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ABSTRACT

The study synthesized ZnO fibers using electrospgqtechnique. It also characterized and determithed
effects of SA"dopant on the optical properties of the fibers lsgsized. This was with a view to exploring the
potential of improving the performance ZnO semiamtdr material in industrial applications.

Polyvinyl Alcohol (PVA) solution was prepared andxed with ZnO source. Zinc acetate was used aZ ti@
source while Tin Acetate was used as Swopant source. Viscous electrospinning solutiohd$®\@A/Zinc
Acetate and three different compositions of Tin #&be were prepared. The compositions of dopantd wsee

5, 7 and 9-wt. %. Samples of the depositions frbenglectrospinning process were annealed at 6Qft a rate

of 4°C per minute for 6 hours. Scanning electron miaspgdgSEM) was employed to reveal the morphology of
the depositions. The structural analysis of therbwas carried out using x-ray diffractometry (XR#hile the
optical properties of the fibers were investigatsthg ultra violet visible spectrophotometry.

The SEM results showed the depositions to be wdiberfs. The XRD confirmed the crystallization afdoped
and doped ZnO fibers from the acetates. The crgstab of the fibers were in the range of 5.568.802 nm.
Furthermore, wide bandgap energy values ranging 826 to 3.46 eV were obtained from the resultshef
optical properties of the fibers. The results shiwmt the average crystal sizes of $loped ZnO fibers were
larger than those of the undoped fibers. Howevemass observed that the average crystal size dezseaith
increase in STi content. The results also showed that the banegepgy values of the fibers increase with
dopant concentration.

The study established the viability of fabricatishgped and undoped ZnO structure in form of fibarerder to
enhance its performance in industrial applicatiohiso, the results showed that the optical propsrtf the
fibers improved with increase in mlopant concentration.

Keywords: ZnO fibers; Electrospinning technique; Structuaahlysis; Optical properties; ‘8Dopant; Band
gap energy value; Crystal size

1. INTRODUCTION

ZnO is a wide bandgap (3.2eV) semiconductor mdteltigplays a major role in several technologiefieT
success of ZnO in many applications can be conddotés ability to act as host to a wide variefydopants.
Incorporation of dopants in ZnO systems produ@perties useful in several applications such assparent
electrodes in liquid crystal displays, in energyisg or protecting windows, thin film transistoigas sensors,
solar cells and photodiodes (Hernandez et al 2808n et al 2003). In order to improve the perforcaant ZnO
in existing applications or tailor its propertiemvards new applications, many research groups fawved
interest in doping it with impurities of variousps and compositions.

Also, the performance of semiconductor based deVies been reported to be strongly connected teptbeific
surface area of the semiconducting material (Gop@85). A higher specific surface area of semicatmu
material leads to improved performance of the devidany techniques have therefore been adoptatttedse
the surface area of semiconductor materials. Zn@ostauctures synthesized into fibres have received
considerable attention from researchers becausieeofesulting high specific surface area which givise to
improved performance. ZnO fibre is produced usiagous methods such as drawing (Ondarcuhu and iloach
1998) , template synthesis (Feng et al, 2002), pbaparation (Ma and Zhang, 1999), self assembily€t al,
1996, 1999; Yan et al, 2001; de Moel et al. 2002 ldartgerink et al, 2001) and electrospinning (Rkenet al,
2000; Chen et al, 2001; Suthar and Chase 2001; ddeaml, 2003; Lim et al, 2004 and Yang et al, 2005
Electrospinning is a special case of the electasgrocess which uses an electrostatic field tonfamnd
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accelerate liquid jets from the tip of a needle i®eer et al, 2000; Shin et al, 2001).Electrospignis an
efficient, relatively simple and low cost way tooduce polymer and composite fibers with diametargjing
from several nanometers to a few micrometers byyagpa high voltage to a polymer solution or mgjiected
from a spinneret or needle (Reneker et al, 1996hDet al 1995; Fong et al 1999).

The purpose of this work is to evaluate the stmadtand optical properties of pure and Sn doped Zihfes
fabricated using electrospinning method. In thiglgt pure ZnO and a range of compositions gZ8n,0 were
electrospun into fibres. The formation of the fib@ras confirmed using Scanning Electron Microsc(giyM)
and the structural and optical properties were thextuated.

2. EXPERIMENTAL

The electrospinning set-up consists of a spinnardigh-voltage (5 to 50 kV) direct current powapgly, an
aluminium foil as collector and glass slides asstatbes. Poly Vinyl Alcohol (PVA) solution was peepd by
dissolving 1.5 g of PVA powder in 10 ml of distillevater followed by heating at 8D and stirring for 1 hour to
obtain a homogeneous viscous PVA solution. Zindadee(1l g) was dissolved in 8 ml of distilled waserd
added to the PVA solution. The resulting solutioasvthen stirred for 2 hours to obtain a viscous Rin&
acetate electrospinning solution.

Zinc acetate salt (1g) was dissolved in 8ml ofiltiest water followed by addition varying amounttof acetate.
The resulting solution of zinc acetate and tin atgetvas mixed with PVA solution to give 5 wt. %w¥. % and

9 wt. % SA* doping of the PVA/zinc acetate followed by stigifor 2 hours to produce a viscous PVA/zinc
acetate/tin acetate electrospinning solution.

Each of the electrospinning solutions prepared weaded in the spinneret and one electrode of h hadtage

DC generator, was attached to it through a thicipeo wire. The other electrode was connected to the
aluminium foil collector. The distance between tipeof the spinneret and collector was maintaineticacm. A
constant voltage of 25 kV was applied to the sotutind depositions were collected on glass slittastaed to

the aluminium foil. For conversion of the acetate®xides and the removal of polymer (PVA) from ftees
produced, the depositions obtained were annealadtibular furnace at 680 at a rate of & mi* for 6 hours.

The morphology of the deposited fibers were ingedtd using an EVO-6700 F scanning electron miomesc
The structural properties of the fibres were inigaged using XRD patterns recorded for the samples
Radicon MD-10 x-ray diffractometer, using a monachatized X-ray beam having Cuakadiation withA =
1.5406 A (40 mA, 45 kV). A continuous scan mode wased to collect @ data from 4° to 72°. The average
dimensions of crystallites were determined by tbbe®rer's method. The optical properties of theasmwere
investigated using Perkin Elmer Scan-Lambda 75Mdelbeam ultraviolet-visible spectrophotometer.

3. RESULTSAND DISCUSSION
3.1. Morphology of thefibers

This section presents results of scanning eleammmoscopy (SEM) studies. The SEM images confirrtrexdt
the product obtained were indeed an assembly efdibTypical SEM images of the undoped PVA/zindatee
fibres unannealed and after annealing at®60fre presented and discussed. The SEM photogiaghates 1
and 2 show the results of undoped PVA/zinc acdiiaégs in unannealed (as-prepared) and annealed fbine
images show the general morphology of PVA/zinc ateefibers. It can be seen that the as-preparedsfiare
larger in diameter than the annealed fibers. Theregared fibers have average diameter in the rahgé0nm
while the annealed fibers have diameters arounsibOT he larger diameter observed in the as-prepirecs
can be thought of as a result of the presence &f 8wl the acetate group. The diameter of the fibbtained
after annealing at 66G became smaller due to the removal of both PVA thedacetate group from the zinc
acetate molecule. It can also be seen that thacurdf the as-prepared fibers is smoother thanah#be
annealed fibers. The shrinkage of the fibers a=salr of the removal of the PVA and acetate groummonent
upon annealing at 660 is believed to be responsible for the rough serfaf the annealed fibers. It is believed
that the fibers retained their form but shrank raftenealing at 60C and appear to consist of interconnected
particles.
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Plate 1: SEM image of electrospun PVA/zinc acefiates (1000X)

Plate 2: SEM image of electrospun PVA/zinc acetateofibres after annealing at 800(1000X)
3.2. Structural studies of thefibres

This section presents the structural propertigb@fibres obtained using x-ray diffractometry. TXRRD spectra
were presented for both the?Sdoped and undoped PVA/zinc acetate fibres. The X@ern of the annealed
PVA/zinc acetate fibres is shown in Figure 2. Thmple was scanned betwedghahgles of 2and 72 wheref

is the angle of incidence of the X-ray beam. Thtistinct peaks were observed on the XRD patteemgtes 2

= 31.97, 34.78, and 36.65 which can be indexed as (1010), (0002), and (1(ddhes of the hexagonal
structure of ZnO (JCPDS card 36-1451). The peakemkd in the pattern reveal the polycrystallineureaof
the annealed fibres. The result indicates that £n@Gtallized from the zinc acetate precursor afitemealing at
60C°C. The XRD pattern corresponding to ZnO fibres dbpith varying amount of Shis shown in Figures 2
to 5. Considering the pattern of 5-wt. %°Sdopant content (Figure 3), three distinct peakeevabserved at@
positions 30.85, 34.01 and 36.02 also revealingotigcrystallinity of the fibres. The XRD spectrhtained for
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both 7-wt. % and 9-wt. % doped ZnO fibres presernited-igures 4 and 5 exhibit peaks with positions

comparable to the 5-wt% Srdopant.
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Figure 3RR pattern of 5-wt. % Sidoped ZnO fibres.
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Figure 4: XRD pattern ef¥. % Sr*doped ZnO fibres
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Figure 5: XRD pattern of 9-% SA"doped ZnO fibres.

content. It can also be observed that the peagistislibroadens with increase in®ulopant content. Clearly, in
contrast with undoped ZnO fibres, the peak positiohthe Sfi" doped samples shifted towards lower values
indicating that the lattice arrangement of the Zri3t has been affected by the'Stopant.

The average crystal size of the undoped ard 8oped ZnO fibres were estimated by the Debye-Setier
formula

0.50
D= 1

focos=h

where D is the crystal sizg,is the wavelength of the incident X-ray (1.540%js the FWHM and is the angle
at which the maximum peak occurs (Aggarwal et2l12). The results obtained were presented ineTAbl

Table 1: Estimates of the average size of the alystf undoped and $rdoped ZnO fibres

ZnO fiber samples D(nm)

Undoped 5 566
5-wt. % SA*doped 7.202
7-wt. % SA" doped 7.200
9-wt. % SA* doped 7.120

The average crystal sizes of all thé"Rtoped ZnO fibres are higher than that of the unddiiees. This can be
thought of as the effect incorporation of biggatina SR* than Zif*into the ZnO structure. However, it can be
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observed that the average crystal size decreashsingrease in Sii content. It is believed that the packing
density of the crystals of the fibres increase®ds dopant content increased due to gradual disappesef
gaps within the crystals.

The formation of ZnO structure during annealing barviewed as a two step process of nucleatiorgamalth.
During annealing, active nuclei are generated witemn grow into the ZnO structure. The growth & #nO
nanostructure therefore depends on the numbertioEawuclei produced during annealing. It is bedidvhat the
substitution of smaller Zi having a radius of 0.74%by a bigger S#i with an approximate radius of 1.18 A
significantly affected the lattice arrangementlud tZnO structure causing distortions. Doping issitered to
be the main factor that causes the lattice distortif crystals, resulting in the development odistrin the unit
cell (Huang et al., 2003). It is generally estdi#id that strain arises from lattice mismatch astbdion.

The broadening of the peaks in the XRD spectrardf doped ZnO fibres is attributed to the distortidrite
lattice of the ZnO host due to the incorporatiomgyéaradius ST (1.18A°) causing the development of strain in
the crystal of the ZnO structure. Shifts of XRD lpgmsitions to lower angles as a result of incoagion of
dopants has been observed by Singh (2010) ifi" (i, =0.8A° ) doped ZnO nanocrystals. Similarly, the
diffraction peaks of Cé-doped ZnO nanorods reported by Lang et al. (28hijed toward lower angles and it
was concluded to be an indication of a little larigétice parameters than those of undoped ZnO noaiso The
ionic radius of C& (0.92 A) is much bigger than that of Zn(0.74A).The result may be regarded as an
indication of the dependence of resulting lattieeameters on the dopant size and a further cortfimmaf the
actual incorporation of the $ninto ZnO structure.

3.3. Optical studies of thefibres

The transmittance of the undoped ZnO fibres as shiowFigure 6 is about 75% with absorption edgeuado
377nm. All the Sfi doped ZnO fibres show a higher transmittance thenundoped fibres with an average
value of about 85% as shown in Figures 7 to 9.&bsorption edge in addition, varies with the am@irsrf".

The absorption edge for 5-wt. % %nloped fibres was around 376 nm while the absargitge of the 7-wt. %
Srf* doped fibres was found around 369 nm wavelenghie dbsorption edge shifted to a lower wavelength
around 362 nm on further increasing thé*8ontent to 9-wt. %.
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Figure 6: Transmission pattern of undoped ZnO §ibre
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Figure 7: Transmission pattern of 5-wt.% Stoped ZnO fibres
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The bandgap energy Eg, can be estimated usingcdhgentional Tauc equation
chy = Alhy —EE:]”Z 2

Where A is an empirical constant. The bandgap gnefrthe fibres can be obtained from the zero-éngsgalue

of the extrapolation of a linear fit to the edgetloé (zhv) ? versushv plot as shown in Figure 10 for undoped
ZnO fibres (Pradhan and Leung, 2008). The photogrgsnishv and o (= -In T) is the absorbance. The
corresponding estimated bandgap energy valuesditites are summarized in Table 2.
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Figure 10: Estimation of bandgap energy of undafe fibers
Table 2: Bandgap energies of the fibres
ZnO Fiber sample Bandgap energyel)
undoped 3.26
5-wt. % SA* doped 3.32
7-wt. % SA" doped 3.35
9-wt. % SA' doped 3.46

The bandgap energy obtained for 5-wt. %*Stoped ZnO (3.32eV) fibres is higher than thathef tndoped
ZnO fibres (3.26eV) as presented. The bandgap gndrgreased to a value of 3.35 eV and 3.46 eV on
increasing the Si dopant content to 7-wt. % and 9-wt. % respectivElarly, the bandgap energies increase
with increase in ST dopant content. The variations observed in thelggap energies as a result of the amount
of Srf* can be attributed to changes in the size of thstals of the fibres. It has been observed andusisa
earlier that the crystal size estimates obtainethfthe XRD data for the $hdoped ZnO fibres decreases with
increasing SH content. The quantum confinement effect provitheshasis of a qualitative understanding in the
bandgap with a decrease in crystal size. A crysthlaves as if it were free when the confining disiams is
large compared to the wavelength of the crystal.kihetic energy can only have discrete values #nat
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determined by the mass of the crystals and thertiioe of the space. During this state, the bandgamins at
its original energy as a result of continuous epesgte. As the confining dimension decreases twszale
dimensions, the energy pattern becomes discrete. iksult, the bandgap energy becomes size depedhen
confinement of charge carrier (electron and holg#f)in the restricted dimension of small crystatequces an
increase in energy difference of their bandgapghWiis idea it is expected that the propertieshef charge
carriers in semiconductor materials will exhibitesidependence when crystal dimensions become weail.
The increase in bandgap can therefore be understotefms of an increase in quantum confinementnupo
crystal size reduction. It is however importanntie that the bandgap energy values f 8oped ZnO fibres
is higher than that of the undoped fibres despitérty larger crystal size. This behaviour may hgbatted to
the partial filling of the conduction band of thex@ nanostructure due to doping. ZnO is naturallype
material and the Fermi level will be inside of thenduction band, when it is doped, the lowest stafethe
conduction band will be partially filled, due toetlincrease of carrier concentration. The partiihd of the
conduction band leads to a blocking of the lowéaties and hence an increase in the optically obddvandgap
energy. This increase of the bandgap energy duping is generally attributed to the Burstein-Mesfect
(Caglar et al., 2006). These observations indit@ebandgap energy depends not only on averggtatsize
of the ZnO fibres, but also on the influence of @apcomposition in the ZnO structure.

4. CONCLUSION

The structural and optical properties of Sn incoaped ZnO fibres prepared by electrospinning wéudisd in
this paper. The XRD measurement used for the stralchnalysis confirmed the prepared fibres to h®ZThe
XRD data also indicated a shift of the positionghe peaks to lower wavelengths for*Sdoped zZnO fibres.
This was believed to be due to lattice distortians strains caused by the incorporation &f" Svith a bigger
ionic radius than Z in the ZnO structure thereby retarding its grovifhe optical characterisation showed
variations in the bandgap energy of the doped Zib@g with varying dopant composition. These vaois
were attributed to both crystal size of the fibeewd the level of doping. As the crystal size desgsathe
quantum effect improves leading to an increasédénttandgap energy. Also, as the doping level ise®the
observed bandgap energy increases. This increasmridgap energies with increase in doping level was
associated to the Burstein-Moss effect. The widedbap energies obtained for all the ZnO fiber sasphay
make them useful for optical gas sensor application
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