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Abstract Synthesis, X-ray diffraction, and photolumi-

nescence (PL) investigations of SrZnO2 doped with Eu3?

were carried out in order to characterize the material. The

emission spectra showed a broad band emission at 525 nm

attributed to oxygen defect centers in the host matrix, along

with peaks corresponding to the 5D0 ? 7Fj (j = 1, 2)

transitions of Eu ion under 250 nm excitation. PL decay

time studies were done to confirm these investigations.

Time-resolved emission spectrometric (TRES) study was

carried out to extract the emission spectra of the Eu ion

which was buried under the broad band emission. After

giving suitable delay times and by choosing a proper time

gate, transitions due to 5D0 ? 7Fj (j = 0, 1, 2, 3, and 4)

could be observed. Judd–Ofelt intensity parameters and

other radiative properties for the system were evaluated

from this emission spectrum and decay time data by

adopting standard procedure. The color coordinates of the

system were also evaluated and plotted on a standard CIE

index diagram. The observations showed that the

SrZnO2:Eu3?material has near white light emission (also

considering the emission from host) whereas, the extracted

emission spectrum due to only Eu ions has a near red

emission.

Introduction

During the last few decades, rare-earth-activated oxide

based phosphors have led to a revolution in lighting

industry [1]. In particular, the remarkable narrow-band

emission properties of trivalent rare-earth (RE) ions such as

Eu2?/Eu3?, Tb3?, Dy3?, Ce3? ions, etc. have been utilized

to the maximum extent in the development of efficient

phosphors for lamps, plasma display panels, and also for

light-emitting diodes(LEDs) [2–4]. Recently, several

reports have appeared in literature regarding the novel

compound SrZnO2 and its utility as an oxide-based host for

phosphor material [5–13]. But the first report on use of this

host for luminescent applications can be attributed to

Kubota et al. [6], where they had investigated on the

application of Ba2? and Mn2?-doped SrZnO2 system as a

luminescent material. Later, He et al. reported the lumi-

nescence performance of the host as a red and blue-green

emitting phosphor, when doped with Eu3? and Pr3? ions,

respectively [7, 8]. Khatkar et al. and Yu et al. have

reported the utility of the host material as a blue-green

phosphor by doping with Tb3? [9, 10]. Yang et al. [11]

have reported the photoluminescence (PL) investigation of

the Sm-doped strontium zinc oxide system. Eu3? doped in

this host was shown to be a potential red emitting phosphor

by Wang and Gao [12]. Also, Yu et al. have reported the

PL properties of Eu3? ion codoped with several alkali

metals in this phosphor host [13]. These reports proved the

utility of SrZnO2 as a potential host material for phosphors.

However, all these reports did not throw any light on the

symmetry of the metal ions in this matrix and the various

emission properties associated with it. The present study

was initiated to investigate the emission spectra of the Eu

metal ion in the oxide host and comment on its symmetry

by adopting standard Judd–Ofelt (J–O) analysis. We

observed white light emission from the Eu-doped sample,

which is unusual for this host. A detailed investigation in

this regard is presented in this paper. Along with these

studies, various radiative properties such as the J–O
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intensity parameters, luminescence branching ratios, radi-

ative probabilities and lifetimes, quantum efficiency, etc.

were also determined from the emission and lifetime data

that are presented here. These parameters reflect the local

structure around the metal ion and provide information

regarding nature of the metal–ligand bonding in the matrix.

Apart from this, the color coordinates for the system were

also calculated adopting standard procedure and plotted on

the standard CIE index diagram.

Experimental

All the chemicals used were of AR grade. The undoped

SrZnO2 samples were prepared via high temperature solid-

state reaction route as discussed below. Stoichiometric

quantities of SrCO3 and Zn(CH3COO)2 were mixed thor-

oughly and ground in an agate mortar. The mixture was

heated first at 500 �C for 4 h so as to obtain a gray colored

product. Later this sample was heated at 900 and 1,000 �C

for 3 h. This was cooled to room temperature and further

ground to obtain a white powder. This powder was heated

at 1,300 �C for 2 h. The product thus obtained was used for

further investigations. Eu-doped sample was prepared by

mixing appropriate quantities of 99.99% pure Eu2O3 at the

starting point following similar steps so that the metal ion

concentration was 1 mol%. Phase purity of the samples

was examined by X-ray diffraction (XRD) measurements

carried out on a STOE X-ray diffractometer using a Ni

filter and graphite monochromator. The diffraction patterns

were obtained using monochromatic Cu-Ka1 radiation

(k = 1.5406 A�), keeping the scan rate at 0.05�/s in the

scattering angle range (2h) of 20� to 60�. The XRD patterns

obtained were then compared with the standard ICDD files.

The PL emission and lifetime (decay time) data were

recorded on an Edinburgh CD-920 unit equipped with Xe

flash lamp as the excitation source. The acquisition and

analysis of the data were done by F-900 software provided

by Edinburgh Analytical Instruments, UK.

Results and discussion

XRD data

Figure 1 shows the XRD patterns of the SrZnO2 samples

after annealing the samples at 900 �C (a) and 1,300 �C (b).

In the sample heated at 900 �C, peaks corresponding to

unreacted ZnO (2h = 31.75, 36.25, 34.35, 47.50, and

56.55�) and SrCO3 (2h = 27.55�) were also observed

along with the peaks due to SrZnO2. However, in the

sample heated at 1,300 �C, no impurity phase was

observed. The observed patterns were matched with that of

SrZnO2 crystallized in an orthorhombic geometry with

space group Pnma (ICDD file no-41-0551, shown in

Fig. 1c). The XRD data was indexed on an orthorhombic

system with cell parameters a = 0.5850, b = 0.3310, and

c = 1.1338 nm which are shown in Table 1.

The crystal structure of SrZnO2 has been reported by

Schnering and Hoppe [14, 15].

SrZnO2 structure is a waved layered one consisting of

ZnO4 tetrahedra sharing its edges with one another. The Sr

atoms are located in between these waved layers. There is

one site for the Sr atom where it is surrounded by seven

oxygen atoms. Also there is one site for the Zn atom but

two sites for the oxygen atoms.

The ionic radii of Zn2?, Sr2?, and Eu3? are 74, 121, and

95 pm, respectively. On doping the oxide system with the

Eu3? ion, it could replace the Sr2? or Zn2? ion, though the

former is more favored. In order to keep the charge bal-

ance, two Eu3? ions will be needed to substitute for three
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Fig. 1 XRD patterns of the undoped SrZnO2 samples; a after 900 �C

heat treatment and b after 1,300 �C heat treatment. The standard

ICDD stick patterns that matched with the experimental patterns is

shown in c. The peaks with asterisk mark are due to pure SrZnO2

Table 1 XRD data of SrZnO2 (k = 0.15406 nm)

2h values d value (Å) I/I0 h k l

30.65 2.91 50 2 0 0

31.65 2.82 45 2 0 1

31.80 2.80 65 1 1 1

34.70 2.58 25 1 1 2

39.10 2.30 100 1 1 3

44.50 2.03 35 2 0 4

51.05 1.78 25 1 1 5

54.90 1.67 20 0 2 0

57.15 1.61 25 3 1 2
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divalent ions. Hence, one vacancy (defect centre) with two

negative charges and two positive defects would be

created.

PL emission data

Figure 2(b) shows the emission spectrum of the Eu incor-

porated SrZnO2 with 250 nm excitation. The spectrum

shows a very broad peak ranging from 450 to 650 nm with

maximum at 525 nm. Over this broad band, few sharp

transitions were observed at 590 and 614 nm. The peaks at

592 and 612 nm are the well known Eu3? emissions in the

orange and red regions, respectively. The host SrZnO2

heated at 1,300 �C also showed this broad emission peak-

ing at 525 nm (Fig. 2(a)).

The excitation spectrum corresponding to the 592 nm

emission of the undoped and Eu-doped sample is shown in

Fig. 3. The intense peak observed in both the samples at

*230 nm was assigned to the host absorption. The broad

band observed in the Eu-doped sample at 250 nm was

attributed to Eu3? charge transfer (CT) transition [12, 16].

And the peaks seen at 320, 365, 380, and 395 nm were

assigned to the f–f transitions from the 7F0 ground state to
5H3, 5L9, 5G3, and 5L6 levels, respectively.

The broad emission peak observed in our samples has

not been reported in earlier reports of SrZnO2:Eu3?.

Though similar broad emission around 530 nm has been

reported by Zhang et al. in ZnO nano-powders [17], the

corresponding excitation peak was observed at 385 nm. In

the present study, the excitation peak of the undoped

sample corresponds to 230 nm. Therefore, we strongly

believe that the broad emission at 525 nm observed in our

samples arises only due to electron transitions mediated by

defect levels (e.g., oxygen vacancies) in band gap of

SrZnO2 lattice.

PL decay time data

To probe further into the luminescence properties of the

dopant ion, fluorescence decay time studies were carried

out on the sample. The luminescence decay time curve for

the Eu3?-doped sample recorded with kex = 250 nm and

kem = 612 nm is shown in Fig. 4. The luminescence decay

curve was recorded on 20 ms scale and fitted using the

following exponential decay equation.

l tð Þ ¼ Ai þ
Xn

i¼1

e
ti
Ti ð1Þ

Here Ai are scalar quantities, ti are the times of

measurement, and si are the decay time values (i.e., the

time taken for the excited state population to become 1/e of

the original value). The decay curve could be fitted into a

bi-exponential decay whose major component ([95%) was

1.8 ms and minor component was 0.158 ms with the

parameter of fitting v2 = 1.514. The life time of the broad
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Fig. 2 a emission from the host and b emission spectrum of the

SrZnO2:Eu with kex = 250 nm
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Fig. 3 Excitation spectrum of the host with kem = 525 nm and
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Fig. 4 PL decay time profile of the Eu-doped sample with

kex = 250 nm and kem = 612 nm. The dots represent the observed

points and the solid line gives its exponential fitting
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band emission at 525 nm emission was also observed to be

0.16 ms. This confirms the fact that, the initial short lived

component observed in the 1–3 ms range in Fig. 4 is due to

the tail portion of the broad band host emission.

In order to extract the spectra due to Eu3? only, a time-

resolved emission spectrometry (TRES) method was

adopted, where in a set of emission scans were obtained by

giving suitable delay times and choosing a proper time

gate. Figure 5 represents the TRES spectra of the strontium

zinc oxide samples doped with Eu obtained at various

delay times and with kex = 250 nm.

It is clear from the spectra that after giving a delay time

of 300 ls, the intensity of the broad peak at 525 nm

(attributed to oxygen related defect centres) is drastically

reduced and a clear spectrum for the Eu3? could be seen.

The spectrum obtained after a time delay of 700 ls was

further used for the emission data analysis and calculation

of J–O parameters (shown in Fig. 6). This spectrum con-

sists of a number of sharp lines at 580, 592, 611, 651, and

692–711 nm, which are associated with the transitions

from the excited 5D0 to 7FJ levels of Eu3? where J = 0, 1,

2, 3, and 4, respectively.

Here, the red emission at 611 nm involving DJ = ±2

transition is an electric-dipole transition, while the orange

emission at 590 nm is a typical magnetic dipole allowed

transition (DJ = ±1).

Evaluation of J–O parameters of the Eu3? sample

The Judd–Ofelt analysis of the emission spectrum is a

powerful tool for calculating the parity-forbidden electric-

dipole radiative transition rates between the various levels of

a rare-earth ion such as Eu3? [18, 19]. Through these anal-

yses, the local environment around the metal ion and the

bond covalency of M–L bonds can be interpreted. Apart from

this, the radiative transition rate (AR), radiative lifetimes

(sR), and luminescence branching ratios (bR) can also be

computed. It is possible to determine the J–O intensity

parameters XJ (where J = 2, 4, 6, etc.) based on the emission

spectral data as shown by various authors [20–23].

For a particular transition, the emission intensity (I) can

be considered as proportional to the area under the emis-

sion curve for that transition. Also, the intensity will be

proportional to the radiative decay rate of the transition

(AR).

I ¼ hcv ARNa Area under the curveð Þ ð2Þ

Here hcm is the energy separation in the initial and final

levels and N is the population of the 5D0 level (in case of

Eu3?). The 5D0 ? 7F2, 4, and 6 transitions are electric dipole

allowed whose radiative decay rates can be represented by

the following equations as shown by Malta et al. [24, 25].

ARðedÞ ¼
64p4e2v3

3h 2J þ 1ð Þ

� �
n n2 þ 2ð Þ2

9

( )
X

J

XJ UðJÞ
�� ��
D E2

ð3Þ

Here the factor
n n2þ2ð Þ2

9
is the Lorentz local field

correction that converts the external electromagnetic field

into an effective field at the location of the active center in

the dielectric medium and n is the refractive index of the

medium. ||UJ|| are the doubly reduced matrix elements

corresponding to the 5D0 ? 7FJ transitions of the metal

ion; e is the electron charge and m is the transition energy in

cm-1. Neglecting the J–J mixing, it is found that, the

intensities of the transitions solely depend on the respective

matrix elements.

For the present strontium zincate system, the index of

refraction was calculated by standard Gladstone and Dale

formula as suggested by Larsen and Burman [26] and

illustrated in Lange’s Hand book of Chemistry [27].

For the calculations of XJ values in Eu-doped SrZnO2

system, the intensity of 5D0 ? 7F1 transition, which is a

magnetic dipole allowed transition, was taken as the
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Fig. 5 TRES spectra of the Eu3?-doped SrZnO2 samples after

suitable delay times with kex = 250 nm
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7F0 transition at 580 nm
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reference. The transition rate (AR(md)) of this magnetic

dipole allowed transition is represented by the following

equation [28].

AR mdð Þ
� �

¼ 64p4v3

3h 2J þ 2ð Þ

� �� �
n3Smd ð4Þ

Here Smd is the magnetic-dipolar transition line strength

and is independent of host matrix. For the present system,

its value was taken as 9.6 9 10-42 esu2 cm2 as reported by

Werts et al. and Weber et al. [22, 29].

The total radiative decay rate (AR) value was calculated

from the ratio of the sum of the areas under the 5D0 ? 7FJ

transitions
PR

IJdv
� �

, to area under the curve of the
5D0 ? 7F1 transition

R
I1dv

� �
.

PR
IJdv

� �
R

I1dv
� � ¼ AR

ARmd

ð5Þ

The J–O intensity parameters, XJ were calculated from

the respective ARed values as per Eq. 3. The values for the

reduced square matrix elements (||U(J)||) for the 7F2 and 7F4

transitions were taken as 0.0032 and 0.0023, respectively

[22, 30–32].

Since, the 5D0 ? 7F6 transition was not observed in the

present case, its J–O parameters could not be evaluated.

The total radiative lifetime can be represented as the

reciprocal of the total radiative decay rate, i.e., sR ¼ 1
AR

.

From the experimental decay time (sf) and sR values, the

sNR, i.e., the non radiative life time was calculated by the

following formula.

1

sf

¼ 1

sR

þ 1

sNR

ð6Þ

Similarly, the branching ratios bJ ¼ AJP
AJ

� �
for the

different excited states and the overall quantum efficiency

g ¼ 1
sR=1

sf

	 

were calculated by standard procedures. All

these parameters for the Eu3? ion in the zincate host are

listed in Table 2.

X2 exhibits dependence on the covalence between rare-

earth ions and ligands and gives information about the

asymmetry of the local environment of Eu3? site. The trend

observed in the J–O parameters here (X2 [ X4) confirms

the covalency existing between the rare-earth ion (Eu3?)

and ligands as well as the asymmetry around the metal ion

site. The 5D0 ? 7F3 transition cannot be accounted for by

either the magnetic or electric-dipole mechanisms. Its

presence is considered to be a small deviation from theory

at the level used in this study. However, some workers say

that these transitions ‘‘borrow’’ intensity from the
5D0 ? 7F2 transitions through higher order perturbations

by the crystal field and show bands in the emission spec-

trum [21]. A comparison of the J–O intensity parameters of

the strontium zincate system with that of other hosts is

presented in Table 3.

Evaluation of color coordinates

In order to evaluate the material performance on color

luminescent emission, CIE chromaticity coordinates were

evaluated adopting standard procedures [33, 34]. The val-

ues of x and y coordinates of the system were calculated to

be 0.324 and 0.421, respectively. This is represented as the

point ‘‘b’’ in the CIE diagram. For an ideal white light

phosphor system, the values are 0.33 and 0.33, respectively

(represented as the ‘‘achromatic point’’, ‘‘a’’ in the CIE

index diagram, Fig. 7). It is clear from the values that, the

SrZnO2:Eu3? system, gives a near white light emission

when excited at 250 nm. On the other hand, when the

emission spectrum obtained after giving 700 ls is taken

into consideration, the CIE coordinates are calculated to be

0.571 and 0.386, respectively (point ‘‘c’’) suggesting a near

‘‘RED’’ emission.

Table 2 J–O intensity parameters and radiative properties of the Eu3?-doped SrZnO2

Transition ARed (s-1) ARmd (s-1) XJ (10-20 cm2) bJ (%) g (%) Atotal (s-1) sR (ls)

5D0 ? 7F1 0 72.1 – 25.0 52 290 350
5D0 ? 7F2 135 0 3.60 47.5
5D0 ? 7F4 34.5 0 1.35 27.5

Table 3 Comparison of the J–O intensity parameters of Eu3?-doped

SrZnO2 with that of other hosts

Host X2

(10-20 cm2)

X4

(10-20 cm2)

References

Strontium zincate 3.60 1.35 Present study

Strontium meta

phosphate

5.9 1.4 [35]

Strontium barium

niobate

2.1 3.8 [36]

Zinc phosphate 5.8 2.3 [37]
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Conclusion

SrZnO2 samples doped with Eu ions were prepared via

solid state reaction route. XRD studies confirmed the for-

mation of a single phase compound after heat treatment at

1,300 �C. The emission spectra of the sample showed a

broad band at 525 nm attributed to oxygen defect centers in

the host matrix, along with peaks corresponding to the
5D0 ? 7FJ (J = 1, 2) transitions of Eu ion under 250 nm

excitation. The PL decay time studies were done to confirm

these investigations. A TRES study was carried out to

extract the emission spectra of the Eu ion which was buried

under the broad band emission. After giving suitable delay

times and by choosing a proper time gate, transitions due to
5D0 ? 7FJ (J = 0, 1, 2, 3, and 4) could be observed.

Various emissive properties such as J–O intensity param-

eters, radiative transition rates and life times, luminescence

branching ratios, and quantum efficiency for the system

were calculated adopting standard procedure. The color

coordinates of the system were also evaluated and plotted

on a standard CIE index diagram. The observations showed

that the SrZnO2:Eu3?material has near white light emission

(also considering the emission from host) whereas, the

extracted emission spectrum due to only Eu ions has a near

red emission.
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the emission obtained after 700 ls

J Mater Sci (2011) 46:2030–2035 2035

123

http://dx.doi.org/10.1007/s10853-009-3668-4
http://dx.doi.org/10.1007/s10853-009-4072-9
http://dx.doi.org/10.1007/s10853-010-4266-1

	Synthesis and photoluminescence properties of Eu3+-activated SrZnO2
	Abstract
	Introduction
	Experimental
	Results and discussion
	XRD data
	PL emission data
	PL decay time data
	Evaluation of J--O parameters of the Eu3+ sample
	Evaluation of color coordinates

	Conclusion
	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


