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Abstract Rhodamine 6G (R6G), a well-known fluorescent

dye, has been intercalated into layered potassium titanonio-

bate (KTiNbO5) through a guest–guest exchange method by

using propylammonium titanoniobate (PrNH3
?-TiNbO5) as

a precursor. The synthesis process, the structure and mor-

phology characterizations for lamellar nanocomposite have

been investigated by means of XRD, FTIR, and SEM.

The thermostability of R6G?-TiNbO5 nanocomposite is

discussed on the basis of thermogravimetric and calorimetric

techniques. Absorption and fluorescence techniques are

applied to study the photoresponse of R6G in hybrid film.

The results indicate that R6G? cations in thin film are highly

fluorescent even at a high dye concentration, which may be

due to the formation of J-dimers within the confined galleries.

Introduction

Nanocomposites derived from photoactive molecules

associated with layered inorganic solids have attracted

considerable attention for the design of new optical,

photonic, and photoelectronic devices with potential

applications as tunable solid-state lasers, optical switches,

double-frequency crystals, solar cells, etc. [1–3]. The guest

molecules are able to exhibit unique properties because the

guest species interact with both the host layers sandwiching

them and other intercalated molecules arranged in the

interlayer spaces. Among the many inorganic host mate-

rials, two-dimensional semiconducting crystallites of tita-

nium oxide and niobium oxide are interesting hosts.

Compared with other layered compounds, these nanosheets

possess a high negative charge density, a high anisotropy,

and an ultrathin thickness, which allow the intercalation

compounds to show peculiar photofunctions, e.g., photo-

induced electron transfer and photosensitization. Following

these ideas, in recent decade interest has focused on the

photofunctions of niobates and titanates intercalated with

methylene blue [4], methyl viologen [5], porphyrin [6, 7],

and ruthenium complex [8, 9].

On the other hand, Rhodamine 6G (R6G) is chosen as

guest molecule because it is a cationic xanthene dye with a

high capacity to absorb and to emit light in the visible

region. However, R6G shows a strong tendency to form

aggregates when dissolved in concentrated solution, which

may drastically modify the optical properties of the dye

[10]. For example, at 10-4 M the R6G aqueous solution

does not show any lasing capability. In the past few dec-

ades, hybrid materials were prepared by introducing R6G

molecules into solid matrixes of inorganic (clays [11–13],

silica glass [14, 15], molecular sieve [16], and transition

metal oxides [17–19]) and polymeric (PMMA [20], SSEBS

tri-block copolymer [21]) nature. And it has been well

documented that the environmental factors (polarity,

charge, etc.) could have an important influence on the

spectroscopic and optical properties of aggregated dyes.
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For instance, enhanced fluorescence of R6G was observed

in the channels of MCM-41 mesophase [16].

Recently, Nakato et al. [22, 23] have reported the syn-

thesis of the intercalation compound of hexaniobate

(K4Nb6O17) with R6G dye. These reports prompted us to

examine a preparation of novel R6G intercalated potassium

titanoniobate (KTiNbO5) (Fig. 1) nanocomposite by a

guest–guest exchange process. X-ray diffraction (XRD)

and infrared (IR) spectra were measured to confirm the

incorporation of cationic dyes into the interlayer space of

titanoniobate. The morphology of the compound was

checked by scanning electron microscopy (SEM).

In addition, DSC and TG analysis measurements were used

to analyze the thermostability of the new hybrid. Finally,

absorption and fluorescence spectroscopic data have also

been obtained, from which the aggregation state of dye

molecules in constrained and rigid nanostructured envi-

ronment can be evaluated.

Experimental

Materials

A layered compound KTiNbO5 was synthesized by heating

homogeneously mixed powders of K2CO3, TiO2, and

Nb2O5 (anatase, high-purity chemicals) in molar ratios of

1:2:1 at 1,150 �C, according to the procedure described in

the literature [7]. Commercially available chloride salt of

R6G (Sigma) and n-propylamine (Sinopharm Chemical

Reagent CO., Ltd) were used without further purification.

Intercalation of R6G into layered titanoniobates

1.0 g of KTiNbO5 powder sample was treated three times

with 1 M HCl for 24 h at room temperature. The titanon-

iobic acid formed was washed with deionized water until

free of Cl-, and then dried in air. 0.5 g of titanoniobic acid

was sealed in an ampule with 15 mL of a 50% n-propyl-

amine aqueous solution and allowed to stand for 2 weeks at

room temperature. The precipitate powder was washed

with alcohol and dried in air. The obtained white powder of

propylammonium titanoniobate (PrNH3
?-TiNbO5) was

again sealed with 0.05 M aqueous solution of R6G? at

60 �C for 3 weeks. The R6G? solution was adjusted to a

pH of 6 with n-propylamine. The reaction was carried out

in the dark in order to avoid photodegradation of R6G. The

resultant solution was centrifuged and washed with meth-

anol and water thoroughly to obtain a red powder of R6G?

-TiNbO5 nanocomposite. The intercalation compound was

dispersed in deionized water with sonication and cast on

quartz substrates, so that optically transparent PrNH3
?

-TiNbO5 and R6G?-TiNbO5 hybrid thin films were

obtained and used for further structural characterization.

Characterization

XRD profiles were obtained with a RINT 2000 diffrac-

tometer (Rigaku), using Cu Ka radiation (k = 0.154 nm)

with 2h going from 2.5� to 40� in 1.0� steps. SEM images

were taken with a JSM-5600 apparatus (JEOL) operating at

20 kV for the Au-coated samples. IR spectra were recorded

on a Shimadzu FTIR-8400S spectrometer in solid KBr

pellets. The composition of the R6G?-TiNbO5 hybrid was

performed using a Perkin Elmer 2400-CHN elemental

analyzer. DSC and TG analysis measurements were carried

out with a Netzsch Sta 409 PC/PG apparatus at a heating

rate of 20 �C min-1 under dry nitrogen. Visible absorption

spectra were recorded on a Varian spectrometer (model

CARY 50). The emission spectra were measured on a

spectrofluorometer (model FL3-TCSPC, Horiba Jobin-

Yvon).

Results and discussion

Incorporation of R6G molecules into layered

titanoniobate

The incorporation of bulky ions into the interlayer spaces

of titanoniobates is difficult owing to the high charge

densities of TiNbO5
- layers. Herein, we have employed a

guest–guest exchange method and successfully incorpo-

rated R6G? cations into the layered titanoniobate. The

XRD pattern of KTiNbO5 (Fig. 2a) indicates that this

compound is obtained as a single phase. The protonation of

KTiNbO5 causes the basal spacing to be shortened to

0.85 nm (Fig. 2b). The propylammonium ions intercalated

compound with 1.57 nm of the d002 (Fig. 2c) is subse-

quently treated with R6G? to produce a R6G?-TiNbO5

hybrid, resulting in an increase of the d002 value to 2.26 nm

Fig. 1 Structure of KTiNbO5. Squares represent the TiO6 (and

NbO6) octahedra, and circles indicate the exchangeable cation K? in

the interlayer
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(Fig. 2d). The basal spacings of these products are listed in

Table 1. By subtracting the thickness of TiNbO5
- slab

(0.68 nm) [24], the net interlayer height of R6G?-TiNbO5

can be calculated as 1.58 nm. Considering the R6G

molecular dimension (1.38 9 1.15 9 0.90 nm) [25], it is

postulated here that R6G? forms monolayer coverage with

its long molecular axis being oriented perpendicular with

respect to titanoniobate nanosheets (Fig. 3).

Figure 4 shows a sequence of SEM of KTiNbO5 as

starting material (a), after acid treatment (b), after prein-

tercalation in the presence of n-propylamine (PrNH3
?-

TiNbO5) (c), and after ion exchange with R6G? (R6G?-

TiNbO5) (d). From Fig. 4a, we can see that the original

KTiNbO5 consists of plate-like texture reflecting its layered

structure. The texture of the particles remains almost

unchanged after the acid treatment process (Fig. 4b).

Exfoliation of titanoniobate nanosheets can be observed in

the SEM image of PrNH3
?-TiNbO5 (Fig. 4c). And the

structure of the intermediate is basically retained in the

resultant intercalation compound R6G?-TiNbO5 (Fig. 4d).

The intercalation of R6G? ions is also supported by IR

spectroscopic analysis. Many characteristic absorption

peaks of R6G? can be observed in the IR spectrum of

R6G?-TiNbO5 hybrid (Fig. 5b) [22]. The 1320 cm-1 peak

is assigned to the aryl C–N stretching and the peaks at

1611, 1529, and 1501 cm-1 are associated with in-plane

vibration of the xanthene ring. The absorption peak at

1721 cm-1 is attributed to C=O stretching vibration in the

carbonyl–phenyl group. The bands in the range of

400–1000 cm-1 arise from the Nb–O and Ti–O stretching

vibration of the layered host [4]. On the basis of elemental

analysis (C, H, and N distribution of 26.36, 3.42, and

2.21%, respectively), the calculated formula for R6G?-

TiNbO5 hybrid is (R6G?)0.3H0.7TiNbO5 � 1.5H2O. The

experimental C/N molar ratio is 13.92, which is in agree-

ment with the expected value of 14.0. These results indi-

cate that propylammonium ions are completely removed

from the R6G?-TiNbO5 hybrid during the guest–guest

exchange procedure. And the dye loading in the hybrid can

be estimated as 34.8 wt%.

Thermal analysis

The thermal stability of the R6G molecules in solid host

material has been investigated by thermogravimetry and

calorimetric techniques in an inert N2 atmosphere. Figure 6

shows the TGA and DSC thermograms of pure R6G and

R6G-TiNbO5 hybrid. Both TGA curves exhibit a several-

step weight loss process. And the weight loss of organic

matter in the R6G?-TiNbO5 hybrid is slower and is

extended to higher temperatures (at around 600 �C) than the

pure dye (sharp weight loss in the 270–540 �C range). The

DSC of R6G displays a small endothermic effect at about

266 �C due to incipient melting, followed by two exother-

mic peaks related to sample decomposition [14]. The first

and sharp one at *320 �C is attributed to the decomposi-

tion of –COOCH2CH3 group. The second and broader one

at *500 �C is due to the decomposition of the skeleton of

the molecule. On the other hand, the DSC curve for R6G?-

TiNbO5 hybrid shows a endothermic peak at *106 �C,

which can be ascribed to the removal of water molecules

from the gallery space. Similar to the pure dye molecule, the

following two overlapping exothermic peaks corresponds to

the decomposition of R6G molecules in the hybrid. How-

ever, in this case, the dye degradation takes place at higher

temperatures with the first exothermic effect at *384 �C

and the second one at *530 �C. This result suggests that

the intercalation of dye molecules in solid inorganic host

material enhances thermostability of the dye.

Spectroscopic properties of R6G?-TiNbO5 hybrid

Comparison of the visible absorption spectra of a R6G?

intercalated titanoniobate film and a R6G? aqueous solu-

tion is shown in Fig. 7. In R6G? aqueous solution, the

main band at 526 nm and shoulder at about 500 nm are

Fig. 2 XRD patterns of a KTiNbO5, b HTiNbO5, c PrNH3
?-TiNbO5,

and d R6G?-TiNbO5

Table 1 XRD spectrum data

Compound d002 (nm) Dda (nm)

KTiNbO5 0.92 0.24

HTiNbO5 0.85 0.17

PrNH3
?-TiNbO5 1.57 0.89

R6G?-TiNbO5 2.26 1.58

a Dd is gallery height
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observed. The former is associated with the absorption by

monomeric dye and the latter is due to the formation of

H-dimer (placed at higher energies than the monomer

absorption band). When R6G? cations are inserted into the

titanoniobate layers, the main band is shifted to longer

wavelength (Dk = 14 nm). Similar phenomena in the

visible absorption spectra of R6G have also been observed

in other solid matrices. For example, Grauer et al. [26]

studied the adsorption and intercalation of R6G? in

montmorillonite and Laponite and found red shifts of 20

and 13 nm, respectively. Conversely, Nakato et al. [22]

reported shorter wavelength shift when they studied the

spectroscopic behavior of R6G? intercalated layered nio-

bate. The red shift of the main peak has been attributed to

the formation of the J-dimer (placed at lower energies than

the monomer absorption band), which is not present in the

bulk aqueous solution except at very high concentrations.

In general, the matrix polarity has an important influence

on the aggregation state of dye molecules in confined

spaces and less polar media favors the formation of the

J-dimer. In our case, the interlayer spaces are more

hydrophobic as compared to the aqueous solution system.

In the spectrum of hybrid film, the shoulder at about

500 nm can also be observed, indicating the presence of

H-dimer. As the H-excites states of aggregates are not

fluorescent, the absorption technique is a more appropriate

method to spectroscopically characterize the dimerization

process of dyes. This coexistence of H-dimers and J-dimers

of rhodamines in different surfaces and interfaces has been

also proposed by several authors [27, 28].

Fig. 3 Intercalation model

of R6G?-TiNbO5

Fig. 4 SEM images of a KTiNbO5, b HTiNbO5, c PrNH3
?-TiNbO5, and d R6G?-TiNbO5
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Fluorescence spectra for solution phase and nanocom-

posite system are acquired (see Fig. 8). We are delightly to

find that R6G? cations in thin film are highly fluorescent

with efficiencies even at a high concentration. This is quite

different from the photophysical behavior of dye in

aqueous solution, where undesirable concentration quench-

ing caused by the formation of H-dimer is often observed.

When R6G? cations are intercalated in the titanoniobate

layers, the emission maximum is red shifted from 555 to

633 nm, suggesting the formation of fluorescent J-dimer

species [29]. As proposed above, the matrix polarity can

also be used to explain the observed red shift in the

luminescence. Besides, it can be seen that the emission

band of R6G? intercalated titanoniobate film has been

remarkably broadened as compared to that of dye in water.

This implies that the nearest-neighbor structure around the

dye is not so simple as the cluster structure of solvation in

solution. In fact, intramolecular charge transfer caused by

Fig. 5 IR spectra of a KTiNbO5 and b R6G?-TiNbO5

Fig. 6 TGA (solid line) and DSC curves (dashed line) of a pure R6G

and b R6G?-TiNbO5

Fig. 7 Normalized absorption spectra of 10-5 M R6G aqueous

solution (solid line) and the film deposited from R6G?-TiNbO5

hybrid (dashed line)

Fig. 8 Normalized emission spectra of 10-5 M R6G aqueous

solution (solid line) and the film deposited from R6G?-TiNbO5

hybrid (dashed line), obtained by excitation at k = 482 nm
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host–guest interaction has been reported for intercalation

compounds of semiconducting oxides with dyes [30].

Similar interactions may occur in present system.

Conclusions

This is the first successful example of a R6G/KTiNbO5

intercalation compound. The insertion of R6G? was con-

firmed by the change in the color (from white to red) and

the expansion of the basal spacing (from 0.92 to 2.26 nm).

The intercalated R6G? cations form monolayer coverage

with long molecular axis being oriented perpendicular with

respect to titanoniobate nanosheets. The incorporation of

cationic dyes in the bidimensional nanostructure produces

a red shift in the absorption band of the dye. The coexis-

tence of H-dimers and J-dimers of R6G? in interlayer

space of titanoniobate is proposed. The solid matrix offers

a larger thermal stability and allows emission of fluores-

cence even at a high dye concentration. R6G?-TiNbO5

hybrid possesses a good quality in optical properties and is

an excellent host–guest solid-state system with possible

photofunctional applications.

Acknowledgement This work was supported by National Natural

Science Foundation of China (Grant No. 50873042) and the Scientific

Research Program of the HuaiHai Institute of Technology (Z2009021).

References

1. Schulz-Ekloff G, Wohrle D, van Duffel B, Schoonheydt RA

(2002) Micropor Mesopor Mater 51:91

2. Arbeloa FL, Martinez VM, Arbeloa T, Arbeloa IL (2007)

J Photochem Photobiol C 8:85

3. Unal U, Matsumoto Y, Tamoto N, Koinuma M, Machida M,

Izawa K (2006) J Solid State Chem 179:33

4. Zhang XB, Liu C, Liu L, Zhang DE, Zhang TL, Xu XY, Tong

ZW (2010) J Mater Sci 45:1604. doi:10.1007/s10853-009-4134-z

5. Nakato T, Edakubo H, Shimomura T (2009) Micropor Mesopor

Mater 123:280

6. Bizeto MA, de Faria DLA, Constantino VRL (2002) J Mater Sci

37:265. doi:10.1023/A:1013687825874

7. Tong ZW, Shichi T, Oshika K, Takagi K (2002) Chem Lett

31:876

8. Tong ZW, Takagi S, Tachibana H, Takagi K, Inoue H (2005)

Chem Lett 34:608

9. Yao K, Nishimura S, Imai Y, Wang H, Ma TL, Abe E, Tateyama

H, Yamagishi A (2003) Langmuir 19:321

10. Malfatti L, Kidchob T, Aiello D, Aiello R, Testa F, Innocenzi P

(2008) J Phys Chem C 112:16225

11. Martinez VM, Arbeloa FU, Prieto JB, Lopez TA, Arbeloa IL

(2004) Langmuir 20:5709

12. Iyi N, Sasai R, Fujita T, Deguchi T, Sota T, Arbeloa FL,

Kitamura K (2002) Appl Clay Sci 22:125

13. Fujita T, Iyi N, Kosugi T, Ando A, Deguchi T, Sota T (1997)

Clay Clay Miner 45:77

14. Grandi S, Tomasi C, Mustarelli P, Clemente F, Carbonaro CM

(2007) J Sol-Gel Sci Technol 41:57

15. Carbonaro CM, Anedda A, Grandi S, Magistris A (2006) J Phys

Chem B 110:12932

16. Yao YF, Zhang MS, Yang YS, Su Q, Zhang HJ (2002) Chin

Chem Lett 13:464

17. Ara K, Tagaya H, Ogata T, Matsushita K, Kadokawa J, Karasu

M, Chiba K (1996) Mater Res Bull 31:283

18. Matsuo Y, Yamada N, Fukutsuka T, Sugie Y (2006) Mol Cryst

Liq Cryst 452:137

19. Hamad S, Sanchez-Valencia JR, Barranco A, Mejias JA,

Gonzalez-Elipe AR (2009) Mol Simul 35:1140

20. Perez-Bueno JJ, Vasquez-Garcia SR, Garcia-Gonzalez L,

Vorobiev YV, Luna-Barcenas G, Gonzalez-Hernandez J (2002)

J Phys Chem B 106:1550

21. Pantelie N, Seliskar CJ (2007) J Phys Chem C 111:18595

22. Shinozaki R, Nakato T (2004) Langmuir 20:7583

23. Shinozaki R, Nakato T (2008) Micropor Mesopor Mater 113:81

24. Ma JJ, Zhang XB, Yan C, Tong ZW, Inoue HR (2008) J Mater

Sci 43:5534. doi:10.1007/s10853-008-2837-1

25. Martinez VM, Arbeloa FL, Prieto JB, Arbeloa IL (2005) Chem

Mater 17:4134

26. Grauer Z, Avnir D, Yariv S (1984) Can J Chem 62:1889

27. del Monte F, Mackenzie JD, Levy D (2000) Langmuir 16:7377

28. Fujii T, Nishikiori H, Tamura T (1995) Chem Phys Lett 233:424

29. del Monte F, Levy D (1998) J Phys Chem B 102:8036

30. Tani T, Namikawa H, Arai K, Makishima A (1985) J Appl Phys

58:3559

2436 J Mater Sci (2011) 46:2431–2436

123

http://dx.doi.org/10.1007/s10853-009-4134-z
http://dx.doi.org/10.1023/A:1013687825874
http://dx.doi.org/10.1007/s10853-008-2837-1

	Preparation, thermostability, and spectroscopic properties of Rhodamine 6G intercalated titanoniobate nanocomposite
	Abstract
	Introduction
	Experimental
	Materials
	Intercalation of R6G into layered titanoniobates
	Characterization

	Results and discussion
	Incorporation of R6G molecules into layered titanoniobate
	Thermal analysis
	Spectroscopic properties of R6G+-TiNbO5 hybrid

	Conclusions
	Acknowledgement
	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


