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Luminous polyimide bearing the coumarin 6 chromophore in the side group:
Synthesis and fluorescence image patterning
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Abstract—Coumarin was reacted with polyamic acid to form a luminous polyimide that is highly soluble in organic
solvents and displays good thermal stability. Luminous side-chain coumarin 6 polyimide was obtained from incorpora-
tion of sulfonated coumarin 6 into polyamic acid. This polymer appeared in reddish brown solids and unusually ex-
hibited a fairly strong visible light-emission of a yellowish green color. Fluorescence image patterning of side-chain
coumarin 6 polyimide was successfully conducted by microtransfer molding of the polyamic acid and the subsequent
thermal treatment for imidization. The polyimides exhibit high fluorescence, opening the possibility of new applications

for these polymers.
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INTRODUCTION

Polyimides are important organic materials in the manufactur-
ing of electronic devices because of their low dielectric constants,
low coefficient of thermal expansion and high radiation resistance.
These excellent physical properties result from rigid polymer struc-
tures and strong intermolecular interactions.

Coumarin and its derivatives have been widely used as a dye for
applications in organic electroluminescent diodes (OLED) [1,2],
fluorescent probes [3], etc. Polyimides have various outstanding
characteristics which make them potential thermostable materials
for electronic applications. Coumarin-containing polymers combin-
ing the photophysical properties of coumarin and the processing
ability of polymers perhaps could also be used in the application
fields mentioned above.

The incorporation of chromophore into polyimides has been mainly
done by mixing the chromophore with a polymer solution [4-7].
This approach has the disadvantage that a high concentration of chro-
mophore can produce crystallization, phase separation or concen-
tration gradients. Thus, a very convenient approach to avoid the
above problems is attaching the chromophore to a polyimide back-
bone via a single linking group [8,9].

In this work, coumarin 6 was incorporated with side-chain poly-
imides, coumarin was reacted with a polyimide containing hydroxyl
group for optical application of a layer material. The resulting poly-
mer was characterized and its thermal and photophysical properties
examined. A significant advantage of this approach is that a great
variety of chromophores can be introduced into polyimide through
the incorporation of coumarin 6 as side groups.

Fluorescence image patterning of the side-chain coumarin 6 poly-
imide is also reported by microtransfer molding and the subsequent
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thermal imidization. The polyamic acid was well filled in the channel
of the PDMS mold and was efficiently transferred to provide a micro-
pattern. In this paper, we describe the details of the synthesis of side-
chain coumarin 6 polyimide and also the microscopic and spectro-
scopic characteristic of the resulting microstructures.

EXPERIMENTAL

1. Materials
2,2-Bis-(3-amino-4-hydroxyphenyl)hexafluoropropane (BAPAF,
TCI, Japan) and pyromellitic dianhydride (PDMA, Aldrich, USA)
were sublimated at 245 °C under vacuum. 3-(2-Benzothiazolyl)-
N, N-diethylumbelliferylamine (coumarin 6), triphenylphosphine
(PPh;) and diethylazodicarboxylate (DEAD) were used as received
from Aldrich. N-methyl-2-pyrrolidone (NMP), N,N-diemthylfor-
mamide (DMF), N, N-dimethylacetamide (DMAc) and tetrahydro-
furane (THF) were used after fractional distillation.
2. Synthesis of Chlorosulfonated Coumarin 6
A mixture of coumarin 6 (1 g, 2.85 mmol) and chlorosulfonic
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Scheme 1. Synthesis of chlorosulfonated coumarin 6.
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acid (8 g, 68.7 mmol) was stirred at 120 °C for 3hrs under a nitro-
gen atmosphere. After cooling, ice water was added to precipitate
and the solid was filtered and washed with several portions of ice
water. The product was purified with column chromatography on
silica gel (Scheme 1).

3. Synthesis of Poly(amic acid)

The synthesis of polyimide is used to illustrate the general syn-
thetic route. A stoichiometric amount of dianhydride (PMDA, 1.635
g, 7.50 mmol) was added to a solution of diamine (BAPAF, 2.745 g,
7.50 mmol) in NMP (30 ml) at 0 °C. Then, the solution was warmed
to room temperature and stirred overnight under a nitrogen atmo-
sphere to form the poly(amic acid) (PAA). The viscosity of the solu-
tion greatly increased during this period. The obtained polymer solu-
tion was poured slowly into 500 ml of stirred methanol, washed
thoroughly with methanol and dried under vacuum at 80 °C. The
obtained coumarin 6-PAA had inherent viscosity of 1.57 dL/g.

4. Incorporation of Coumarin into Poly(amic acid) and Imi-
dization

292 mg of PAA (0.50 mmol), 393 mg of PPh, (1.50 mmol) and
494 mg of chlorosulfonated coumarin 6 (1.10 mmol) were dissolved
in dry THF (15 ml) in a flask fitted with a funnel drop, magnetic
stirrer and nitrogen inlet. After the PAA was dissolved, 260 mg of
DEAD (1.50 mmol) was added dropwise to the solution and stirred
at room temperature for 48 hrs. The solution was filtered and the
filtered solution poured into an agitated solution of methanol (300
ml) and 2N HCI (5 ml). The obtained polymer was washed with
boiling methanol in a Soxhlet unit and dried in a vacuum at 80 °C.

500 mg of coumarin 6 incorporated PAA (coumarin 6-PAA) was
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Scheme 2. Synthesis of coumarin 6-PI.
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dissolved in dry DMAc (5 ml) and thermally imidized at 160 °C
for 3 hrs. The resulting solution was added dropwise into an agi-
tated solution of methanol (100 ml) and 2 N HCI (2 ml). After drying
under vacuum at 80 °C for 24 hrs, side-chain coumarin 6 polyim-
ide (coumarin 6-PI) was obtained as a brownish powder. The ob-
tained molecular weight of PAA and the content of coumarin 6 were
incorporated with PAA as mentioned previously, the molecular weight
of coumarin 6-PI can be estimated approximately.

5. Microtransfer Molding [10]

A two-component elastomeric kit (Sylgard 184, Dow Corning)
was used to prepare a PDMS mold with the standard mixing ratio
of base and hardner, 10 : 1 by weight. The mixture was poured on the
master pattern and cured at 80 °C for 20 min. The solidified PDMS
mold was contacted to a glass surface and then the polyamic acid
solution was dropped in front of a patterned area on the PDMS mold
and filled by capillary pressure. The coumarin 6-PAA was solidi-
fied by imidization at 160 °C for 3 hrs. Then, the micropattern re-
mained on the glass after removal of the PDMS mold. Finally, the
fluorescent image pattern was generated.

6. Characterizations

The "H-NMR and IR spectra were recorded on Bruker Avance
Digital 400 and Jasco 620V spectrometer, respectively. The UV-
vis and PL spectra were measured on UV-2410PC (Shimadzu) and
RF-5301PC (Shimadzu) spectrophotometers, respectively. The CCD
images were recorded on an Axioplan 2 imaging fluorescence micro-
scope (Carl Zeiss) equipped with a SP 25 series, digital camera.
Intrinsic viscosity was measured by using an Ubbelohde viscome-
ter. Decomposition and glass transition temperature were determined
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Fig. 1. FT-IR spectra of PAA (a) and coumarin 6-PI (b) (in a KBr
pellet).

with TGA (Shimadzu 50 Series) and DSC (Shimadzu 50 Series),
respectively. The content of incorporated coumarin 6 was deter-

mined with UV-vis calibration curve and TGA.
RESULTS AND DISCUSSION

A polyimide containing coumarin 6 was synthesized in three major
steps: synthesis of soluble poly(amic acid) (PAA), incorporation of
functionalized coumarin 6 into PAA as a side group and thermal
imidization, in Scheme 2. BAPAF was used as a diamine which
contained two hydroxyl groups, to incorporate coumarin 6 into PL
BAPAF has been proven as a very convenient monomer for the pre-
paration of soluble PI [11,12].

The obtained PAA, coumarin 6-PAA and coumarin 6-PI were
confirmed by FT-IR and NMR spectroscopy. Fig. 1 shows FT-IR
spectra of PAA and coumarin 6-PL

The IR spectrum of PAA showed absorption peaks at 1,727 (C=O
stretching band) and 1,660 cm™" (sec-amide band). However, oth-
ers were very confusing because the absorption bands of coumarin
6 and coumarin 6-PAA were overlapped. Even though, the charac-
teristic absorptions of imide rings in coumarin 6-PI were very evi-
dent at 1,776 (asymmetrical C=0), 1,723 (symmetrical C=0), and
1,379 cm™ (C-N).

Fig. 2 shows typical 'H-NMR spectra of PAA and coumarin 6-
PI in deuterated diemthyl sulfoxide (DMSO-d};), where all the peaks
have been readily assigned to the hydrogen atoms of the recurring
unit.

The hydroxyl group on BAPAF can be observed as a singlet at
10.6 ppm (Fig. 2(a)). Although the peak of hydroxyl group could
hardly be observed in coumarin 6-PAA and -PI, as shown in Fig.
2(b) and (c), The IR spectra of coumarin 6-PAA and -PI showed
also a broad peak between 3,600-3,100 cm™" characteristic of the
stretching vibration of the unreacted hydroxyl groups. It indicated
that unreacted hydroxyl groups remained on BAPAF moiety after
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Fig. 2. 'H-NMR spectra of PAA (a) and coumarin 6-PAA (b) and
-PI (¢).

the incorporation of coumarin 6 and thermal imidization. To incor-
porate the coumarin 6 into PAA, the reaction was carried out using
1.1 equivalents of coumarin 6 per equivalent of hydroxyl group.
An estimation of the amount of coumarin 6 incorporated to the PAA
could be done using UV-vis spectroscopy by comparing the absorp-
tion spectrum of coumarin 6-PAA with solutions. The UV-vis experi-
ments showed that around 23% of coumarin 6 was incorporated
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Fig. 3. TGA thermogram of coumarin 6-PI.

into the PAA, and the content of coumarin 6 in coumarin 6-PI was
constant after thermal imidization.

TGA analysis gave valuable information about the degree of the
polymer modification (Fig. 3). The TGA curve of coumarin-PI showed
two degradation steps at 300 and 450 °C. The first step was in the
range 300-350 °C and was probably due to the destruction of sul-
fonate units and coumarin 6 groups, more sensitive to degradation.
The second maximum of the decomposition was in the range 450-
500 °C and was due to the degradation of the polymer chain itself.
The decomposition begins with the scission of sulfonate linkages
in coumarin 6-PI. The weight loss after the first degradation steps
(28%) corresponded with the theoretical content of the coumarin 6
pendant groups [13].

The important advantage of the introduction of BAPAF and cou-
marin 6 into the polyimides is their remarkable solubility, which is
very important from a practical point of view. The solubility of cou-
marin 6-PI was tested in various solvents. Coumarin 6-PI was soluble
in polar aprotic solvents like NMP, DMAc and DMF. This polymer
was also soluble in less polar solvents like dichloroethane and chloro-
form. The good solubility can be explained by the presence of a
hydroxyl group on BAPAF and the bulky pendent coumarin 6 groups,
which created a distance between the macromolecular chains pre-
venting a strong packing of the chains, and consequently the diffusion
in a solvent was facilitated [14].

UV-vis absorption and fluorescence spectra of the obtained cou-
marin 6-PI were measured both in solution and film states. UV-vis
and fluorescence spectra of coumarin 6, coumarin 6-PAA and -PI
in dilute DMF solution are shown in Fig. 4.

The maximum absorption was observed at 460 nm due to cou-
marin 6 chromophore in dilute DMF solutions, which perhaps re-
sulted from the fact that the incorporation of coumarin 6 did not
affect aromatic moieties of polyimide because of the presence of
sulfonate spacer between coumarin 6 and polyimide backbone. Be-
sides that, the absorption peak due to imide group was very weakly
observed at around 280 nm. The emission spectra at the excitation
wavelength of 460 nm have only one peak at 510 nm; no other fluo-
rescence was detected due to the complete population of the first
excited state.
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Fig. 4. UV-vis and PL spectra of coumarin 6 and coumarin 6-PAA
and -PI (1,,=460 nm, ¢=1x10"°* M in DMF).
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Fig. 5. UV-vis and PL spectra of coumarin 6-PI (/1,,=413 nm).

Fig. 5 shows UV-vis and fluorescence spectra measured in the
film state of coumarin 6-PI. The UV-vis spectrum exhibited two
major absorptions at 296 and 413 nm, differently from that meas-
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ured in a solution state. The former originates in 7— 7* transi-
tions of the partially conjugated double bonds due to the nitrogen
atom of the imide moiety, and latter is due to the coumarin 6 chro-
mophore in the side group. The result in the film state may originate
from the presence of relatively strong intra- and intermolecular inter-
actions, different from that in dilute solution.

The emission band of coumarin 6-PI was considerably shifted
to a long wavelength, and emission occurred in a broad range from
450 to 600 nm in a film state. The emission of coumarin 6-PI con-
sists of two wavelengths due to the excited coumarin 6 and an exci-
mer in its film state. The excimer emission is considered to result
from a partially overlapped conformation of coumarin 6 pendant
groups. The content of coumarin 6 in coumarin 6-PI was 25 mol%,
enough to conform the overlapping of coumarin 6. Since the excimer
formation is dependent on the interaction of the neighboring cou-
marin 6 in an excited state, it is promoted by high incorporation of
coumarin 6 into the side-chain of PI. Cheng [15] reported that a higher
content of coumarin incorporated with a polymer chain caused a
decrease in the emission intensity and induced a red-shift of the maxi-
mum absorption wavelength of the coumarin chromophore due to
the excimer formation caused by the enhanced interaction between
coumarin molecules. The phenomenon is called concentration quench-
ing [16]. In a high concentrated film state, intra- and interchain inter-
action of coumarin moieties occur more actively than in a dilute
solution because of chain packing in the film state. Thus as shown
in Fig. 5, emission intensity of coumarin 6-PI film decreased and
its emission band was shifted to longer wavelength, compared with
that of coumarin 6-PAA film, which the spacer between coumarin
6 incorporated with polymer chain is relatively wide, as well as that
in solution state.

Fluorescence image patterning of coumarin 6-PAA was conducted
by a microtransfer molding process. Fig. 6 shows the optical- and
fluorescence microscope images of the multichannels after thermal
imidization.

Fluorescence image patterning has been conducted exclusively
by a typical photolithographic method in several research groups
[17,18]. Meanwhile, a microtransfer molding process is usually fast
and inexpensive as compared to the photolithographic technique,
which can be easily adopted for patterning non-planar surfaces and
three-dimensional structures. Recently, new approaches for fabricat-
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ing multilayered dimensional microstructures have been reported
as promising alternatives to conventional photolithography tech-
nique [19,20].

As shown in Fig. 6(a), it is certified that relatively clear and smooth
patterns were formed without any residue on the glass surface. Addi-
tionally, the obtained image patterns appeared in relatively strong
visible fluorescence of yellowish green color when exposed to 480
nm UV-visible light amplified by an objective lens under a fluores-
cence microscope (Fig. 6(b)).

CONCLUSIONS

We successfully synthesized a luminous polyimide bearing the
coumarin 6 chromophore in the side group. The polyimide has good
solubility even in less polar solvents such as dichloroethane and
chloroform as well as a high thermal stability. Besides, the poly-
mer exhibits an unusual UV-vis absorption in a wide range and a
relatively strong visible emission of yellowish green color. With
microtransfer molding of the coumarin 6-PAA, image patterns in
3-dimensions of coumarin 6-PI were obtained without leaving any
residual layer on the glass surface. Now, we are pursuing the study
with the present polyimides to the applications as a layer material
for optical devices. Moreover, the polyimides exhibit high fluores-
cence opening the possibility of new applications for these polymers.

REFERENCES

1. M. P. Aldred, P. Vlachos, A. E. A. Contoret, S. R. Farrar, W. Chung-
Tsoi, B. Mansoor, K. L. Woon, R. Hudson, S. M. Kelly and M.
O’Neill, J. Mater. Chem., 15, 3208 (2005).

2. A. Mikami, T. Koshiyama and T. Tsubokawa, Jpn. J. Appl. Phys.,
44, 608 (2005).

3. M. I. Plater, I. Greig, M. H. Helfrich and S. H. Ralston, J. Chem.
Soc. Perkin Trans., 1, 2553 (2001).

4.]J.Kurdi and A. Y. Tremblay, Polymer, 44, 4533 (2003).

5. H. D. Lehmann, W. Eberhart and M. Hanak, J. Membr. Sci., 147,
49 (1998).

6. F. Jing, R. A. Kareem and M. P. Srinivasan, Mater. Sci. Eng. C, 8-9,
103 (1999).

7. S.H. Jung, J. H. Choi, S. M. Yang, W. J. Cho and C. S. Ha, Mater:

]

(b)

Fig. 6. Optical- and fluorescence microscope images of multichannels after thermal imidization (15x15 pum, width and height).



Luminous polyimide bearing the coumarin 6 chromophore in the side group: Synthesis and fluorescence image patterning 177

Sci. Eng. B, 85, 160 (2001).

8.Y. Sakai, M. Ueda, A. Yang and N. Tanno, Polymer, 43, 3497 (2002).

9. S. W. Lee, S. L. Kim, B. Lee, H. C. Kim, T. Chang and M. Ree, Lang-

nuir, 19, 10381 (2003).

10. K.-B. Yoon, S. J. Jeong and K. Kwak, Macromol. Rapid Commun.,
28, 1231 (2007).

11.J. de Abajo, Polyimides, in Handbook of Polymer Synthesis, H. R.
Kricheldorf Ed., Vol. 2, Decker, New York (1992).

12. K.-B. Yoon, H. J. Son and D. H. Lee, J. Korean Ind. Eng. Chem.,
17,217 (2006).

13.N. Agull6 and S. Borrés, J. Therm. Anal. Cal., 67, 513 (2002).

14. T. Valad-Bubulac, C. Hamciuc, O. Petreus and M. Bruma, Polym.

Adv. Technol., 17, 647 (2006).

15. J.-A. Cheng, C.-P. Chang, C.-H. Chen and M.-S. Lin, J. Polym. Res.,
12, 53 (2005).

16. G Jones, C. Griffin, C. Y. Bergmank and W. R. Bergmank, J. Org.
Chem., 49,2705 (1984).

17.J. Ohshita, T. Uemura, D.-H. Kim, A. Kunai, Y. Kunugi and M.
Kakimoto, Mcromolecules, 38, 730 (2005).

18. S.-J. Min, B. J. Park and J.-M. Kim, Macomol. Res., 12,615 (2004).

19. C. Coenjarts, O. Garcia, L. Llauger, J. Palfreyman, A. L. Vinette and
J. C. Scaiano, J. Am. Chem. Soc., 12, 620 (2003).

20. M. Campbell, D. N. Sharp, M. T. Harrison, R. G Denning and A. J.
Turberfield, Nature, 404, 53 (2000).

Korean J. Chem. Eng.(Vol. 31, No. 1)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


