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Abstract

Zinc gallate (ZnGa,04) is a normal spinel crystal structure (space group Fdsp). ZnGayOq4
has attracted much attention due its multitude of possible applications regarding field emis-
sion display, electroluminescent devices, and in the last decade mostly sensor domain.
ZnGa,04 nanoparticles were obtained by the hydrothermal method using Ga,O; and
Zn(NO3), x 6H,O precursors in basic medium using a Teflon-lined stainless steel autoclave
tightly sealed. The synthesys was effectuated at 210°C for 4 h. The hydrothermal method is
one of the most promising solution chemical methods. Thus, the size of particles and their
distribution, phase homogeneity, and morphology could be well controlled. These powders
were characterized by X-ray diffraction (XDR), scanning electron microscopy (SEM), energy
dispersive spectroscopy (EDAX), and atomic force microscopy (AFM). Photoluminescence
(PL) measurements were obtained with a conventional lamp as an excitation source.

1. Introduction

Due phosphorescent properties of ZnGa,0, this compound was used in various applica-
tions: field emission display, electroluminescent devices, sensors, etc.

Zinc gallate (ZnGa,04) has a normal spinel crystalline structure (space group Fdiy),
with Zn®" ions in the tetrahedral sites and Ga®  ions in the octahedral sites. The unit cell con-
tains 8 tetrahedral cations, 16 octahedral cations, and 32 oxygen anions. Synthesis of
ZnGa,04 spinel powders was accomplished by the hydrothermal method using as precursors
Ga,03 and Zn(NOs), x 6H,0 in basic medium (pH=12). Merck reactants with 99.99% purity
were used. The precursors and obtaining method act on microstrucure and physical properties
of the resulting materials [1, 2].

In the recent decade, there is a strong trend towards the application of solution routes for
direct synthesis of crystalline ceramic particles at low temperatures [3, 4].

The hydrothermal method is one of the most promising solution chemical methods. The
size of particles, their distribution, phase homogeneity, and morphology can be well con-
trolled [5-7].

For higher resolution in display emission devices, nanosize phosphor powders are em-
ployed [8].

Densely packed phosphor layer improves the aging problem because of its nanosize,
spherical shape, and self-assembly ability [9].
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The ZnGa,;O4 phosphor shows various emission colors from green to red when is doped
with Mn?" and Cr’*", respectively [10, 11]. The undoped ZnGa,O4 emits blue color [4]. For
this reason, the studies on luminescent properties of nanosize ZnGa,0O4 have attracted exten-
sive interests.

The aim of this paper is to present the results of the synthesis of ZnGa,O4 nanoparticles
by the hydrothermal method.

2. Experimental procedure

For obtaining of ZnGa,04 nanocrystalline samples by the hydrothermal method we used
Zn(NO3),-6H,0 and Ga,0; as reactants, with molar ratio Zn:Ga of 1:2. The resulting mixture
was then adjusted to a special pH=12 with sodium hydroxide solution under vigorous stirring.
The resulting suspension was transferred into a Teflon-lined stainless steel autoclave, sealed
tightly, and was introduced in to a furnace at 210°C for 4 h. The resultant white precipitate
was filtrated and washed for many times with distillated water and ethylic alcohol, then dried
in oven at 105°C for 4 hours. After drying, the obtained material was analyzed by X-ray dif-
fraction (XRD) on an X’pert Pro MPD X-ray diffractometer, with monochromatic Cu Ka (A =
1.5418 A) incident radiation. Regarding identification of the morphology, dimension, and
composition of the sample, field emission-scanning electron microscopy (SEM; Model
INSPECT S), energy dispersive spectroscopy (EDAX), and atomic force microscopy (AFM;
Model Nanosurf easy Scan) were applied. The photoluminescence (PL) measurement was
carried out by using spectrofluorophotometer at room temperature. A xenon lamp 150 W was
used as the excitation source.
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Fig. 1. XRD patterns of ZnGa,O, samples obtained from Ga,0O; and Zn(NO;),'6H,O by the
hydrothermal method.
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3. Results and discussion
3.1. X-ray diffraction

The hydrothermal method is a successful method for obtaining of nanomaterials with a
high degree of crystalinity and also homogeneity of particle size.

Figure 1 shows the XRD patterns of ZnGa,0, samples obtained from Ga,Os and
Zn(NO3),-6H,0 by the hydrothermal method of at 210°C for 4 h.

It is seen from the form of the peaks in the XRD pattern that the ZnGa,0O4 spinel parti-
cles have a high degree of crystallinity.

3.2. SEM-analysis

The SEM image shown in Fig. 2 provides direct information about size and morphology
type of the ZnGa,04 compound obtained by the hydrothermal method.

By SEM images, we can observe that particles have oblong form (bars) and dimension
within 600-900 nm.
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Fig. 2. SEM image of ZnGa,0, compound obtained by the hydrothermal method.
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Fig. 3. AFM image of ZnGa,0, obtained by the hydrothermal method.
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3.3. AFM-analysis

Figures 3a and 3b show AFM surface morphology of ZnGa,04 obtained by the hydro-
thermal method. The roughness and surface morphology of the ZnGa,04 thus obtained are
different according to autoclavation conditions.

3.4. Photoluminescence

The luminescence characteristic of the samples obtained by the hydrothermal method
from different precursors is studied.

Figure 4 presents the room temperature emission spectra of all the samples under excita-
tion at 488 nm. The emission spectrum of all the samples shows a broad-band emission, but
the maximum emission peak and intensity are different. The ZnGa,O4 phosphors obtained
from Ga,0; and Zn(NO;),-6H,O emit lower intensity light, being closer to pure blue light at
around 608 nm. It is clear that the wavelength characteristic to emission peak is blue-shifted
with decreasing particle size.

ntensity Garb, units)

Fig. 4. Photoluminescence spectra of the samples obtained by the hydrothermal method.

Figure 5 shows the spinel crystalline structure of ZnGa,04 which has Fdj,, space group.
In the normal spinel (AB,04) oxide structure, Zn*" ions occupy the tetrahedral coordinated A
sites, whereas Ga®™ ions occupy B sites that are octahedrally coordinated. The broad emission
band at 608 nm can be assigned to self-activated centers originating from octahedral Ga — O
group in the spinel lattice [5]. The oxygen vacancies are most probably associated with forma-
tion of Ga’" ions. It was reported that the absorption and corresponding emission peaks origi-
nated from the self-activated optical centers of tetrahedral Ga — O groups shifted to a higher
energy as compared to peaks originated from those of octahedral Ga — O groups. It is sup-
posed that blue emission to be related with the formation of new self-activated optical centers
due the tetrahedral Ga — O groups in the spinel lattice.
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» According to particle size decreasing, we can
¥4l observe blue shift in the absorption and emission
spectra; at the same time, it is supposed that the
number of Ga’* ions in tetrahedral sites increase
with the decrease of those in octahedral sites.

Fujihara and co-workers had attributed the
blue shift to the quantum-size effect (the increased
bandgap) [12].

Some authors [13, 14] reported that the shape
anisotropy could affect symmetry of crystal fields
around the activation center, giving the different

Fig. 5. Spinel crystal structure. luminescence behavior. Although much work

remains to be done to fully understand these

phenomena of blue-shift for the as-synthesized ZnGa204 phosphors, it is speculated that
these phenomena are also caused by the quantum-size effect.

4. Conclusions

In summary, ZnGa,O4 powders were synthesized by the hydrothermal method using dif-
ferent gallium precursors as reactants. It has been demonstrated that the hydrothermal tech-
nique is a suitable one-step method for the preparation of nanomaterials at relatively low
temperature and by using not pollutant reagents. The concentration of the reactants in the sol-
vent (water) plays a critical role for the successful synthesis of single-phase ternary nanocrys-
tal products. The reactant concentration and reaction medium are of particular importance
regarding the hydrothermal synthesis.

The morphology, size, composition, and the surface quality are of special importance
for different types of applications [15].

In a future research, we propose to study the physical and chemical phenomena that ap-
pear during ZnGa,O4 nanoparticle synthesis.

References

[1] Z.Yan and H. Takei, J. Cryst. Growth, 171, 131, (1997).

[2] Z.Yan, H. Takei, and H. Kawazoe, J. Am. Ceram. Soc., 81, 180, (1998).

[3] L. Chen, Y. Liu, and Y. Li, J. Alloy Compd., 381, 266, (2004).

[4] Z.Lu, Y. Tang, L. Chen, and Y. Li, J. Cryst. Growth, 266, 539, (2004).

[5] X.WangandY. Li,J. Am. Chem. Soc., 124, 2880, (2002).

[6] Y.Li,J. Wang, and Z. Deng, J. Am. Chem. Soc., 123, 9904, (2001).

[7] X.Li,J. Liu, and Y. Li, Appl. Phys. Lett., 81, 4832, (2002).

[8] S.K. Sampsth and J.F. Cordaro, J. Am. Ceram. Soc., 81, 649, (1988).

[9] T.Omata, N. Ueda, and H. Kawazoe, Appl. Phys. Lett., 64, 1077, (1994).

[10]J.S. Kim, H.L. Park, G.C. Kim, T.W. Kim, Y.H. Hwang, H.K. Kim, S.I. Mho, and
S.D. Han, Solid State Commun., 126, 515, (2003).

[11]J.S. Kim, T.W. Kim, H.L. Park, Y.G. Kim, S.K. Chang, and S.D. Han, Solid State Com-
mun., 131, 493, (2004).

[12] H. Naito, S. Fujihara, and T. Kimura, J. Sol-Gel Sci. Technol., 26, 997, (2003).

[13] C. Wu, W. Qin, G. Qin, D. Zhao, J. Zhang, and S. Huang, Appl. Phys. Lett., 82,4, 520, (2003).

[14] L. Yu, H. Song, S. Lu, Z. Liu, and L. Yang, Chem. Phys. Lett., 399, 384, (2004).

[15] T.K. Tran, W. Park, J.W. Tomm, B.K. Wagner, S.M. Jacobsen, C.J. Summers, P.N. Yo-
com, and S.K. McClelland, J. Appl. Phys., 78, 6591, (1995).

363




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


