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Abstract ZnS Nanostructures, including nanoparticles
and nanospheres, were synthesized through solvothermal
process. The size and crystallinity of the ZnS nanostruc-
tures were easily controlled by the precursor source and the
solvents. The photoluminescence (PL) in the range of
400-650 nm has been observed and the broad band is
peaked at about 525 nm. The PL intensity reduced greatly
with increasing the nanoparticle size of the as-prepared
samples and the ratio of zinc and sulfur sources in the
preparation process. Spectral examinations and analyses
reveal that the 525 nm emission peak indeed originates
from the electronic states determined by the zinc vacancies.

Introduction

As one of the most important II-VI group semiconductors,
zinc sulfide (ZnS) with a wide direct band gap of
3.6-3.8 eV has been extensively investigated and used in
luminescent devices, flat panel displays, infrared windows,
sensors, and lasers [1, 2]. During the past few years, many
ZnS nanostructures, including nanowires (nanorods),
nanotubes, nanodiskettes, and nanoribbons (nanobelts)
have been successfully synthesized and their photolumi-
nescence (PL) properties have been explored [3-11].
However, the PL origin is currently still unclear and con-
troversial due to its sensitivity to surface states, mirror
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changes of electronic configurations, and preparation con-
ditions. Generally, ZnS nanostructures show a broad PL
band centered in the range of 420-450 nm and a near band
gap PL band at 340 nm [3, 4]. Another often observed
emission band is located at 500-550 nm. This green
emission band was frequently attributed to originate from
growth-related Au impurities or elemental sulfur species on
the ZnS surface [5, 6]. However, controversy remains
regarding the assignment of the origin of this green emis-
sion from ZnS nanostructures. For examples, Dunstan et al.
[7] systematically studied the photochemistry of ZnS col-
loids, and assigned a green PL band at 560 nm to elemental
S species on the surface of ZnS particles. Jiang et al. [8]
proposed that the green band from their ZnS nanobelts
came from some defect states. However, they provided no
more evidence supporting their assignment. Qi et al. [9]
and Zhao et al. [10] ascribed the green PL band to co-
doping with copper and aluminum. Recently, Tsuruoka
et al. [11] studied the green emission properties of ZnS
nanobelts and found that the emission is related to line or
planar defects of the ZnS nanobelts, but the defect nature is
still unknown. Therefore, more investigations, concerning
compositional, structural, and optical properties of nano-
structural ZnS are imperative for researchers to acquaint
further insight on the origins of the green PL band.

In this article, ZnS nanoparticles and nanospheres with
different sizes and crystallinity have been successfully
fabricated via solvothermal method. The authors carefully
examine the green PL properties of the ZnS nanoparticles
and nanospheres in the range of 400-650 nm and infer
experimentally that the green PL is closely related to zinc
vacancies. Combining with the structure analysis the
authors conclude that the green band originates from an
optical transition between energy levels produced by a
combined zinc-vacancy defect. This study presents a
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possible origin of the green PL band in various ZnS
nanostructures.

Experiments

ZnS nanostructures with different sizes were synthesized
by solvothermal process. A closed cylindrical Teflon-lined
stainless steel chamber with 50 ml capacity was used for
the synthesis. All the chemicals were of analytical grade
and were used without any further purification. An appro-
priate amount of zinc acetate [Zn(CH;COO),] and sodium
sulfide (Na,S) were used as the zinc source and sulfur
source. And the as-prepared sample is marked as sample
Ay. The as-prepared sample with zinc nitrate [Zn(NO3),]
and sodium sulfide (Na,S) used as the zinc and sulfur
source is marked as sample Bj. In order to analyze the
influence from sulfur source, another group sample with
zinc acetate and thiourea [SC(NH,),] as zinc and sulfur
source, respectively, was also made (marked as sample Cy).
The zinc and sulfur source were taken in 1:1.2 M ratios in
the Teflon-lined chamber and was then filled with a chosen
solvent up to 60% of its volume. After stirring for a few
minutes, the closed chamber was placed inside a box fur-
nace maintained at 160 °C for 12 h and then cooled down
to room temperature. The resulting white precipitates were
filtered off and washed several times using DI water and
ethanol. The white powder was obtained after dried in
vacuum at 60 °C for 8 h. It is noticed that the size and
crystallinity of the ZnS nanostructures were dependent on
many parameters such as the amount of precursor source,
nature of the solvents, and reaction temperature. Most
importantly, the difference in solubility of the precursor
sources in a particular solvent was the significant factor
determining the size of ZnS nanostructures. In this reaction
process, the experimental parameters were tuned to get ZnS
nanostructures with desired size and crystallinity.

The X-ray diffraction patterns of the products were
measured on a German Bruker AXS D8 ADVANCE X-ray
diffractometer with Cu Ko radiation (1 = 0.154 nm) and a
scanning speed of 0.02 s~'. PL studies were carried out
using a Britain Renishaw Invia micro-Raman spectropho-
tometer at room temperature with a 325 nm line of He—Cd
laser as the excitation light source. Field emission scanning
electronic microscope (FESEM) images were taken on a
Japan Hitachi S-4800 FESEM.

Results and discussion
Figure 1 shows the XRD patterns of as-made samples. As

one can see, all the diffraction peaks can be indexed well to
those of a cubic zinc blende-structured ZnS crystal with
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Fig. 1 XRD patterns of samples Ag, By, and C

lattice constants a = 0.5406 nm [Joint Committee Powder
Diffraction Standard (JCPDS) data file Card (No 05-
0566)]. No characteristic peak associated with other crys-
talline forms was detected in the XRD patterns. It suggests
that the products are of pure crystalline phase of ZnS and
other phases should be below the detection limit of the
XRD. The XRD pattern shows the ZnS samples have a
strongest (111) plane diffraction. It can be seen that the
samples A and B, show a stronger XRD intensity than the
sample C,, while the sample C, shows the broadest
reflection peaks. The difference can be understood if the
authors consider the reaction mechanism. As it was men-
tioned in the experiment part, the samples Ay and B, are
directly nucleated through the reaction between the Zn ion
and the free S radicals in an aqueous medium, while the
sample C, are nucleated through medial process. In the
experiments, the free sulfur radicals are released through
the hydrolysis of thiourea in an aqueous medium in the
Teflon cup. Then the free S radicals react with the Zn>"
ions to form ZnS nuclei [12], which leads to a poor crys-
tallinity and more defects in sample C,. The broadest
reflection peak for sample C, in the three samples also
indicates the smallest particle size. The as-prepared ZnS
nanoparticle size can be calculated by Scherrer equation:
Dy =

nm) as measured perpendicular to the reflecting plane (hkl).
P is the full width at half maximum (FWHM) of X-ray
diffraction peaks in radians. 6, is diffraction angle. 4 is
the wavelength of the X-ray, where it is 0.154 nm. K is
0.89 when 0, takes the half of the broadening of the
diffract peak. The particle sizes corresponding to the (111),
(200), and (220) diffract peaks were calculated, and the
average sizes of samples A, By, and Cy are 27.6, 22.0, and
6.0 nm, respectively. Based on the calculated results, it can
be seen that the sample Cy has a smaller particle size than

kl . . .
Frocos O where Dy, represents particle size (unit
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the others, which implies that there may exist more growth
defects and grain boundaries [13].

To investigate the surface morphology of ZnS samples,
the authors took a small part of the samples and coated
them on the conductive adhesive to perform the SEM
observation. It is found that the samples Ay and By grown
from different zinc source have nearly the same morphol-
ogies, as displayed in Fig. 2a and b. Both samples show
densely distributed nanoparticles with rough surfaces. The
average particle sizes measured from SEM images are
about 40 and 50 nm for the samples A, and By, respec-
tively. While perfectly sphere-like shapes with the diame-
ters in the range of 2-3 pm were found on the surface of
sample C, (Fig. 2c). It is worth noting that the size deter-
mined by SEM is much larger than the calculated results by
the Scherrer equation. The remarkably difference indicates
that the spheres are the aggregation of the initially formed
ZnS nanocrystals [14, 15]. This is not the case for the
samples Ag and B, where the particle sizes from the SEM
are just lightly larger than those calculated by the Scherrer
equation. It is important to realize that the Scherrer equa-
tion provides a lower bound on the particle size, because a
variety of factors can contribute to the width of a diffrac-
tion peak, such as inhomogeneous strain, instrumental
effects, and the lattice imperfection in the crystal.

It is well known that ZnS nanostructures are promising
for light-emitting applications due to their efficient visible
luminescence in the 2—4 eV region. The room temperature
PL spectra of the as-prepared ZnS nanostructures taken
under excitation with the 325 nm line of the He—Cd laser
are displayed in Fig. 3. The PL spectra for the three sam-
ples all show a broad emission band ranging from 400 to
650 nm. It can be seen that the PL peak positions are
constant at 525 nm for the three, and the emission intensity
changes greatly. It implies that the PL originates from the
same defect center and there exists a great difference in the

defect contents. Previously, Bol and Meijerink[16] reported
that the nanocrystalline ZnS doped with Cu®* and Mn”™,
or other rare earth ions can show a visible region emission
from blue to green. However, it is unlikely that the emis-
sion of the present ZnS nanostructures is related to donor
impurity levels in view of its high-purity ZnS reagents
used. Energy dispersive X-ray spectrum (EDS) (Fig. 3b)
from the products show detailed information about the
chemical compositions. The presence of sulfur, zinc, and
silicon were identified. The signal of silicon comes from
the Si substrate. Recently, Tsuruoka et al. [11] ascribed the
green emission band located around 535 nm to the line or
planar defects of the ZnS nanobelts. In the experiments, the
as-prepared samples, both nanoparticles and nanospheres
are of polycrystalline phase, where no similar line and
planar defects existing as those in the nanobelts. Therefore,
the line and planar defects are excluded as the origin of the
green band. Ye et al. [17] and Shen et al. [18] concluded
that the elemental S species on the surface of the ZnS
nanobelts (nanowires) contribute to the green PL band.
However, it is noteworthy that the PL position is not very
sensitive to the change of the surface structure (nanopar-
ticles and nanospheres). So, there should be another reason
for the observed green band. Becher et al. [19] calculated
the band structure of ZnS and predicted that many self-
activated point defects such as Zn vacancies within the
band gap. In this experiment, the green PL intensity
decreased greatly with increasing the nanoparticles size of
the as-prepared samples. Combined with the preparation
processing of the three samples, it is reasonable to believe
that the PL band centered at 525 nm in the ZnS nano-
structures originates from the zinc vacancies. In fact, it is
very likely to introduce vacancies-related defects for the
experiments were carried out at a relatively low tempera-
ture. Hence, more zinc vacancies exist in the products,
as proved by many theoretical and experimental reports

Fig. 2 SEM images of a sample Aq, b sample By, and ¢ sample C,
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Fig. 3 a PL spectra of the samples A,, By, and Coy, taken under
excitation with a 325 nm line of He—Cd laser. b Energy dispersive
X-ray spectrum of sample A, and By

[20-23]. As for the great change in intensity of PL from
samples Ag, By, and C,, it is because that the reduced size
leads to an exceptionally high surface area and creates a
remarkable increase in the zinc vacancies near the surface.
In the experiments, the average particle size values of
sample Ay, By, and Cy are 27.6, 22.0, and 6.0 nm. More-
over, it should be noted that the PL is very sensitive to the
change of surface morphology. In this experiment, the
authors did not observe any visible change in the PL
spectra for the nanoparticle and sphere-like ZnS nano-
structures, which further supports the defect related origin
of the green emission.

To confirm the inference about the positions of zinc
vacancies, the authors synthesized more samples with
different ratios (1.2:1, 1:1, 1:1.2, 1:1.5) of zinc and sulfur
using zinc acetate as the zinc source and thiourea as the
sulfur source and then examined their PL spectra, as shown
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Fig. 4 PL spectra of the samples with different ratios of zinc and
sulfur. a 1.2:1. b 1:1. ¢ 1:1.2. d 1:1.5

in Fig. 4. If the zinc vacancies in the samples of the ZnS
nanostructures are indeed responsible for the green PL
band, the intensity of this band should decrease with
increasing the zinc contents, which was successfully
proved by the experimental results. One can see that the PL
intensity in Fig. 4 obviously decreases with increasing the
Zn:S ratio. On the basis of these results, the authors can
conclude that the self-activated zinc vacancies point
defects of the ZnS nanostructures do contribute to the green
PL band. The luminescence centers are formed when zinc
vacancies are introduced into the ZnS nanostructures,
which lead to the detected green emission from the ZnS
nanostructures. It also can be seen that there is a little shift
in the PL peak positions. It is because that the different
ratios of the zinc and sulfur will cause a little change in the
size of the four samples. For the quantum confinement
effects, the different sizes will bring an impact on the band
gap of the samples and cause a little shift in the PL peak
positions [24].

Conclusions

In conclusion, the authors have solvothermally fabricated
ZnS nanoparticles and nanospheres for clarifying the origin
of the green PL band. The PL intensity reduced greatly
with increasing the nanoparticle size and the ratio of zinc
and sulfur sources in the preparation process. Spectral
examinations and analyses reveal that the green emission
band from ZnS nanostructures indeed originates from the
self-activated zinc vacancies points of the ZnS nanostruc-
tures. This experiments and results will be beneficial to the
understanding of light-emitting mechanisms in various ZnS
nanostructures.



J Mater Sci (2011) 46:2715-2719

2719

Acknowledgements

This study was jointly supported by the Nat-

ural Science Foundation of Jiangsu Province (Grant no. BG2007026)
and the National Natural Science Foundation of China (Grant no.
11004170).

References

[9%]

(9}

. Shen GZ, Bando Y, Hu JQ, Golberg D (2007) Appl Phys Lett

90:123101

. Yamamoto T, Kishimoto S, Iida S (2001) Physica B 308:916
. Becker WG, Bard AJ (1983) J Phys Chem 87:4888
. Meng XM, Liu J, Jiang Y, Chen WW, Lee CS, Bello I, Lee ST

(2003) Chem Phys Lett 382:434

. Ye C, Fang X, Li G, Zhang L (2004) Appl Phys Lett 85:3035
. Rosenberg RA, Shenoy GK, Heigl F, Kim PSG, Zhou XT, Sham

TK (2005) Appl Phys Lett 87:253105

. Dunstan DE, Hagfeldt A, Almgren M, Siegbahn HOG, Mukhtar

E (1990) J Phys Chem 94:6797

. Jiang Y, Meng XM, Liu J, Xie ZY, Lee CS, Lee ST (2003) Adv

Mater 15:323

. Qi L, Lee BI, Kim JM, Jang JE, Choe JY (2003) J Lumin 104:261
. Zhao Q, Hou L, Huang R (2003) Inorg Chem Commun 6:971

11.

12.
13.

14.

15.

16.
17.

18.
19.
20.

21.
22.

23.

24.

Tsuruoka T, Liang CH, Terabe K, Hasegawa T (2008) Appl Phys
Lett 92:091908

Gode F, Gumus C, Zor M (2007) J Cryst Growth 299:136
Chen HT, Wu XL, Zhang YY, Zhu J, Cheng YC, Chu PK (2009)
Appl Phys A 97:581

Tong H, Zhu YJ, Yang LX, Li L, Zhang L, Chang J, An LQ,
Wang SW (2007) J Phys Chem C 111:3893

Jiang LF, Yang M, Zhu SY, Pang GS, Feng SH (2008) J Phys
Chem C 112:15281

Bol AA, Meijerink A (2001) J Phys Chem B 105:10197

Ye CH, Fang XS, Li GH, Zhang LD (2004) Appl Phy Lett
85:3035

Shen GZ, Bando Y, Golberg D (2006) Appl Phys Lett 88:123107
Becher WG, Bard AJ (1983) J Phys Chem 87:4888

Mistui T, Yamamoto N, Tadokoro T, Ohta S (1996) J Appl Phys
80:6972

Denzler D, Olschewshi M, Sattler K (1998) J Appl Phys 84:2841
Hu JQ, Bando Y, Zhan JH, Golberg D (2005) Adv Funct Mater
15:757

Zhang YG, Lu F, Wang ZY, Wang HX, Kong MG, Zhu XG,
Zhang LD (2007) Cryst Growth Des 7:1459

Chen HT, Xing SJ, Wu XL, Zhu J, Shen JC, Chu PK (2009) Nano
Lett 9:1926

@ Springer



	Green photoluminescence mechanism in ZnS nanostructures
	Abstract
	Introduction
	Experiments
	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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


