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Abstract

ZnSO1.x Mn?* (x = 0.0, 0.2, 0.4, 0.5, 0.6, 0.8 and 1.0) nanogosites were successfully
prepared by the microwave assisted solvothermahaaetising a domestic microwave oven. The
prepared samples were annealed at ZD@or 1 hr to improve the ordering. Grain sizesdan
lattice parameters were determined by carrying #utay powder diffraction measurements.
Scanning electron microscopy (SEM) and energy dispe X-ray analysis (EDS) show the
morphology and elemental analysis of the as-syizé@sZng0;., Mn** nanocrystals. AC and
DC electrical measurements were carried out ongiséd samples at various temperatures
ranging from 40-150C. Results of the present study reveal that tlaeesgharge contribution
plays a significant role in the charge transportopess and polarizability in all the seven
nanocrystals studied.

Keywords: Composites; Semiconductors; Structural materiXlsay diffraction; Electrical
properties.

INTRODUCTION

Semiconductor nanoparticles, also known as clustelQuantum dots, have been widely
investigated in recent years. These materials éxhdyvel size dependent properties [1]. This
new version of already well known bulk material©owh a great potential of application in
different research areas ranging from microeleatsoto fluorescent biolabels. This is due to the
great tenability of their electro-optical propestievhich is achieved by size, surface and
morphological control of the particles in the quantconfinement regime. Thus, this ability to
tune the electronic band gap may be optimized &sed applications as well as in the
improvement of solar cells [2]. Group II-VI semi@durctor nanocrystals, have been extensively
researched due to their potential application wtost and high performance hybrid solar cells.
In this case, several researchers have got ineerestthe doped and co-doped semiconductor
nanocrystals, semiconductor- dielectric nanocon@esi  semiconductor-polymer
nanocomposites, two-component nanocomposites etc [3
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Several research reports are available on puredapdd individual nanoparticles of ZnO and
ZnS [4-7]. However, there is no report available d¢me two-component ZRO;.
nanocomposites, in particular, added with impusiti& peculiarity of doping by manganese is
creation of different charge states of Mn ion$, (¥ and 4) depending on the condition of
crystallization, content of growth atmosphere aondtgrowth treatment, as well as the charge
state of co- dopants [8]. Doped manganites withpasition attract a considerable attention due
to the structural and transport properties veryilamto the hole doped manganites and it leads to
the appearance of Mhgiving rise to the spectacular changes in the ipayproperties of the
compounds. This critical size is the diameter ofaniton in a semiconductor. Charge carriers
are spatially confined in small particles of nantnoedimension affecting the electronic states,
and effects due to quantum confinement are obskrv&emiconductor nanoparticles in the
guantum confinement regime are extremely smallfei. nanometers to few tens of nanometers
in most of the cases. The electronic structure atheér properties become altered, of doped
semiconductor nanoparticles, is an interesting afegenoparticles research. There are attempts
not only to investigate the static equilibrium pedges of the doped nanoparticles but also the
charge dynamics in nanoparticles [9].

Recently, a solvothermal method has been descfdrdtie preparation of nanometric metal and
[I-VI compound nanocrystals [10-11], which is cafesied as a simple and efficient method. In
the present work, we report the synthesis of ZaSMn** nanoparticles (quantum dots) by
simple solvothermal methods using domestic micr@vaven, for the first time. The prepared
samples were characterized by carring out X-raydswdiffraction (PXRD), SEM, EDS and
electrical (DC and AC) mesurements. The resultainbd are reported and disucssed here in
this paper.

MATERIALS AND METHODS

Analytical Reagent (AR) grade zinc acetate, uredthiourea along with ethylene glycol were
used for the preparation of MhaddedZnS0,, nanocrystals. Double distilled water and
acetone were used for washing purposes. Zinc acatat urea or thiourea in 1:3 molecular ratio
and 5 wt % of manganese acetate were mixed andlvbsksin ethylene glycol and kept in a

domestic microwave oven. 2.45 GHz microwave irroiiewas carried out till the ethylene

glycol was evaporated completely. Subsequentyy réisulting colloidal precipitate product was
cooled, washed several times with distilled watst acetone to remove the organic impurities
present, if any. The washed samples were then dnietmospheric air and collected as the
yield.

A total of seven samples were prepared with x e values 0.0 (pure ZnO), 0.2, 0.4, 0.5,
0.6, 0.8 and 1.0 (pure ZnS). The samples were &thed 200C for 1 hr to improve the
ordering. Characterization studies were made oruinealed samples.
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The mass of the product nanocrystals was measw®dately and used for the estimation of
yield percentage. The yield percentage was oldaigausing the relation:

Mass of the product
Yield percentage = x 100
Sum of the masses of the regsta

The reactions were found to be (within 34 min) arghly yielding.

Characterization

The X-ray powder diffraction (PXRD) data were ohtd with a PANalytical diffractometer
equipped with CuK radiation { = 1.54056A). The PXRD patterns were compared thighhelp
of JCPDS files. The grain sizes were determinedubyng the Scherrer formula [12]. The
morphological features (SEM) image and chemical musitions were obtained by SEM and
EDS measurements using a JEOL SEM Model, JSM —156%8anning electron microscope.

All the seven nanocrystalline samples prepared vpaigetised (although agglomeration of
particles is possible) using a hydraulic pressHvatpressure of about 4 tons only in order to
reduce the agglomeration of particles) and usedtler electrical measurements. The flat
surfaces of the cylindrical pellets were coatedhwgbod quality graphite to obtain a good
conductive surface layer. A traveling microscopeast count = 0.001 cm) was used to measure
the dimensions of the pellets.

The DC electrical conductivity measurements wereie out (within an accuracy of3%o) for
the pellets of all the seven samples preparedanptiesent study using the conventional two-
probe technique using a million megohmmeter atovartemperatures ranging from 40-1G0n

a way similar to that followed by Mahadevan and twsworkers [13-16]Temperature was
controlled to an accuracy ofl%. The observations were made while cooling tmepta. The
DC electrical conductivitydyc) of the pellet was calculated using the relation

ou=d/(RA),

where R is the measured resistance, d is the théskaf the pellet and A is the area of the flat
face of the pellet in contact with the electrode.

The dielectric measurements were carried out (widtmi accuracy of 2%) for the pellets of all
the seven samples prepared in the present study tis¢ conventional parallel plate capacitor
method using an LCR meter (Agilent 4284A) with»eti frequency of 1 kHz in a way similar to
that followed by Mahadevan and his co-workers [9&-LTapacitance (§ and dielectric loss
factor (tad) were measured at various temperatures (contrtdlesh accuracy of #°C) ranging
from 40-156C while cooling the sample. Air capacitance)(@as also measured for the
thickness equal to that of the pellet. The arethefpellet in contact with the electrode is same
as that of the electrode. Since the variation ptapacitance with temperature was found to be
negligible, air capacitance was measured only@nhrtemperature. The dielectric constant of the
pellet was calculated using the relation:
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& = GJ/Ca
The AC electrical conductivityo) was calculated using the relation:

Oac = £ & W tam,

where g, is the permittivity of free space (8.85 xfC°N™* m?) andw is the angular frequency
(w=2rt; fis the frequency).

RESULTS AND DISCUSSION

The samples prepared in the present study are itd wahcolour. Moreover, the yield percentage
is observed to be significantly high for all thergdes prepared. The yield percentage, reaction
time and grain size observed in the present stoelywovided in Table 1. The PXRD patterns
observed for ZnS and ZnO compare well with thatlalke in the literature [20, 21] indicating
that the materials of the samples prepared in thsept study are basically ZnS and ZnO. The
changes in PXRD patterns observed for the nano esites with those of end members indicate
that they are mixed ones. Fig. 1 shows the PXREepabf the Zn§sOp5:Mn?* nanocrystal.

Table 1. The yield percentage, reaction time and gin size of ZnO-ZnS nano composites

System (with expected Yield percentage Reaction time Grain size

composition) (%) (min) (nm)
Pure ZnO * 31.3 15 6.571
NS :Ops* 29.8 18 1.822
Pure ZnS * 20.1 18 1.926
Pure ZnO :MA* 17.6 42 15.237
ZnS 200 :Mn** 25.7 30 1.441
ZnS 400 Mn** 27.4 32 1.769
ZnS :0g :Mn** 29.2 34 4.257
ZnS.c0 £Mn** 29.2 33 4.134
ZnS.£0g :Mn** 33.4 32 4.177
Pure ZnS:MA* 28.0 35 2.254

*Values taken from the literature [21], providedredor comparison purpose.

In the diffraction patterns, peak broadening is tuéour factors: micro strain (deformation of
the lattice), crystalline faults (extended defectmystalline domain size, and domain size
distribution. The two main properties extractedhirpeak width analysis are the crystallite size
and lattice strain. Crystallite size is a measurhe size of coherently diffracting domain. X-ray
line broadening is used for the investigation ddlatation distribution. The Bragg peak is
affected by Crystallite size and lattice straindifferent ways. Both these effects increase the
peak width, the intensity of the peak and shift2bg@eak position accordingly. The Bragg width
contribution from crystallite size is inversely pastional to the crystallite size. Although X-ray
profile analysis is an average method, they stilldhan unavoidable position for grain size
determination [22]. If we assume that the analyZe80...:Mn®" nanocrystals are without free
strain and crystalline faults, the peak broadenmwibonly be due to the domain size that can be
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calculated from the full width at half maximum (FWH intensity of Zn$O.4 :Mn?*
nanocomposites, according to the Scherrer equalio@.values obtained are provided in Table
1. Clearly it is evident that the crystallite grémih ZnSO1. :Mn?* has become smaller with the
increase of ‘x’, and particularly when x = 0.2 @hd smaller sizes have been achieved.
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Fig. 1. The PXRD pattern for Zn$ s00.5Mn ?* nanocrystals

The SEM image obtained for Zp®osMn?* nanocrystal is shown in
Fig. 2 as an illustration in 1 pm scale at 15,008gnification. The changes in SEM images
observed for the nanocomposites with those of eanhipers indicate that they are mixed ones.
From Fig. 2, it is clearly shown that the constituparticle of ZngsOo5Mn?"is agglomerated
and leads to the formation of spherical clustez |atterns, which is in good agreement with the
estimated patrticle size from PXRD analysis. Theeefa the present work, we have concluded
that above certain ‘x’ concentration (x = 0.0, 004, 0.5, 0.6, 0.8 and 1.0), Zi€%.:Mn**
nanoclusters may get gradual diminution in itsipkrtsize. The results obtained indicate that the
microwave assisted solvothermal method is a corditee one for the preparation of
ZnSO1.Mn*" nanocrystals considered in the present study.

Energy dispersive X-ray spectroscopy (EDS) is amlydical technique used for the elemental
analysis or chemical characterization of all theesedoped samples prepared in the present
study. The excess energy of the electron that n@gr@ an inner shell to fill the newly-created
hole can do more than emit an X-ray. Often, instetX-ray emission, the excess energy is
transferred to a third electron from a further owgeell, prompting its ejection. The outputs of
EDS analysis are EDS spectrum in Fig. 3.
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Fig. 2. SEM image of Zn$s00.5Mn?" nanocrystals

An X-ray is received frequently for each energyelem the samples. An EDS spectrum displays
peaks corresponding to (Zn, O, S and Mn) the enlenggls for which the most X-rays had been
received. Each of these peaks is unique to an andtherefore corresponds to single elements
Zn, O, S and Mn. In Table 2, it is indicated tHat atoms increase as per the concentration of
compounds. Higher is the peak in a spectrum, theengoncentration of the element in the
specimen. An EDS spectrum plot not only identifiee element corresponding to each of its
peaks, but the type of X-ray to which it corresppad well.
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Fig. 3. EDS image of Zn§s0o.5Mn " nanocrystals
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Table 2. EDS data of single elements Zn, O, S andrM

System (with Zn O S Mn
expected Atom Mass Atom Mass Atom Mass Atom Mass
composition) % % % % % % % %
Pure ZnO :MA* 23.33 55.2375.41 43.26 - - 1.25 1.50

ZnS,0oeMn™  17.42 42.8171.50 43.10 10.12 12.20 0.96 1.98
ZnS.00eMn™ 2537 49.4245.81 21.84 27.05 25.85 1.77 2.89
ZnS$0p=Mn**  17.54 39.0752.04 30.01 29.16 28.58 1.25 2.35
ZnSH 0o sMn™  17.68 37.2348.65 28.64 32.35 31.69 1.32 2.44
ZnS$0Mn** 1811 35.6331.90 15.36 48.88 47.18 1.11 1.83
Pure ZnS:MA" 2423 48.27 - - 7453 49.36 124 2.37

A peak corresponding to the amount of energy pssselsy X-rays emitted by an electron in the
L-shell going down to the K-shell is identified a¥-Alpha peak. The peak corresponding to X-
rays emitted by M-shell electrons going to the lklkls identified as a K-Beta peak. It is
confirmed that all the elements are mostly preskméehe K-shell and Mn element is embedded
in all the samples. The extreme left peak in FigoBesponds to CK This appears not due to
the presence of any carbon impurity in the sampldied but due to the graphite used in the
instrument for holding the sample. Hence, this peskbe ignored.

The dielectric parameters, viz, tand, o,c and oqc Observed in the present study are shown in
Figs. 4-7. Theg values obtained for the end members (2.702 for am& 2.841 for ZnO) are

very small when compared to that observed for laujlstals of the same (8.325 for ZnO and
8.10 for zZnS) [21, 23]. All the four electrical paneters increase with the increase in
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Fig. 4. The dielectric constant for the Zng0:.,; Mn?"nanocrystals (pelletised)
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Fig. 5. The dielectric loss factors for the Zn$1.,. Mn?*nanocrystals (pelletised)
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Fig. 6. The AC electrical conductivities (x18 mho/m) for the ZnSO1.c Mn?* nanocrystals
(pelletised)
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temperature for all the seven Z@%.:Mn®" nanocrystals considered in the present studyhdn t
case of Zn®1,cMn?* nanocrystals, there is no systematic variatior,gfan 8, c.c and ogc
values with respect to the composition. Howevdriha four values are found to be more for
ZnS:Mrf* nanocrystals. The M addition increases thg value at all temperatures considered
for all the systems except in the case of equinubkdecsystem. In this case, it decreasesethe
value. The tar values are increased by the #Maddition in the case of systems with x = 1.0 to
0.4 but decreased in the case of other two sysfeitis x = 0.2 and 0.0). This trend is found to
be nearly true with the.c values. In the case of. values, the Mfi addition increases it for ZnS
whereas it decreases the same for all the othesysitems. However, in all the systems, it is
found that the Mfi addition increases the temperature coefficiendqgfery significantly. The
above results indicate that Knaddition creates more thermal defects to increhseDC
conductivity when the temperature is increased.
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Fig. 7. The DC electrical conductivities (x18 mho/m) for the ZnSO1.c Mn?* nanocrystals
(pelletised)

In semiconductors a fundamental optical absorppimtess may occur if the photon energy is
larger than the band gap thus creating an ele@noha hole. This electron hole (e-h) pair can
move independently of one another resulting intatsd conductivity. The separation of the
electron and the hole usually is large enough st tthere is no coulombic attraction between
them. Such description of non-interacting elecrand holes corresponds to the so called single
particle presentation. If the absorption occurgatnt (k =0) and with a photon energy slightly
below the band gap, electrons and holes do interacoulomb potential and form quasiparticle
that corresponds to a hydrogen-like bound stas:nd-h pair which is referred to as an exciton.

345
Scholar Research Library



M. Vimalan et al Arch. Apll. Sci. Res,, 2 (2): 337-348

In conventional semiconductors the excitons aressdi@d as weakly bound Mott-Wannier
excitons, for which the e-h distance is large imparison with the lattice constant, while a
strongly bound Frenkel exciton with an e-h distaoomparable to the lattice constant occurs in
ionic or rare gas crystals and in organic materilee Wannier exciton resembles a hydrogen
atom. Therefore, similarly to the hydrogen atohis texciton is characterized by the exciton
Bohr radius (g)

Ae 1 1

&x = * )
4 ¢ m  m

whereg, is the dielectric constant, and. and m are the effective masses of electron and hole
respectively, e is the electronic charge and hasRlanck’s constant.

The effective e-h mass is smaller than the eleatraas g and the dielectric constant is several
times larger than 1. This is why the exciton Bodwdius is significantly larger and the exciton

Rydberg energy (), ;

Ry = 1
2¢ a8

is significantly smaller than the relevant valuéshe hydrogen atom. Absolute values gffar
the common semiconductors range in the intervd brh and the exciton Rydberg energy takes
values of approximately 1-100 meV [24].

The binding energy of the exciton is strongly iefieced by the presence of other electrons in the
solid which screen the hole. In a continuum appration the screening can be described by the
dielectric constant of the material. The bindingrgnes of the exciton are generally very small
(large excitonic radius), i.e. they are on the esaafl a few meV [25]. The excitonic states in
solids are experimentally observable only at lomperatures because of the dissociation of the
exciton into free carriers by the available thermaérgy at room temperature. In contrast, in
case of molecules the e-h pair is localized at rti@decule resulting in a strong coulomb
interaction. Thus, there is very little screemvigich leads to a strong excitonic absorption.

Nanoparticles lie between the infinite solid stated molecules. When one reduces the
dimension of the solid to a nanometer size (i.e t@noparticle) the size of the exciton becomes
comparable or even larger than the particle. Téssilts in the splitting of the energy bands into
discrete quantization levels, and the band gapsst@ening. This is called the size quantization
effect.

The electrical resistivity of nanocrystalline maérs higher than that of both conventional
coarse grained polycrystalline material and allolise magnitude of electrical resistivity and
hence the conductivity in composites can be chargedltering the size of the electrically
conducting component. ThR. ando,: values observed in the present study are veryl gneal
the resistivities are very large). When the ciy&eain) size is smaller than the electron mean
free path, grain boundary scattering dominateshemde electrical resistivity is increased.
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The grain sizes obtained for the nanocomposite§ @md ZnS:Mf" (prepared in the present
study) are all less than 5.0 nm (see Table 1).grhe sizes obtained for ZnO is 6.571 nm [21]
and for ZnO:MA" is 15.237 nm. Also, the low value observed fprindicates that the
polarization mechanism in the nanocrystals coneitlés mainly due to the space charge
polarization. So, it can be understood that thees the occurrence of nano-confined states in
the case of all the ten systems (Table 1) (maydtestnongly confined in the case of pure and
Mn®* added ZnO) considered in the present study whiely Bubstantially contribute to the
electrical properties. Thus, the space chargeribomibn plays an important role in charge
transport process and polarizability in the caselwiost all the seven systems considered in the
present study.

CONCLUSION

The Mrf* doped Zng)..x composite nanocrystals were prepared via a coememiicrowave
assisted solvothermal method using domestic miovewaven and characterized by PXRD,
SEM, EDS and electrical measurements. The yieldgmtage and grain size obtained indicate
that the preparation method used in the presedy stua reasonable one for the preparation of
Mn®* doped Zng0;.« composite nanocrystals. The chemical compositioah structure of the
samples were investigated by EDS and SEM imagebe dlectrical parameters observed
increase with the increase in temperature and atelithat all the seven nanocrystals prepared are
semiconductors. The Mh addition increases the value at all temperatures considered in the
range of 40-150°C for all the systems studied exaeghe case of equimolecular systems.
Results obtained in the present study indicate tthere seems the occurrence of nano-confined
states in the case of all the seven systems (maybstrongly confined in the case of Mn
added ZnO) studied which may substantially contelto the electrical properties. Hence, it is
clearly understood that the space charge contabuglays an important role in the charge
transport process and polarizability in the caselwiost all the systems considered in the present
study.
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