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ABSTRACT

Poly (Vinyl Alcohol) (PVA) / copper acetate soépared by sol-gel process was deposited on
the collector by electrospinning and composite ridneos were obtained. Calcining these
composite fibers at 70C resulted in nanofibers of copper oxide (CuGhwdiameters of 150

— 200 nm which was revealed by the Scanning Eleditiwroscope (SEM) and Atomic Force
Microscope (AFM) images. The sample was charaadrtzy Powder X-ray Diffraction (XRD)
which established the presence of monoclinic coppede phase. Ultraviolet—Visible—near-
Infrared Spectroscopy (UV-vis—NIR) was taken t@iobband gap value and it was calculated
to be 2.5 eV. Energy Dispersive X-ray analysis (EPgonfirmed the elements present in the
sample. Dielectric properties and AC conductivifyttee nanomaterial at different temperatures
were studied with respect to frequency.

Keywords: Sol-gel process, Dielectric property, Electrospig, Non-linear optic property,
SEM.

INTRODUCTION

Metal oxide nanomaterials like copper oxide hglwvewn massive significance in the fields of
gas sensing, optoelectronics, catalysis, solas,celic due to their unique physical, thermal,
chemical, optical, electrical, magnetic and mectanproperties. CuO is a semiconductor with
narrow band gap suitable for potential applicatiphgl]. Quite a lot of methods have been
suggested for the synthesissafch materials including sol-gel process [5], siiand assisted

method [6], hydrothermal synthesis [7], spray pys@ [8] and organochemical route [9].
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Nanoscale materials in one dimension such as ndrest nanowires, nanorods, nanofibers, etc
have fascinated recent researchers by their sioeeatid technological applications [10].

Nanofibers are used efficiently as gas sensors, @lgftrodes [12], light emitters [13], super

capacitors [14] and space-power providers [15] beeaf their large surface area per unit mass,
smaller pore size and low basis weight. Nanocon@asiaterials are desirable due to their
compliant nature in the design of fruitful electimdevices.

Electrospinning technique and sol — gel processambined together to synthesize nanofibers.
Some novel metal oxide fibers such as niobium oidd, zinc oxide [5], cerium oxide [17],
palladium oxide [18] and NiO/ZnO composite [19] baveen successfully synthesized by the
electrospinning process. These fibers were calcatebdigh temperatures to obtain crystalline
fibers. We have recently published a paper on thelectric and non linear optical properties of
ZnO/CuO nanocomposite fibers [20].

MATERIALSAND METHODS

1.1 Materials
Poly (vinyl alcohol) (M. W. = 1, 25, 000) and coppetate extra pure were purchased from
Merck and used without further refinement. Deiodis&ater was used as solvent.

1.2  Preparation of PVA / copper acetate composite gel

30 g aqueous PVA solution (about 10 wt %) was pegpand stirred for 1 h. 2.4 g of copper
acetate was dissolved in 20 mL of deionised watel slowly it was added to the already
prepared aqueous PVA solution under stirring at ®0for one hour. A viscous, clear sol
solution of PVA / copper acetate was prepared lapkey in a water bath at 50 ° C under stirring
for 6 h and later utilized in electrospinning.

olsmer sohation —— |:|

Taylor cone

Gronnded Collector

Fig.1 Electrospinning Setup
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1.3  Preparation of nanofibers

The electrospinning apparatus is shown in Fidgl'He viscous PVA/ copper acetate composite
sol solution was taken in a 5 mL syringe. The hypodc syringe needle was connected to the
positive of the high voltage DC generator (10 @ok¥) and the negative of the generator was
connected to a grounded collector. A thin@J foil was placed on the collector opposite to the
syringe needle at a distance of 12 cm. Upon apglgihigh voltage (13 kV) into the solution, a
fluid jet was ejected from the syringe needle. Wdvem the jet was accelerated towards the
cathode, the solvent evaporated and a chargedvii@edeposited on the A foil fixed on the
cathode. The formed fibers were dried for 10 h%tQ under vacuum and then calcined at the
rate of 240° C / h and remained 6 h at 700° C teatpee

The optimum values of the electrospinning pararsefier the prepared PVA / copper acetate
sol are given in Table.1. The sol was electrosptmmanofibers under the optimized conditions.

Table.1l Optimum values of electrospinning parameters

Electr ospinning parameters Optimized values
Applied voltage 16 kv
Distance between electrodes 14 cm
Size of the needle opening 25 G
Conductivity of the sol 15.6 mS/cm
Temperature of the sol 303 K
Viscosity of the sol 1.03 Pa.s
Calcining temperature 973 K
Time of calcining 6 h
Average diameter of fibers after calcinipg 125 nm

1.4  Characterization

Conductivity of the sol was measured by EQUIP-TROSII model EQ-660A digital
conductivity meter and viscosity of the sol was swrad by Digital Viscometer. To observe the
surface morphology and cross-section of the naadibSEM images were captured using a
JEOL GSM-5900 Scanning Electron Microscope. To migtege the elemental composition,
energy dispersive x-ray analysis (EDAX) was perfedniby using the same instrument. AFM
images were also captured to validate the cylimtinmorphology of the nanofibers by using
AFM (NanoSurf Easy Scan2, Switzerland). The phaseposition of the prepared samples were
studied from the powder X — ray diffraction (XRDatgerns of the samples observed by a
Rigaku D/max-A diffractometer fitted with CuKradiation {=1.5406 A’ ) at a scan speed of
0.01°/s at room temperature. The intensity data rgaorded by continuous scan Bit2mode
from 10° to 70°. UV spectrum was obtained by usfRIAN CARY 5E spectrophotometer.
HIOKI 3532-50 LCR HITESTER meter was used to take théediéc measurements with
respect to frequency at different temperaturesnFtbe non-woven mesh of the fibers, pellets of
0.43 mm thickness and 9.41 mm diameter were mad®plying a pressure of 4 tonnes in a
hand operated hydraulic press for performing tletediric measurements. Kurtz—Perry powder
technique was employed to test the second harngemieration (SHG) efficiency of the sample.
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RESULTSAND DISCUSSION

15 Scanning electron microscopy (SEM) and Atomic for ce microscopy (AFM)
The SEM images of PVA / copper acetate fibersthadibers calcined at 700° C are shown in

the Fig. 2(a) and 2(b).

Fig.2(a) SEM image of Poly (Vinyl Alcohal) / copper acetate compositefibers

20KU  X40,0888 108nm WD 7

Fig.2(b) CuO nanofibers after calcining at 700° C

It could be clearly seen that the smooth fiberhwliiameters of 150 to 200 nm were obtained
only by calcining the PVA / copper acetate fiberZ@0° C.
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Fig.3 AFM image of Poly (Vinyl Alcohol) / copper acetate composite fibers

Atomic Force Microscopy was used to confirm their@fical morphology of the electrospun
fibers. Fig.3 represents the AFM image of PVA /papacetate composite fibers. From Fig.3, it
is obvious to observe the cylindrical morphologytloé PVA / copper acetate composite fibers.
The fibers are uniformly distributed on the coltcscreen.
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Fig.4 Powder XRD spectrum of calcined CuO nanofibers
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16 Powder x-ray diffraction

Fig.4 gives the XRD curves for calcined fiber sagsplAfter calcining at 700° C, the semi-
crystalline peak for PVA around)2= 2@ corresponding to (101) plane [21] disappeared. XRD
spectra of the fibers after calcinations at 700°slibwed peaks at 32.3°(110), 35.4°(002),
38.5°(111), 48.5° @2), 53.1°(020), 57.9° (202), 61.11Q) and 67.5°(220) corresponding to
CuO agreed very well with the literature [3]. Itreesponds to monoclinic copper oxide phases
which are in very good agreement with reported eslina the literature JCPDS — 5 — 0661

3.3EDAX analysis

Cu

cps
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Fig.5 EDAX spectrum of the calcined CuO nanofibers

Fig.5 gives the EDAX spectrum of the calcined Cuéhafibers at 700C. It confirms the
presence of the elements in CuO. From the EDAX aoreasents, it was obtained that Cu and O
are present in the weight percentages of 92.83 &V respectively.

3.4 Optical absorption studies
The optical absorption spectrum of CuO nanofibes wecorded in the wavelength region from

200 to 2000 nm and is shown in Fig.6. The UV ghson edge for the CuO nanofiber was
observed to be around 260 nm. The dependencdio&babsorption coefficient with the photon
energy helps to study the band structure and e @y transition of electrons.
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Fig.6 UV spectrum of the CuO nanomaterial

For the direct band gap material, the CuO naeofilmder study has an absorption coefficient
(o) obeys the subsequent relation for high photomrgéee (tv) according to Tauc expression
[22]
- A(hv -E )"
hy
Where g is the optical band gap of the nanofiber and A& ionstant. The plot of variation of
(ahv)?versus k is shown in the Fig.7. Band gagiEevaluated by the extrapolation of the linear

part [23]. The band gap is calculated to be 2.5 W comparison of bandgap energy of CuO
nanomaterial with different forms is given in TaBle

Table. 2 Comparison of band gap energy

Name of the material Band gap energy in eV
CuO nanofiber 25
CuO thin film by reactive magnetreputtering 2.4 24]
CuO thin film by activated reactieeaporation 2.1[25]
ZnO/CuO nanofiber 3.1[20]

3.5 Dielectric Property

Fig. 8 shows the variation of dielectric constagt\ith respect to frequency for the
nanomaterial at various temperatures of 308, 323343 K. Using the expression, the dielectric
constant £) of the nano sample was calculated. Where Ceis#tpacitance, d is the thickness,
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A'is the surface area of the sample  ayds the absolute permittivity of free space (8.854

10" F/m).
Cd
E =—
£,A

{u.hu}2

Photon energy (eV)

Fig.7 Plot of variation of (ahv)? vshv
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Fig.8 Frequency dependence of didlectric constant
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From the graph, it is seen clearly that the dieleconstant has  high values in the low
frequency regions for the nano material. This ie tluthe existence of various types  of
polarization mechanisms like electronic, ionic,eatation and space charge polarization [26].
This may lead to large values of dielectric cansat low frequencies. Due to the application of
an electric field the space charges are moved dgole moments are created. This is called as
space charge polarization. In addition to thisséhéipole moments are rotated by the field
applied resulting in rotation polarization whichaiso contributing to the high values. Whenever
there is an increase in the temperature, more elparle created and the value increases [27]. In
the high frequency  region, before the field reakozcur the  charge carriers may have
started to move and dielectric constant falls sonall value.

Fig. 9 shows the variation of dielectric loss hwigspect to the frequency for calcined material
at various temperatures of 308, 323 and 343 Ks djuite obvious that for all temperatures the
dielectric loss decreases with increase in theulgaqy which follows a similar trend as the
decrease in the dielectric constant . This shdnvasthe dielectric loss is strongly reliant on the
frequency of the applied field. At high frequencithge very low dielectric loss exhibited may be
related with the purity of the nanomaterial, Imgvhegligible defects with good optical quality
which could be useful in the design of optical degi[28].

3.6 A. C. conductivity studies
The a.c.conductivity of the sample can be deterdhineusing the relatiow, . = 27, f tand .

where &, is permittivity in free space, is dielectric constant, f is the frequency and &&n the

loss factor. The a.c.electrical conductivity of thenomaterial as a function of frequency and
temperature is shown in Fig.10. There is a smalteiase in the electrical conductivity of the
nano material at the low frequency region, forrrease in frequency. This pattern is the same
for all temperatures. But, at high frequencieseeslly in the MHz region, there is an abrupt
increase in the conductivity and it is enormou$igh temperatures. The high ac conductivity
high temperatures could be attributed to smallneoldopping [29]. The increase in conductivity
with temperature may be explained based on thengdgun that within the bulk, the oxygen
vacancies due to the loss of oxygen, are usuedigted during increase in temperature and the
charge compensation, which would leave behind #&ksetrons. In metal oxides, electrical
conduction occurs through strong coupling betweemnpns and electrons with the creation of
polarons.

3.7 Second harmonic generation efficiency (SHG)

The CuO nanomaterial was tested for its second dr@amyeneration efficiency with reference to
KDP by using the Kurtz-Perry powder technique.he éxperiment, the laser powder output was
kept constant throughout the experiment. The samateilluminated by using an Nd:YAG laser
of wavelength 1064 nm which resulted in an outdugreen wavelength of 532 nm. Thus the
doubling of input frequency was confirmed. The atifpower of the CuO nanomaterial is found
to be 0.75 times that of KDP.
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Fig.9 Frequency dependence of dielectric loss
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Fig.10 Frequency dependence of AC conductivity
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Table.3 Comparison of SHG efficiency of CuO with other materials

Compound name SHG efficiency comparettht WDP Reference

ZnO nanofiber 0.67 times Present work

CuO nanofiber 0.75 times Present work

Urea 7.50 times Present work

ZnO/CuO nanofiber 11.10 times [20]
CONCLUSION

Copper oxide nanofibers were synthesized using P\éApper acetate precursor and through
successive calcination treatment. The diameterg ¥emd to be between 150 — 200 nm .The
fibers were characterized by SEM, AFM, XRD, UV @BDAX respectively. Smaller diameter

fibers could be synthesized by varying the solyggameters or modifying the electrospinning
process variables. This would be a hopeful apprdactthe large scale fabrication of one
dimensional copper oxide nano fibers for fruitfedlistic applications.
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