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OPTICAL AND DIELECTRIC CHARACTERIZATION
OF PVA CAPPED ZnSe NANORODS
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PVA passivated ZnSe nanorods have been synthesized using the solvothermal method. XRD analysis of
the synthesized nanorods validates the cubic zinc blende structure with average particle size of 14 nm, and
SEM analysis confirms the formation of rods having a wide range of lengths. A twin nanorod along with a
typical nanostructure of rods has been observed in SEM micrographs. The optical characterization of the
synthesized nanorods has been made using UV-Vis and photoluminescence spectroscopy. An energy gap of
3.89 eV has been observed, which is blue shifted from the bulk ZnSe. The dielectric study of ZnSe nanorods
has been also made and reported.
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Tlaccusuposannvie [1BA nanocmepoichu ZnSe cunmesupogamvl ¢ UCNOIb308AHUEM COIbEOMEPMATLHO2O0
Memooa. PenmeenocmpykmypHulil aHAIU3 CUHME3UPOBAHHBIX HAHOCMEPICHEN NOOmMeepicoaem xapaKmep-
HYI0 0151 YUHKOBOU OOMAHKU KYOUUECKYI0 CIMPYKMYPY CO CpeOHUM pazmepom yacmuy 14 Hm, ucciedosanust
€ NOMOWBIO PACMPOBOL 3NIeKMPOHHOU Mukpockonuu (POM) ceudemenvcmeyiom 06 obpazosanuu cmepoic-
Hell ¢ bonvwum ouanazonom oaun. Ha POM-uzobpasicenusx napsody ¢ 0ObIMHbIMU CMEPHCHEBLIMU HAHO-
CMpYKmypamu HaOn00armcs co8oeHHvle HaHocmepocHu. Onmuueckue Xapaxmepucmuky CUHMe3UpoeaH-
HbIX HAHOCTEPIICHEl NOJYUEHbL C UCHONb308aHUeM Y D-uoumotl u homooMuHeCYeHMHOU CNeKMPOCKONULU.
3anpewennan 3ona wupunoti 3.89 3B cmewena 6 cuH0 001ACMb CHEKMPA OMHOCUTNENbHO NOJONCEHUSL
VKA3AHHOU 30HbL 8 00bemHOM 0bpasye ZnSe. [Ipogedenvt ucciedosanus OUIIEKMPULECKUX CEOUCNE HAHO-
cmepoicheli ZnSe.

Knroueevie crosa: nanocmepoicenv ZnSe, coib8OMEPMAIbHbIN MEMOO, PeHMEeHOCMPYKIMYPHbLU AHATUS,
PACmpos8as INeKMPOHHAS MUKPOCKONUSA, TIOMUHECYEHYUS, OUITIeKMPULeCcKUe C80UCMEd.

Introduction. Among various chalcogenides, ZnSe is one of the important II-VI semiconductors.
The various forms of ZnSe at nanoscale level are of keen interest due to their vast applications in nano-
devices. These various forms of ZnSe nanostructures have been synthesized by using different physical as
well as chemical approaches, and their structural, optical, and electrical properties have been investigated by
several workers [1-7]. The unique properties of these nanostructures are being used in a variety of device
functionalities and have been demonstrated in light emitting diodes [8], single-electron transistors [9], and
different quantum dot geometry dependent junctions [10]. Very few works have been carried out to synthe-
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size one-dimensional ZnSe nanostructures such as nanowires, nanorods, nanotubes, etc. Panda et al. [11]
synthesized ultrathin as well as uniform ZnSe nanorods of length 4.5 nm and nanowires of length in the
range 100-200 nm having the same 1.3 nm diameter. The synthesized nanorods and nanowires are character-
ized spectroscopically, and their uniformity has been confirmed. Thermally treated wurtzite ZnSe nanowires,
of length tens of microns and diameter in the range of 15-20 nm, have been synthesized by Xiong et al. [12],
and three luminescence peaks lying at 435, 462, and 587 nm has been reported. Fanfair and Korgel [13] de-
veloped ZnSe nanowires using the solution—liquid—solid mechanism in the presence of trioctylamine and
trioctylphosphine oxide and reported that the nanowires produced in trioctylamine have short branches pre-
dominantly growing in the (112) direction, whereas nanowires produced in trioctylphosphine oxide have no
branches and grow in the (111) direction. Dong et. al. [14] synthesized colloidal homo branched ZnSe nan-
owires using solution-liquid-solid growth process in combination with a sequential seeding strategy and re-
ported that the crystalline branches grow epitaxially from the backbone. Yim et. al. [15] prepared ZnSe nan-
owires of large aspect ratio and length up to a few millimeters using the vapor transport technique.
Mn-doped ZnSe nanowires 2-3 pum long and 80 nm thick were successfully prepared using hydrothermal
method by Han et al. [16], and a sharp absorption peak lying at 360 nm along with two luminescence bands
lying at 432 and 580 nm has been reported. Zhang and Yang [17] synthesized 75 nm thick and more than
10 um long twinned cubic ZnSe nanowires using the solvothermal process and reported that the nanowires
show strong emissions of both phases of ZnSe. ZnSe nanowires of high quality and having diameters in the
range 15-20 nm with length 4-10 um have been synthesized by Petchsang et al. [18] using a solution—
liquid—solid growth technique. Cubic and ultrathin ZnSe nanorods with improved photocatalytic activities
have been synthesized by Yao et al. [19] using the reaction between selenium and zinc oleate. High-quality
ZnSe nanowires are prepared by Wang et al. [20] through an Ag,Se-catalyzed growth mechanism, and a sig-
nificant blue shift in the band gap of ZnSe nanowire in comparison with the bulk is observed.

The use of organic polymers for the synthesis of semiconductor nanostructures is a prominent method
because the polymer matrices provide good processability and solubility. Among other organic polymers,
polyvinyl alcohol (PVA) is an optically transparent, hydrophilic, biodegradable, biocompatible as well as
nontoxic polymer and has better film forming capacity. The aqueous solubility and high viscosity of PVA
matrix prevents particles from agglomeration and thus is helpful in controlling the growth of ZnSe nanorods.
Since the PV A matrix also protects it from photo-oxidation, ZnSe nanorods implanted in the PVA matrix is a
good candidate material for their-ready-use applications in optical devices. The optical and dielectric proper-
ties of ZnSe nanorods embedded in the PVA matrix have not been studied extensively. Therefore, in the pre-
sent study, ZnSe nanorods in the PVA matrix have been synthesized via the solvothermal process, and their
structural and optical and dielectric properties have been investigated.

Materials and method. The ZnSe nanorods are synthesized via the solvothermal process adopted by
Jana et al. [4]. The zinc chloride (ZnCly), selenium oxide (SeOz), and organic polymer PVA are used as raw
materials, and all the materials used are of purity about 99%. A thick and transparent mixture of PVA is pre-
pared by mixing 2 g of PVA in 100 ml of distilled water under stable stirring at 90°C for 2 h. A 0.2 mM por-
tion of ZnCl, is mixed with 25% of ammonia solution under continuous stirring to prepare a solution of
20 mL, and then 0.2 mM of SeO, along with 20 mL of PVA solution are added to the prepared mixed solu-
tion of ZnCl, and ammonia. After 1 h of stirring, the resulting reaction mixture is transferred into a stainless
autoclave and then sealed. The sealed autoclave is kept at 240°C for 2 h. After 2 h, the product contained in
the autoclave is chilled automatically to room temperature and then centrifuged to find the yield. The final
yield is washed with ethanol and distilled water several times and then dried in vacuum at 70°C. The synthe-
sized products are used for further characterization.

Results and discussion. Structural study. The structural properties of ZnSe nanorods embedded in the
PVA matrix have been investigated using a Rigaku mini flex X-ray diffractometer with Cuk, radiation
(1.5418 A). The diffraction pattern, recorded in the range of 20 from 20° to 80° at the scanning speed of
0.02°/min, is presented in Fig. 1. The diffraction peaks observed at 27.18, 29.58, 45.16, 49.18, 53.46, 65.80,
and 72.60° are indexed as (111), (101), (220), (103), (311), (400), and (331) reflection planes of cubic zinc
blende ZnSe nanorods, respectively. The diffraction pattern also confirms that no impurity is present in the
synthesized nanorods. The sharp and strong peaks observed in the pattern signify the crystalline nature of the
ZnSe nanorods. The crystalline nature of the synthesized nanorods is due to the decrease in number of hy-
drogen bonds formed between the layers of the PVA matrix upon the incorporation of ZnSe into
PVA [21, 22]. This signifies that the amorphous PVA acts as a stabilizer and controls the growth of the na-
norods. The mean crystallite size is obtained from Scherrer's formula given by
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D = k)\/Bcosh,

where D, k, A, B, and 0 represent the average crystallite size, particle shape factor, wavelength of X-ray, full
width at half maximum (FWHM) intensity, and Bragg’s angle, respectively. The crystallite size calculated
from the XRD pattern corresponding to the (111) reflection peak is found to be 14 nm.
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Fig. 1. XRD pattern of ZnSe nanorods.

Morphological study. The morphology of the synthesized ZnSe nanorods has been studied using
a JEOL-JSM6700 scanning electron microscope operating 15 kV, and the micrographs are shown in Fig. 2
at different magnifications. The micrographs confirm the formation of nanorods having lengths ranging from
9-105 nm as a result of the solvothermal technique used. A twin nanorod shown by red arrow along with a
typical structure of nanorods shown by white arrows has been synthesized and is shown Fig. 2b. The micro-
graphs also reveal that the synthesized rods are straight without any nanoparticle impurities.
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Fig. 2. Scanning electron micrographs of ZnSe nanorod at various magnifications.

UV-visible study. The room temperature optical study of the synthesized ZnSe nanorods has been made
using a LAMBDA 35 spectrophotometer (Perkin Elmer) by using UV-Vis spectroscopy. The observed spec-
trum, represented in Fig. 3a, reveals a strong absorption peak at 372.3 nm and is in close agreement with that
reported by Ahamed et al. [23]. The energy band gap of ZnSe nanowire is determined by extrapolating the
linear region of the graph plotted between (ahv)? versus v and is displayed in Fig. 3b. An energy bandgap
of 3.89 eV has been observed, which is shifted towards shorter wavelengths (~1.19 eV) in comparison with
the energy gap of bulk ZnSe (E,~ 2.7 eV) due to the size reduction effect in the presence of PVA matrix.
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Fig. 3. UV-vis absorption spectrum (a) and Tauc plot of ZnSe nanorods (b).

Photoluminescence study. The photoluminescence technique is a highly sensitive and non-destructive
technique. Therefore it is widely used to examine the photon related properties of active sites of ZnSe nano-
rods. The PL characterization has been done by using a PerkinElmer luminescent spectrometer LS-55.

The photoluminescence emission spectrum of ZnSe nanorods is shown in Fig. 4. From figure a sharp
peak lying at 231 nm is clearly observed, which is also in close agreement with that reported by Ahamed
et al. [23]. The figure also reveals that the photoluminescence peak moves in the direction of shorter wave-
lengths due to the quantum confinement effect and originates due to the recombination of a hole induced by
a photon and a particular defect charge state.
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Fig. 4. Photoluminescence spectrum of ZnSe nanorods.

Dielectric study. The variation of dielectric loss of PVA capped ZnSe nanorods as a function of fre-
quency ranging from 1 kHz to 1.5 MHz at various temperatures is depicted in Fig 5a. The dielectric loss
shows high values at smaller frequencies (<100 kHz) for all temperatures, which is possible due to the inter-
facial polarization. The values of dielectric loss at frequencies greater than 100 kHz become almost constant
and can be explained on the basis of the Maxwell-Wagner-Sillars effect in which electrical heterogeneity
induces inertia due to dipoles [24]. The dielectric loss values also increase with increase in temperature in
the low frequency region. The variation of dielectric constant of the synthesized ZnSe nanorods as a function
of frequencies ranging from 500 kHz to 5 MHz at various temperatures is depicted in Fig. 5b, which shows
that in the low frequency region, a decrease in the value of dielectric constant is observed as the frequency
increases, while in the high frequency region it becomes constant for all temperatures. A fast decrease in the
values of dielectric constant has been observed in the frequency regime less than 1 MHz while in the fre-
quency region from 1 to 3.25 MHz the decrease become slower. Koop’s theory and the Maxwell-Wagner
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two layers models [25] can be used to explain the variations observed in the dielectric constant. In the low
frequency regime, the induced space charge polarization due to the oppositely aligned space charge with
respect to the applied field enhances the values of the dielectric constant. In the higher frequency regime, the
rotation dielectric polarization induced by self-aligned dipoles formed by positive and negative charges in
the presence of the applied field and the space charge polarization increases due to the small volume of the
particle as well as lagging of species responsible for both polarizations [26]. It is also obvious from Fig. Sb
that the dielectric constant value increases with increase in temperature and is in close agreement with Debye
relaxation [27].

tand a o b
0.04 038
0.03 - 034}

"\..\_‘. 6

0021 \ 030}
0.01 _ 026}

. Se=——=imzsi? = 022}

103 10 10° 105 logf 0.5 15 25 3.5 £ MHz

Fig. 5. Variation of dielectric loss (a) and dielectric constant (b) of ZnSe nanorod with frequencies
at various temperatures: 30 (1), 40 (2), 50 (3), 60 (4), 70 (5), and 80 °C (6).
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Fig. 6. Variation of AC conductivity of ZnSe nanorod with frequency at different temperatures:
30 (1), 40 (2), 50 (3), 60 (4), 70 (5), and 80 °C (6).

The frequency dependent behavior of AC conductivity of PVA capped ZnSe nanorods at various tem-
peratures is represented in Fig. 6. The figure implies that a frequency regime less than 1 MHz, there is
a slight increase in the conductivity, but at a frequency larger than 1MHz, the conductivity increases abruptly
for all temperatures due to small polaron. According to the Maxwell-Wagner and Koop’s theory [25], the
increase in conductivity at frequencies less than 1 MHz is attributed to electron hopping, while at frequen-
cies larger than 1 MHz, the charge carrier mobility increases with increasing charge carrier hopping, and
hence the conductivity increases. A decrease in conductivity with rise in temperature has been observed in
Fig. 6 and is attributed to the enlargement of particle size.
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Conclusion. Cubic zinc blende PVA capped ZnSe nanorods, of lengths ranging from 9 to 105 nm and
diameter of a few nanometers, have been synthesized using the solvothermal process. The band gap energy
obtained from UV-Vis spectroscopy is found to be 3.89 eV, and a blue shift relative to bulk samples is ob-
served in the absorption edge. The origin of the emission peak centered at 231 nm has been discussed.
The dielectric loss and dielectric constant value decrease, while the AC conductivity increase with increase
in frequency. ZnSe nanorods incorporated in the PVA matrix have enormous applications in nanoelectronics
and nanophotonics. Cubic zinc blende-structured ZnSe nanorods are being used in manufacturing blue laser
diodes, light emitting diodes, solar cells, IR optical windows, etc. In addition to these, the high third-order
nonlinearity of one-dimensional ZnSe nanostructures makes them suitable candidates for optical switches,
digital signal restoration, optical storage media, and optical limiters.
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