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Numerous organic molecules and polymers that exhibit
electroluminescence (EL) or have electron transporting
properties have been reported.! Organic fluorine-boron
complexes, BODIPY (dipyrro-boradiazaindacenes) being
the best-known example, have intense fluorescence and
tunable emission wavelengths.> However, BODIPY and its
derivatives exhibit self quenching due to the small Stokes
shifts and tight packing that reduces their emission efficiency
in the solid state, which severely limits their applications to
organic light-emitting diodes (OLED).? More recently, boron
complexes with high solid state emission intensity showed
potential as an electron transporting material in OLEDs or
dye-sensitized solar cells. * However, there are few reports of
the application of bi-nuclear boron complexes. Therefore,
there is a need to develop novel boron complexes with a
well-designed structure to overcome the weakness of
BODIPY and control the optical properties, improve their
electron-accepting capability and apply them successfully to
OLED:s.

In the design of the target molecule, this study introduced
bi-nuclear boron complex centers, which not only insure
strong fluorescence intensity but also form a strong electron-
acceptor moiety with a deep LUMO level to facilitate
electron-transport. To prevent a radiationless transition in the
solid state, 1,2-phenylenediamine, p-xylylenediamine and
m-xylylenediamine were introduced as linkers to fix the two
pyrene rings in the trans-position, which can prevent the
intimate intermolecular n-n stacking responsible for emission
quenching or shifting due to excimer formation.

Recently, 2-hydroxy pyrene aldehyde (P3) was used as a
very useful moiety for recognition and OLED material.
Owing to presence the aldehyde group, P3 can be reacted
easily with an amine ligand to make a Shift base, which can
be reduced further to a benzylic amine group if needed.
Furthermore, the phenol moiety on intermediate P3 can
function as an additional binding site for molecular
recognition or as the reaction site for a boron group. P3 is a
better building block for chemosensors® than simple pyrene
aldehyde because it contains an additional binding site and
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the phenol group also serves as a source of colorimetric
changes with ions. A rhodamine derivative bearing a 2-
hydroxy pyrene moiety was recently reported to be a
ratiometric sensor for Cu**.° Moreover, a hydrazone
derivative of 2-hydroxy pyrene and a boron derivative were
reported to be a Zn®" sensor’ and a new OLED material®,
respectively.

This paper reports three new bi-nuclear boron complexes
1-3 (Figure 1) that display intense fluorescence in the
solution and solid state, low LUMO levels and well-formed
thin films. The results highlight their potential as emission
materials or electron-transport materials in OLED devices.

The synthesis of compounds 1, 2 and 3 began from P3,
which was synthesized according to a reported procedure.’
The reaction of P3 with 1,2-phenylenediamine, p-xylylene-
diamine and m-xylylenediamine in CH,Cl, afforded CBI,
CB2 and CB3 in 69%, 60% and 65% yield, respectively
(Figure 1). Compound 1 was synthesized by a further
reaction of CB1 with BF3- Et;O in toluene at 40 °C in 58 %
yield. Compounds 2 and 3 were synthesized in higher yield
(60%) by reacting CB2 and CB3 with BF; using the same
procedure used for compound 1. The detailed synthetic
procedures are explained in the experimental section of this
paper and the NMR and mass spectra are reported in the
supporting information.

The absorption and fluorescence properties of compounds
1-3 were tested. (Supporting Information, Figure S13-S16)
As shown in Table 1, compound 1 exhibited an emission
band centered at approximately 466 nm in acetonitrile, 472
and 496 nm in dichloromethane and three peaks at 426 nm,
452 nm and 489 nm in DMSO. For compound 2, similar
peaks centered at 564 nm were observed in solutions of
DMSO and THF. The solid state fluorescence of compound
2 was characterized using both a thin film spin coated on a
silicon wafer and its powder. The thin film on a silicon wafer
was continuous (Figure 3) and exhibited emission centered
at 583 nm. The powder of compound 2 exhibited orange
fluorescence in the solid state with a maximum peak at 607
nm, which was red shifted by 24 nm from thin film maximum
emission. In DMSO, dichloromethane and acetonitrile
solutions of compound 3, peaks at 571 nm and 570 nm were
observed, respectively.
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Figure 1. The syntheses of compounds 1, 2 and 3.

Table 1. Optical properties of 1-3

Cmpd solvent UV (Aa/nm)  FL (Aew/nm)
CH,Cl, 309 472, 496
1 CHCN; 302 466
DMSO 292 426,452,489
5 CH,Cl, 309 569
DMSO 305 564
3 CH,Cl, 305 571
CHCN; 298 570

In compound 1, a conjugated system was formed by the
introduction of 1,2-phenylenediamine, while in 2 and 3 the
non-conjugated systems were formed. Therefore, compared
with 2 and 3, a red-shift in the emission of 1 centered at 645
nm was observed in the solid state. As compounds 2 and 3
have similar structures, both of them exhibited orange-
colored fluorescence centered at around 608 nm and 600 nm
in solid state, respectively. (Figure 1)
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Compared to the emission spectra of the dilute solution,
the solid state spectra of compounds 1-3 were red-shifted
and slightly broader due to non-radiative decay caused by
intermolecular interactions and inhomogeneous broadening
effects. However, the introduction of rigid linkers (1, 2-
phenylenediamine, p-xylylenediamine and m-xylylenediamine)
prevented the formation of intermolecular m-m stacking.
Therefore, the shape of the fluorescent peaks in the solid
state changed very little due to the low concentration
quenching effect compared to most BODIPY derivatives, as
shown in Figure 2.

The electronic states (HOMO/LUMO levels) of compound
1, 2 and 3 were examined by cyclic voltammetry (CV)
(Figure S17). The oxidation CVs of these three compounds
were all characterized by an irreversible wave. The
ionization potential (IP, HOMO level) of compounds 1, 2
and 3 were found to be —5.59, —6.02 and -6.02 eV,
respectively. Compounds 1-3 also exhibited irreversible
reduction waves with the estimated electron affinities (EA,
LUMO level) of —-3.66 ¢V, -3.60 eV and -3.59 eV,
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Figure 2. The spectra of solid state fluoresence of 1-3 (up), and the
solid state fluorescence pictures of 1-3 (down).

respectively (Table 2). Compounds 2 and 3 have similar
structures and electrochemical potentials. The LUMO values
of these compounds were all lower than that of BODIPY
(-3.05 eV) and the commonly used current electron-
transport materials Alqs (=3.0 eV).!® The better electron-
accepting features of compounds 1-3 highlight their
potential applications as charge-transport materials.

To explore the possibility of using these compounds in
OLED devices, thin films were fabricated and the condition
of these films were tested (Figure 3). The thin films were
fabricated on silicon slices with a 1 x 1 cm? active area. The
silicon slices were cleaned with acetone and ethanol,
followed by a treatment with 2% (v/v) Hellmanex. As
compound 2 has a better solubility than compounds 1 and 3,
the films were first spin-coated using 0.01 g/mL of compound
2 in toluene and dried at 20°C for 10 min in N». For each
sample, the rotation speed was set to produce a >60 nm-thick
film. After the wet process, the thin films were examined by
atomic force microscopy. As shown in Figure 3, the
continuous and well-formed thin film of compound 2
insured its application as an emission material or electron
transporting material in future OLED studies.

In summary, novel bi-nuclear boron complexes with a
pyrene ligand were synthesized and characterized. Significant
features, such as strong fluorescence in the solution and
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Table 2. Electrochemical Potentials and Energy Levels of 1-3

Cmpd HOMO LUMO‘ LUMO’ E, E,
(eV) (eV) (eV) (ev)’ (V)
1 -5.59 -3.66 -3.61 1.93 1.98
-6.02 -3.60 -3.23 2.42 2.79
3 -6.02 -3.59 -3.25 2.43 2.77

E," calculated from cyclic roltammetry. E,’: the value estimated by
using the UV-vis absorption edge in solid state. LUMO: the value from
cyclic voltammetry. LUMO®: calculated from the HOMO and E,”

0 2.00 umO 2.00 um
Data type Height Data type Phase
Zrange 8.000 nm Z range 50.00°

Digital instruments nanoscope
Scan size 2.000 um
Scan rate 1.001 Hz
Number of samples 256
Image data Height

Data scale 8.000 nm
Engage ZPos  -19783.4 um
Engage Y Pos  -42151.3 um

view angle
¢ light angle

2

1.5
1.0

X 0.500 mm/div 0°
Z 8.000 nm/div

Figure 3. The AFM (Atomic Force Microscope) photo of the thin
film of 2 on silicon.

solid states, lower LUMO and higher HOMO levels, were
observed in these three boron complexes 1-3. Thin films of
compound 2 were confirmed by atomic force microscopy to
be continuous and well-formed, making this compound
suitable for the further OLED studies. These novel boron
complexes are multifunctional candidates for use in light-
emitting or electron transporting applications.

Experimental Section

Electrochemical Properties. CV was carried out at a
potential scan rate of 100 mV/s in a 0.1 M solution of
TBABF; (tetra-n-butylammoniumtetrafluroroborate) in DMSO
and anhydrous dichloromethane. All of the electrochemical
experiments were performed in a glove-box under an Ar
atmosphere at room temperature. A platinum wire and an
Ag/AgNO; electrode were used as the counter electrode and
reference electrode, respectively. The energy level of the Ag/
AgNOs reference electrode (calibrated by) was 4.76 eV
below the vacuum level. HOMO levels were calculated
according to the empirical formula Epomo = —([Eonset]™ +
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4.76) (eV), with the onset oxidation potentials measured by
cyclic voltammetry.

Synthesis of compound CB1. To 15 mL dichloromethane
solution of 0.216 g of 1, 2-phenylenediamine, a solution of 1
g P3 in 20 mL dichloromethane was added drop-wise during
30 minutes with stirring. The mixture was then stirred at
room temperature for 48 hours, and the solvent was
evaporated. After adding the CH;OH, the powder was
filtered and recrystallized by CHCl; to obtain orange powder
of CBL. Yield: 0.39 g (69 %) "H NMR (DMSO, 250 MHz) &
14.52 (s, 2H), 9.43 (s, 1H), 8.50-8.30 (m, 2H), 8.17-7.81 (m,
15H), 7.55 (s, 2H), 7.33 (s, 2H). HRMS (FAB): m/z =
579.2077 [M + H]+, calc. for C40H2sN-O, = 579.2073.

Synthesis of 1. 0.5 mL N-Ethyldiisopropylamine and 1 ml
BFs- Et,O were added to the solution of 0.57 g compound
CB1 (1 mmol) in 15 mL toluene. The mixture was stirred
under nitrogen for 2 hours at 40 °C. After the toluene was
removed, the residues were purified by silica gel column
chromatography using dichloromethane as eluent to afford
red compound 1. Yield: 0.38 g (58 %) '"H NMR (CDCls, 250
MHz) 6 9.04 (s, 1H), 8.57-8.53 (d, 1H), 8.11-7.66 (m, 16H),
7.19-7.16 (m, 4H). HRMS (FAB): m/z = 660.1777 [M + HJ",
calc. for C4oH2B2F4N2O, = 660.1804.

Synthesis of CB2. Starting from 0.27 g p-xylylenediamine
and 1 g P3, CB2 was synthesized by the same procedure as
that for CB1 described above. Yield: 0.71 g (60 %) "H NMR
(CDCl3, 250 MHz) & 8.86 (s, 2H), 8.50 (s, 1H), 8.04-7.97
(m, 9H), 7.68 (s, 2H), 7.46 (s, 4H), 6.84 (s, 4H), 4.99 (s, 4H).
HRMS (FAB): m/z = 593.2233 [M + HJ', calc. for
C42HaoN>O5 = 593.2229.

Synthesis of 2. 2 was prepared from CB2 (0.6 g) and 0.5
ml N-ethyldiisopropylamine and 1 mL BF3;- Et;O by a
procedure similar to that described for the preparation of
compound 1. The powder was filtered and recrystallized by
CH,Cl, to obtain orange powder of 2. Yield: 0.4 g (60 %) 'H
NMR (DMSO, 250 MHz) § 9.47 (s, 2H), 8.50-8.42 (m, 4H),
8.26-7.94 (m, 14H), 7.58 (s, 4H), 5.11 (s, 4H). HRMS
(FAB): m/z = 688.2131 [M + H]+, calc. for C42H27B2F4N>O;
=688.2114.

Synthesis of CB3. Starting from 0.27 g m-xylylenediamine
and 1 g P3, CB3 was synthesized by the same procedure as
that for CB1 described above. Yield: 0.77 g (65 %) "H NMR
(CDCl3, 250 MHz) 6 14.50 (s, 2H), 8.84 (s, 2H), 8.48-8.44
(d, 2H), 8.04-7.76 (m, 16H), 7.43-7.36 (m, 4H), 4.99 (s, 4H).
HRMS (FAB): m/z = 593.2226 [M + HJ', calc. for
C42H29N202 = 593.2229.

Synthesis of 3. 3 was prepared from CB3 (0.6 g) and 0.5
ml N-ethyldiisopropylamine and 1 mL BF;-EtO by a
procedure similar to that described for the preparation of
compound 1. The powder was filtered and recrystallized by
CH,Cl, to obtain orange powder of 3. Yield: 0.4 g (60 %) 'H
NMR (DMSO, 250 MHz) & 9.52 (s, 2H), 9.37-7.84 (m,
16H), 7.64-7.53 (m, 4H), 5.27 (s, 4H). HRMS (FAB): m/z =
688.2119 [M + H]+, calc. for C42H27B2F4N202 =688.2131.

Acknowledgments. The paper (YZ) was supported by
RP-grant 2010 of Ewha Womans University.

Notes
References

1. (a) Oh, J. W.; Lee, Y. O.; Kim, T. H.; Ko, K. C; Lee, J.; Kim, H.;
Kim, J. S. Angew. Chem. Int. Ed. 2009, 48, 2522. (b) Yoon, S.-J.;
Chung, J. W.; Gierschner, J.; Kim, K. S.; Choi, M.-G;; Kim, D.;
Park, S. Y. J. Am. Chem. Soc. 2010, 132, 13675. (c) Swamy, K. M.
K.; Park, M. S.; Han, S. J.; Kim, S. K.; Kim, J. H.; Lee, C.; Bang,
H. J.; Kim, Y.; Kim, S.-J.; Yoon, J. Tetrahedron 2005, 61, 10227.
(d) Choi, K; Lee, C.; Lee, K. H.; Park, S. J.; Son, S. U.; Chung, Y.
K.; Hong, J.-I. Bull. Korean Chem. Soc. 2006, 27, 1549. (e)
Kwon, T.-H.; Kim, M. K.; Kwon, J.; Shin, D.-Y.; Park, S. J.; Lee,
C.-L.; Kim, J.-J.; Hong, J.-1. Chem. Mater. 2007, 19, 3673. (f)
Kwon, J.; Kim, M. K.; Hong, J.-P.; Lee, W.; Noh, S.; Lee, C.; Lee,
S.; Hong, J.-1. Org. Electron. 2010, 11, 1288. (g) Lo, S.-C.; Burn,
P. L. Chem. Rev. 2007, 107, 1097. (h) Menard, E.; Meitl, M.; Sun,
A.Y.; Park, J.-U.; Shir, D. J.-L.; Nam, Y.-S; Jeon, S.; Rogers, J. A.
Chem. Rev. 2007, 107, 1117.

2. (a) Gabe,Y.; Urano, Y.; Kikuchi, K.; Kojima, H.; Nagano, T. J.
Am. Chem. Soc. 2004, 126, 3357. (b) Yamada, K.; Nomura,Y.;
Citterio, D.; Iwasawa, N.; Suzuki, K. J. Am. Chem. Soc. 2005,
127, 6956. (c) Coskun, A.; Akkaya, E. U. J. Am. Chem. Soc. 2006,
128, 14474. (d) Loudet, A.; Burgess, K. Chem. Rev. 2007, 107,
4891. (e) Ozlem, S.; Akkaya, E. U. J. Am. Chem. Soc. 2009, 131,
48. (f) Guliyev, R.; Coskun, A.; Akkaya, E. U. J. Am. Chem. Soc.
2009, /31, 9007. (g) Qi, X.; Jun, E. J.; Xu, L. Kim, S.-J.; Hong, J.
S. J.; Yoon, Y. J.; Yoon, J. J. Org. Chem. 2006, 71, 2881. (h) Qi,
X.; Kim, S. K.; Han, S. J.; Xu, L.; Jee, A. Y.; Kim, H. N.; Lee, C.;
Kim, Y.; Lee, M.; Kim, S.-J.; Yoon, J. Tetrahedron Lett. 2008, 49,
261. (i) Qi, X.; Kim, S. K.; Han, S. J.; Xu, L.; Jee, A. Y.; Kim, H.
N.; Lee, C.; Kim, Y.; Lee, M.; Kim, S.-J.; Yoon, J.
Supramolecular Chem. 2009, 21, 455. (j) Qi, X.; Kim, S. K.; Jun,
E. J.; Xu, L.; Kim, S.-J.; Yoon, J. Bull. Korean Chem. Soc. 2007,
28,2231.

3. Hepp, A.; Ulrich, G;; Schmechel, R.; von Seggern, H.; Ziessel, R.
Synth. Met. 2004, 146, 11.

4. (a) Domercq, B.; Grasso, C.; Maldonado, J.-L.; Halik, M.;
Barlow, S.; Marder, S. R.; Kippelen, B. J. Phys. Chem. B 2004,
108, 8647. (b) Zhou, Y.; Xiao, Y.; Li, D.; Fu, M.; Qian, X. J. Org.
Chem. 2008, 73, 1571. (¢) Zhou, Y.; Xiao, Y.; Chi, S.; Qian, X.
Org. Lett. 2008, 10, 633. (d) Erten-Ela, S.; Yilmaz, M. D.; Icli, B.;
Dede,Y.; Icli, S.; Akkaya, E. U. Org. Lett. 2008, 10, 3299. (e)
Zhou, Y.; Kim, J. W.; Nandhakumar, R.; Kim, M. J.; Cho, E.;
Kim, Y. S.; Jang, Y. H.; Lee, C.; Han, S.; Kim, K. M.; Kim, J.-J.;
Yoon, J. Chem. Commun. 2010, 46, 6512.

5. (a) Chatterjee, A.; Santra, M.; Won, N.; Kim, S.; Kim, J. K.; Kim,
S. B.; Ahn, K. H. J. Am. Chem. Soc. 2009, 131, 2040. (b) Do, J.
H.; Kim, H.; Yoon, J.; Kim, J. S.; Kim, H.-J. Org. Lett. 2010, 12,
932. (¢) Quang, D. T.; Kim, J. S. Chem. Rev. 2010, 110, 6280. (d)
Xu, Z.; Chen, X.; Kim, H. N.; Yoon, J. Chem. Soc. Rev. 2010, 39,
127. (e) Xu, Z.; Kim, S. K.; Yoon, J. Chem. Soc. Rev. 2010, 39,
1457. (f) Chen, X.; Zhou, Y.; Peng, X.; Yoon, J. Chem. Soc. Rev.
2010, 39, 2120-2135. (g) Chen, X.; Kang, S.; Kim, M. J.; Kim, J.;
Kim, Y. S.; Kim, H.; Chi, B.; Kim, S.-J.; Lee, J. Y.; Yoon, J.
Angew. Chem. Int. Ed. 2010, 49, 1422. (h) Zhou, Y.; Xu, Z.; Yoon,
J. Chem. Soc. Rev. 2011, 40, 2222.

6. Zhou, Y.; Wang, F.; Kim, Y.; Kim, S.-J.; Yoon, J. Org. Lett. 2009,
11,4442,

7. Zhou,Y.; Kim, H. N.; Yoon, J. Bioorg. Med. Chem. Lett. 2010, 20,
125.

8. Zhou, Y.; Kim, J. W.; Kim, M. J.; Son, W.-J.; Han, S. J.; Kim, H.
N.; Han, S.; Kim, Y.; Lee, C.; Kim, S.-J.; Kim, D. H.; Kim, J.-J.;
Yoon, J. Org. Lett. 2010, 12, 1272.

9. Demerseman, P.; Einhorn, J.; Gourvest, J. F.; Royer, R. J.
Heterocyclic Chem. 1985, 22, 39.

10. Burrows, P. E.; Shen, Z.; Bulovic, V.; McCarty, D. M.; Forrest, S.
R.; Cronin, J. A.; Thompson, M. E. J. Appl. Phys. 1996, 79, 7991.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


