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Abstract Carbon based structures have been widely

studied by X-ray absorption (XAS), also called NEXAFS,

which is a very useful bulk probing method that allows

examining the unoccupied density of states (DOS) and the

site selective bonding environment. Two very well known

spectral features in the XAS core level spectrum are the r*

and p* bands, and both have been analyzed in several

studies for graphitic-like systems. However, among all the

carbon materials, the unique one-dimensional electronic

properties attributed to single-walled carbon nanotubes

(SWCNTs) exhibit features that reveal clearly their elec-

tronic structure in the core level XAS spectrum. In this

article, we outline the C1s response in XAS, which is

related to the DOS of the conduction band in SWCNTs and

its fine structure, revealed by experiments performed on

metallicity-sorted SWCNT material. The progress in the

identification of changes in the site selective conduction

band electronic structure with XAS is discussed in detail.

Introduction

Single-walled carbon nanotubes (SWCNTs) are one-

dimensional (1D) crystalline structures with peculiar elec-

tronic properties. The carbon atoms constituting the

backbone of the tubular structure form r bonds with their

neighbors, leaving one electron in a p orbital which is

responsible for the intriguing electronic structure of these

materials. Furthermore, to understand the studies here

presented it is useful to keep in mind that the geometric

structure of a SWCNT renders its metallic or semicon-

ducting nature.

Commonly used nanotube synthesis techniques are

nowadays able to produce gram quantities of SWCNTs but

they are not metallicity-sorted as-grown. Positive devel-

opments have been made in controlling and optimizing the

synthesis, as well as the purification and separation of

nanotubes by metallicity and chirality. Taking advantage of

this, we have made use of purely metallic and purely

semiconducting samples produced by density gradient

ultracentrifugation (DGU) [1]. Techniques such as scan-

ning tunneling microscopy, photoemission spectroscopy,

nuclear magnetic resonance, optical absorption, among

others, have been able to identify the characteristic features

of the electronic structure of SWCNTs. Combining XAS as

a bulk probing technique with the availability of metal-

licity-sorted material, we show here that it is possible to

study the long theoretically predicted electronic structure

of SWCNTs on a buckypaper (see left side inset in Fig. 1).
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Focusing deeper on the technique, it is worth recalling

that XAS is a powerful tool revealing the features in the

unoccupied density of states (DOS). It has been widely

used to study materials made of carbon atoms in its three

possible hybridizations. For instance, the electronic struc-

ture of graphite has been widely studied experimentally

and theoretically and the r* and p* thresholds have been

examined by various authors [2–5]. An intense debate

existed around a discrepancy of the position of a peak

appearing 3 eV above the Fermi level (EF) in the ground

state DOS, whereas experimental XAS observations found

that peak dislocated 1 eV. This peak is associated to the p*

resonance and its dislocation has been found to be strongly

affected by excitonic effects. Also, the r* is strongly

influenced by excitonic effects but we will not focus on it

in this contribution.

The purpose of this article is assessing the electronic

states is SWCNTs using XAS. More specifically, we focus

on the nature of the p* resonance and the fine structure that

we have observed in this feature. Along this manuscript,

we describe how this can be associated to the van Hove

singularities (vHs) characteristically observed in the DOS

of SWCNTs.

Experimental

Samples

The studies described in this contribution have been made on

films of purified SWCNT with a characteristic narrow

Gaussian diameter distribution centered at 1.37 nm and a

spread of ±0.08 nm as depicted in Fig. 1. Both, arc dis-

charge and laser ablation pristine SWCNTs have been used.

In addition, arc discharge samples, later separated according

to metallicity via DGU [1], have been employed. A sub-

sequent filtration has been used, which allows the formation

of mats of so-called buckypaper of purely metallic and

purely semiconducting SWCNTs (see example of the

metallic buckypaper on the top left side of Fig. 1). This

facilitates the use of samples as a bulk sample which can later

easily be mounted on a conducting sample holder [6].

The quality of these samples is checked by photoemis-

sion studies, which reveal an overall purity of better than

99% regarding the catalysts other carbon impurities, due to

the absence of any other photoemission signals beyond the

carbon response from the separated SWCNT. The signal of

the metal particles was below the detection limit of 0.5% of

the carbon C1s signal, showing the high purity of the

samples [7]. The same holds for the purity of the samples

regarding the details in the valence and conduction band

response of the SWCNT. Previous results on the purity of

metallicity integrated samples [8–10] showed a direct

correlation between the purity of the samples and the

observation of the 1D van Hove singularities in the valence

band photoemission response. This is important because

any remaining impurity beyond 1% yields to impurity

scattering which broadens the overall 1D photoemission

response of the SWCNT [9, 11].

XAS experiments

All the measurements are performed on a film of SWCNTs

annealed above 800 K in ultra-high vacuum. XAS experi-

ments here reported were performed at the beamline

UE52PGM at Bessy II. XAS spectra were recorded in

partial yield and drain current modes. All the the NEXAFS

experiments here reported were performed at the beamline

UE52PGM at Bessy II, which has a resolving power

(E/DE) of 4 � 104.

Results and discussion

As mentioned in the introductory section, studying the C1s

response in XAS is a very useful way to prove the con-

duction band of the system. This feature has been analyzed

for various carbonaceous materials along the years. How-

ever, let us focus merely on graphite and carbon nanotubes.

The overall XAS absorption spectral patterns in the C1

response are depicted in Fig. 2. The lines depicted from

bottom to top are high-resolution XAS spectra recorded on

the C1s edge of highly oriented pyrolitic graphite,

as-grown bundles of SWCNTs with random metallicity and

sorted semiconducting and metallic species. The spectra

corresponding HOPG and metallicity-mixed samples has

been reproduced from Ref. [12].

Fig. 1 The nanotube material probed for these studies are bundles

with a Gaussian diameter distribution centered at 1.37 nm and a

spread of ±0.08 nm. The histogram shows the relative abundance of

semiconducting (black) and metallic (blue) species. The correspond-

ing diameter cumulative tight binding calculation of the DOS for

metallic and semiconducting SWCNTs is shown in the right side

inset. Additionally, the nanotube material probed was in the form of a

buckpaper such as the picture displayed as inset in the top left corner

(Color figure online)
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The overall shape in all these cases exhibits the well

known p* resonance at 285.4 eV and the r* threshold at

291.7 eV [13], which has also been reported with core

level EELS on the C1s edge of SWCNTs [10] and previous

XAS results on SWCNTs [14–16]. This is the first hint that

the signature of the conduction band in the metallicity

separated SWCNTs must include a reminiscent shape

related to the graphite response, which is indeed the case.

However, examining closer the XAS C1s response of the

SWCNTs as shown in Fig. 2, a fine structure appears on the

p* resonance. It had been suggested that the pronounced

features appearing on the p* peak could be related to the

distinct vHs in the unoccupied DOS of the SWCNTs

[12, 17]. The clearly resolved fine structure features in the

XAS spectra of bulk metallicity-mixed SWCNTs address

the concomitant response of metallicity-sorted SWCNTs.

However, only the use of SWCNTs which are metallicity-

sorted truly discerns unambiguously the fine structure that

fingerprints the 1D response of metallic and semiconduct-

ing species.

Let us now analyze separately the 1D DOS in the con-

duction band of sorted metallic and semiconducting

SWCNTs, looking at the high-resolution C1s edge XAS

spectra depicted both in Figs. 3 and 4, respectively. The p*

response of the metallic and semiconducting species

exhibits a unique fine structure. In both cases, in order to

disentangle the independent fine structures we made a fine

lineshape analysis. For this, we have taken into account the

position of the vHs obtained from the diameter cumulative

tight binding (TB) calculations corresponding to the two

different types of samples (shown in Fig. 1). As depicted in

the upper pannels of Figs. 3 and 4, we have applied a

Gaussian broadening to the DOS calculated for the con-

duction bands correspondingly, to better compare the the-

ory with the XAS experiments.

First, the metallic SWCNTs samples exhibit the p*

resonance fine structure depicted in Fig. 3. To unravel this

fine structure, we performed a line shape analysis using

Gaussian components. As it is clearly seen, the solid lines

used in this deconvolution correspond to the vHs and a

broad Voigtian for the p* peak which is related to the

graphite lineshape, as indicated in the figure. The p* peak

is observed at 285.26 eV in the case of the purely metallic

samples. The additional foot at the low-binding energy was

fitted using a cumulative Gaussian folded by a Fermi

function. In addition, the fine structure corresponding to the

metallic sample response, exhibits peaks positioned at

285.10, 285.65 eV and a shoulder at 286.1 eV. An addi-

tional foot in the case of metallic SWCNTs is located at

284.5 eV. This can be attributed to the onset of the constant

1D DOS at the EF in the case of the metallic nature of the

probed sample. Analyzing now the features of the fine

structure observed in the p* response corresponding to the

purely semiconducting type of samples, again a broad

Voigtian has been used to identify the p* graphite remi-

niscent, which is centered at 285.3 eV and it is in partic-

ularly good agreement with the values reported for

graphite. The semiconducting fine structure is observed as

peaks at 284.75, 284.95, 285.35 eV and as shoulders at

285.7 and 286.05 eV.

The comparison of the detailed line shape analysis to the

broadened metallicity selected diameter cumulative DOS is

shown in the upper panels of Figs. 3 and 4. The scaled

calculation can be positioned according to the C1s binding

energy, which can be in turn directly associated to

Fig. 2 Left panel: the lines depicted from bottom to top are high-

resolution XAS spectra recorded on the C1s edge of graphite,

as-grown bundles of SWCNTs with random metallicity and sorted

semiconducting and metallic species. Right panel: close up into the

C1s p* absorption edge of the same types of samples

Fig. 3 Close up of the high-resolution XAS C1s p* absorbtion edges

(circles) of metallic SWCNTs together with the results of a line shape

analysis (lines). The top panel depicts the diameter cumulative TB

DOS broadened by the experimental resolution. This calculation takes

into account bundles of SWCNTs with a Gaussian diameter

distribution centered at 1.37 nm and a spread of ±0.08 nm The

lables denote the vHs ðM�1...4Þ; and the overall conduction band (p*)

5320 J Mater Sci (2010) 45:5318–5322

123



respective XAS onsets. It is worth noting that in analogy to

photoemission studies [7], the same fine structures ðS�1 to

S�5 and M�1 to M�4) are observed in high-resolution XAS.

With this, the actual positions and widths of the diameter

cumulative vHs peaks are in very good agreement with the

TB calculations without any further scaling, while the

broad p* resonance, which is well known to be strongly

affected by the C1s core hole, is dislocated as marked by

the red arrows in both Figs. 3 and 4.

Previous studies on SWCNTs samples with mixed

metallicity, reported the p* peak related to the DOS at the

M point of the underlying graphene structure downshifted

by about 2 eV due to the C1s core hole effects [3, 12, 18].

This confirmed in turn its strongly excitonic nature. On the

other hand, it is worth noting that in molecules like C60

[19] and C59N [20] the bands are associated to the

molecular orbitals and the core hole effects are much less

pronounced.

In the p* peaks we have resolved experimentally, it is

clear that this line is strongly excitonic and downshifted by

core hole effects. Nevertheless, we show that TB calcula-

tions allow directly identifying the individual fine struc-

tures in the unoccupied DOS straightforwardly. The core

hole effect in the broad C1s p* resonance resembles bulk

sp2 carbon, whereas the small core hole effects in the

resonances due to vHs are attributed to molecular

excitations.

These results substantiate the intriguing composition of

bulk and molecular features in the electronic excitation

spectrum of SWCNTs. Revealing the composed C1s

response along the SWCNTs axis and the circumferential

direction justify to certain extent the ever found difficulties

to correctly describe the details in the C1s response of this

1D solids in theory so far. The diameter cumulative TB

calculations used here allow us to apply an identification

starting point for the whole set of chiralities in the diameter

range given by the sample characteristics.

Conclusions

One of the major gains of this XAS result is that it com-

pletes our knowledge on the 1D electronic structure of

SWCNTs on the bulk scale by directly accessing the details

in the conduction band. This represents a model or base to

compare molecular like conduction band DOS of the vHs

in polarization perpendicular to the tube axis, such as in the

well studied case of other molecular systems like func-

tionalized fullerenes [20]. This sets the basis for analyzing

the electronic structure and bonding environment in func-

tionalized, metallicity selected carbon nanotubes with

unprecedented detail.
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We acknowledge the Helmholtz-Zentrum Berlin—Electron storage

ring BESSY II for provision of synchrotron radiation at beamline

UE52PGM. The research leading to these results has received funding

from the European Community’s Seventh Framework Programme

(FP7/2007-2013) under grant agreement n.�226716.

References

1. Arnold MS, Green AA, Hulvat JF, Stupp SI, Hersam MC (2006)

Nat Nanotechnol 1:60

2. Ahuja R, Bruhwiler PA, Wills JM, Johansson B, Martensson N,

Eriksson O (1996) Phys Rev B 54:14396

3. Bruhwiler PA, Kuiper P, Eriksson O, Ahuja R, Svensson S (1996)

Phys Rev Lett 76:1761

4. Weng X., Rez P., Ma H. (1989) Phys Rev B 40:4175

5. Vedrinskii RV, Kraizman VL, Novakovich AA, Machavariani

GY, Machavariani VS (1994) J Phys Condens Matter 6:11,045

6. Miyata Y, Yanagi K, Maniwa Y, Kataura H (2008) J Phys Chem

C 112:13,187

7. Ayala P, De Blauwe K, Shiozawa H, Feng Y, Kramberger C,

Silva S, Follath R, Kataura H, Pichler T (2009) Phys Rev B

80:205427

8. Ishii H, Kataura H, Shiozawa H, Yoshioka H, Otsubo H,

Takayama Y, Miyahara T, Suzuki S, Achiba Y, Nakatake M,

Fig. 4 Close up of the high-resolution XAS C1s p* absorbtion edges

(circles) of semiconducting SWCNTs together with the results of a

line shape analysis (lines). The top panel depicts the diameter

cumulative TB DOS broadened by the experimental resolution. This

calculation takes into account bundles of SWCNTs with a Gaussian

diameter distribution centered at 1.37 nm and a spread of ±0.08 nm.

The labels denote the vHs ðS�1...5Þ; and the overall conduction band

(p*)

J Mater Sci (2010) 45:5318–5322 5321

123



Narimura T, Higashiguchi M, Shimada K, Namatame H, Tanig-

uchi M (2003) Nature 426:540

9. Rauf H, Pichler T, Knupfer M, Fink J, Kataura H (2004) Phys

Rev Lett 93:096805

10. Pichler T (2001) New Diam Front Carb Tech 11:375

11. Shiozawa H, Ishii H, Kihara H, Sasaki N, Nakamura S, Yoshida

T, Takayama Y, Miyahara T, Suzuki S, Achiba Y, Kodama T,

Higashiguchi M, Chi XY, Nakatake M, Shimada K, Namatame

H, Taniguchi M, Kataura H (2006) Phys Rev B 73:075406

12. Kramberger C, Rauf H, Shiozawa H, Knupfer M, Buchner B,

Pichler T, Batchelor D, Kataura H (2007) Phys Rev B. 75:235437

13. Mele EJ, Ritsko JJ (1979) Phys Rev Lett 43:68

14. Goldoni A, Larciprete R, Petaccia L, Lizzit S (2003) J Am Chem

Soc 125(37): 11,329

15. Larciprete R, Goldoni A, Lizzit S, Petaccia L (2005) Appl Surf

Sci 248(1-4):8

16. Nikitin A, Ogasawara H, Mann D, Denecke R, Zhang Z, Dai H,

Cho K, Nilsson A (2005) Phys Rev Lett 95(22):225,507

17. Shiozawa H, Pichler T, Kramberger C, Rummeli M, Batchelor D,

Liu Z, Suenaga K, Kataura H, Silva SRP (2009) Phys Rev Lett

102:046804

18. Shirley EL (1998) Phys Rev Lett 80(4):794

19. Goldoni A, Cepek C, Larciprete R, Sangaletti L, Pagliara S,

Paolucci G, Sancrotti M (2002) Phys Rev Lett 88(19):196,102

20. Pichler T, Knupfer M, Golden MS, Haffner S, Friedlein R, Fink J,

Andreoni W, Curioni Keshavarz-K M, Bellavia-Lund C, Sastre

A, Hummelen J, Wudl FA (1997) Phys Rev Lett 78(22):4249

5322 J Mater Sci (2010) 45:5318–5322

123


	An X-ray absorption approach to mixed and metallicity-sorted single-walled carbon nanotubes
	Abstract
	Introduction
	Experimental
	Samples
	XAS experiments

	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


