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Abstract

Novel organosilicon polymers having donor-acceptor type nm-conjugated units in the
backbone were prepared by Stille-coupling reactions of
bis(tributylstannylthienyl)silanes with diiodoquinoxialine, benzothiadiazole, and
benzothiaselenazole. Dehaloganative copolymerization of di(bromothienyl)silanes and
dibromoquinoxaline was also studied, which gave the corresponding random copolymer.
Applications of these polymers to dye-sensitized solar cells (DSSCs) were examined
and it was found that the polymer containing benzoselenadiazole units as the acceptor

exhibited the best performance as the sensitizer among the present polymers.
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1. Introduction

Polymers composed of an alternating arrangement of organosilanylene and
n-conjugated units are of interest [1], regarding their usefulness as functionality materials, such
as for example hole-transporting materials of multilayer EL device systems [2], active
compounds for field effect transistors [3], photo- and electro-luminescent materials [3,

4], and light-harvesting materials [5]. However, these studies reported so far have



been restricted to the polymers having rather simple m-conjugated units. In this paper,
we report the synthesis of polymers containing -SiR,-D-A-D- units, where D and A are
n-donating thienylene and accepting heteroaromatic units, respectively, and their
applications to solar cell sensitizers. In these polymers, highly electron donating
properties of the silanylene group attached to the m-donoring thienylene unit (D) would
enhance the D-A interaction and its flexiblility would provide sufficient solubility of the
polymers. D-A type structure is important for designing the dyes of DSSCs, since
such interaction facilitates the charge separation in the photo excited states [6]. In
addition, the polar heteroaromatic m-accepting unit (A) was anticipated to bind to the
TiO, surface of DSSC Applications of conjugated polymers to DSSCs as
hole-transporting materials have been well examined [7]. However, to our knowledge,
much less has been done for the development of polymeric sensitizing materials for

DSSCs [8].

2. Results and discussion

2.1. Model reaction

First, we examined a model reaction as shown in Scheme 1 to optimize the reaction
conditions for polymerization. Thus, the Stille coupling reaction of
(trimethylsilylthienyl)tributyltin (TSn) with diiodoquinoxaline (QI2) proceeded
smoothly in the presence of Pd(PPhs)s and Cul as the catalysts in a mixed solvent of
DMF/acetonitrile (AN) =1/1, to give the coupling product (TQT) almost quantitatively.
As can be seen in Table 1, using Cul as the cocatalyst was essential to obtain TQT in
high yield. Dibromoquinoxaline (QBr2) was much less reactive than QI2 under the

same conditions.
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Table 1. Stille coupling reactions of TSn and QX2."

X sol cat (5 mol%) yield/%"
I DMF Pd(PPhs), 49
Br DMF Pd(PPhs)4 9
I DMF/AN® Pd(PPh3)4/Cul 99

*at 80°C for 120 h;
®Isolated yield;
°AN = acetonitrile, DMF/AN = 1/1

2.1. Polymer synthesis

Next, copolymerization of bis(tributylstannylthienyl)silanes (TSn2) and iodide
QI2 was carried out in DMF/acetonitrile =1/1 under the same conditions as optimized
for the model reaction (Scheme 2). Reprecipitation of the polymeric products from
chloroform-methanol or hexane gave polymer pTQ in 26% yield. The rather low
yield of the polymer would be due to the low solubility of the polymer, which probably
tended to precipitate from the reaction medium to suppress the further polymerization.

In fact, a large amount of insoluble polymeric substances were produced. The yield



was improved to 64% by using a better solvent DMF alone (Table 2), although the
reaction in DMF required about two times longer reaction period than that in DMF/AN
until the monomers were consumed. The NMR spectra of pTQ were consistent with
the regular structure shown in Scheme 2 and the signal patterns of its aromatic protons

and sp” carbons were quite similar to those of model compound TQT.
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For polymers pTBt and pTBs, we used a hexyl-substituted monomer TSn2’, in
order to improve the solubility. The polymerization was performed in DMF/AN = 3/1,
since the coupling reactions no longer proceeded in DMF alone. In contrast to pTQ,
the 'H and °C NMR spectra of pTBt and pTBs showed unidentified multiple signals in
the aromatic regions, in addition to those expected from the ideal -SiHex;-D-A-D-
repeating structures. In addition, the integration ratios of benzothiadiazole and
benzoselenazole sp” protons relative to those of thiophene rings were found to be much
lower than expected. This seems to indicate that homo coupling reactions of TSn2’
were involved in the polymerization, to a certain extent as shown in Scheme 3. Figure
1 shows the >C NMR spectrum of pTBt with tentative assignment made by comparison
with the literature data for poly(organosilanylene-bithienylene)s [9] and
2,7-di(4-hexylthienyl)benzothiadiazole [10]. However, we could not determine the

exact x/y ratios, since unidentified signals with low intensities were still observed in the



spectra, some of which were presumably due to the end groups. The x/y values were
thus only roughly estimated by proton integration ratios, to be 1.0 and 0.8 for pTBt and

pTBs, respectively.

Il-lex
BUssnﬂ_Si—@—SnBu3 +  —A—I
S | s
Hex
TSn2'
Il-lex I|-|ex
Pd(PPh3),/Cul { \
DMF/CH5CN \T s S | s” s
X y
Hex Hex
- 4
/7 N\ / N\
N. _N N. .N
S Se
pTBt pTBs
Scheme 3
o)
o ©
v
v
o)
o)
v o|o
v
"] Y
150 125

Figure 1. >C NMR spectrum of pTBt in CDCl; (sp® region) with tentative

assignment of dithienylenebenzothiadiazole (©) and bithienylene (V) carbons.

Table 2 summarizes the yields, molecular weights, and A, values of absorption



and emission spectra of the polymers in THF. The absorption and emission maxima of
pTQ appeared at almost the same energies as those of the model compound (TQT: Amax
=277, 306, 426 nm; A.n, = 545 nm). These polymers showed strong fluorescence in
THF, whose quantum yields were determined to be @ = 0.22 (pTQ), 0.31 (pTBt), and
0.07 (pTBs), relative to a solution of 9,10-diphenylanthracene as the standard (® =
0.90). Both the absorption and emission maxima moved to longer wavelength in the

order of pTQ < pTBt < pTBs.

Table 2. Polymer synthesis

polym  yield/%" Mw® Mn® mp/°C UV abs Apa/nm (g x 107)° emisson

Aem/NM®
pTQ 64 6400 4100 181-185 278 (16),320 (18), 427 (7) 546
pTBt 74 6600 4200 ol 320 (22), 451 (9) 564
pTBs 26 6600 5100  79-105 330 (38),482(17) 617
r-pTQ 10 9500 6300 139-140 269 (26), 322 (36), 416 (13) 545

* After repreciputation;
® Determined by GPC, relative to polystyrene standards;

°Excited at the absorption maximum in THF.
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We also prepared random copolymer r-pTQ by reductive coupling of dibromides
TBr2 and QBr2 with a nickel (0) complex, as shown in Scheme 4. The incorporation
ratio of a/b in the polymer backbone was determined approximately to be 55/45 by its
'H NMR spectrum. The UV absorption and emission maxima of r-pTQ appeared at

slightly shorter wavelength than thos of pTQ.

2.3. Application of polymers pTBt and pTBs to sensitizers of DSSCs

We fabricated DSSCs using the present polymers as the sensitizer
(FTO/TiOypolymer/I,-I/Pt). As expected, polymers pTBt and pTBs exhibited clear
sensitizing effects on the DSSC performance (Table 3). As shown in Figure 2, the
maximum photocurrents (Isc) of 0.42 and 0.54 mA/cm” were obtained from the DSSCs,
at 490 nm and 500 nm for the devices with pTBt and pTBs, respectively. Incident
photon-to-current conversion efficiencies (IPCE) at these wavelengths were determined
to be around 5% each. Other polymers were also examined as the sensitizer in DSSCs.

However, they showed only ambiguous sensitizing effects.

Table 3. Performance of DSSCs based on pTBt and pTBs

polym IPCEpax / %  Isc/ mA cm™ Voc / mV FF n/%

pTBt 4.7 0.42 358 0.40 0.06
pTBs 5.6 0.54 336 0.49 0.09
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Figure 2. Performance of DSSCs with using polymers pTBt (a), (b) and pTBs (c),
(d).

3. Conclusion

—

In conclusion, we prepared novel silicon-containing polymers containing
donor-accepter type m-conjugated units.  They exhibited high PL quantum yields in
THF solutions. Their potential utilities as the sensitizers for DSSCs also were
demonstrated. Rather low IPCEs of the present polymers may be due to their low
affinity to TiO, surface. Presumably, the thiadiazole and selenadiazole units are not
adequately polarized, and thus introduction of better binding sites, such as carboxylic
groups, into the polymer structures seems be necessary to improve the DSSC
performance. However, this is the first synthesis of Si-n alternating polymers that may

be used as DSSC sensitizer. Further studies to develop solar cell sensitizer base on



Si-m system with better properties are under way.

4. Experimental section

4.1. General procedure

All reactions were carried out in dry nitrogen. DMF was dried over CaH, and
distilled just before use. AN was distilled from KOH and stored over activated
molecular sieves. Bromothienyltrimethylsilane [11], bis(bromothienyl)dibutylsilane
[12], and monomers QI2, QBr2, diiodobenzothiadiazole, and diiodobenzoselenadiazole
were prepared as described in the literature [13].

4.2. Preparation of bis(bromothienyl)dihexylsilane

To a mixture of lithiobromothiophene, prepared from 8.32 g (34.4 mmol) of
dibromothiophene and 24.0 mL of a 1.6 M hexane solution of n-butyllithium in 40 mL
of ether, was added 4.39 g (16.3 mmol) of dichlorodihexylsilane in 40 mL of ether at
-80°C. After stirring the mixture at room temperature for 20h, the mixture was
hydrolyzed with water. The organic layer was separated and dried over anhydrous
magnesium sulfate. The solvent was evaporated and the residue was distilled under
reduced pressure (9 X 10 torr) and the fraction of the boiling range of 180-220°C was
corrected to give 3.86 g of the title compound (45% yield): pale brown oil; MS m/z 435
(M"-Hex); '"H NMR (8 in CDCl3) 0.86 (6H, t, CHs, J = 5.4 Hz), 1.00 (4H, m, CH,Si),
1.26 (16H, m, CH,), 7.04 (2H, d, ring H, J =3.6 Hz), 7.11 (2H, d, ring H, J = 3.6 Hz),
BC NMR (8 in CDCls) 14.1 14.3, 22.6, 23.5, 31.3, 33.1, 118.1, 131.3, 136.5, 137.8.
Anal. Calcd for Cy0H30Br,S,Si: C, 45.98; H, 5.79. Found: C, 45.79; H, 5.79.

4.3. Preparation of TSn, TSn2, and TSn2’

For the preparation of compounds TSn, TSn2, and TSn2’, the corresponding
bromides were lithiated with n-butyllithium in ether and the lithiated thineylsilanes were
treated with tributyltin chloride. ~After filtration of the lithium slats and evaporation of

the solvent, the residue was heated at 250°C for 4 h under reduced pressure (ca. 1



mmHg) to remove volatile substances. The resulting viscous oil was used for the
following coupling reactions without further purification.

4.4. Model reaction

A mixture containing 0.115 g (0.300 mmol) of QI2, 0.267 g (0.600 mmol) of TSn,
17 mg (5.0 mol %) of Pd(PPhs)4 2.9 mg (5.0 mol%) of Cul in 6 mL of DMF/AN = 1/1
was heated at 80°C for 5 days. The resulting mixture was poured into 100 mL of water
and extracted with chloroform. After drying over anhydrous magnesium sulfate, the
solvent was evaporated and the residue was subjected to chromatograpy on a silica gel
column eluting with hexane/ethyl acetate = 50/1 to give 0.130 g (99% yield) of TQT as
the yellow solids: mp 191°C; "H NMR (6 in CDCls) 0.38 (s, 18H, T™MS) , 7.32 (d, 2H,
thienylene, J = 3.6 Hz), 7.87 (d, 2H, thienyenel, J = 3.6 Hz), 8.10 (s, 2H, quinoxaline H
on C2 and C3), 8.98 (s, 2H, quinoxaline H on C6 and C7); >C NMR (5 in CDCl3) —
0.0, 128.1, 128.7, 132.3, 134.0, 140.0, 143.3, 143.6, 143.9; UV (Amax in THF) 276.8 nm
(¢ = 6300), 305.6 nm (9600), 426.0 nm (8000). Anal. Calcd for CyyHz6N2S,Sin: C,
60.22; H, 5.97; N, 6.38. Found: C, 60.22; H, 5.98; N, 6.38.

4.5. Polymer synthesis by Stille-coupling

A mixture containing 0.115 g (0.300 mmol) of QI2, 0.265 g ( 0.300 mmol ) of
TSn2 (R = Bu), 17 mg (5.0 mol %) of Pd(PPhs)4 2.9 mg (5.0 mol%) of Cul in 6 mL of
DMF was heated at 80°C for 2 days. The resulting mixture was poured into 100 mL of
water and extracted with chloroform. The organic layer was separated and washed
several times with 10% hydrochloric acid. After drying over anhudrous magnesium
sulfate, the solvent was evaporated and the residue was subjected to reprecipitation from
chloroform-methanol then from chrloroform-hexane to give 0.083 g (64% yield) of
pTQ as the brown solids: '"H NMR (8 in CDCl;) 0.90 — 1.41 (m, 18H, Bu), 7.45 (br s,
2H, thienylene), 7.95 (br s, 2H, thienylene), 8.12 (br s, 2H, quinoxaline H on C2 and
C3), 8.96 (br s, 2H, quinoxaline H on C6 and C7); >C NMR (8 in CDCls) 13.71, 14.54,
25.95,26.54 (Bu), 128.1, 128.8, 132.1, 136.2, 138.6, 139.9, 143.6, 144.9.



Polymers pTBt and pTBs were obtained in a similar fashion to above. Data for
pTBt (prepared in DMF/AN =3/1, purified by reprecipitation from
chloroform-methanol): dark brown oil; 'H NMR (8 in CDCl;) 0.87 — 1.38 (m, 26H,
Hex), 7.24-7.50 (m, 2.8H, thienylene presumably including the homo coupled
bithiophene protons), 7.63-7.77 (m, 0.5H, thienylene, and terminal thiophene and
iodobenzothiadiazole protons), 7.88 (br s, 0.8H, thienylene), 8.22 (br s, 1.0H,
benzothiadiazole protons); BC NMR (6 in CDCls) 14.13, 14.60, 22.59, 23.61, 31.39,
33.20 (Hex), 125.3, 126.1, 128.8, 132.2, 136.9, 137.1, 152.5, several minor sp2 signals
were also observed. Data for pTBs (prepared in DMF/AN =3/1, purified by
reprecipitation from chloroform-methanol): dark brown solid; '"H-NMR (8 in CDCl;)
0.85 — 1.50 (m, 26H, Hex), 7.38-7.77 (m, 6.0H, thienylene presumably including the
homo coupled bithiophene protons, and terminal thiophene and iodobenzoselenadiazole
protons), 8.11 (br s, 1.3H, benzothiadiazole protons); °C NMR (& in CDCls) 14.1, 14.6,
22.6, 23.7, 31.4, 33.2, 126.3, 128.4, 128.7, 134.5, 136.8, 145.7, several minor sp’
signals were also observed.

4.6. Preparation of r-pTQ

A mixture of 0.050 g (0.18 mmol) of QBr2, 0.081 g (0.18 mmol) of TBr2, 0.660
g (0.42 mmol) of 2,2’-bipyridyl, 0.116 g (0.42 mmol) of Ni(cod),, and 6 mL of DMF
was stirred at 60°C for 60 h. The resulting precipitates were filtered and the filtrate
was washed with water, an aqueous solution of EDTA, and then with 28% NH; (aq).
After the solvents were evaporated, the residue was reprecipitated from
chloroform-methanol, then from chloroform-hexane to give 0.015 g (10% yield ) of
r-pTQ as the red-brown solids: mp 139-140°C; '"H NMR (5 in CDCls) 0.88 — 1.42 (m,
Bu), 7.21 — 7.46 (m, thienylene), 7.65 (br s, thienylene), 7.93 (br s, thienylene), 8.13 (br
s, quinoxaline H on C2 and C3), 8.97 (br s, quinoxaline H on C6 and C7).

4.7. Fabrication of DSSCs.

In a ball-milling apparatus was placed 1.3 g of TiO, (Degussa P-25, 80% anatase



+ 20% rutile). To this was added deionized water (1.86 mL) in 6 portions and the
mixture was ground and mixed at ambient temperature at 300 rpm for 10 min every
after the addition. Then the mixture was further mixed with 80 mg of PEG and 3-5
drops of nitric acid by ball-milling at 300 rpm for 2-3 h to give a TiO; slurry. The TiO,
(5 x 5 mm?) layer was prepared on a FTO glass plate by casting the slurry, and the plate
was sintered at 500°C for 30 min. The TiO;-coated FTO glass plate was immersed in a
chlroform solution of a polymer for 30 min and the plate was air-dried at room
temperature. Finally, a DSSC was fabricated with a thin liquid layer of an acetonitrile
solution containing Lil (0.5 M)/I, (0.05M), which was sandwiched between the
TiO,/FTO and Pt counter electrodes. The DSSC thus prepared was irradiated with a
monochromatic light from the FTO side and the photocurrent was monitored as a

function of wavelength by a digital electrometer (Advantest TR-8652).

Acknowledgment. This work was supported by the Grant-in-Aid for Scientific
Research on the Priority Area "Super-Hierarchical Structures" by the Ministry of
Education, Culture, Sports, Science, and Technology of Japan, to which our thanks are

due. We also thank Tokuyama Science Foundation for the financial support.

References

[1] For Reviews, see: (a) J. Ohshita, A. Kunai, Act. Polymer., 49 (1998) 379;
(b) W. Uhlig, Prog. Polym. Sci., 27 (2002) 255.

[2] (a) J. Ohshita, K. Yoshimoto, Y. Tada, Y. Harima, A. Kunai, Y. Kunugi, K. Yamashita,
J. Organomet. Chem., 682 (2003) 33;
(b) J. Ohshita, K. Yoshimoto, M. Hashimoto, D. Hamamoto, A. Kunai, Y. Harima, Y.

Kunugi, K. Yamashita, M. Kakimoto, M. Ishikawa, J. Organomet. Chem., 665 (2003)



29.

[3] J. Ohshita, D.-H. Kim, Y. Kunugi, A. Kunai, Organometallics, 24 (2005) 4496.

[4] (a) T. Lee, K.-H. Song, 1. Jng, Y. Kang, S.-H. Lee, S.-O. Kang, J. Ko, J. Organomet.
Chem., 691 (2006) 1887;

(b) T. Lee, I. Jung, K.-H. Song, C. Baik, S. Kim, D. Kim, S.-O. Kang, J. Ko,
Organometllics, 23 (2004) 4184;

(¢) J. Ohshita, T. Uemura, D.-H. Kim, A. Kunai, Y. Kunugi, M. Kakimoto,
Macromolecules, 38 (2005) 730;

(d) G. Kwak, K. I. Sumiya, F. Sanda, T. Masuda, J. Polym. Sci., A Polym. Chem., 41
(2003) 3615.

[5] (a) Y.-J. Chen, T.-Y. Luh, Macromolecules, 38 (2005) 4563;

(b) Y.-J. Chen, T.-Y. Luh, Chem. Eur. J., 10 (2005) 5361.

[6] N. Robertson, Angew. Chem. Int. Ed., 45 (2006) 2338.

[7] (a) Y. Saito, T. Azechi, T. Kitamura, Y. Hasegawa, Y. Wada, S. Yanagida, Corrd.
Chem. Rev., 248 (2004) 1469;

(b) A. F. Nogueria, C. Longo, M.-A. Paoli, Cord. Chem. Rev., 248 (2004) 1455.

[8] For recent example, see G. K. R. Sanadeera, T. Kitamura, Y. Wada, S. Yanagida,
Solar Energy Materials & Solar Cells, 88 (2005) 315.

[9] J. Ohshita, D. Kanaya, M. Ishikawa, Appl. Organomet. Chem., 7 (1993) 269.

[10] Q. Hou, Q. Zhou, Y. Zhang, W. Yang, R. Yang. Y. Cao, Macromolecules, 37 (2004)
6299.

[11] J. Ohshita, H. Kai, A. Takata, T. lida, A. Kunai, N. Ohta, K. Komaguchi, M.
Shiotani, A. Adachi, K. Sakamaki, K. Okita, Organometallics, 20 (2001), 4800.

[12] J. Xiaoqing, Y. Harima, K. Yamashita, A. Naka, K.-K. Lee, M. Ishikawa, J. Mater.
Chem., 131 (2003) 785.

[13] T. Tsubata, T. Suzuki, T. Miyashi, Y. Yamashita, J. Org. Chem., 57 (1992) 6749.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


