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Abstract

Magnesium doped ZnS,O;« (x = 0.0, 0.2, 0.4, 0.5, 0.6, 0.8 and 1.0) nano composites were
prepared by the microwave assisted solvothermal method using a domestic microwave oven for
the first time. The colour, yield percentage and the preparation time were noted. The samples
were annealed at 200°C for 1 hr to improve the ordering. Their grain size and structure were
determined by X-ray powder diffraction measurements. AC and DC eectrical measurements
were carried out on palletized samples at various temperatures ranging from 40-150 °C by the
parallel plate capacitor method. The electrical parameters increase with increasing temperature.
Results of the present study reveal that the space charge contribution plays a significant role in
the charge transport process and polarizability in all the seven nanocrystals studied.

Keywords: Composites; Semiconductors; Structural materials;ay diffraction; Electrical
properties.

INTRODUCTION

Semiconductor is a very important topic in the angaesearch activity across the world. As the
semiconductor particles exhibit size-dependant gnttgs like scaling of the energy gap and
corresponding change in the optical electrical progs, they are considered as the front runners
in the technologically important materials [1]. time last few years the necessity of realizing
electronic devices for high temperature, high powagh frequency and, more recently,
resistance to high energy radiation beams hasasetk[2]. In this case, several researchers have
got interested in the doped and co-doped semicomdnanocrystals, semiconductor- dielectric
nanocomposites, semiconductor-polymer nanocomodite®-component nanocomposites, etc
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[3]. Several research reports are available on puack doped individual nanoparticles of ZnO
and ZnS [4-5]To our knowledge, no data concerning AC and DC agotidity are available in
literature. In the present work, we report the bgsis of magnesium doped Z&%
nanoparticles by simple solvothermal methods usiogestic microwave oven, for the first
time. The prepared samples were characterized toygaut X-ray powder diffraction (PXRD)
and electrical (DC and AC) mesurements. The resalitained are reported and disucssed here
in this paper.

MATERIALSAND METHODS

Zinc acetate and urea or thiourea in 1:3 molectdéip and 5 wt % of magnesium sulphate
heptahydrate were mixed and dissolved in ethyldgeogand kept in a domestic microwave
oven. 2.45 GHz microwave irradiation was carried tilithe ethylene glycol was evaporated
completely. Subsequently, the resulting collojl&cipitate product was cooled, washed several
times with distilled water and acetone to remove tinganic impurities present, if any. The
washed samples were then dried in atmosphericndircallected as the yield (Table 1). The
reactions were found to be (within 38 min) and highelding.

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 ¢ethedt 200C for 1 hr to improve the
ordering. Characterization studies were made oautinealed samples.

RESULTSAND DISCUSSION

The samples prepared in the present study aregglof White in colour. Moreover, the yield
percentage is observed to be significantly high &lr the samples prepared. The yield
percentage, reaction time and grain size observéigei present study are provided in (Table 1).
The X-ray powder diffraction (PXRD) data were obhtd with a PANalytical diffractometer
equipped with CuK radiation § = 1.54056A). The PXRD patterns were compared wWith
help of JCPDS files. The grain sizes were deterchimg using the Scherrer formula [6]. The
PXRD patterns observed for ZnS and ZnO comparewitilthat available in the literature [7-8]
indicating that the materials of the samples preghan the present study are basically ZnS and
ZnO. The values obtained are provided in (TableClgarly it is evident that the crystallite
growth in Zn§01..Mg?* has become smaller with the increase of ‘x’, andiqadarly when x =
0.2 and 0.4 smaller sizes have been achieved.

The AC conductivity, dielectric constant and di¢lecloss of the sample were measured at
different temperatures ranging from 40 to 4GQsing an LCR meter (Agilent 4284A) with a
fixed frequency of 1 kHz. The measurement of DQteleal conductivity was done using the
conventional two-probe technique for temperatumasging from 40t015CF°C. The dielectric
parameters, Viz;, tand, o,c andoyc observed in the present study are shown in FiglwgsThe

gr values obtained for the end members (2.702 for @m&2.841 for ZnO) are very small when
compared to that observed for bulk crystals ofddmme (8.325 for ZnO and 8.10 for ZnS) [8-9].
All the four electrical parameters increase witke thcrease in temperature for all the seven
ZnSO1xMg®" nanocrystals considered in the present study.hén dase of Zn®i.cMg**
nanocrystals, there is no systematic variation, giand, oac and ogc values with respect to the
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composition. However, all the four values are foundbe maximum for ZnS§OosMg?*
nanocrystals. In addition, in all the systems,sitfound that the Mg addition increases the
temperature coefficient afy. very significantly. The above results indicatetthg®* addition
creates more thermal defects to increase the DGumbinity when the temperature is increased.

Table 1. Theyield percentage, reaction time and grain size of
Zn0O-ZnS nano composites

System (with expected Yield percentage Reaction time Grain size

composition) (%) (min) (nm)
Pure ZnO * 31.3 15 6.571
ZnS:005* 29.8 18 1.822
Pure ZnS * 20.1 18 1.926
Pure ZnO :M§" 19.3 39 17.321
ZnS2006Mg** 27.8 40 1.942
ZnS.400.¢:Mg** 28.2 42 2.065
ZnS :0p :Mg®* 30.5 38 4.557
ZnS 0 £Mg®* 29.9 36 4.331
ZnS ¢00.2:Mg** 29.4 34 4.097
Pure ZnS:M§" 29.0 31 2.467

*Values taken from the literature [8], provided &éor comparison purpose.
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Fig. 1. Thedielectric constant for the ZnS,01..:Mg* nanocrystals
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Fig. 2. Thedielectric lossfactors for the ZnS,01.x. Mg®* nanocrystals

The grain sizes obtained for the nanocompositesrdttan ZnO:M§' prepared in the present
study are all less than 5.0 nm (see Table 1). Tai gizes obtained for ZnO is 6.571 nm [8] and
for ZnO:M¢f* is 17.321 nm. Also, the low value observed fomdicates that the polarization
mechanism in the nanocrystals considered is maué/to the space charge polarization. So, it
can be understood that there seems the occurrémano-confined states in the case of all the
ten systems (Table 1) (may be not strongly confimethe case of pure and Kfgadded zZnO)
which may substantially contribute to the electriggoperties. Thus, the space charge
contribution plays an important role in charge sg@ort process and polarizability in the case of
almost all the seven systems considered in theptasudy.
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Fig. 3. The AC electrical conductivities for the ZnS,01..:Mg®* nanocrystals
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Fig. 4. The DC electrical conductivities for the ZnS,01.,; Mg?* nanocrystals
CONCLUSION

The Md* doped ZngD..x composite nanocrystals were prepared via a coememiicrowave
assisted solvothermal method using domestic micvevewen and characterized by PXRD and
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electrical measurements. The vyield percentage awmth gsize obtained indicate that the
preparation method used in the present study Basonable one for the preparation of?Mg
doped Zng0,.x composite nanocrystals. The electrical parameaibserved increase with the
increase in temperature and indicate that all évers nanocrystals prepared are semiconductors.
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 Mg
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.

Acknowledgement
The author C.K.M. thanks the Council of Scientdied Industrial Research (CSIR), New Delhi
for the grant of a Major Research Project.

REFERENCE

[1] Ramna Tripathi, Akhilesh Kumar, Chandrahas Bhar®. SinhaCurrent Applied Physics,
2010, 10, 676.

[2] G. Conte, M.C. Rossi , S. Salvatori , F. Spazia@i. \Vitale , P. AscarelliDiamond and
Related Materials, 2004, 13 277.

[3] H.S. Nalwa, ‘Nanostructured materials and nanoteldgy, (concise edn.)’, Academic Press,
San Diego2002.

[4] A.N. Banerjee, C.K Ghosh, K.K. Chattopathyay, Hid®knoura, Ajay K. Sarkar, Atsuya
Akiba, Atsushi Kamiya and Tamio Endbhin solid Films, 2006, 496, 112.

[5] Geun Young Ahn, Seung-lel Park, In-Bo Shim and Chwhg Kim,Journal of Magnetism
and Magnetic materials, 2004, 282, 166.

[6] B.D. Cullity, ‘Elements of X-ray diffraction (¢ edn.)’, Addison Wesley, New Yor978.

[7] M. S. Gajanand, M. Priya and C. K. Mahadevan, Photntl. Conf. Emerging Adaptive
Systems and Technologies (Vol.l) N.l.College of iBegring, Kumaracoil2007, 143.

[8] G. Janita Christobel, M. Vimalan and C.K. Mahadeuaternational Journal of Materials
Sciences, 2009, 4, 613.

[9] Brian Ray, II-VI Compounds, Pergammon Press, NewkYI969.

73
Scholar Research Library



