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A new silole derivative, 2,5-bis(7-(dimesitylboranyl)-9,9-dimethylfluoren-2-yl)-1-methyl-1,3,4-triphenylsilole
((MesBF),MTPS), is synthesized and characterized. (MesBF),MTPS shows a good fluorescence efficiency of 15%
in THF solution and a higher efficiency of 86% in solid film, presenting an aggregation-enhanced emission charac-
teristic. It is thermally and morphologically stable, with high decomposition and glass-transition temperatures of
257 and 171 C, respectively. The LUMO energy level (=2.96 ¢V) of (MesBF),MTPS is lower than that of TPBi,
revealing its electron-transporting potential. Efficient organic light-emitting diodes (OLEDs) are fabricated using
(MesBF),MTPS as emitter, which radiates yellow light at 554 nm, and affords high maximum luminance, current

efficiency, and external quantum efficiency of 48348 cdsm™, 12.3 cd*A™, and 4.1%, respectively.

Keywords silole, aggregation-enhanced emission, electroluminescence, electron transporter, organic light-emit-

ting diodes

Introduction

In recent years, organic optoelectronic materials
have drawn intense attention because of their various
high-technological applications such as light emitters
for organic light-emitting diodes (OLEDs).!"! Although
considerable achievements have been made in the de-
velopment of organic luminescent materials, major
challenges still remain. One of main obstacle problems
that urgently needs to be conquered is aggregation-
caused quenching (ACQ) encountered by many conven-
tional luminescent materials. In 2001, a novel phe-
nomenon of aggregation-induced emission (AIE) was
observed for siloles,”™! whose poor fluorescence prop-
erty in solutions was ameliorated drastically as the ag-
gregate formation. The important finding is helpful to
alleviate the ACQ problem, and from then on, a large
number of AIE-active luminogens were synthesized and
studied. Many of them have high fluorescence efficien-
cies in solid films, and show great potential in
OLEDs.’]

Among numerous AIE luminogens,'®” siloles ex-
hibit typical AIE effect with high fluorescence efficien-
cies in the aggregated state, and have a wide range of
high-tech ap%)lications, such as chemosensors, bioprobes,
and OLEDs."""! Moreover, siloles own unique electron
structure of o*-n* conjugation between the o* orbitals
of two exocyclic silicon-carbon bonds and n* orbital of

16,7

the butadiene moiety.!""™"* This characteristic endows

them with low-lying LUMO energy levels and high
electron affinity, making them promising candidates for
electron-transporting and light-emitting layers in opto-
electronic devices."" In this work, we designed and
synthesized a novel silole derivative with bulky 9,9-di-
methylfluorenyl and dimesitylboryl groups at the 2,5-
positions of silole ring (Scheme 1), in order to develop
efficient light emitters with good electron-transporting
ability.""'® By studying the thermal, photophysical,
electrochemical, and electroluminescent properties of
the new silole, we find that it is an excellent solid-state
light emitter and functions well as active layers in
OLED:s.

Experimental

Materials and instruments

Anhydrous tetrahydrofuran was distilled from so-
dium and benzophenone under dry nitrogen immedi-
ately prior to use. All other chemicals and reagents were
obtained from Aldrich and J&K Scientific Ltd, and used
as received. 'H and >C NMR spectra were recorded on
a Bruker AV 400 spectrometer in deuterated dichloro-
methane using tetramethylsilane (TMS; 6=0) as inter-
nal standard. UV spectra were measured on a Milton
Roy Spectronic 3000 Array spectrophotometer. PL
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spectra were recorded on a Perkin-Elmer LS 55 spectro-
fluorometer. High resolution mass spectra (HRMS)
were recorded on a GCT premier CAB048 mass spec-
trometer operating in MALDI-TOF mode. Thermogra-
vimetric analysis (TGA) was carried on a TA TGA
Q5000 under dry nitrogen at a heating rate of 10 ‘C/
min. Thermal transition was investigated by a TA DSC
Q1000 under dry nitrogen at a heating rate of 10 ‘C/
min. The dynamic light scattering measurement was
carried on Zetasizer Nano-ZS90.

Device fabrication

Glass substrates pre-coated with a 170 nm thin layer
of indium tin oxide (ITO) with a sheet resistance of 10
Q per square were thoroughly cleaned in ultrasonic bath
of acetone, isopropyl alcohol, detergent, deionized wa-
ter, and isopropyl alcohol and treated with O, plasma
for 20 min in sequence. Organic layers were deposited
onto the ITO-coated substrates by high-vacuum (<5 X
107 Pa) thermal evaporation. A 60 nm thin hole-trans-
porting layer NPB was deposited. Next, a 20 nm (or 40
nm) thin (MesBF),MTPS was deposited to form emit-
ting layer (EML). Finally, a 40 nm (or 20 nm) thin elec-
tron-transporting layer (ETL) of TPBi was deposited to
transport electrons, and to confine excitons in the emis-
sion zone. Cathodes, consisting of a 1 nm thin layer of
LiF followed by a 100 nm thin layer of Al, were pat-
terned using a shadow mask with an array of 3 mm X3
mm openings. Deposition rates are 1—2 Ass™ for or-
ganic materials, 0.1 Ass™! for LiF, and 6 Ass™! for Al,
respectively. EL spectra were taken by an optical ana-
lyzer, Photo Research PR705. The current density and
luminance versus driving voltage characteristics were
measured by Keithley 2420 and Konica Minolta chro-
mameter CS-200, respectively.

Synthesis
(7-Bromo-9,9-dimethylfluoren-2-yl)dimesitylbo-

Scheme 1 Synthesis of (MesBF),MTPS
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rane (2) n-Butyllithium (2.5 mol/L in hexane, 6.87
mL, 11 mmol) was added dropwise into a solution of
2,7-dibromo-9,9-dimethyl-9H-fluorene  (5.63 g, 16
mmol) in dry THF (80 mL) at —78 ‘C. After the mix-
ture was stirred at —78 “C for 2 h, fluorodimesitylbo-
rane (2.68 g, 10 mmol) was added. After being warmed
to room temperature and stirred for 6 h, the reaction was
quenched with brine, and the aqueous layer was ex-
tracted with CH,Cl, twice. The combined organic layers
were dried over magnesium sulfate anhydrous. After
filtration, the solvent was evaporated under reduced
pressure, and the residue was purified by silica-gel
column chromatography with n-hexane/dichloromethane
as eluent. Compound 2 was obtained as a white solid in
80% yield. '"H NMR (400 MHz, CD,Cl,) ¢: 7.65—7.60
(m, 3H), 7.55 (d, J=8.0 Hz, 1H,), 7.52—7.50 (m, 1H),
7.47—"7.45 (m, 1H), 6.83 (s, 4H), 2.33 (s, 6H), 2.02 (s,
12H), 1.43 (s, 6H); °*C NMR (100 MHz, CD,Cl,) o:
156.8, 152.6, 145.2, 141.8, 140.8, 138.5, 137.8, 136.3,
130.7, 130.1, 128.1, 126.2, 122.0, 121.9, 119.5, 47.4,
26.7, 23.5, 21.2. HRMS (Cs3;3H34BBr): 520.1937 [M+
Na', calced 543.1829].

2,5-Bis(7-(dimesitylboranyl)-9,9-dimethylfluoren-
2-yl)-1-methyl-1,3,4-triphenylsilole (MesBF),MTPS)
The synthetic procedure was similar to that described in
literature.""” Yellow solid, yield 50%. 'H NMR (400
MHz, CD,Cl,) ¢: 7.71 (d, J=8.0 Hz, 2H), 7.53—7.49
(m, 4H), 7.46 (d, J=8.0 Hz, 2H), 7.42 (d, J=8.0 Hz,
2H), 7.38—7.34 (m, 3H), 7.05 (m, 6H), 6.97 (d, J=8.0
Hz, 2H), 6.94—6.92 (m, 4H), 6.83—6.80 (m, 8H), 6.77
(s, 2H), 2.30 (s, 12H), 1.98 (s, 24H), 1.10 (s, 12H), 0.88
(s, 3H); °C NMR (100 MHz, CD,Cl,) 8: 154.7, 153.3,
152.2, 143.4, 141.9, 140.9, 139.8, 139.6, 138.4, 138.2,
137.3, 135.2, 135.1, 133.6, 132.8, 129.6, 128.9,128.8,
127.2, 127.0, 126.6, 125.4, 122.6, 119.0, 118.1, 45.1,
25.4,22.5,20.2, —6.8. HRMS (CgoHgsB,Si): 1204.6724
[M", caled 1204.6685].

(MesBF),MTPS

Reagents: LiNaph=lithium 1-naphthalenide; TMEDA=N,N,N',N'-tetramethylethylenediamine.
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Results and Discussion
Optical property

As shown in Figure 1A, the absorption maximum of
(MesBF),MTPS in THF solution appears at 411 nm,
associated with m-n* transition. Its emission peak is lo-
cated at 525 nm (Figure 1B), with a fluorescence quan-
tum yield (@) of 15% (Figure 1D), measured by a cali-
brated integrating sphere. This value is much higher
than those of the 2,3,4,5-tetraphenylsiloles in the litera-
tures.”?%! This is because the bulky substituents can
lower the intramolecular rotation of the aromatic rotors
around the silole ring,[m and the radiative decay process
in (MesBF),MTPS is thus promoted, leading to a rela-
tively high @r value in solution. The emission intensity
is further enhanced when a non-solvent of water is
added into its THF solution (Figure 1C). Since
(MesBF),MTPS is insoluble in water, aggregates should
have formed from (MesBF),MTPS molecules in the
mixtures with a high water fraction (fy). The dynamic
light scattering measurement reveals an average size of

Molar absorptivityl(104 L™ mol™ cm'1)

300 350 400 450 500 550
Wavelength/nm

f, (vol%)

PL intensity/au

450 495 540 585 630 675
Wavelength/nm

~165 nm of the particle in the mixture with 90% water
fraction (Figure S5). The emission enhancement caused
by the aggregate formation is indicative of aggrega-
tion-enhanced emission (AEE) characteristic of the new
silole. The solid film of (MesBF),MTPS is more emis-
sive, emitting at 535 nm with an excellent @ value of
88% (Table 1). A small red shift of 10 nm is found in
the PL spectrum of solid film relative to that in solution
(Figure 1B). This should be ascribed to the dimesityl-
boryl groups, which lead to a branched molecular con-
formation, and thus, inhibit the strong intermolecular
interactions.

Thermal stability

The thermal property of (MesBF),MTPS was inves-
tigated by thermogravimetric analysis (TGA) and dif-
ferential scanning calorimetry (DSC). The result shows
that (MesBF),MTPS has a good thermal stability with a
decomposition temperature (Ty) of 257 °C, according to
5% loss of initial weight. A high glass-transition tem-
perature (7y) of 171 C (Table 1) is also detected,
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Figure 1 (A) Absorption spectrum of (MesBF),MTPS in THF solution. (B) PL spectra of (MesBF),MTPS in pure THF solution and in
solid film. (C) PL spectra of (MesBF),MTPS in THF/water mixtures with different water fractions (f,, vol%). (D) Fluorescent quantum
yields of (MesBF),MTPS in THF/water mixtures with different water fractions. Excitation wavelength: 411 nm.
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revealing it is morphologically stable. The good thermal
property enables (MesBF),MTPS to act as an active
material for OLEDs fabricated by vacuum-deposition
technique.

Electrochemical property

The electrochemical property of (MesBF),MTPS
was investigated by cyclic voltammetry (CV) in ace-
tonitrile solution with 0.1 mol/L tetrabutylammonium
hexafluorophosphate as supporting electrolyte at a scan
rate of 50 mVes ™, using platinum as the working elec-
trode and saturated calomel electrode (SCE) as the ref-
erence electrode. The CV curve is presented in Figure 2.
The oxidation onset potential (Eqnset) of (MesBF),MTPS
occurs at —1.12 eV. Hence, the HOMO energy level is
calculated to be —5.52 eV [HOMO=—(4.4+ Ey1se0)], and
the LUMO energy level is determined as —2.96 eV from
the optical band gap energy gEg) and the HOMO value
(LUMOZ—(HOMO—{-Eg)).[22 The LUMO energy level
of the (MesBF),MTPS is lower than that of TPBi (-2.7
eV), implying the potential as electron transporting ma-
terial for OLEDs.

Electroluminescence

The excellent solid-state fluorescence efficiency and
good thermal stability of (MesBF),MTPS encouraged us
to investigate its electroluminescence (EL) property.
Triple-layer OLED with a configuration of ITO/NPB
(60 nm)/(MesBF),MTPS (20 nm)/TPBi (40 nm)/LiF (1
nm)/Al (100 nm) (Device I) was fabricated, in which the
(MesBF),MTPS acted as a light-emitting layer, N,N-bis-
(1-naphthyl)-N,N-diphenylbenzidine (NPB) functioned
as a hole-transporting layer, and 1,3,5-tris(N-phenyl-
benzimiazole-2-yl)-benzene (TPBi) served as an elec-
tron-transporting layer. The device performance data are
listed in Table 2, and the EL spectra and characteristic
curves of the devices are shown in Figure 3. The device
shows yellow light with emission maximum located at
554 nm, which is red-shifted by 19 nm in comparison
with its PL in solid film. The device is turned on at 3.8
V, and gives high maximum luminance, current effi-

cdem™, 12.3 cd*A™", and 4.1%, respectively. Concern-
ing the low-lying LUMO of (MesBF),MTPS that may
improve its electron-transporting ability, an additional
device (device II) was fabricated, in which the thickness
of TPBi was decreased to 20 nm and the thickness of
light-emitting layer was increased to 40 nm. The device
IT also shows good performance, with a high maximum
luminance, current efficiency, and external quantum
efficiency of 34080 cd°m72, 10.1 cd*Afl, and 3.3%, re-
spectively, demonstrating that (MesBF),MTPS has great
potential to function as both light emitter and electron
transporter in OLEDs.

45

—— (MesBF),MTPS

30+

154

Current/pA

S5 e
0.3 0.6 0.9 1.2 1.5

Potential/V

Figure 2 Cyclic voltammogram of (MesBF),MTPS measured
in acetonitrile containing 0.1 mol/L tetrabutylammonium

hexafluorophosphate. Scant rate: 50 mVes™.

Conclusions

A new silole derivative (MesBF),MTPS with bulky
substituents was synthesized and fully characterized.
Introduction of fluorescent 9,9-dimethylfluorenyl and
dimesitylboryl into the 2,5-positions of silole ring
makes silole AEE-active. Efficient triple-layer device is
achieved using (MesBF),MTPS as light-emitting layer,

ciency, and external quantum efficiency of 48348 giving good EL performance of 48348 cdem -, 12.3

Table 1 Optical, electronic and thermal properties of (MesBF),MTPS

. Jem”/nm D% . .
Compound Aabs /M - - (IT/CTH(TYT) (HOMO/eV)/(LUMO/eV) Ey/eV
Soln  Film Soln  Film
(MesBF),MTPS 411 525 535 15 88 171/257 —5.52/-2.96 2.56

“ Absorption maximum in dilute THF solution (10 wmol/L). ® Emission maximum in THF solution (Soln) or in solid film. ¢ Absolute fluo-
rescence quantum yield in THF solution or in solid film, measured by a calibrated integrating sphere.

Table 2 EL performance of OLEDs based on (MesBF),MTPS*

Device Ag/nm Vou/ V Li(cd*m™) ncl(cdsA™ np/(Im* W) EQE CIE (x, y)
I 554 3.8 48348 12.3 8.8 4.1 (0.41, 0.56)
n 554 4.6 34080 10.1 5.9 3.3 (0.41, 0.56)

“The luminescence (L), current efficiency (7.), power efficiency (p) and external quantum efficiency (EQE) are the maximum values of
the devices. V,, is defined as the voltage required for 1 cdsm™. Device configuration: ITO/NPB (60 nm)/(MesBF),MTPS (20 nm)/TPBi
(40 nm)/LiF (1 nm)/Al (100 nm) (Device I); ITO/NPB (60 nm)/(MesBF),MTPS (40 nm)/TPBi (20 nm)/LiF (1 nm)/Al (100 nm) (Device II).
Chin. J. Chem. 2015, 33, 842—846
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Figure 3 (A) EL spectra, (B) current density-voltage-luminance
characteristics, and (C) plots of current efficiency versus current
density of devices based on (MesBF),MTPS. Device configuration:
ITO/NPB (60 nm)/(MesBF),MTPS (20 nm)/TPBi (40 nm)/LiF (1
nm)/Al (100 nm) (Device I); ITO/NPB (60 nm)/(MesBF),MTPS
(40 nm)/TPBi (20 nm)/LiF (1 nm)/Al (100 nm) (Device II).

cd*A™", and 4.1%. In addition, owing to the low-lying

LUMO, the (MesBF),MTPS can partially replace TPBi
to serve as electron transporter. The further develop-

846 www.cjc.wiley-veh.de
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ment of silole-based materials that can efficiently func-
tion as both light emitter and electron transporter is in
progress.

Acknowledgement

We acknowledge the financial support from the Na-
tional Natural Science Foundation of China (51273053),
the Guangdong Natural Science Funds for Distinguished
Young Scholar (No. 2014A030306035), the Guangdong
Innovative Research Team Program of China (No.
201101C0105067115), the National Basic Research
Program of China (973 Program, Nos. 2015CB655000
and 2013CB834702) and the Fundamental Research
Funds for the Central Universities.

References

[1] Tang, C.; VanSlyke, S. Appl. Phys. Lett. 1987, 51, 913.

[2] Luo, J.; Xie, Z.; Lam, J. W. Y.; Cheng, L.; Chen, H.; Qiu, C.; Kwok,
H.S.; Zhan, X; Liu, Y.; Zhu, D.; Tang, B. Z. Chem. Commun. 2001,
1740.

[3] Mei, J.; Hong, Y.; Lam, J. W. Y.; Qin, A.; Tang, Y.; Tang, B. Z. Adv.
Mater. 2014, 26, 5429.

[4] Ma, S. Q.; Zhang, J. B.; Chen, J. L.; Wang, L. J.; Xu, B.; Tian, W. J.
Chin. J. Chem. 2013, 31, 1418.

[5] Zhao, Z.; Chen, S.; Lam, J. W. Y.; Lu, P.; Zhong, Y.; Wong, K. S;
Kwok, H. S.; Tang, B. Z. Chem. Commun. 2010, 46, 2221.

[6] Li, H.; Chi, Z.; Xu, B.; Zhang, X.; Yang, Z.; Li, X.; Liu, S.; Zhang,
Y.; Xu, J. J. Mater. Chem. 2010, 20, 6103.

[7] Shimizu, M.; Mochida, K.; Hiyama, T. Angew. Chem., Int. Ed. 2008,
47,9760.

[8] Heng, L.; Dong, Y.; Zhai, J.; Tang, B. Z.; Jiang, L. Langmuir 2008,
24,2157.

[9] Liu, J.; Lam, J. W. Y.; Tang, B. Z. J. Inorg. Organomet. Polym.
Mater. 2009, 19, 249.

[10] Tracy, H. J.; Mullin, J. L.; Klooster, W. T.; Martin, J. A.; Haug, J.;
Wallace, S.; Rudloe, 1.; Watts, K. Inorg. Chem. 2005, 44, 2003.

[11] Wrackmeyer, B.; Kehr, G.; Suss, J.; Molla, E. J. Organomet. Chem.
1999, 577, 82.

[12] Wang, M.; Zhang, G.; Zhang, D.; Zhu, D.; Tang, B. Z. J. Mater.
Chem. 2010, 20, 1858.

[13] Zhao, Z.; Liu, D.; Lam, J. W. Y.; Lu, P.; Yang, B.; Ma, Y.; Tang, B.
Z. Sci. China Chem. 2010, 53,2311.

[14] Tamao, K.; Uchida, M.; Izumizawa, T.; Furukawa, K.; Yamaguchi,
S. J. Am. Chem. Soc. 1996, 118, 11974.

[15] Murata, H.; Kafafi, Z. H.; Uchida, M. Appl. Phys. Lett. 2002, 80,
189.

[16] Jia, W. L.; Moran, M. J.; Yuan, Y. Y.; Lu, Z. H.; Wang, S. J. Mater.
Chem. 2005, 15, 3326.

[17] Li, D.; Zhang, H.; Wang, C.; Huang, S.; Guo, J.; Wang, Y. J. Mater.
Chem. 2012, 22, 4319.

[18] Xu, X.; Ye, S.; He, B.; Chen, B.; Xiang, J.; Zhou, J.; Lu, P.; Zhao,
Z.; Qiu, H. Dyes Pigm. 2014, 101, 136.

[19] Zhang, T. T.; Zhu, C. Q.; Ma, Y. W.; Wang, C. Y.; Shen, Y. J. Chin.
J. Chem. 2013, 31,779

[20] Zhao, Z.; Wang, Z.; Lu, P.; Chan, C. Y. K.; Liu, D.; Lam, J. W. Y;
Sung, H. H. Y.; Williams, I. D.; Ma, Y.; Tang, B. Z. Angew. Chem.,
Int. Ed. 2009, 48, 7608.

[21] Chen, B.; Jiang, Y.; Chen, L.; Nie, H.; He, B.; Lu, P.; Sung, H. H.
Y.; Williams, I. D.; Kwok, H. S.; Qin, A.; Zhao, Z.; Tang, B. Z.
Chem. Eur. J. 2014, 20, 1931.

[22] Li, Y.; Cao, Y.; Gao, J.; Wang, D.; Yu, G.; Heeger, A. J. Synth. Met.
1999, 99, 243.

(Pan, B.; Qin, X.)

Chin. J. Chem. 2015, 33, 842—2846




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 (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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


