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A phosphorus-containing fullerene derivative was successfully applied as an electron acceptor material in organic solar cells with
power conversion efficiencies comparable to the values obtained using the state-of-the-art PHT/PCBM composite system.

Extensive research in the field of organic solar cells during the
last decade resulted in a gradual increase in power conversion
efficiencies from relatively low values of ~1% up to appreciably
high 5-6%, as reported recently.!* The design of photoactive
conjugated polymers and fullerene derivatives is of considerable
current interest. > The range of fullerene derivatives that are
promising materials for organic solar cells is very limited. These
are few methanofullerenes bearing aliphatic and aromatic (phenyl,
thienyl) substituents together with a couple of fullerene deriva-
tives with fused cyclohexane moieties.””!! All of these com-
pounds contain carbon, hydrogen, oxygen and scarcely sulfur in
their molecular frameworks. We believe that the presence of
elements such as silicon or phosphorus can improve the elec-
tronic properties and environmental stability of the materials.
This hypothesis was proved for electron donor conjugated
polymers.!2

Here, we demonstrated for the first time that phosphorus-
containing fullerene derivatives have large potential to be applied
as advanced electron acceptor materials for organic photovoltaics.
Compound 1 is the phenyl-Cq4,;-phosphonic acid diethyl ester
(PCPDE) according to the nomenclature commonly accepted
for conventional fullerene-based compounds. For instance, a short
name of the well-known material PCBM (2) was formed from
its full name, phenyl-Cg,-butyric acid methyl ester (Figure 1).13

PCPDE was synthesized earlier,'* and it was noticed that the
electrochemical reduction of PCPDE is fully reversible at least

Figure 1 Molecular structures of PCPDE 1 and PCBM 2.

© 2010 Mendeleev Communications. All rights reserved.

Figure 2 The most thermodynamically favourable conformation of the
organic addend in PCPDE according to the DFT calculations.

with the formation of mono- and dianions. On the contrary, all
other known phosphorylated fullerene derivatives rapidly undergo
the retro-Bingel reaction upon acceptance of the second electron. '3

On the basis of the 'H and '3C NMR spectral data and
theoretical calculations, it was suggested that the stability of
PCPDE is directly related to strong electronic interactions
between the phosphonic acid fragment and the fullerene cage.!4
DFT calculations suggested that an oxygen atom can approach
the C(11)-C(12) double bond of the fullerene cage by 2.99 A,
while a hydrogen atom at the ortho-position of the phenyl ring
can come closer to the C(3)-C(4) double bond by 2.87 A
(Figure 2).!* Note that the conformation of the phosphoryl
group and the internuclear distances O---C and H:--C remain in
the radical-anion. Similar results were reported for another type
of fullerene derivatives, where the intramolecular O---H and N---H
hydrogen bonds strongly stabilized the entire molecule and
significantly affected its electrochemical behaviour.!©

We performed the X-ray single crystal structure determina-
tion for PCPDE.T In the crystal, the molecule of PCPDE has a
short intramolecular contact between the oxygen atom [O(61)]
and a carbon atom of the fullerene sphere [C(11)]. The distance
between O(61) and C(11) is 2.942(5) A, which is shorter than
the sum of their van der Waals radii by 0.28 A (Figure 3).

The observed electronic interaction between the oxygen atom
of the phosphonic ester moiety and the fullerene cage can
influence significantly the electronic properties of PCPDE. It is
well known that the electronic properties of materials govern
photoinduced charge separation in the active layer of an organic
solar cell and define the maximum open-circuit voltage of the
device (V,.). Usually, it is estimated as energy difference between
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Figure 3 (a) Fragment of the molecule of PCPDE as determined from the
X-ray single crystal diffraction data. (b) Illustration of the short O(61)--C(11)
intramolecular contact using spheres for the representation of van der Waals
radii of some atoms. Solvate chloroform molecules are omitted for clarity.

the HOMO level of the donor and the LUMO level of the
acceptor materials minus 0.3 V, which is an empirical constant
accounting for typical potential loss at the active layer/electrode
interfaces:!”

V()Tax = ELUMO—accepmr - EHOMO—don()r -03V.

Therefore, we performed DFT calculations to determine the
energy levels of PCPDE, C¢, and PCBM and to reveal which of
these compounds has optimal electronic properties for applica-
tions in organic solar cells. Indeed, the calculated LUMO energy
of PCPDE was about 0.09 and 0.26 eV higher than the LUMO
energies of PCBM and C, respectively. Therefore, PCPDE
should give ~90 mV higher V. than the state-of-the-art photo-
voltaic material PCBM. Thus, theoretical calculations undoubtedly

Table 1 Energy levels of Cq), PCBM and PCPDE and estimated V.
values for solar cells based on their composites with P3HT.4

DFT (&\%
Com-
pound LUMO/ HOMO/ E|?/Vvs. LUMO/
eV eV VoV Fc/Fc* eV VoV
Ceo —4.38 -6.02 0.83 -1.03 -3.77 1.03
PCBM -4.21 -5.68 1.00 -1.13 -3.67 1.13
PCPDE -4.12 -5.58 1.09 -1.13 -3.67 1.13

aE|”? — the first half-wave reduction potential of the compound; V,, was
estimated using given above equation and E(HOMO-P3HT)=-5.1eV
according to ref. 17.

¥ X-ray diffraction data. The sample of phenyl-Cy,-phosphonic acid diethyl
ester was crystallized from a mixture of CS, and CHCl;, C; H,50,P-CHCl;,
M =1066.17, monoclinic, space group P2,/c, a =10.0681(9), b =24.078(2)
and ¢=17.973(2) A, B =101.407(4)°, V=4270.9(7) A3, Z=4, d_y. =
=1.658 g cm, u(CuKo) = 28.09 cm™!, F(000) = 2152, 35980 reflections
measured, 6872 unique (R;,, = 0.0470), restraints/parameters = 1/696. Final
indices R (F) = 0.0806, wR,(F?) = 0.2285 for 5893 reflections with 7> 20(J).
Goodness-of-fit on F2 was 1.045, the largest difference peak and hole are
1.029 and —0.986 eA-3, respectively. Cell parameters and intensities for
single crystals were measured at 296 K on a Bruker AXS Kappa Apex
diffractometer using CuKo radiation with a graphite monochromator. Data
were corrected for the absorption effect using the SADABS?? program.
The structure was solved by a direct method and refined by the full matrix
least-squares using the SHELXTL? and WinGX?* programs. All non-
hydrogen atoms were refined anisotropically. The positions of hydrogen
atoms were located from the Fourier electron density synthesis and included
in the refinement in the isotropic riding model approximation. Data col-
lections: images were indexed, integrated and scaled using the APEX? data
reduction package. All figures were made using the PLATON program.?®
CCDC 747602 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2010.
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Figure 4 Schematic diagram of the photovoltaic cell (left) and molecular
structure of the regioregular P3HT (right).

Table 2 Output parameters of organic solar cells comprising PCPDE or
PCBM in photoactive layers.

Composite (conditions) IJmAcm? V,/mV FF(%) (%)
PCPDE/P3HT 7.6 600 35 1.60
(as prepared)

PCPDE/P3HT (annealed 4.0 550 47 1.04
at 155 °C for 3 min)

PCBM/P3HT (annealed 7.0 580 58 2.38

at 155 oC for 3 min)

suggested that PCPDE is a very promising material for organic
solar cells.

Meantime, the experimental reduction potentials of PCBM
and PCPDE' found using cyclic voltammetry (CV) were almost
identical and resulted in the same estimated LUMO energies for
both compounds.!® On the basis of these electrochemical data,
similar values of V. should be expected for solar cells com-
prising PCBM or PCPDE as photoactive materials. Therefore,
there is some discrepancy between DFT calculations and electro-
chemistry measurements performed for PCPDE.

At the next step, we evaluated PCPDE as an electron acceptor
material for bulk heterojunction organic solar cells. For this
purpose, PCPDE (8 mg) was blended with the electron donor
polymer P3HT [poly(3-hexylthiophene)] (10 mg) in chloroform
(1 ml) and then spin-coated on the ITO slides covered with a
PEDOT-PSS layer. The resulting 75-85 nm thick films were
immediately transferred to a glove box with an inert atmo-
sphere and dried. Then, an aluminum cathode was deposited by
thermal vacuum evaporation (~100 nm). The resulting devices
were sealed between two glass plates to protect them from the
action of oxygen and moisture outside the glove box.

The I-V curves were measured for the fabricated devices in
the dark and under irradiation with simulated solar light provided

15 —o—light on, no annealing
—o— light on, annealed

10 at 155 °C
—e— light off
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Figure 5 Light on and light off /-V curves for as-prepared and annealed
solar cells based on the PCPDE/P3HT composite.
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by a KHS Steuernagel solar simulator calibrated to correspond
to 100 mW cm2 at AMI.5. First, the clear photovoltaic effect
can be noticed for solar cells comprising the PCPDE/P3HT com-
posite. Appreciably high short circuit current (/) densities of
7.6 mA cm2 and V. of 600 mV were obtained together with a
disappointedly low fill factor (FF) of only 35%. The overall
power conversion efficiency (1) of solar cells was calculated
using the following equation:

sc’oc

1= I VoFF/Pygy,

where Py, is the power of the light beam coming from the
solar simulator with AM1.5 irradiation spectrum. In our case,
the light power was adjusted to 100 mW c¢m~2 (standard measure-
ment conditions).

The calculated value of # for the PCPDE/P3HT solar cells
was 1.6%. The reference PCBM/P3HT devices yielded  =2.38%
due to higher /4. and FF values. We note that V. of the PCBM-
based solar cells was ~20 mV lower than V. of the devices
comprising PCPDE as an acceptor material. The DFT calcula-
tions gave a much higher difference of 90 mV between the open
circuit voltages of solar cells containing PCBM or PCPDE.
Therefore, the experimental results are consistent with the
electrochemistry data that suggested similar V. values for both
PCBM and PCPDE.

The thermal treatment of P3BHT/PCBM films usually improves
their photovoltaic performance.!® However, it was opposite for
PCPDE/P3HT composites. Indeed, annealing at 155 °C for 3 min
improved the fill factor (up to 47%), while I, and V,_. dropped
significantly resulting in an overall power conversion efficiency
of 1.04%. Heating leads to large-scale phase separation between
donor and acceptor materials as it can be deduced from the
AFM image of the annealed PCPDE/P3HT composite (Figure 6).
Large bright regions clearly visible in the image most likely
correspond to the clusters of the fullerene derivative segregated
from the polymer. The size of some clusters exceeds 1000 nm,
which is ~100 times larger than the optimal degree of phase
separation (~10-15 nm) defined by exciton diffusion lengths in
these materials.2%2! Therefore, the revealed nanomorphology of
the PCPDE/P3HT composite is unfavourable for charge genera-
tion, and it can also cause problems for charge transport to the
electrodes.

In conclusion, we have shown that phosphorus-containing
fullerene derivatives such as PCPDE can be considered as pro-
mising photoactive materials for organic solar cells. The major
advantage of these compounds is their higher LUMO energies
arising from the unusual intramolecular interaction between the
unshared electron pair of the phosphonic oxygen atom and the
fullerene cage. The compound PCPDE gave moderate photo-
voltaic characteristics due to unfavourable morphology of its
composite with the donor polymer P3HT. Further efforts will

y/um

x/um

Figure 6 AFM topography image of the annealed PCPDE/P3HT com-
posite film.

be focused on the preparation of compounds similar to PCPDE
and bearing a longer alkyl chain at the phosphonic acid residue
to improve the compatibility of the fullerene-based material with
P3HT and afford composites with better nanomorphologies and
photovoltaic performances.
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no. MK-4305.2009.3). We are grateful to Professor N. S. Sariciftci
(LIOS, Austria) for providing us with the required equipment
and conditions for measuring AFM for the PCPDE/P3HT com-
posite.

References

1 H. Hoppe and N. S. Sariciftci, J. Mater. Chem., 2006, 16, 45.

2 J.Y.Kim, K. Lee, N. E. Coates, D. Moses, T.-Q. Nguyen, M. Dante
and A. J. Heeger, Science, 2007, 317, 222.

3 Y. Liang, D. Feng, Y. Wu, S.-T. Tsai, G. Li, C. Ray and L. Yu, J. Am.
Chem. Soc., 2009, 131, 7792.

4 H. Hoppe and N. S. Sariciftci, Adv. Polym. Sci., 2007, 12, 121.

5 B.C.Thompson and J. M. J. Frechet, Angew. Chem. Int. Ed., 2008,
47, 58.

6 R. Kroon, M. Lenes, J. C. Hummelen, P. W. M. Blom and B. de Boer,
Polym. Rev., 2008, 48, 531.

7 1. Riedel, E. von Hauff, J. Parisi, N. Martin, F. Giacalone and V. Dyakonov,
Adv. Funct. Mater., 2005, 15, 1979.

8 S. A.Backer, K. Sivula, D.F. Kavulak and J. M. J. Frechet, Chem.
Mater., 2007, 19, 2927.

9 P. A. Troshin, H. Hoppe, J. Renz, M. Egginger, J. Yu. Mayorova, A. E.
Goryacheyv, A. S. Peregudov, R. N. Lyubovskaya, G. Gobsch, N. S. Sariciftci
and V. F. Razumov, Adv. Funct. Mater., 2009, 19, 779.

10 L.Zheng, Q. Zhou, X. Deng, W. Fei, N. Bin, Z.-X. Guo, G. Yu and
Y. Cao, Thin Solid Films, 2005, 489, 251.

11 L. M. Popescu, P.van’t Hof, A.B. Sieval, H. T.Jonkman and J.C.
Hummelen, Appl. Phys. Lett., 2006, 89, 213507.

12 J. Hou, H.-Y. Chen, S. Zhang, G. Li and Y. Yang, J. Am. Chem. Soc.,
2008, 130, 16144.

13 J. C. Hummelen, B. W. Knight, F. Lepeq, F. Wudl, J. Yao and C. L.
Wilkins, J. Org. Chem., 1995, 60, 532.

14 1. P. Romanova, E. I. Musina, A. A. Nafikova, V. V. Zverev, D. G. Yakharov
and O. G. Sinyashin, Izv. Akad. Nauk, Ser. Khim., 2003, 1660 (Russ.
Chem. Bull., Int. Ed., 2003, 52, 1750).

15 V. V. Yanilkin, V. P. Gubskaya, V.I. Morozov, N. V. Nastapova, V. V.
Zverev, E. A. Berdnikov and I. A. Nuretdinov, Elektrokhimiya, 2003,
39, 1285 (Russ. J. Electrochem., 2003, 39, 1147).

16 F.-F.Li, X. Gao and M. Zheng, J. Org. Chem., 2009, 74, 82.

17 M. C. Scharber, D. Muhlbacher, M. Koppe, P. Denk, C. Waldauf, A. J.
Heeger and C. J. Brabec, Adv. Mater., 2006, 18, 789.

18 Organic Photovoltaics: Mechanisms, Materials and Devices, eds.
S.-S. Sun and N. S. Sariciftci, CRC Press, Boca Raton, FL, 2005.

19 F. Padinger, R. S. Rittberger and N. S. Sariciftci, Adv. Funct. Mater.,
2003, 13, 85.

20 W. Ma, C. Yang, X. Gong, K. Lee and A. J. Heeger, Adv. Funct. Mater.,
2005, 15, 1617.

21 P. W. M. Blom, V. D. Mihailetchi, J. A. Koster and D. E. Markov, Adv.
Mater., 2007, 19, 1551.

22 G. M. Sheldrick, SADABS, Program for Empirical X-ray Absorption
Correction, Bruker-Nonius, 2004.

23 G. M. Sheldrick, SHELXTL v.6.12, Structure Determination Software
Suite, Bruker AXS, Madison, Winsconsin, USA, 2000.

24 L.J. Farrugia, J. Appl. Crystallogr., 1999, 32, 837.

25 APEXS2 (Version 2.1), SAINTPlus. Data Reduction and Correction
Program (Version 7.31A, Bruker Advansed X-ray Solutions), Bruker
AXS Inc., Madison, Winsconsin, USA, 2006.

26 L.J. Farrugia, J. Appl. Crystallogr., 2003, 36, 7.

Received: 5th October 2009; Com. 09/3398

- 139 -




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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




