeneous nucleation, it is highly 

desirable to have a well aligned ZnO nanorods or 

nanowires either of seed layer  on a substrate or on 

selective area of substrate [8-10].  

Recently, the researchers are paying more attention 

towards manganese oxide nanomaterials because of their 

tremendous applications in the research areas of catalysis, 

electrochemistry, molecular adsorption, magnetite, and 

batteries [11-14]. The frequent use of manganese oxides is 

found in the preparation of eletrode materials [11, 12], 

catalysts [13, 14], and soft magnetic materials [15]. 

Various manganese oxides exist such as Mn2O3, Mn3O4, 

MnO, Mn2O6 etc, but Mn3O4 is considered highly efficient 

catalyst for the oxidation of methane [16] and carbon 

monoxide [17] as well as for the selective reduction of 

nitrobenzene [18]. The existence of Mn3O4 into different 

polymorphs is a very useful catalyst in the combustion of 

the organic substances for the wide range of temperatures 

373-773 K [19]. Moreover, Mn3O4 is used as initiating 

material for the synthesis of soft magnetic materials such 

as manganese zinc ferrite for power supplies applications 

[20] and the nanometre size of Mn3O4 showed enhanced 

working performance for these applications due to their 

significant high surface area and decreased size at large 

extent [21]. Several low temperature methods have been 

used for the synthesis of nanoscale based Mn3O4 magnetic 

nanoparticles including sol-gel method and controlled 

oxidation of water suspension of Mn(OH)2 [22,23]. In 

addition these methods, water-alcohol thermal method and 

decomposition of acetylcetonate [Mn (acac) 2] in 

oleylamine at 180 
o
C have been employed for the 

preparation of Mn3O4 nanorods and nanoparticles 

respectively [24, 25]. The precipitation method has 

remained well known for the synthesis of metal oxides 

using their salts with hydroxides and finally dehydration is 

carried out for the produced adduct product. 

In this study, we have grown well aligned, highly 

dense and uniform  ZnO nanorods on the gold coated 

substrate using Mn3O4 nanoparticles as seed layer by 

following the  hydrothermal growth technique.  
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2. Material and methods 
 

Manganese chloride tetra hydrate, ethanol, zinc nitrate 

hex hydrate, and hexamethylenetetramine were purchased 

from sigma Aldrich Sweden. All other chemical used were 

of analytical grade. 

 

2.1. The synthesis of Mn3O4 nanoparticles 

 

In a typical procedure for the preparation of Mn3O4, 

5grams of MnCl2.4H2O were dissolved in100 ml distilled 

water and then vigorously stirred for 10 min.  Afterwards, 

the solution was transferred into a 60-mL Teflon-lined 

stainless-steel autoclave, sealed, and maintained at 180 
o
C 

for 12 h. And then, the autoclave was allowed to cool to 

room temperature naturally. Finally, the brown precipitates 

were centrifuged and washed with distilled water and 

ethanol several times and dried under vacuum at 60 
o
C for 

4 h. The as-prepared precipitates were calcinated at 300 
o
C 

for 5 h in order to complete conversion of manganese 

hydroxide to Mn3O4 nanoparticles. 

 

2.2. The Preparation of seed solution of prepared       

       magnetic nanoparticles for the growth of ZnO     

       nanorods 

 

The seed solution of Mn3O4 nanoparticles was 

prepared in 100 mM hydrochloric acid. Different 

concentrations of Mn3O4 nanoparticles were optimised for 

the growth of well aligned ZnO nanorods, but we used 85 

mg of nanoparticles in 5 ml of hydrochloric acid and a 

homogeneous seed solution was obtained in sonicated 

bath. 

 

2.3. The fabrication of ZnO nanorods on the gold  

       coated glass substrate and their  

       characterisation 

 

ZnO nanorods were fabricated on the gold coated 

glass substrate using seed layer of Mn3O4 nanoparticles by 

hydrothermal growth approach. The method of growth was 

followed according to work [26].   

The nanostructures of ZnO were characterised by 

FESEM, EDX, XRD techniques and the optical study was 

carried out by photoluminescence technique. 

 

 

3. Results and discussion 

 
3.1. The crystalline study of as obtained Mn3O4  

       nanoparticles 

 
The X-ray diffraction (XRD) study of as prepared 

Mn3O4 nanoparticles by precipitation method is shown in 

Fig. 1(a). The diffraction peaks appeared in the graph can 

be indexed to the tetragonal structure of Mn3O4 

nanoparticles which are according to the (JCPDS card NO: 

24-0734). Moreover, the XRD study was supported by the 

Raman study for defining the crystalline structure of as 

prepared Mn3O4 nanoparticles. All the appeared Raman 

peaks revealed the crystalline hausmannite structure of 

Mn3O4 nanoparticles [27] as shown in Fig. 1(b).  Both 

studies have demonstrated the single crystalline nature of 

Mn3O4 nanoparticles.  

 

 
 

Fig 1. The Raman spectrum of Mn3O4 nanoparticles. 

 

 

3.2. The morphological study of ZnO nanorods  

        synthesised with seed layer of Mn3O4  

           nanoparticles 

 

SEM was used to investigate the morphology of 

Mn3O4 seeded ZnO nanorods. Fig. 2 (a) shows the top 

view image of ZnO nanorods and it can be observed that 

the nanorods are highly dense, uniform and vertically 

oriented on the gold coated glass substrate. Beside the top 

view, cross sectional image of ZnO nanorods is shown in 

Fig. 2 (b) and it is clearly shown that the Mn3O4 

nanoparticles provide highly sound nucleation for the 

growth of well aligned ZnO nanorods. This could be due 

to magnetic behaviour of two different inorganic materials 

at nanoscale and in doing so better orientation is observed.   
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Fig. 2. The XRD pattern of Mn3O4 nanoparticle. 

 

 

ZnO is polar crystalline material in which positive 

charge is carried by Zn and the negative charge on O [28]. 

Number of elementary reactions involved in the growth 

process of hydrothermal technique has been proposed [28, 

29]. The strongly motivated growth mechanism for a 

single crystal synthesis is known as Ostwald ripening 
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pathway [29]. It is naturally acceptable that large crystal 

formation is taking place first, then followed by small 

crystal growth and also the formation of large crystals is 

thermodynamically spontaneous due to energy difference 

between large crystal arrays and small crystals which is 

according to the Gibbs-Thomson law [30]. The chemical 

reactions involved in the synthesis of ZnO nanostructures 

using zinc nitrate and HMT can be designed as below. The 

most important is the role of HMT which generates the 

OH
-1

ions in reaction bath and finally theses hydroxide ions 

result a product which is called ZnO. Firstly, zinc nitrate 

and HMT are decomposed at the desired temperature and 

simultaneously the amount of OH
-1

 ions and Zn
2+

 ions is 

increased. 

Zn(NO3)2   → Zn
2+

 +   2NO3
-1

        (1) 

 

(CH2)6N4 + 6H2O   →    6CHO + 4NH3     (2) 

 

NH4OH   → NH3 + H2O     (3) 

 

Zn
2+

 + 4NH3   → [Zn(NH3)4]
2+

         (4) 

 

Zn(OH)2 → ZnO + H2O                 (5) 

 

The presence of colloidal phase of Zn(OH)2 in 

reaction solution which has the tendency to work as part 

time nuclei for the formation of nanorod morphology. 

However, the Zn (OH)2 phase start to be soluble with 

increasing growth temperature. Moreover, when the 

concentration of Zn
2+

 and OH
-1

 exceeds to a critical level 

of ZnO super saturation, then small ZnO particles 

automatically start to form in the complex medium of 

reaction bath [31-32]. Fig. 3 shows an XRD analysis of 

ZnO nanorods using seed layer of Mn3O4 nanoparticles. 

The observed intense 002 peak is evident for the better 

alignment of ZnO nanorods and preferred orientation in 

the c-axis direction by using seed stuff of Mn3O4 

nanoparticles. Other appeared diffraction patterns include 

for crystal planes such as 100, 101, 102, 103, 112 and 004 

and also one peak is observed for the gold coating on the 

glass substrate.   

 

 
 

Fig. 3(a, b) The top view and b. cross section SEM 

 image of ZnO nanorods grown with Mn3O4 seed. 

 

 

3.3. Photoluminescence study of ZnO nanorods  

       prepared with seed layer of Mn3O4  

       nanoparticles 

 

The room temperature PL study of ZnO nanorods 

deposited on the gold coated glass substrate using the seed 

layer of Mn3O4 nanoparticles is shown in Fig. 4. PL 

emission of the ZnO nanorods can be seen in the near band 

emission in the UV region and the visible emission can 

also be observed due to the structural defects incorporation 

in the bulk of ZnO. The near band emission in UV region 

can be observed at 381 nm and the green emission peak is 

centred at 528 nm and orange/red emission band is 

measured at 683 nm. The high intensity of green and 

orange/red emission peaks could be assigned to higher 

number of defect states in the ZnO nanorods prepared with 

seed layer of Mn3O4 nanoparticles. The green emission 

band peak can be related to oxygen defects states and the 

orange/red emission corresponds to interstitial defects in 

the ZnO nanorods [33]. PL study suggests that the 

fabricated ZnO nanorods exhibited good crystal quality 

with relatively more defect states compared to zinc acetate 

seed layer.  

 

 

 

Fig. 4. The EDX for ZnO nanorods grown with Mn3O4 seed. 

 

 

 

Fig. 5. The XRD pattern of ZnO nanorods. 
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Fig. 6. The photoluminescence study of ZnO nanorods  

grown with Mn3O4 seed. 

 

 

4. Conclusion 
 

This work describes the synthesis of ZnO nanorods 

using seed layer of Mn3O4 nanoparticles by hydrothermal 

growth method. The use of manganese oxide nanoparticles 

provided a good platform as a nucleation for the growth of 

well aligned ZnO nanorods. The structural characterisation 

has shown that the ZnO nanorods are perpendicularly 

oriented to substrate, highly dense, uniform on the 

substrate and exhibits good crystal quality. 

Photoluminescence study has revealed that the ZnO 

nanorods are enriched with oxygen vacancy and interstitial 

defects. The approach towards to control of alignment of 

ZnO nanorods may be useful in improving the 

performance optoelectronic devices based on ZnO 

nanorods.   
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