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Summary 

A novel photochromic hybrid film containing 12-tungstophosphoric acid (PW12) and 
dextran has been successfully prepared by solution casting method. The Fourier 
transform infrared (FTIR) and ultraviolet-visible (UV-Vis) spectra revealed that the 
Keggin geometry of the PW12 was still preserved in the hybrid film and a charge-
transfer bridge was built between PW12 and dextran through hydrogen bonds. Wide-
angle X-ray diffraction (WAXD) was used to investigate the morphology of the 
hybrid film. Under UV irradiation, the hybrid film was reduced photochemically to 
yield a blue species. The reversibility of the photochemical reaction of the hybrid film 
was observed. The characteristic signal of W (V) in the electron spin resonance (ESR) 
spectrum and the changes in the UV-Vis and FTIR spectra after irradiation was 
identified, indicating that PW12 was reduced to one-electron heteropoly blue and 
partial hydroxyl groups of dextran were oxidized to the carbonyl groups.  
A conceivable mechanism for the photochromic reaction was also proposed. 

Introduction 

Polyoxometalates based photochromic materials have attracted a widespread interest 
due to their special structures and properties [1]. They can be photochemically 
reduced to form colored species (heteropolyblues or heteropolybrowns) while 
retaining the structural integrity, which are ideal for use as photochromic and 
eletrochromic materials [2, 3]. However, for single inorganic photochromic species, 
they usually exhibit poor photochromic properties, low thermal stability of virgin or 
colored states, and sometimes a high-cost preparation with difficulty in tailor-make, 
and so forth [4]. It is desired to create photochromism in composite or hybrid 
materials in which a combination of properties is not available in any of the individual 
component of the composites or hybrids. 
Polymers are introduced into the hybrid systems due to their versatile structural 
property and functionality. A main advantage of inorganic/polymeric hybrids is that 
the polymeric matrix can make nanometer scale polyoxometalate clusters disperse 
very well in the hybrids and improve the stability of the materials [5]. So far, the 
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polymers used in the photochromic hybrids included polyacrylamide (PAM) [6], 
polyvinyl alcohol (PVA) [7], polyethylene glycol (PEG) [8], polyvinyl pyrrolidone 
(PVP) [9], and the like. In our previous study, a new photochromic hybrid was 
prepared based on 12-molybdenum phosphoric acid (PMo12) with Keggin structure 
dispersed into dextran matrix. We found that PMo12 maintained Keggin geometry in 
the hybrid film and interacted with the dextran forming a supramolecular complex 
[10, 11]. The yellow complex irreversibly changes to blue-violet due to the formation 
of multivalent molybdenum (VI, V, IV) complex upon UV-light irradiation. The 
photochromic product was also a kind of supramolecular complex. 
Dextran is a homopolysaccharide containing primarily (1→6) linked α-D-
glucopyranose residues and is widely used in biomedicine, biochemistry and food 
industry [12], its main chain structure was represented in Fig. 1. As a continuous 
effort to explore this natural polymer, in this article, a novel hybrid was synthesized 
from dextran and another polyoxometalate, 12-tungstophosphoric acid (PW12), with  
a Keggin structure as shown in Fig. 2. We have prepared a colorless and optically 
transparent thin film of PW12/dextran hybrid and investigated its photochromic 
properties and mechanism.  

Figure 1. Main chain structure of dextran. 
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Figure 2.  Scheme for Keggin structure of 12-tungsto phosphoric acid. 
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Experimental 

Materials 

12-Tungstophosphoric acid n-hydrate (H3PW12O40 ⋅ nH2O) was purchased from Wako 
Pure Chemical Industries, Ltd. (Japan). Dextran (M=90000) was obtained from 
Shanghai Changzheng Pharmaceutical Factory. They were dried, stored in a desiccator 
over CaCl2 and used without further purification. 

Preparation of PW12/dextran hybrid film 

The preparation of PW12/dextran hybrid film was performed as follows: 1 g of dextran 
was dissolved in deionized water (10 ml) at room temperature. Then, 0.1 g of PW12 
was added to the dextran aqueous solution under vigorous stirring for 4h at room 
temperature. The resultant solution was pour onto a glass plate and dried under 
vacuum in the presence of CaCl2 in a dark chamber. A colorless and transparent film 
(d-W-1) of PW12/dextran hybrid was obtained. 

Photochromic reaction of PW12/dextran hybrid film 

The hybrid film (d-W-1) was evenly irradiated with a long wave UV lamp (360nm) 
for 30 min followed by drying in vacuo. The irradiation caused a photochemical 
reaction and color change of the hybrid film (d-W-1), leading to the formation of the 
blue photochromic product (d-W-2). 

Characterization 

Ultraviolet-visible (UV-Vis) absorption spectra of hybrids were recorded on a Lambda 
850 UV-Vis spectrophotometer (Perkin Elmer). Fourier transform infrared (FTIR) 
spectra of all samples was taken with a Perkin Elmer FTIR-2000 spectrometer at 
frequencies from 400 to 4000 cm-1 with a resolution of 2 cm-1. The low temperature 
electron spin resonance (ESR) measurements were carried out on a Germany ER-420 
spectrometer. Wide-angle X-ray diffraction (WAXD) patterns were recorded with  
a Philips X'Pert-MPD X-ray diffractometer operating with a K-Alpha1 radiation 
source (wavelength = 1.54Ǻ). The samples were mounted on a sample holder with 
Scotch tape and exposed at a scan rate of 2θ = 2º min-1 between 2θ = 5 and 55º. 

Results and discussion 

Structure and composition of PW12/dextran hybrid film 

The structural feature of PW12/dextran hybrid and interaction between PW12 and 
dextran were investigated with FTIR. The FTIR data and assignment for PW12, 
dextran and PW12/dextran hybrids are listed in Table 1. It was found that the hybrid 
(d-W-1) exhibited the characteristic skeletal bands of PW12 [13, 14]. The frequencies 
of these bands were shifted away from the corresponding frequencies of pure PW12 by 
only a few wavenumbers as follows: νP-O (1082 cm-1), νW-Ob-W (896 cm-1) and νW-
Oc-W (817cm-1) were blue-shifted, while νW-Od (975cm-1) had red shift, respectively. 
Further, the vibrational bands at 1015 cm−1 (νC–O), 1158 cm−1 (νC-O-C), 1431–1646 
cm−1 (νC–C) and at 2874–2925 cm−1 (νC–H) of hybrid (d-W-1) were similar to those 
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of neat dextran with a shift to shorter or higher wavenumbers only a few cm−1. These 
results indicated that the Keggin geometry of PW12 was still preserved inside the 
hybrid film, and the PW12 was well dispersed in the dextran matrix. Compared with 
that for pure dextran, the νO-H band of hybrid (d-W-1) becomes wide with the peak 
shifted from 3413 to 3445 cm−1. Dextran containing hydroxyl groups can self-
associate and form strong intra-molecular interactions through formation of hydrogen 
bonds [15]. The hydroxyl-hydroxyl bonds might be weakened by the formation of the 
inter-molecular interactions with PW12 partially. Therefore, it was suggested that the 
hydrogen bonds were formed between PW12 and dextran. 

Table 1. FTIR data (ν, cm-1 ) and assignment for dextran, PW12, d-W-1 and d-W-2 

Sample PW12 Dextran d-W-1 d-W-2 

νP-O 1080 - 1082 1081 
ν W-Od 978 - 975 983 
νW-Ob-W 895 - 897 894 
νW-Oc-W 810 - 817 804 
νC-O-C - 1159 1158 1155 
νC-O - 1010 1015 1019 
νC-C - 1423, 1644 1431, 1646 1428, 1640 
νC-H - 2871, 2920 2874, 2925 2871, 2924 
νO-H - 3413 3445 3432 

The electronic spectrum of PW12/dextran hybrid was compared with those of pure 
PW12 and dextran. As shown in Fig. 3, there was no apparent absorption band of 
dextran from 200 to 400 nm. In previous study, we have found that the electronic 
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Figure 3.  UV-Vis spectra (UV region ) of pure and hybrid phases. 
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absorption of dextran was located in the far-ultraviolet region (<200 nm) due to the 
transition of n→σ* [10]. The absorption peaks for PW12 pure phase were found at 208 
and 254 nm which are the characteristic absorption peaks of Keggin structure and 
assigned to the intramolecular (Od →W and Ob,c →W) charges transfer (CT) 
transitions [16, 17]. We observed two absorption bands around 212 and 258 nm in the 
UV spectrum of hybrid (d-W-1), probably resulting from the red-shift of the 
intramolecular (O→W) CT transition of PW12. 
In our previous study, we have proposed the formation of supramolecular complex or 
inclusion compound between PMo12 and dextran based on the observation of the 
characteristic absorptions and shifts in the FTIR and UV-Vis spectra [10, 11]. The 
appearance of the characteristic skeletal bands of PMo12 and dextran indicated the 
maintenance of chemical structures in PMo12 /dextran hybrid. On the other hand, the 
red- or blue-shifts of absorption bands may response to the change of electronic 
structures (electronic density and distribution) in PMo12 and dextran caused by the 
coulombic interaction between the organic donor (dextran) and heteropolyacid 
acceptor (PMo12). Similarly, we observed the characteristic skeletal bands of PW12 and 
dextran and their shifts after formation of PW12/dextran hybrids (d-W-1 and d-W-2)  
as mentioned above. Therefore, we believed that PW12 and dextran formed  
a supramolecular complex or inclusion compound rather than the simple blending. 

Morphology of PW12/dextran hybrid film 

The morphology of hybrid was characterized by WXRD. Fig. 4 illustrates the WXRD 
patterns of the PW12, neat dextran and PW12/dextran hybrid with addition of 10wt% of 
PW12. The WXRD pattern of the PW12 showed the characteristic diffraction peaks at 
6.73 and 8.07° (2θ), respectively [14]. On the other hand, the dextran presented  
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Figure 4.  WAXD of dextran, PW12 and d-W-1. 
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a broad diffraction peak at 17.03 (2θ). After incorporating PW12 within dextran, the 
broad diffraction peak at 17.03 (2θ) of dextran and characteristic diffraction peaks of 
PW12 at 6.73 and 8.07° (2θ) disappeared, substituted by two quite weak and broad 
diffraction peaks at 19.19 and 29.61° (2θ), indicating an amorphous morphology. This 
result also provided another evidence for well dispersing of PW12 in the dextran 
matrix, probably in molecular scale. 

Photochromic behavior of PW12/dextran hybrid films 

The UV-Vis absorption spectra of the PW12/dextran hybrids before (d-W-1) and after 
irradiation (d-W-2) are shown in Fig. 5. Before UV irradiation, there was no apparent 
absorption band from 400 to 800 nm (Fig. 5a). After exposure to the UV light, two 
broad absorption bands appeared respectively at 757 and 496 nm in the UV–Vis 
spectrum of the colored film (Fig. 5b). They are assigned to the d-d transition band of 
W5+ and the intervalence charge transfer (W5+→W6+) (IVCT) band of PW12 [3, 16], 
respectively. Both absorption bands are characteristic of the one-electron heteropoly 
blue [3, 16]. We also studied the decoloration process of the blue films under different 
conditions. It was found that the photochromic product d-W-2 with blue color could 
be bleached (Fig. 5c) by heating (70-80 ºC in air) within several minutes or faded 
under ambient conditions within several days. In fact, the colored specie was quite 
stable in ambient condition up to one week. After exposure to the UV-light irradiation, 
the decolored film can be photocolored again (Fig. 5d). This is quite different from 
our previous result for the PMo12/dextran system in which the yellow inclusion 
compound irreversibly changes to blue-violet after irradiation [10, 11]. The reason 
accounting for such difference in reversibility may be that the multivalent 
molybdenum (VI, V, IV) complex, especially the Mo (IV), is not easily oxidized. 
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Figure 5.  UV-Vis spectra (visible region ) of the PW12/dextran hybrids (a) d-W-1; (b) d-W-2; 
(c) heated at 70-80 ºC in air for 10 minutes for d-W-2; (d) recolored with UV irradiation for  
10 minutes for bleached sample. 
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Photochromic mechanism of PW12/dextran hybrid film 

In order to determine the photochromic mechanism of PW12/dextran hybrid film, the 
ESR spectra were conducted before and after the UV-light irradiation. No ESR signals 
were detected for the dextran, PW12 and d-W-1, indicating that dextran and PW12 did 
not contain the unpaired electron and the W atoms in the d-W-1 still maintain W+6. 
After irradiation, an ESR signal with g =1.8605 was observed in the ESR spectrum of 
the d-W-2 (signal c in Fig. 6). According to literatures [16, 18], the ESR signal  
(g value) was similar to the characteristic of tungstic (W5+) compounds and thus 
ascribed to W5+. In addition, the signal (a) was ascribed to the alkoxy radical with  
g=1.9962, indicating the oxidation of dextran through the formation of the radical. 
The structure of photochromic product (d-W-2) was further confirmed by its UV-Vis 
and FTIR spectra. After irradiation, two absorption bands in the ultraviolet spectral 
region were found at 215 and 261 nm, respectively. In comparison with the d-W-1 
before irradiation, the intramolecular (O→W) CT transition band shifted away only a 
few nm. It is noteworthy that the FTIR spectrum of the d-W-2 showed a new 
absorption peak at about 1705 cm-1 that was absent in the neat dextran and d-W-1 
spectra (Fig. 7). It may be normally assigned to the characteristic C=O stretching 
band, revealing the presence of carbonyl groups in the photoproduct of the d-W-1  
[10, 11, 19, 20]. In other words, the partial hydroxyl groups of dextran in the d-W-1 
were oxidized to the carbonyl groups through irradiation. In addition, the slight shifts 
in the PW12 Keggin structure bands at 804, 894, 983 cm-1 due to W-Oc-W, W-Ob-W 
and W-Od stretching vibration were observed as a result of the reduction of W6+ as 
shown in Table 1. 
Based on the aforementioned data, we may conclude that the photochemical reaction 
of dextran with PW12 in the d-W-1 and electron transfer between them occurred 
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Figure 6.  ESR spectrum of hybrid film exposed upon the UV irradiation for 10 min. (a) alkoxy 
radical with g =1.9962; (b) Mo impurities acting as selective electron traps; (c) photoreduced 
PW12. 
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during UV irradiation. The photochromic mechanism of the d-W-1 could be 
represented by the following equations: 
 

 

PW12O40
3−               PW11

VI WVO40
4− 

 

 

(1) 

 

–CHOH–CHOH–               –CHOH–CHO·– 
 

 

(2) 

 

–CHOH–CHO·–                 –CHOH–CHO + ·CHOH– 

 

(3) 

 

For PW12, it has been suggested that the bridging oxygen (Ob) has the exclusive 
reactivity and serves as the adsorption sites in the redox process. So the protons can be 
attracted to the Ob atoms to compensate the negative charges of the introduced 
reduction electrons [21-22]. In addition, it is said that the terminal oxygen (Od) is 
apparently the most active atom in the redox process since the Od is located at  
a protruding position of the Keggin unit and the Od–W bond is a double bond [21,22]. 
Therefore, it was deduced that the photoexcitation of the Od induced the transfer of the 
active hydrogen protons in the hydroxyl groups of dextran to PW12 under UV radiation. 
This is followed by one-electron transfer from dextran to PW12. As a result, PW12 was 
reduced to the heteropoly blue (g =1.8605 in ESR) with simultaneous oxidation of the 
secondary hydroxy group in dextran to the carbonyl groups, respectively. 
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Figure 7.  FTIR spectra of dextran, d-W-1 and d-W-2. 
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Conclusion 

A novel hybrid film has been successfully prepared from PW12 and dextran by a facile 
method. The PW12 was well dispersed in the dextran matrix, probably existed in 
molecular scale with the Keggin’s geometry. Dextran stabilized the PW12 phase via 
forming a supramolecular complex. The optically transparent hybrid film displayed an 
amorphous morphology supported by WAXD. The hybrid film exhibited excellent 
photochromism and good reversible coloration. The colored specie was quite stable in 
the ambient condition and returned to its original color under heating in air. According 
to the ESR and FTIR results, PW12 was reduced to one-electron heteropoly blue and 
the partial hydroxyl groups of dextran were oxidized to the unsaturated ketone or 
aldehyde during the photochromic reaction. A conceivable photochromic mechanism 
of the irradiated PW12/detran was suggested. 

Acknowledgements. The authors are thankful to Mr. Huang Qing-Ming (Fuzhou University 
Instrumentation Analysis and Measurement Center) for X-ray diffractometry, Ms. Sun Rui-qing 
(The College of Chemistry and Chemical Engineering, Fuzhou University) for FTIR 
spectrometry, Ms Huang Xin (Fujian Institute of Research on the Structure of Matter, Chinese 
Academy of Sciences) for ESR measurement. Partial financial support (E0010019) from The 
Natural Science Foundation of Fujian Province is greatly acknowledged. 

References 

[1] Dürr H (2003) Photochromism: Molecules and Systems. Elsevier Science Ltd. Publishers, 
Amsterdam 

[2] Yamase T(1998) Chem Rev 98:307-325 
[3] Papaconstantinou E(1989) Chem Soc Rev 18:1-31 
[4] He T, Yao JN (2006) Progr Mater Sci 51:810-879 
[5] Feng W, Zhang TR, Liu Y, Lu R, Zhao YY, Yao JN (2002) J Mater Sci Lett 21:497-499 
[6] Feng W, Zhang TR, Liu Y, Wei L, Lu R, Li TJ, et al. (2002) J Mater Res 17:133-136 
[7] Cheng XS, Su YC, Cheng CX (2000) Acta Chim Sin 58:277-282 
[8] Akutsu Y, Shimizu S, Kurita K, Yano S (1999) Rep Prog Polym Phys Jpn 42:459-464 
[9] Feng W, Zhang TR, Liu Y, Lu R, Zhao YY, Yao JN (2001) Chem J Chin Univ 22:830-832 
[10] Cheng XS, Su YC, Guan HM (2000) Acta Chim Sin 58:1413-1418 
[11] Cheng X S, Su YC, Guan HM (2000) Chin Acta Physico-Chimica Sin 16(7): 658-662 
[12] Horton D (2000) Advances in carbohydrate chemistry and biochemistry, 55, Academic 

Press, New York, pp1-365 
[13] Thouvenot R, Fournier M, Franck R, Rocchiccioli-Deltcheff C (1984) Inorg Chem 

23:598-605 
[14] Lopez-Salinas E, Hernandez-Cortez JG., Schifter I, Torres-Garcia E, Navarrete J, 

Gutierrez-Carrillo A, Lopez T,  Lottici P P,  Bersani D (2000) Appl Cat A: Gen 193:215-225 
[15] Icoz D Z, Kokini J L (2007) Carbohydr Polym 68:68–76  
[16] Varga C M, Papaconstantinou E, Pope MT (1970) Inorg Chem 9: 662-667 
[17] Wang ZP, Gao S, Xu L, Shen EH , Wang EB (1996) Polyhedron 15:1383-1388 
[18] Hill CL, Bouchard DA (1985) J Am Chem Soc 107:5148-5157 
[19] Sanchez-Chaves M, Arranz F (1996) Polymer 37: 4403-4407 
[20] Sanchez-Chaves M, Arranz F (1997) Polymer 38: 2501-2505 
[21] Taketa H, Katsuki S, Eguchi K, Seiyama T, Yamazoe N (1986)J Phys Chem 90:2959-2962  
[22] Barrows JN, Jameson GB, Pope MT (1985) J Am Chem Soc 107:1771-1773 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


