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Abstract 

Zinc Oxide (ZnO) nanoparticles are synthesized by hydrothermal method.  Then the prepared samples are characterized by 

various structural and surface morphological studies such as XRD, Raman, PL and UV-Visible. In the XRD measurement , 

characteristics peaks  are observed at an angle of 31.5
o
, 34.34

o
, 36

o
, 47.4

o
, 56.54

o
, 62.68

o
 and 67.76

o
  which corresponds to 

(100), (002), (101), (102), (110), (103) and (112), plane respectively. In the Raman spectroscopy, The E2 (High) mode and E1 

(LO) mode are observed at 437cm
-1

 and 578cm
−1

, respectively. The UV–visible absorption and Photoluminescence (PL) 

measurements are performed at room temperature and sample exhibit characteristics UV band at around 395 nm. 
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Introduction 

Zinc Oxide (ZnO) nanoparticles have unique and promising 

properties towards photoluminescence applications due to their 

ability to cause oxidation, chemical stability, non-toxic nature 

and low cost production
1
. It has attracted wide interest due to its 

characteristic features, tunable and novel applications in global 

scientific researches and industries. Many research in the field 

of various applications which primarily include beauty products, 

medicinal applications, pigment, transducers based on 

piezoelectric materials and catalysts are reported in literature
2
. 

ZnO as such exhibits various properties such as optoelectronics, 

piezoelectric, semiconducting, pyroelectric and catalysis
3
. It is 

as such an n-type semiconductor and having structure of 

hexagonal wurtzite. It has optical transparency in the range of 

visible spectrum
4
. 

 

ZnO is basically a wide band gap semiconductor of energy of 

around 3.37 eV and a larger exciton binding energy of around 

60 meV which is around 2.4 times of the room-temperature 

thermal energy
5
. It is also known that the optical properties of 

ZnO nanomaterials are different from the bulk crystalline 

materials
6,7

. The reduction in size to nanometer range can tune 

the bandgap as well as luminescent properties of ZnO near ultra 

violet and visible regions
8-11

. However, nanostructured materials 

have emitted visible photoluminescence much stronger than 

bulk structures to the concentration of oscillator strength in just 

few transitions
4
. It is also reported that the emission properties 

of ZnO nanostructures are depend on their synthesis method and 

the surface defects
5
. In this paper, the synthesis of ZnO 

nanoparticles is reported by hydrothermal method. This methods 

yields well crystalized and quasi-nanorods type structures. The 

wide applicability of this method leads to controlled shape and 

size nanostructures for luminescence study. 

 

Sample Preparation 

ZnO nanoparticles are synthesized by hydrothermal method. In 

this method Zinc acetate 50mM solution is prepared in 

methanol. The prepared solution is refluxed for 2 hours at 

temperature of 150
o
C. After that olayamine solution of 30 mM 

is added to it. In the next step, 1M NH3 is added to it. It 

increases the alkaline nature of solution. After that the KOH 

solution is added to the mixture and it will act as reducing agent. 

The reaction is taken place at same temperature for 2 hours. In 

the final stage, solution was brought at room temperature for 

cooling and filter it by using centrifugation. The prepared 

sample washed with distilled water for several times to obtained 

ZnO nanoparticle. The obtained samples annealed in vacuum 

for 4 hours at 300
o
C. 

 

Sample Characterization 

Raman measurements were performed at Renishaw InVia laser 

Raman microscope having the excitation laser wavelength 514.5 

nm. FTIR measurement carried out at RX I spectrometer by 

Perkin Elmer. The surface morphology of the prepared samples 

was measured with Field Emission Scanning Electron 

Microscope (FESEM, Tescan, MIRA3). The UV-Vis 

measurement is performed at room temperature with the help 

Shimadzu UV-2600 and Photoluminescence investigations are 

performed by a Thermo Scientific evolution 220 at IIT, Patna. 

 

Results and Discussions 

XRD Studies: The prepared sample is characterized by XRD 

measurement and characteristics peaks is observed at 2θ value 

of 31.5
o
, 34.34

o
, 36

o
, 47.4

o
, 56.54

o
, 62.68

o
 and 67.76

o
 and it 

corresponds to (100), (002), (101), (102), (110), (103) and 

(112), plane respectively as shown in Figure-1. The peaks of the 
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XRD measurement graph well matched with available JCPDS 

Data No. 36-1451 and it shows wurtzite phase. 

 

 
Figure-1: The XRD measurement of ZnO nanoparticles. 

 

FT-IR Studies: The FTIR spectrum of the ZnO nanoparticles is 

provided in Figure-2. The transmission peak at 3374.61 

cm
−1

 corresponds to OH groups stretching vibrations
13

. The C–

C bond located at 1645.77cm
−1

 correspond the stretching 

vibration of the carbonyl groups. The stretching vibration mode 

of Zn–O bond is present at 567.34cm
−114

. 

 

 
Figure-2: The FTIR measurement of ZnO nanoparticles. 

 

Raman Studies: The mode due to oxygen vibration is observed 

as E2 (High) Raman mode is observed at 437 cm
-1 15

 as shown in 

Figure-3. The band which originates from second-order Raman 

scattering is present at 578cm
−1

and assigned as E1 (LO) mode. 

The mode is mainly depend upon the presence of impurities 

and/or defects. The peaks at 1398, 1450 and 1690 cm
-1 

refers to 

C-H bending, C-O stretching and C-H3 stretching, 

respectively
16

. 

 

 
Figure-3: The Raman studies of ZnO nanoparticles. 

SEM Studies: In the Figure-4, the surface morphology of the 

prepared samples is observed and it is found to be dimension of 

20-30 nm. 

 

 
Figure-4: The SEM micrograph of ZnO nanoparticles. 

 

UV-Vis Measurement: In the Figure-5, the sample exhibits 

plateau between 300 and 350 nm which is nearly 4.11 and 3.53 

eV. After that the sharp decrease is observed.  The main 

characteristic peak is observed at around 372 nm which refers to 

band gap of 3.32 eV
4
. 

 

Photoluminescence Measurement: The PL spectrum of ZnO 

nanoparticles is investigated as shown in Figure-6. The strong 

emission characteristic of the excitation band is observed in the 

visible range centred at 514 nm (∼2.4 eV). This corresponds to 

oxygen vacancies of singly ionized or zinc interstitials
4,5

. 

 

 
Figure-5: The ZnO nanoparticles UV absorption spectra. 
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Figure-6: The PL measurement of ZnO nanoparticles. 

 

Conclusion 

The ZnO nanoparticles are prepared by chemically 

hydrothermal method. The prepared sample is characterized by 

the XRD measurement, FTIR study, Raman studies, SEM 

studies, UV-Vis and PL measurement. The ZnO nanoparticle of 

dimension 20-30 is formed with the band gap of 3.32 eV. In the 

PL measurement, the strong emission characteristic of the 

excitation band is observed in the visible range centred at 514 

nm. This is related to oxygen vacancies of singly ionized or zinc 

interstitials. 
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