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ABSTRACT.   CdTe tetrapods have been deposited on a substrate, and partially coated with a 

protective polymer layer, exposing just one arm.  The exposed arm was then decorated with Au 

nanoparticles in a site selective fashion.  The modified arms were readily broken off from the remainder 

of the tetrapods, and released from the substrate, yielding CdTe nanorods asymmetrically modified with 

Au nanoparticles.  These nanostructures with reduced symmetry may show interesting optoelectronic 

properties. 

1

Asymmetry is a common feature of the building blocks in many self-assembled structures. For 

example, phospholipids, molecules that have polar groups on one end and non-polar ones on the other, 

are basic building blocks for cell membranes. The asymmetry in hydrophilicity enables them to self- 

assemble into bilayer structures in water. Another very good example is diblock copolymers, which can 

self-assemble into different morphologies such as spheres, cylinders, and lamellae. In this case, the self- 

assembly depends not only on the existence of asymmetry, i.e. the two different blocks, but also on the 

degree of asymmetry, which is the volume ratio between them.  

 



In the field of nanoscience, to build self-assembled structures from nanocrystals has been a long term 

goal. The ability to build controlled nanocrystal assemblies, or “artificial molecules”, from nanocrystal 

“artificial atoms”1-3 allows us to mimic the molecular world in a much larger dimension. State of the art 

nanomaterial syntheses can now produce colloidal nanoparticles (NPs) with controlled sizes, shapes, 

and compositions4,5. However, only highly symmetric NPs, such as spheres6, rods7,8, and more recently 

tetrapods9 have been well studied. Nanometer sized materials of greater complexity can be built with 

components of lower symmetry, offering the possibility of creating materials with a higher level of 

integrated functionality. 

Asymmetric nanostructures are more versatile building blocks compared to their symmetric 

counterparts. For example, when a gold NP is asymmetrically modified with only one single strand 

DNA (ssDNA), it can be used as the building block to prepare more complex structures such as dimers 

and trimers1,3. Recently, it has been shown that asymmetric diblock Au-polymer nanorods can self-

assemble into bundles, tubes, and sheets10. The degree of asymmetry of the nanorods, which is the 

length ratio of the two blocks, determines the final assembled structure, similar to the case of the 

diblock copolymer. 

Some asymmetric structures have been prepared using post synthesis modifications. For example, 

gold half-shell structures were produced by evaporating gold onto an array of silica colloidal particles11. 

Heat treatment of these structures gave gold–metal oxide asymmetric dimers12. In a similar approach, 

gold shell structures have been grown from Au NP seeds on a silica surface to produce gold cups or 

caps13. Direct synthesis of asymmetric structures has also been realized in nanowire systems using 

chemical vapor deposition14-16. Similarly, asymmetric rods can be prepared using template directed 

growth10,17.  

 In many of the above examples, relatively large particles were prepared. For example, the gold–metal 

oxide asymmetric dimers can only be prepared from metal oxide particles larger than 200 nm. The gold-

polymer asymmetric nanorods have diameters around 200 nm and lengths over one micrometer. As a 

result, they can only be used to prepare assemblies in micrometer or even larger dimensions. To prepare 
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sub-micrometer sized assemblies, smaller asymmetric building blocks are needed. Furthermore, it is 

desirable to develop a range of methods that can yield such structures. 

CdTe tetrapods were recently prepared in high yield in our group9. The structure of the tetrapod is 

topologically similar to that of a sp3 hybridized carbon atom. With the possibility to mimic the bonding 

between carbon atoms in organic molecules, this type of structure can serve as a very interesting 

building block to prepare superstructures, especially three dimensional ones. For example, it would be 

very interesting to modify each of the four arms differently, to produce a chiral “nanocrystal molecule”. 

Another advantage of using tetrapods as building blocks lies in the fact that the dimension of tetrapods 

can be tuned over a wide range. For example, the arm length can be made from less then 20 nm to over 

200 nm, while keeping the arm diameter unchanged. This feature makes it possible to use tetrapods to 

prepare structures over a wide range of sizes and complexities.  

In this communication, we show the first step toward this direction: the preparation of asymmetric 

tetrapods. We show it is possible to modify only one of the four arms of the tetrapod with Au NPs. It is 

further shown that asymmetrically modified CdTe nanorods can be produced by breaking this structure. 

The structures prepared here are potential building blocks to more complex assemblies. The tetrapod 

arms were modified with Gold NPs instead of small molecules, mainly for ease of visualization. It is 

difficult to characterize organic species on the semiconductor NP surface with nanometer spatial 

resolution using current instrumentation. However, use of NPs as tags allows us to use transmission 

electron microscopy (TEM) or scanning electron microscopy (SEM) to directly image the modified 

structures. In addition, the surface chemistry of gold is well developed. Attaching gold particles to 

tetrapods provides a surface with unique chemical properties which can be used for further 

functionalization or preparation of nanostructure assemblies.  Finally, Banin and coworkers have 

recently prepared CdSe nanorods and tetrapods with single Au nanoparticles directly attached to the 

ends18.  It should be of interest to compare the properties of those systems with the asymmetric ones 

produced here.  
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Results and Discussions.  

In order to selectively modify only one of the four arms, the approximate Td symmetry of the 

tetrapods must be broken first. This was realized by putting tetrapods onto a flat silicon surface. 

Because of the unique geometry of the tetrapods, three arms contacted with the surface and the last one 

pointed away from the surface. To produce high density tetrapod films with minimum aggregation, 

spin-coating and Langmuir-Blodgett techniques were first tested but both produced a high degree of 

aggregation. To our surprise, slow evaporation of tetrapod solutions in pyridine produced uniform 

tetrapod coverage with almost no aggregation over the range of 100 µm (Figure 1).  

To achieve modification of only one arm of the tetrapods, a polymer film was then spin-coated to 

cover the bottom three arms, exposing only part of the top arm (Scheme 1, step A). So far, two polymers 

have been tested: poly (3-hexyl-thiophene) (P3HT) and poly (methyl methacrylate) (PMMA). Because 

P3HT is a semiconductor polymer, SEM can be used to characterize the surface before and after spin-

coating. After a ~ 40 nm thick P3HT layer was spin-coated, the bottom three arms showed reduced 

contrast in SEM images, which suggested that they were covered by the polymer film (data not shown). 

Atomic force microscopy (AFM) was used to further characterize the composite. Figure 2 shows the 

height image of the polymer-tetrapod surface. Separated dots can be found, which correspond to the 

exposed top arms. The heights of the dots roughly match the estimated exposed arm lengths.  

The composite film was then treated with an isopropanol solution of hexanedithiol overnight to 

modify the exposed top arms (Scheme 1, step B). P3HT and PMMA are not soluble in isopropanol so 

the bottom three arms remained covered throughout this process. Thiol groups readily bind to the CdTe 

surface. In the case of hexanedithiol, one thiol group binds to the CdTe surface while the other one 

remains free. Gold NPs coated with trioctylphosphine (TOP) were then used to modify the top arms via 

the dithiol linkers (Scheme 1, step C)19. TOP coated NPs instead of thiol coated ones were used because 

TOP can be easily replaced by the thiol groups. The diameters of the gold NPs and arms of the tetrapod 

we used here were around 5 nm and 10 nm, respectively. As a result, multiple gold NPs bound to the top 

arms in this step. After the modification, the polymer film was removed by dissolving it in organic 
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solvent such as chloroform (for P3HT) or pyridine (for PMMA) to expose the whole structure (Scheme 

1, step D).  

SEM and TEM were used to characterize the prepared asymmetric tetrapods. Figure 3 shows the SEM 

images of the resulting asymmetric tetrapods using PMMA as the protecting layer. It can be clearly seen 

that the tips of the top arms have larger diameters compared with the bottom parts, as a result of the 

attachment of large numbers of Au NPs. The fine structure is revealed in the selected higher resolution 

images, shown at the bottom of figure 3. Individual gold NPs can be seen on the top arm while the other 

three arms are clean. Similar results were obtained using P3HT as the protecting polymer.  

Control experiments demonstrate that the modification is indeed mediated by the dithiol linker instead 

of nonspecific adsorption. A silicon chip was spilt into two halves after deposition of tetrapods and 

spin-coating of the P3HT film. One of the pieces was treated with hexanedithiol solution and the other 

was not. Both of them were then treated with Au NPs and the polymer layers were removed afterwards. 

Shown in figure 4, the sample without hexanedithiol treatment shows no binding of gold NPs while the 

other one shows successful asymmetric modification. 

In one experiment, two cycles of hexanedithiol and gold NP modifications were performed before the 

polymer protecting layer was removed. This procedure produced two layers of gold NP shells on the 

exposed top arms. A much larger cluster of gold NPs can be seen on the top arms (Figure 5). In a 

different approach, the thickness of the polymer layers was varied to control the exposed arm length in 

order to control the degree of modification (data not shown). 

It is desirable to release the modified tetrapods intact from the substrate.  So far this has not proven 

possible, because of the very strong interaction with the substrate.  When the tetrapods are first 

deposited, the capillary force from solvent evaporation slams the tetrapods onto the surface, flattening 

the three arms that are pointing down towards the substrate.  This effect has been visualized previously 

in experiments where the tetrapods were deposited to the side walls of trenches and could be viewed 

from the side20.  It also has been seen by C. Kieselowski for tetrapods deposited on flat surfaces using 

tomographic reconstruction in the TEM21.  In the future, it may be possible to gently deposit the 
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tetrapods using supercritical fluid, to avoid strong capillary forces.   In the meantime, we have learned 

how to break off the uppermost arm of the tetrapod, which is asymmetrically modified with Au NPs.  

This was accomplished by pressing a TEM grid onto the silicon surface. During this process, particles 

were transferred to the TEM grid. Indeed, we were able to find a few asymmetrically modified tetrapods 

on some rare occasions (Figure 6). However, to our surprise, the majority of the materials on the TEM 

grid were nanorods (Figure 7, top left). Under higher magnification, it can be seen that the nanorods 

were asymmetrically modified with gold NPs (Figure 7, top right) formed by breaking the modified top 

arms (Scheme 2) by the TEM grid. We found that this break-and-transfer process could be applied to 

other substrates as well. The bottom of Figure 7 shows SEM images of the broken asymmetric CdTe 

nanorods transferred to a Si substrate. We want to emphasize here that this simple method produces 

asymmetric nanorods which are very hard to prepare in other ways. Besides the interesting 

semiconductor-metal heterostructure itself, these asymmetric nanorods can also be used as useful basic 

building blocks. For example, if functionalized by appropriate organic molecules on the gold NPs; they 

can be potentially made into nanocrystal amphilphiles. Furthermore, they should exhibit anomalously 

large transient electric birefringence22, and may have interesting non-linear optical properties.  

In conclusion, we successfully prepared asymmetrically modified CdTe tetrapods and nanorods via a 

site selective modification method. These novel structures can be potentially used as basic building 

blocks to prepare more complex nanostructures. The mild preparation process makes it possible to 

modify other tetrapod shaped substrates, for example, CdSe8 and ZnO tetrapods23 in the future. By using 

different material specific linker molecules, other NPs can also be used in the modification.  

Acknowledgements. This work was supported by the Director, Office of Energy Research, Office of 

Science, Division of Materials Sciences, of the U.S. Department of Energy under Contract No. DE-

AC03-76SF00098. 

*To whom correspondence should be addressed. Email: alivis@uclink.berkeley.edu. 
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Figure 1.  SEM images (top down view) of the prepared tetrapod film on Si wafer. Left: High 

resolution image showing individual tetrapods. The top arms appear as bright spots. Right: Low 

resolution image showing the large area homogenous film. Each tiny white spot corresponds to one 

tetrapod top arm. The large white islands result from organic contamination. 
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Scheme 1. Preparation of asymmetric tetrapods. A: Spin-coat polymer to partially cover tetrapods. B: 

Treat with hexanedithiol solution. Hexanedithiol modified surface is shown in blue color. C: Attach 

gold NP (shown as red dots) onto modified tetrapod surface. D: Dissolve the polymer layer.  

       A

B

C

D
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Figure 2. Tapping mode AFM height image of the tetrapods partially covered with polymer. The image 

size is 1 µm x 1 µm. The high spots correspond to exposed top arms.  
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Figure 3.  SEM images (tilted 30 degrees) of as prepared asymmetric tetrapods on Si surface. The top 

arms were modified with many gold NPs. Top: large area view. Bottom: selected high resolution images. 
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Figure 4. Control experiment result supports that the modification is a chemical one. Left: SEM image 

of CdTe tetrapods obtained after treating with hexanedithiol and Au NPs. Right: SEM image of CdTe 

tetrapod obtained after treating with Au NPs only. The tetrapods were not modified with Au NPs in this 

case. 
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Figure 5. SEM images of asymmetric tetrapods prepared using two cycles of hexanedithiol, Au NP 

modifications. There are much more Au NPs on the top arm compared to those in the figure 3.  
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Figure 6. TEM image of asymmetric tetrapod. 
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Scheme 2. Asymmetric tetrapods are broken to produce asymmetric rods.  
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Figure 7. TEM (top) and SEM (bottom) images of asymmetrically modified CdTe rods.  

 

 

15

 



 (1) Alivisatos, A. P.; Johnsson, K. P.; Peng, X. G.; Wilson, T. E.; Loweth, C. J.; Bruchez, M. 

P.; Schultz, P. G. Nature 1996, 382, 609-611. 

 (2) Peng, X. G.; Wilson, T. E.; Alivisatos, A. P.; Schultz, P. G. Angew. Chem. Int. Ed. Engl. 

1997, 36, 145-147. 

 (3) Loweth, C. J.; Caldwell, W. B.; Peng, X. G.; Alivisatos, A. P.; Schultz, P. G. Angew. 

Chem. Int. Ed. Engl. 1999, 38, 1808-1812. 

 (4) Daniel, M. C.; Astruc, D. Chem. Rev. 2004, 104, 293-346. 

 (5) Crouch, D.; Norager, S.; O'Brien, P.; Park, J. H.; Pickett, N. Philos. T. Roy. Soc. A 2003, 

361, 297-310. 

 (6) Murray, C. B.; Norris, D. J.; Bawendi, M. G. J. Am. Chem. Soc. 1993, 115, 8706-8715. 

 (7) Peng, X. G.; Manna, L.; Yang, W. D.; Wickham, J.; Scher, E.; Kadavanich, A.; 

Alivisatos, A. P. Nature 2000, 404, 59-61. 

 (8) Manna, L.; Scher, E. C.; Alivisatos, A. P. J. Am. Chem. Soc. 2000, 122, 12700-12706. 

 (9) Manna, L.; Milliron, D. J.; Meisel, A.; Scher, E. C.; Alivisatos, A. P. Nature Mater. 

2003, 2, 382-385. 

 (10) Park, S.; Lim, J. H.; Chung, S. W.; Mirkin, C. A. Science 2004, 303, 348-351. 

 (11) Love, J. C.; Gates, B. D.; Wolfe, D. B.; Paul, K. E.; Whitesides, G. M. Nano Lett. 2002, 

2, 891-894. 

 (12) Lu, Y.; Xiong, H.; Jiang, X. C.; Xia, Y. N.; Prentiss, M.; Whitesides, G. M. J. Am. Chem. 

Soc. 2003, 125, 12724-12725. 

 (13) Charnay, C.; Lee, A.; Man, S. Q.; Moran, C. E.; Radloff, C.; Bradley, R. K.; Halas, N. J. 

J. Phys. Chem. B 2003, 107, 7327-7333. 
16

 



 (14) Wu, Y. Y.; Fan, R.; Yang, P. D. Nano Lett. 2002, 2, 83-86. 

 (15) Gudiksen, M. S.; Lauhon, L. J.; Wang, J.; Smith, D. C.; Lieber, C. M. Nature 2002, 415, 

617-620. 

 (16) Bjork, M. T.; Ohlsson, B. J.; Sass, T.; Persson, A. I.; Thelander, C.; Magnusson, M. H.; 

Deppert, K.; Wallenberg, L. R.; Samuelson, L. Nano Lett. 2002, 2, 87-89. 

 (17) Salem, A. K.; Searson, P. C.; Leong, K. W. Nature Mater. 2003, 2, 668-671. 

 (18) Mokari, T.; Rothenberg, E.; Popov, I.; Costi, R.; Banin, U. Science 2004, 304, 1787-

1790. 

 (19) The TOP coated Au NP was synthesized by reducing HAuCl4 in the presence of TOP. 

HAuCl4 (97.6 mM in water, 1 mL) was mixed with tetraoctyl ammonium bromide (0.1 M in toluene, 4 

mL) and toluene (4 mL). The mixture was stirred until the gold salt transferred to the toluene layer. The 

organic layer was then separated and dried using molecular sieve. The dried solution (1 mL) was mixed 

with toluene (4 mL) and TOP (20 µL). Lithium triethyl borohydride (1 M in THF, 1 mL) was injected 

into the mixture and the reaction was stirred in dark. The NP was precipitated by adding methanol. 

After separating the precipitate from the supernatant, it was redissolved in toluene. The precipitation - 

redispersion was then repeated once. The NP solution was diluted with isopropanol (1 : 10 by mass) and 

used in the tetrapod modification immediately.       

 (20) Cui, Y.; Bjork, M. T.; Liddle, J. A.; Sonnichsen, C.; Boussert, B.; Alivisatos, A. P. Nano 

Lett. 2004, 4, 1093-1098. 

 (21)  Kieselowski, C. Private Communication 

  (22) Li, L. S.; Alivisatos, A. P. Phys. Rev. Lett. 2003, 90, 097402. 

  (23) Yan, H.; He, R.; Pham, J.; Yang, P. Adv. Mater. 2003, 15, 402-405. 

17

 



TOC Artwork 

 

 

18

 



<<
  /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




