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ABSTRACT

Mg-doped ZnO have considerable interests owindh&ir tunique optical, thermal and structural progeg ZnO
and Mg doped ZnO nanoparticles with different dgpimncentration were prepared by precipitation noethThe
effect of Mg doping on the crystal structure, maiplyy and optical properties of the nanoparticleaswalso
investigated. In this paper, we report the Synthesi Mg-doped ZnO nanoparticles successfully witmeters
ranging from 60 to 90nm via precipitation methotleBurface morphology of synthesized material wasstigated

by using scanning electron microscope (SEM). Thettre and phases of Mg-ZnO were analyzed by poXday
diffraction (XRD) method and the optical propertieere measured by using UV-Vis spectrophotometdr an
photoluminescence spectroscopy.
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INTRODUCTION

As nanotechnology progresses and complex nanosysfabricated, a rising impetus is being given te th
development of multi-functional and size-dependenaterials. Recent developments in nanoscience and
nanotechnology have brought potential building kéofor a noscale electronic, optoelectronics, medikand solar
cells [1-4]. The surface/volume ratio increasestltas material dimension decreases to nano-order. higle
surface/volume ratio of nanomaterials has significaplications with respect to energy storage dgnsi

Nanomaterials, especially metal oxides have redeaveonsiderable attention over the last few yeas to their
distinguished performance and potential applicationvarious fields. Among these oxides, ZnO exhibie most
diverse and abundant configurations of nanostrueti&€’]. ZnO is considered to be one of the bedahwxides

that can be used at a nanoscale level. ZnO itsslflormally a hexagonal or wurtzite structure arnsl well-known

as an n-type II-VI semiconductor with a wide dirband-gap of about 3.37 eV and a large excitonibgndnergy
of 60 meV [8]. They have many applications in salalls, luminescent, electrical and acoustic deyj/iolemical
sensors, catalysis, electronics, gas sensor devigeeelectronics, transducers, and biomedical sé=svi[9,10].
Numerous applications have made the ZnO as wondeerial for material scientists and the quantityofO used
in different application is also increasing. Henis, production is ever increasing and a suitablethod for

preparing ZnO possessing less operating cost, mgiki ambient temperature, less time with narrae sange and
better properties is a challenge for scientist$.[11

Meanwhile, doping with selective elements offersediective method to enhance and control the etadtand

optical properties of ZnO nanostructures, whickciigcial for its practical application. ZnO dopedtiwiproper
elements, such as Li, Al, Mn and Cr has been stiudiz—14]. By doping with MgO, which has a widembdagap
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(7.3 eV) [15], the band-gap of ZnO can be moduldtedthe realization of light-emitting devices oatng in a
wider wavelength region. The ZnO nanostructuresadse being used in several industrial applicatisnsh as
medicine, gas sensors, varistors, etc. The avhilabf a rich genre of nanostructures makes Zn@uasmportant
material [16-19]. The doping of ZnO with a metaliltbchange its properties, doping with the Groupléments
(Cd, Mg) may modulate the value of the band gapiacgase the UV luminescence intensity [20].

Large number of methods for the synthesis of Zn® eeported in the literature, such as precipitation
microemulsion, non-microemulsion, ultrasonic radiatprecipitation [21], microwave irradiation [22hechanical
milling[23], solution combustion, microwave-asstsolvothermal [24] and sol-gel methods [25]. Digfet
physical methods such as pulse laser depositiqggnrvahase transparent process, chemical vapor itieposand
vapor transparent deposition have been developethéopreparation of nano-ZnO[26-29]. To date, anber of
research workers have reported the fabricationapostructured ZnO powders with spherical [30], likd-[31],
flower-like and sheet-like [32] structures. Onlyeavfreports [33, 34] have involved the synthesipafous ZnO
through an oxalate intermediate by a chemical rouiteerefore, the synthesis of ZnO and Mg doped ZnO
nanopowders via precipitation method in presend@Te4B could be worthwhile investigating.

In this paper, we report the synthesis and chaiaat®n of ZnO and Mg doped ZnO nanopaerticles by
precipitation method and its characterization byingis XRD, SEM, UV-Vis, Thermal analysis and
Photoluminescence spectroscopic methods.

EXPERIMENTAL SECTION

Zinc sulphate, Magnesium sulphates were procum@ froba chemicals (Mumbai, India). Sodium hydroxatel

cetyltrimethylammonium bromide were procured frorD.SFine-CHEM Ltd. (Mumbai, India). All the chemisa
were of analytical grade and were used as receioedhe experiments. Double distilled water wasdu$er

preparation of solutions.

Synthesis of ZnO and M g-ZnO nanoparticles: To prepare ZnO nanoparticles, 100 mL of 0.2 M Na@4$ added
drop-wise into a solution containing 100 mL of ®11Zinc sulphate solution under constant stirringpo#it 10 mg of
CTAB was added as capping agent which inhibits atous growth of magnesium hydroxide crystals dutimg
course of precipitation. Then the resulting solutisas kept at room temperature for three hours undestant
stirring. The so obtained white precipitate wastifiged, washed several times with distilled waded then with
alcohol and dried at 8G in an oven for 5 hours. To prepare Mg doped Zni wifferent concentration of Mg
(0.015, 0.020 and 0.025 M), NaOH was added to aumaxof 0.1 M Zinc sulphate and Magnesium sulpkatation
0.015, 0.020 and 0.025 M and the same procedureepasted. The obtained samples were calcined at 406 C
for 2 hours to get Mg doped ZnO nanoparticles.

The diffraction patterns for the prepared Mg-ZnOazarticles were recorded on X-ray diffractometiLIPS-
1710) equipped with Cu &radiation = 0.154 nM) with a scan rate of 00%". The average size of nanoparticles
was determined by using Scherer equation whiclviangdoy,

KA
pcosé
where D is the diameter of the crystallite sizasKhe shape factor (the typical value is 029 the wavelength of

incident beamp is the broadening of the diffraction line measunedadians at half of its maximum intensity
(FWHM), andé is the Bragg's angle.

The surface morphology and elemental analysis efpitepared nanoparticles was analyzed by scantéotyan
microscope (SEM) fitted with an energy dispersivea}-spectroscopy (EDAX) (JEOL JSM-840A). The sample
was coated with gold using low voltage sputtering then analyzed under SEM operating at a voltage &V.

A UV-VIS-NIR spectrophotometer (USB 4000, Ocean i©pt USA) was employed to measure the optical
parameters. The photoluminescence spectroscopyb@idobinyvon, model Labram HR 300) was used tosunea
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the emission characteristics of doped and undop#d Zanoparticles. The PL spectra were investigatedom
temperature using Helium-Cadmium laser (325 nmh it slit size of 100 yu and D2 filter.

RESULTSAND DISCUSSION

XRD analysis
Fig. 1 shows the XRD pattern of MgO and Mg dope®Zith different Mg concentration annealed at 4QCfor 2

hours. Fig. 1a illustrates a typical XRD spectrunZinO nanoparticles prepared by the precipitatia@throd. Seven

major diffraction peaks were seen at 31.7,6386.2, 47.6, 56.5, 62.9 and 68.0, whielm de assigned to
the diffractions from (100), (002), (101), &0 (110), (103) and (112) planes respectivatgording to the

data base in JCPDS card (No-780-0075) with thizc¢éatarameters: a = 0.3253 nm, ¢ = 0.5209 nm aadesgroup

P63mc. This revealed that the resultant nanopastiglere pure ZnO with a hexagonal structure.
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Fig. 1 XRD pattern of ZnO (a) and different concentrations 0.015 M (b), 0.020 M (c) and 0.025 M (d) of Mg
doped ZnO nanoparticles calcined at 400°C.

No impurities could be detected in this pattevhich implies hexagonal phase ZnO nanagest could be
obtained under the current synthetic routeg. Eb, ¢ and d depicts the XRD pattern of Mg doga® with
different Mg concentration of Mg (0.015, 0.02 anidb M) annealed at 4BC. The diffraction peaks at 16.2, 32.6
and at 58.9 could be assigned to the diffractioomf(111), (3100 and (221) planes respectivelyMgrdoped ZnO.
The diffraction peak (101) was narrower than (180) intern (100) peak was narrower than (002). Thearly
indicated the presence of asymmetry in crystadlitape. The average crystalline size was calculated) Scherer
equation and was found to be 86 nm for ZnO and’623nd 88 nm fro Mg doped ZnO with different cortcation

of Mg (0.015, 0.02 and 0.025 M).

PL spectral analysis

Fig. 2A shows the room temperature photolumineseeapectra (PL) of ZnO nanoparticle and 2b showsPthe
spectra of Mg doped ZnO nanoparticle. PL spectneweeasured using He-Cd laser (325nm) as the &@raitd he
spectrum of ZnO includes a strong UV emission abdoad visible emission, corresponding to the reard—edge
(NBE) and the deep-level defects emission in ZrmQcstires [35, 36]. The NBE peak from ZnO has a kmalHM
value at 379 nm. The spectra of Mg doped ZnO (28) &n emission peak at 383 nm and a broad emiasibH2
nm. Since the Mg doping decreased the band gapa(fitplternated the carrier concentration, the bission has
a slight red-shift comparing with the emission pe&kindoped ZnO. In addition, it shows a broad gremission
peak centered around 549 nm which is usually olesefer ZnO. The green emission peak is attributedhe
defects present in ZnO crystals, such as vacaac@snterstitials of zinc and oxygen. Compared wlith undoped
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Zn0O, weaker green light emission at 552 nm andaldmamp at 635 nm in Mg-doped structures mightddated to
lower oxygen vacancies in the samples. Mg doped &n@tures have changed the optical propertigsfiigntly.
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Fig. 2B
Fig. 2 Photoluminescence spectra of ZnO (2A) and Mg (0.015 M) doped ZnO (2B) nanoparticle.

FESEM analysis

The surface morphological properties of the nanapes were analyzed by using FESEM. Fig. 3a shtves
scanning electron microscope pattern of ZnO natiggaand 3b, 3c and 3d shows the SEM pattern ofddged
ZnO with the different concentrations of Mg (0.1620 and 0.25 M). The shape of ZnO nanoparticlaiobt is
granular and well dispersed. Sometimes the sunfeoperties of ZnO are influenced from the incorgoratof

dopant. Especially the amount and kind of dopeah play an important role on the surfgreperties. The
Mg doped ZnO nanopatrticles are flake like structwred inhomogeneous in nature. This may be dueetdéfects
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created by Mg doping. As the dopant concentratimneiases from 0.015 to 0.025 M the agglomeratiopadtficles
tales place and hence patrticle size increases.

Fig. 3 FESEM pattern of ZnO (a) and different concentrations0.015 M (b), 0.020 M (c) and 0.025 M (d) of Mg doped ZnO
nanoparticles
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Fig. 4 Thermo gravimetric analysis of 0.1 M ZnO nanoparticle.
Thermal analysis
Thermal behavior of as-prepared sample was veliifiethe thermogravimetric analysis and the resufirésented
in Fig. 4. The TGA curve showed two weight lossEse first weight loss occurred at temperature batwléx® and
180°C, corresponded to the loss of surface adsorbedrwatlecules. The second weight loss appearedatc30
330 °C indicated major weight loss, suggesting that ghecursor associated with decomposable Zn¢Ofhe
decomposition reaction may be represented as:

ZnO HO —p ZnO + KO
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Zn (OH)—» ZnO + HO

UV-Vis spectroscopy studies

Fig. 5 shows the UV-Vis spectra of ZnO and Mg doge® nanoparticle obtained by precipitation methodO
shows the absorption peak at 361 nm (5a) and theldpgd ZnO nanoparticles with different concentragiof Mg
(0.015, 0.020 and 0.025 M) shows the absorptiorkpaa 363 (5b), 368 (5b) and 371 nm (5c) respegtivehe
small shift in the absorption band is attributedhe doping of Mg into ZnO. The band gapg) (& ZnO and Mg-
ZnO were calculated by using the formula E S\hw/here h is plank’s constant, c is the velocityigiit and is the
wavelength. The band gap of ZnO was found to b& 8V and Mg doped ZnO for different concentratiofi$/g

(0.015, 0.020 and 0.025 M) were found to be 3.3%6 &nd and 3.34 eV nm respectively. With increagbe Mg

concentration from 0.015 to 0.025 M, the opticas@bption edge slightly shifts towards the longewvalangth
region which may be attributed to the increasdééndrain size.
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Fig. 5 UV-Vis spectra of ZnO (A) and different concentrations of Mg doped 0.015M (b), 0.020 M (c) and
0.025M (d) ZnO nanoparticles

CONCLUSION

In the present work, ZnO and Mg doped ZnO nanogesiwith different dopant concentration were pregay
simple precipitation method. The Mg doped ZnO namtigles have got the particle size in the rangeo6890 nm.
As the Mg concentration increases the agglomerati@as place and absorption edge slightly shiftgatds the
longer wavelength region which may be attributedht® decrease in band gap. The Mg doped nano lpartiave
changed the optical properties effectively whictswanfirmed by PL spectroscopy.
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