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ABSTRACT

The morphology of the chemically synthesized Zn@agaystals is observed by FESEM
images, which confirms the formation of ZnO nanar¢édnO NRs). The estimated band
gap from the UV-VIS absorption spectra along whk tliameter of the nanorods from
FESEM showed confinement of the nanocrystals. Thmnpn scattering in the Raman
spectra dispersed around the center of the Brillagine according to the uncertainty
principle. The Raman spectrum showed a stroygdgle peak at nearly 435 ¢mwhich
confirms the wurtzite structure of zinc oxide nasd®. The photoluminescence spectrum
of pure ZnO NRs showed a strong emission peak &t 8% due to band-to-band
transition. The peak positioned between Al (LO) &Ad(LO) optical phonon mode in
Raman spectroscopy correlate the emission spectrdh&é formation of the oxygen
deficiency in the ZnO NRs.

Keywords: ZnO nanocrystals, FESEM, Ramapectroscopy, photoluminescence, band
gap.

1. Introduction

Zinc Oxide (ZnO) is very well known direct wide hrgap and multifunctional
semiconductor having excellent size dependent tanaptical property from blue to
ultraviolet bands [1-3]. Due to large direct bandpgZnO being used in many
optoelectronic devices [4] like short wavelengtghtiemitting, UV lasing, and It also
exhibits other interesting properties, like magnetproperties, piezoelectricity,
photovoltaic devices and optical solar cells , gassing. ZnO has high chemical and
thermal stability and is not easily oxidized in @tenosphere. ZnO based semiconductor
optoelectronic devices, including UV detectors,htigmitting diodes (LEDs). And
semiconductor laser dioded (LDs), are widely usedgtical display and storage, optical
communication network, conversion, and optical ct&t@. The key technology for ZnO-
based optoelectronic devices is the fabricatiomigh quality ZnO materials and ZnO
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thin films. The various properties of ZnO nanocaystdepend on the morphology and
Size of the nanostructures. Various fabricationhoés$, such as physical and chemical-
vapor deposition, pulsed-laser deposition, hydnutiaé growth have already appeared in
the literature to synthesized various types of Zmhostructures. Some of the above-
mentioned methods have some drawbacks. Used poesuese unstable causing

environmental hazards and require very high tenmperalow pressure, control rate of
carrier flow and many more. These methods are ositt effective also. We focused the
fabrication of ZnO nanorods by a simple and cofgetifte wet-chemical method. We

next investigated their Morphological properties using FESEM images. We focused
our study to better understand the optical progerfor ZnO nanocrystals for various
optoelectronic applications. We analyse the opticaperties of ZnO nanorods by using
and Raman Spectroscopy and emission spectroscopy.

2. Experimental

All the chemicals used in this synthesis processews analytical grade (Merck-
99.99%) and used as supplied without any furtheifipation. The details of the
synthesis process has been discussed in our psepidalished protocol [5]. In a typical
synthesis process, 0.25M of Zinc Nitrate (Hexahye) was first dissolved in water and
kept as stock solution. 0.25M NaOH solution was ealddirop wise into the stock
solution. The mechanical stirring was continued 4oh. The pH of the solution was
adjusting nearly 10. At the end of the reaction Wiate precipitate deposited at the
bottom of the flux was collected, filtered, wastssleral times by de-ionized water and
dried at 208C for further characterizations. Scanning electrocroscope (SEM) images
were recorded in a Zeiss SEM operating at 5 kV.rReemperature photoluminescence
(PL) data were recorded in a PERKIN ELMER LS-55csmemeter using Xenon lamp as
a source. Optical absorption measurements werdedaout by using Shimadzu-
Pharmaspec-1700 UV-VIS in the range 200—-900 nm

3. Results and discussions

3.1. Fidd-emission scanning electron microscopy (FESEM)

In FESEM microscope the electrons are liberated figld emission source then they are
accelerated in a high electric field gradient. \Withhe high vacuum column these
primary electrons are focused and deflected bytreleic lenses to produce a narrow scan
beam that bombards the nanomaterials. As a restdinglary electrons are emitted from
each spot on the material. The angle and veloéitgese electrons (secondary) relates to
the surface structure of the object. The secondbagtrons are attracted by the Corona
and strike the fluorescing mirror. The fluorescimgror produces photons. It is used to
visualize very small (in the order of nm or micrceter) topographic details on the
surface or entire or fractioned objects [6]. Therphology of the fabricated ZnO
nanorods was observed in a ZEISS Field emissiomngog electron microscope
(FESEM) operated at 5 kV. Typical FESEM images lés@00 nm) of the deposited
material under different magnification are showrFig. 1(a),(b),(c),(d). The formation
and well aligned of ZnO rods are clear from FESEMges (Fig. 1(a),(b), (c)).The clear
regions are marked by circles. Different sizes nad® are observed from the FESEM
images. The rods are confined (so called withinnh@Oalong diameter. The arrow sign
in the figure 1(d) represent one nanorod with Ienrgt00 nm.
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Figurel. (a),(b),(c),(d) FESEM images of the ZnO nano

3.2. Raman spectr oscopy

Raman scattering measures frequency sliw= wpnonoy Which is the difference
between incidenlight frequency wi,) and scattered light frequenoy¢..).Here,wpnonon
is called optical phonon mode vibration. Wiwponon IS @n acoustic phonon, the proc
is called Billouin scatterin The optical mode corresponding to hifgaquenc' lattice
vibration and the acoustic mode conforms to lattibeations at much lower frequencit
Wacous << W o, The scattering frequency has the vew'ga = wine £ Wpnonon Where lower
frequency corresponds to a Stokes and the higher frequency corresponds an-

Stokes line. These two types of scattering thatikeatchange in frequency of the emit
phonon are called inelastic. When there is no feeqy shift (i.e4w=0),then the
scattering is the elastic Rayleighpe that takes place in day diffraction . Rama
spectroscopy is used to studies of the vibratipnaperties of ZnO nanocrystals [7]. H
we describe Raman spectra from ZnO nanorWe chemically synthesized the Zi
nanocrystals. Chemical growth of h ZnO nanostructure materials usually involves
formation of large amount of surface defects inrthrocrystals. Thus, the Raman spe
of these chemically grown ZnO nanomaterials arestéfted and broadened due to

relaxation of the selection le for the conservation of crystal momentun-vector)
within the finite size of the ZnO nanocrystals. cArding to Heisenberg uncertair
principal the phonon uncertainty A4q~1/d, whered is the dimension of the nanocryst
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Also the phonon scatteririn this case are no longer limited to the Brillozione centr
but dispersed around the centre of the BrillouinezoThe crystal structure of ZnO
hexagonal with space groiCg, . Group theory shows that the Ramactive modes fo
ZnO crystals are A+ 2E, +E;. The polar modes Aand E can split into TO and L(
modes, where TO is the transverse optical modesL&nhds the longitudinal optice
modes. The Emode is nonpolar and it composed of two modes wilbw and higt
frequency. In our inveigative of ZnO nanorods (Figure 2) shows the Premi
vibration peaks at 327, 380, 435, and 57¢*. The maximum intensity arises at 435™
corresponding to Hhigh). The spectrum shows sharp and stro, mode peak at near
435 cni,which confirms wirtzite structure of zinc oxide nanorods [8]. Tsymmetry
shows that peak broadens and shifts (at 4%7) to lower frequencies/higher wavelen
compare to bulk ZnO indication of quantum confinamef the ZnO crystals [9]. Tt
peak at 579 cih, situaed between ; (LO) and E (LO) optical phonon mode, arises ¢
to the oxygen imperfection [10] This result is wagreemenwith the PL emission pes
at 486 nm which is due to existence of oxygen dafiy. The nonpolar , mode is
noticed at 435 ci{11]. The peak at 380 chis assigned to Atransverse mode ai
appears due to the anisotropic nature in the fooostant. The ; transverse mode has
different frequency from ; transverse phonon mode. The peak at 32" is due to A
symmetry of the masek arises due to acoustic Overtone process [7
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Figure 2. Raman spectra of ZnO nanorods

3.3. Emission spectr oscopy

Figure 3 shows the emission spectra of ZnO NRs.Zr@ NRs shows a strong unig
emission band around 376 nm which is inultraviolet emission band. A blue emiss
band is at 453 nm could be detected [26]. The bession is due to the purity of t
ZnO NRs.There are different types of defects arising in Zv@@ocrystals. These are:-
vacancy, Ovacancy, Z-interstitial, O-interstitial, Zn-antisite, and @htisite. Also, ther
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exists another blue emission band in the centeB&tnm ( 2.55 eV), attributed to t
presence of some defects which would be resulted fixygen vacancies and intersti
zinc[13-14]. Strong mission peak at 376 nm due to b-to-band transition and gre-
yellow emission band related to the oxygen vacarfcgnO NPs is observi [15-17]
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Figure 3. Emission spectra of the ZnO NRs

3.4. UV-visible spectroscopy and band gap deter mination

UV-visible spectroscopy was carried out to study further tpécal property an
determination of the bandgap of the nanorods. Twenrtemperature U-absorption
spectra of the ZnO NRs dispersed in ethanol is shiowigure 4(a). ZnO NRs shows
strong band at 376&im due to excitonic transition at room temperat[k8]. This
absorption in the UV region shows one dimensionalnqum confinement of carrie
[19]. This absorption in the visible range of wasrath implies that there exist mc
defect energy levels ithe synthesized ZnO nanostructures that are ddleet@pecific
experimental synthesis conditions. Optical absorptioefficient has been calculatec
the Wavelength region 2—-900 nm. The bandgap of the m®pared nanoparticles ¢
determined from theelation [2(-23]

(ahv)? = c(hv — Ej)
where C is a constant.q is the band gap of the material andis the absorptio
coefficient. Figure 1(B) shows the plot ofh{)? vs. energy () and it is used t

determine band gap. The band gap of the sampleuisdfto be 3.75 eV (figure 1(B’
which is greater than the bulk Z (3.37 eV) [24-25].

115



A. K. Bhunia, P. K. Jha, D. Rout, S. S

020

376 nm
0.08 4
5 | (a) 1 (b)
-«
‘E 0.06 4 c>l-\
g E 010
e 3
sg::' 0.04 4 —
v 0054
2
<
001 000
ED‘D ' dlgﬂ ' Eﬂ‘ﬂ ' SD‘D ' TD‘D ' &00 | 0 1' ‘2 h ?; 4V 5 é 7
Wavelength(nm) V(e )

Figure 4. (a)UV-VIS absorption spectra of the ZnO nanopartic(b) Tauc's plot for the
determination of the band gap of the ZnO nanopest

4. Conclusion

We have successfulfigbricated ZnO nanorods. Theorphology of the ZnO nanoro
clearly observed from FESEM images. We have meds®aman spectra of Zn
nanorodsand assigned all vibrational modes. broaden, shift and the asymmetry of
optical phonons have been found for ZnO nanorotie Gandgap of the ZnO NFis
found to be 3.75 eV. Our NRs are good blue emittiragerial
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