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Abstract- Zinc Oxide Nanoparticles of different size 

and shapes were prepared using wet-chemical and 

hydrothermal method. Novel nanostructures with 

better emission properties compared to the wet-

chemical synthesis have been successfully produced 

by hydrothermal route. However the size of the 

structures was more confined in the wet-chemical 

synthesis. In the nanorods synthesized via 

hydrothermal route, visible light emission of very 

high intensity has been observed in the red emitting 

region around 650nm. None of the structures have 

been doped and hence the emission can be attributed 

to the various substructure attachments to the rods. 

Chemical synthesis methods yield rods with 

unfinished ends. The growth direction is found to be 

(0001) in the hexagonal rods with hexagon like sub-

structures attached to them. The structural, chemical 

and optical properties of the samples have been 

studied using X-ray diffraction (XRD), scanning 

electron microscopy (SEM), energy dispersive X-ray 

(EDX) analysis; Fourier transformed infrared 

(FTIR) spectroscopy and UV–VIS spectroscopy. 

Key Words:  wet- chemical method, hydrothermal, 

nanorods, hexagonal, sub-structures. 

I. INTRODUCTION 

Zinc Oxide is a versatile material that possesses many 

unique characteristics like high-specific surface area, 

non-toxicity, chemical stability, electrochemical activity, 

and high electron communication features
1-5

. Among 

these oxides, ZnO exhibits the most diverse and 

abundant configurations of nanostructures known to 

date, such as nanocombs, seamless nanorings, aligned 

nanopropellers, nanohelixes/nanosprings, nanobows, 

nanobelts (NB), nanowires (NW), and nanocages 
6
. 

Fundamental research into functional oxide-based one- 

dimensional nanostructures is in rapid progress due to 

their unique and novel applications in optics, 

optoelectronics, catalysis, and piezoelectricity 
6,7,8

. Wide 

band gap semiconducting oxides with nanostructures 

such as nanospheres, nanorods, nanowires are of 

particular interest 
9
. Out of many semiconducting 

oxides, the wurtzite family of structures has few 

important members, such as ZnO, GaN, AlN, ZnS, 

CdSe, which are important materials for the above 

mentioned applications 
6
. ZnO is a typical member of 

the wurtzite family of structures 
6
. It has a wide band 

gap (Eg=3.37 eV) 
10, 11

 and a large exciton binding 

energy of 60 MeV 
12,13

, significantly higher in 

comparison to materials of the same family as GaN, 

ZnSe etc. 
10

 and is a photochemical semiconductor 
14-17

. 

ZnO nanostructures exhibit high catalytic efficiency and 

strong adsorption ability apart from the other advantages 

of the wurtzite family of nanostructures. Research on 

ZnO nanoparticles doped with different metal atoms is 

of great significance 
11

. It is usually reported that the UV 

emission properties in undoped Zinc Oxide 

nanoparticles are weaker than doped ones 
11

 and hence 

doping of the nanoparticles is preferred to obtain novel 

properties. 

In the present work, high quality undoped nanorods of 

zinc oxide with attached hexagonal substructures to the 

body of the rods has been synthesized. The structures 

are novel and have not been reported elsewhere. The 

hydrothermal method of synthesis route was followed 

and a comparison has been made with the wet-chemical 

synthesis route. These structures have been characterised 

by powder XRD, HRSEM, and UV-Vis 

spectrophotometer. 

II. EXPERIMENTAL MATERIALS AND 

METHODS 

All the chemicals (analytical grade reagents) were used 

without further purification. In a typical experiment, 

8.9g(0.03 mols) of Zinc nitrate was thoroughly dissolved 

in 30ml Millipore water and 1.6g(0.04 mols) of sodium 

hydroxide was dissolved in 20ml Millipore water. The 

pH of the second solution was measured to be 13.5. This 

solution was allowed to add drop wise to the Zinc 

Nitrate solution until the pH was adjusted to 10. This 

was done under constant stirring in a magnetic stirrer 

and the solution was left under vigorous stirring for  

three hours after which it was centrifuged and washed 

with DI water. The powder was dried at 60 degrees for 

several hrs. This is denoted as sample 1.  A similar 
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experiment was done under the same pH conditions as 

the one described above. The reagent quantities were 

same. The solution mixture was allowed to stir for 2 hrs 

and then was put in a 50ml teflon lined autoclave and 

heated at 150 degrees for 3 hrs. The powder was dried at 

60 degrees for several hrs. This is denoted as sample 2.  

To see the effect of change in precursor and solvent on 

morphology another experiment was performed. 6.8g 

(0.03 M) of Zinc Acetate was dissolved in 30ml Ethanol. 

To this was added 20ml of a 2M solution of sodium 

hydroxide in Ethanol. The solution was left under 

vigorous stirring for 3 days after which it was washed 

with ethanol and dried at room temperature. This is 

denoted as sample 3. In all the experiments PVP was 

used as a surfactant to reduce the grain size and provide 

stability.   

Characterizations 

The crystalline structure of the dried powders were 

analysed by powder X-ray diffraction.  The powder X-

ray diffraction (PXRD) was carried out on a Xpert Pro 

X-ray diffractometer using Cu Kα -1 radiation  ( = 

0.1406  nm) in Bragg–Brentano geometry. The 

specimen for PXRD was prepared by pressing the dry 

powder in a groove scooped onto a quartz plate. 

Diffraction data were collected at a scan rate of 1.2

, 2 

per minute. Prior to measurements, the PXRD machine 

was calibrated using a certified α – quartz specimen. 

 The chemical composition and stoichiometry of ZnO 

deposits were analyzed by energy dispersive X-ray 

analysis as well.  The as-synthesized nanocrystalline 

ZnO powder samples were used as samples for EDAX 

analysis.  The EDAX analysis was done using the set-up 

integrated with a scanning electron microscope (SEM) 

(Jeol Japan Inc., Model: JSM 6060) and high resolution 

scanning electron microscope (HRSEM) (ZEISS, 

Japan).  The EDAX analysis was carried out at several 

locations on the powder sample and deposits in order to 

check the exact composition and stoichiometry.  

Compositions indicated retention of particle 

stoichiometry in powder sample as well as deposits. 

  UV-Vis absorption spectroscopic analysis of ZnO was 

carried out using a double Beam spectrophotometer.  

Optical absorption spectrum of the Zinc Oxide powder 

in the UV-Visible range was obtained by running a 

colloidal suspension in analytical grade ethanol as the 

sample and pure ethanol as reference.    

III. RESULTS AND DISCUSSIONS 

The phase and purity of all the prepared ZnO samples 

were determined by X-Ray Powder Diffraction. A 

typical X-Ray powder diffractogram(XRD) of the three 

ZnO samples are shown in the figure 1(a) and 1(b). The 

XRD measurement reveals that the nanoparticles have 

hexagonal wurtzite sturcture. The latice constants 

obtained by calculation from the data matches with the 

JCPDS card no. of bulk ZnO. For all the samples no 

extra peaks from other impurities were found. In both 

the wet- chemically prepared samples as can be seen in 

fig 1(a) a slight broadening of the peaks were seen. 

Further it can be noticed that the (200), (112) and (201) 

peaks are not completely separated in these two samples 

and also the peaks are broad which indicates the 

nanocrystalline nature of the samples 
18

. In the third 

sample (fig 1(b)) that had been prepared via 

hydrothermal method however the peaks have greater 

intensity and all peaks are well separated. Figure 1(c) 

shows the EDX pattern of this third sample which shows 

100% purity.  

 

 

Figure 1(a): X-Ray Diffraction pattern of wet-

chemically prepared sample 1 and 3 in order. 

 

Figure 1(b): X-Ray Diffraction pattern of 

hydrothermally prepared sample 2 
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Elements Atomic Composition

Zn 43.25%

O 56.75%  

Figure 1(c): EDX of sample 3 

Scanning Electron Micrograph of sample 1 and sample 2 

reveals nanorods even though in both the cases the 

morphologies of the rods are different. As shown in the 

figure 2 the nanorods in sample 1 are with broken and 

unfinished ends. The diameter of these rods is around 20 

nm. This varies widely with sample 2 as is shown in 

figure 3. The nanorods here are perfected hexagonal 

structures with a length of more than 2 m and a 

diameter of 500nm. These structures further have 

hexagon sub-structures attached along the body of the 

rod as is seen in the fig 3. The growth direction   can be 

attributed to the pH conditions. The attachment of the 

sub-structures must be externally at a later time after the 

growth of the rod was completed. 

In the case of sample 3 the Scanning Electron 

Micrograph (fig 4) shows nanorods of much smaller 

dimensions and a few spherical particles also. The 

smaller dimensions and morphology can be attributed to 

longer mechanical stirring time and surfactant effect as 

has been suggested 
19

. However with the change of 

precursor a distinct change is seen in the morphology of 

the samples. 

 

 

Figure 2: SEM images of sample 1 
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Figure 3: SEM images of sample 2 

 

 

 

Figure 4: SEM images of sample 3 

The optical absorption of the ZnO samples is shown in 

the figure 5. The optical absorbance was recorded at 

room temperature by a double beam spectrophotometer.  

It is evident from the figure 5(a) that sample 1 exhibits 

strong absorption at 364 nm as is indicated.  

In the case of sample 3(fig 5(b)) a strong absorption 

peak is observed at 367 nm and a  hump at 259nm. The 

appearance of two peaks can be attributed to the 

presence of rods and spherical particles in the sample as 

has been confimed in the SEM data. The peak at 367nm 

is caused due to the longitudinal vibration of the surface 

plasmons along the length of the rods while the peak at 

259nm is due to the transverse vibration in the spherical 

nanoparticles. There is also appearance of a small edge 

after the 259nm peak. This can be attributed to the 

vibration of the surface plasmons along the diameter of 

the rods. The blue shifting of the edge shows confinment 

along the diameter 
20

. 

The absorbance recorded for sample 2(fig 5(c)) shows a 

sharp peak at 382nm and an edge at after 250nm. 

Further this sample shows a high intensity broad peak at 

647nm which is in the red emitting region usually 

obtained by doping of ZnO with other impurity atoms. 

However sample 2 is pure Zinc Oxide as can be seen 

from the EDX analysis. This emission can hence be 

attributed to the sub-structure attachments  along  the 
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body of the rods as can be seen in the SEM image in 

figure 2. The peak at 382nm can be attributed due to 

vibration of the surface plasmons along the length and 

the  edge is due to the vibrations along the diameter of 

the rods. The edge is blue-shifted due to confinement 

along the diameter 
20

.Another reason that can be 

attributed to the broad peak is the presence of hydrogen 

atoms in the lattice of ZnO in the sample.The presence 

of oxygen vacancies can be ruled out in this case as we 

can deduce from the EDX result that there is a presence 

of excess oxygen due to the synthesis being carried out 

in an oxygen reach atmosphere. The presence of PVP 

surfactant was detected by FT-IR spectra 
21

 which gave 

a peak at 1658 cm
-1

. 

 
Figure 5(a): UV-Vis absorption of sample 1 

 
Figure 5(b): UV-Vis absorption of sample 3 

 
Figure 5(c): UV-Vis absorption of sample 2 

 

IV. CONCLUSION 

Wurtzite ZnO nanoparticles were prepared both in 

alcohol and aqueous media. PVP was used as a 

surfactant to control the size and shape of the 

nanoparticles. This study describes a novel methodology 

to synthesize undoped nanorods with better emission 

properties which can usually be achieved only by 

doping. The structures also are newly reported as can be 

seen from the HRSEM images. Quantum size effects are 

seen in the nanorods as is evident from the optical 

properties. 
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