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The conductance of a family of ruthenium-quasi cumulene-ruthenium molecular junctions including
different numbers of carbon atoms, both in even numbers and odd numbers, are investigated using a fully
self-consistent ab initio approach which combines the non-equilibrium Green’s function formalism with
density functional theory. Our calculations demonstrate that although the overall transport properties
of the Ru-quasi cumulene-Ru junctions with an even number of carbon atoms are different from those of
the junctions with an odd number of carbon atoms, the difference between the corresponding current-
voltage (I-V') characteristics of these molecular junctions declines to lesser than 16% when the voltage
goes up. In each group, the molecular junctions give a large transmission around the Fermi level since
the Ru-C 7 bonds can extend the 7w conjugation of the carbon chains into the Ru electrodes, and
their -V characteristics are almost linear and independent of the chain length, illustrating potential
applications as conducting molecular wires in future molecular electronic devices and circuits.

Keywords molecular electronic devices, density functional theory, non-equilibrium Green’s

function, carbon monatomic chains

PACS numbers 85.65.th, 73.63.-b, 72.10.-d

1 Introduction

Electron transport properties of single molecules have
been attracting incremental attention due to their
promising applications in future electronic devices and
circuits [1—3]. In order to build molecular electronic de-
vices and circuits with ultrahigh density, one basic step
is to find an ideal conducting molecular wire with high
and stable conductance over a wide bias region and for
various lengths. Recently, the electronic structure and
transport properties of a series of polyynes connected
to gold electrodes via thiol caps have been reported [4],
showing an almost constant conductance in a wide range
of bias voltages that weakly depend on molecular length.
However, it has been shown that the Au-S contact is
not good enough for the construction of molecular elec-
tronic devices due to its uncontrollable interface struc-
tures [5]. Thus, other more suitable contacts are highly
desired.

In our previous work we have demonstrated the ad-

vantage of using the ruthenium—carbon (Ru—C) multiple
bonds as the linkage of conjugated organic molecules [6,
7], because the Ru—C 7 bond can create an efficient chan-
nel for charge carriers. Since 7 conjugation is the main
characteristic of the electronic structure of carbon chains
including both polyynes and cumulenes, placing carbon
chains in contact with Ru electrodes might extend the
7 conjugation continuity and improve their transmission
properties. Therefore, in this paper, we investigate the
low-bias conductance of a family of carbon—chain molec-
ular junctions in contact with Ru electrodes, especially
in terms of length dependence. This is realized using
a fully self-consistent ab initio approach that combines
the non-equilibrium Green’s function (NEGF) formalism
with density functional theory (DFT) [8—11], that is, the
NEGF+DFT method [12—16]. Our calculations show
that the carbon—carbon bond lengths along the molecu-
lar chains vary slightly from each other, all much like the
C=C double bond. Thus, we name these carbon chains
“quasi cumulene”. Although the Ru—quasi cumulene-Ru
junctions with an even number of carbon atoms give a
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slightly better transmission property around the Fermi
level than the junctions with an odd number of carbon
atoms, the current—voltage (I-V') characteristics of both
kinds are linear and almost independent of the chain
length. Molecular orbital analysis confirms that the
transmission around the Fermi level of both kinds of Ru—
quasi cumulene-Ru junctions is contributed to equally by
two perpendicular degenerate w-type orbitals.

2 Methodology

The Ru—quasi cumulene-Ru molecular junctions are con-
structed by sandwiching a series of carbon chains rang-
ing from 6 to 13 carbon atoms between two Ru(0001)
electrode surfaces, as shown in Fig.1. To avoid pro-
lixity, these molecular junctions are denoted by the
number of carbon atoms within the molecular chain,
namely, “RuC6”, “RuC7”, “RuC8”, “RuC9”, “RuC10”,
“RuC11”, “RuC12” and “RuC13”.
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Fig. 1 Geometric structure of the Ru—quasi cumulene—-Ru molec-
ular junctions, where n is the number of carbon atoms included
in the junction.

The geometric structure of these molecular junctions
are optimized using the efficient DFT package SIESTA
[17], which adopts a finite-range numerical basis set for
the valence electrons and makes use of pseudopotentials
for the atomic cores. The electron transport properties
of these model devices are calculated using the quan-
tum transport code SMEAGOL [16], which is a practical
implementation of the NEGF+DFT approach based on
SIESTA. The pseudopotentials of the ruthenium and car-
bon atoms are generated with the atomic valence electron
configurations d”s' and s?p?, respectively. By means
of much testing work, a user-defined double ¢ plus po-
larization (DZP) basis set has been constructed for the
carbon atoms, and a single ¢ plus polarization (SZP)
basis set has been used for Ru atoms. The Perdew-
Burke-Ernzerhof (PBE) generalized-gradient approxi-
mation (GGA) for the exchange and correlation energy
is used in all of our calculations [18]. Periodic boundary
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conditions are considered in the transverse directions.
The unit cell of the extended molecule comprises a quasi
cumulene chain and four Ru atomic layers with a (3x3)
supercell on each side (as shown in Fig. 1). For the trans-
port calculations we use an equivalent cutoff of 120.0 Ry
for the real space grid, and the charge density is inte-
grated over 60 energy points along the semi-circle, 20
energy points along the line in the complex plane and
5 poles in the Fermi distribution (the electronic tem-
perature is 25 meV). The transmission coefficient as a
function of energy, T'(F), is evaluated as

! / T(k; E)dk (1)

T(E) =
(E) 29pBz
2DBZ

where (% ppz is the area of the two-dimensional Bril-
louin zone (2DBZ) in the transverse directions. The k-
dependent transmission coefficient T'(k; E') is obtained
through

T(k; E) = Tr[ILGR, TRGET] (2)

where Gﬁ is the retarded Green’s function matrix of
the extended molecule and I'p(g) is the broadening func-
tion matrix describing the interaction of the extended
molecule with the left (right) electrode. More calcula-
tion details of the transmission coefficient can be found in
Ref. [16]. Here, we calculate the transmission coefficient
by sampling 100 k-points in the 2DBZ perpendicular to
the transport direction.

The orbital isosurfaces of these carbon chains are in-
vestigated using the Cambridge serial total energy pack-
age (CASTEP) included in the Material Studio package,
which employs the DFT plane-wave method [19]. Here,
the orbital is the square of the absolute value of the wave
function for a given electronic band summed over all k-
points, and a band is defined by the position of its eigen-
value in the ordered list of electronic energies at each
k-point. The PBE functional is also employed in these
simulations, and the cutoff energy, which determines the
number of plane-wave basis functions, is chosen to be
240.0 eV.

3 Results and discussion

3.1 Geometry and molecular orbital analysis

The geometry of the Ru—quasi cumulene-Ru junctions
are optimized using SIESTA until the forces are smaller
than 0.03 eV-A~!. The optimized Ru—C and C-C bond
lengths are listed in Table 1. The C-C bond lengths of
polyynes with the thiol cap reported in reference 4 are
also given for comparison. The Ru—C bond is relaxed to
be in the range from 1.852 A to 1.868 A, which can be still
regarded as the Ru=C double bond known from our pre-
vious calculations [6, 7].Compared with the C~C bond
lengths in the reported polyynes [4], the C—C bonds along
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Fig. 2 Frontier molecular orbitals of the quasi cumulenes C6 and C7.
Table 1 Calculated bond lengths for the Ru—quasi cumulene-Ru molecular junctions (in Angstroms).
Ru-C1 C1-C2 C2-C3 C3-C4 C4-C5 C5-C6 C6-CT7
HS(CC)sSH 1.253 1.332
AuS(CC)gSAu 1.286 1.316
RuC6 1.859 1.292 1.305 1.284
RuC7 1.852 1.299 1.298 1.293
RuC8 1.868 1.289 1.304 1.283 1.302
RuC9 1.861 1.298 1.299 1.292 1.294
RuC10 1.858 1.291 1.302 1.283 1.298 1.284
RuC11 1.857 1.300 1.300 1.293 1.295 1.294
RuC12 1.862 1.290 1.303 1.282 1.298 1.283 1.298
RuC13 1.864 1.299 1.302 1.292 1.297 1.293 1.294

the molecular backbone in the Ru—quasi cumulene-Ru
junctions are more uniform. In the Ru—quasi cumulene—
Ru junctions with an odd number of carbon atoms, the
C—C bond lengths are almost the same, with the dif-
ference less than 0.01 A. In the even number cases, the
C—-C bond length becomes stable when adding more car-
bon atoms into the molecular chain and varies very little
along the molecular backbone within the range of 1.305
A and 1.282 A.

Figure 2 gives the frontier molecular orbitals of the
quasi cumulenes C6 and C7, with the C—C bond lengths
listed in Table 1, which are typical examples of these
quasi cumulenes with an even or odd number of carbon
atoms. As we can see, the frontier molecular orbitals of
the quasi cumulene C6 are mostly w-type orbitals, ex-
cept for the HOMO-1 and HOMO-2 states which are
two o-type orbitals. The HOMO and LUMO states
of C6 are two degenerate m-type orbitals perpendicu-
lar to each other. The same situation occurs for the
LUMO+1 and LUMO+2 states, and the HOMO-3 and
HOMO-4 states. In contrast, the frontier molecular or-
bitals of the quasi cumulene C7 are different; the HOMO
and HOMO-1 states are two o-type orbitals, while the
HOMO-2 and HOMO-3 states, and the LUMO and
LUMO+1 states are two pairs of degenerate m-type or-
bitals perpendicular to each other. The electronic struc-
tures of C8, C10 and C12 are the same in nature as C6,
whereas the electronic structures of C9, C11 and C13

are the same in nature as C7. Therefore, the Ru—quasi
cumulene-Ru junctions can be expected to show good
conducting performance [6, 7].

3.2 Transmission properties of the Ru—quasi cumulene—

Ru molecular junctions

The calculated transmission coefficients of these Ru—
quasi cumulene—Ru molecular junctions can be divided
into two groups, one with the even number of carbon
atoms and the other with the odd number of carbon
atoms, which are shown in Fig. 3. Obviously, in each
group the transmission properties around and below
the Fermi level of these junctions are almost the same.
Above the Fermi level, in both groups the first trans-
mission peak goes towards the Fermi level following the
increase in the number of carbon atoms included in the
molecular chain, though the peaks of the junctions with
an odd number of C atoms are much closer to the Fermi
level than those of the junctions with an even number of
C atoms. At the Fermi level (—1.99 eV), for both groups
of Ru—quasi cumulene-Ru junctions the transmission
coeflicients are calculated to be about 1.2, though the
transmission properties around the Fermi level of the
junctions with an even number of C atoms is a bit
more superior to those with an odd number of C atoms.
The corresponding I-V characteristics of these molecu-
lar junctions are calculated using the Landauer—Biittiker
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Fig. 3 Equilibrium transmission coefficients of energy for the Ru—quasi cumulene-Ru molecular junctions. (a) Junctions
with an even number of carbon atoms and (b) Junctions with an odd number of carbon atoms.
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Fig. 4 Current—voltage characteristics of the Ru—quasi cumul-
ene-Ru molecular junctions.

formula with the above equilibrium transmission coeffi-
cients [20], which are given in Fig. 4. As can be seen,
at the same voltage the Ru—quasi cumulene-Ru junctions
with the even number of carbon atoms carry a larger cur-
rent than those with the odd number of carbon atoms.
If we set the I-V curves of the junctions with the even
number of carbon atoms as a datum line, the difference
margin between the two groups declines to less than 16%
when the voltage goes up. However, in the same group
the difference is negligibly small. For example, if we set
the I-V curve of the junction RuC6 as a datum line for
the junctions with an even number of carbon atoms, the
difference margin is less than 3%. In other words, the I—-
V' characteristics of these molecular junctions are almost
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independent of the molecular length.

In order to gain a deeper insight into the conducting
mechanism of these two groups of Ru—quasi cumulene—
Ru junctions, we project the transmission onto frontier
molecular orbitals of the central quasi cumulene chains
[21]. Figure 5 shows the projected transmission coef-
ficients for the junctions RuC6 and RuC7, which are
chosen as the representatives of the Ru—quasi cumulene—
Ru junctions with an even number of carbon atoms and
those with an odd number of carbon atoms, respectively.
For the RuC6 junction, the HOMO and LUMO states
equally make the main contribution to the transmission
around the Fermi level; the LUMO+1 and LUMO+2
states dominate the first transmission peak above the
Fermi level, and they also contribute to the transmission
around the Fermi level but much less than the HOMO
and LUMO states. However, the HOMO-1 and HOMO-
2 states, as well as other molecular orbitals have almost
nothing to do with the transmission around the Fermi
level. For the RuC7 junction, the LUMO and LUMO+1
states play the central role in the transmission around
the Fermi level and the first transmission peak above
the Fermi level. Although the HOMO-2 and HOMO-
3 states also contribute to the transmission around the
Fermi level, the contribution of the HOMO, HOMO-1
and other frontier orbitals can be ignored.
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Fig. 5 The transmission coefficients as a function of energy for the RuC6 junction (a) and the RuC7
junction (b) projected onto frontier molecular orbitals of the central carbon chain.
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Comparing the projected transmission with the bond-
ing nature of these frontier molecular orbitals (Fig. 2),
we can conclude that the transmi ssion of all of these Ru—
quasi cumulene-Ru molecular junctions are dominated
by m-type orbitals, that is, the HOMO and LUMO states
for the junctions with an even number of carbon atoms
and the LUMO and LUMO+1 states for the junctions
with an odd number of carbon atoms. Since these molec-
ular orbitals are pairs of perpendicular degenerate states,
they make an equal contribution to the transmission.
In our previous work [6], the Ru-octene-Ru molecular
junction based on the Ru=C double bonds gives a trans-
mission at the Fermi level of 0.67, in which only one 7-
type orbital contributes to the transmission. The trans-
mission coefficients at the Fermi level of these Ru—quasi
Cumulene-Ru junctions are just about two times that of
the Ru—octene—Ru junction, because two perpendicular
degenerate m-type molecule orbitals are available in each
junction.

4 Conclusion

A self-consistent NEGF+DFT method is employed
to investigate the low-bias conductance of Ru—quasi
cumulene-Ru molecular junctions. Our calculation re-
sults show that the C-C bond length becomes stable
when adding more C atoms into the molecular backbone
in each group, and the symmetry of the frontier molec-
ular orbitals will not change as the molecular length
is extended. As a result, around the Fermi level the
transmission properties of these Ru—quasi cumulene-Ru
junctions are not affected by the length of the molecu-
lar chain. Though the junctions with the even number
of carbon atoms and those with the odd number of
carbon atoms behave a little differently due to their
different bonding natures, they both give good trans-
mission around the Fermi level and their -V curves are
almost independent of the molecular length. Thus, the
Ru-quasi cumulene-Ru junctions have potential applica-
tions as molecular conducting wires in future molecular
devices and circuits.

Acknowledgements This project was supported by the Na-

Jing NING, et al., Front. Phys. China, 2009, 4(3)

tional Natural Science Foundation of China (Grant No. 60771002),
the Ministry of Education (Grant No. NCET-07-0014) and the
Ministry of Science and Technology of China (Grant Nos.
2007CB936204 and 2006CB932404).

References

. A. Nitzan and M. A. Ratner, Science, 2003, 300: 1384

. N. J. Tao, Nature Nanotechnology, 2006, 1: 173

. W. Lu and C. M. Lieber, Nature Materials, 2007, 6: 841

. Z. Crljen and G. Baranovi, Phys. Rev. Lett., 2007, 98:

116801

5. J. Ulrich, D. Esrail, W. Pontius, L. Venkataraman, D. Mil-
lar, and L. H. Doerrer, J. Phys. Chem. B, 2006, 110: 2462

6. J. Ning, Z. Qian, R. Li, S. Hou, A. R. Rocha, and S. Sanvito,
J. Chem. Phys., 2007, 126: 174706

7. S. Hou, Y. Chen, X. Shen, R. Li, J. Ning, Z. Qian, and S.
Sanvito, Chem. Phys., 2008, 354: 107

8. K. S. Thygesen, Phys. Rev. B, 2006, 73: 035309

9. P. Hohenberg and W. Kohn, Phys. Rev. B, 1964, 136: 864

10. W. Kohn and L. J. Sham, Phys. Rev. A, 1965, 140: 1133

11. J. Zhang, S. Hou, R. Li, Z. Qian, R. Han, Z. Shen, X. Zhao,
and Z. Xue, Nanotechnology, 2005, 16: 3057

12. Y. Xue, S. Datta, and M. A. Ratner, Chem. Phys., 2002,
281: 151

13. S. H. Ke, H. U. Baranger, and W. Yang, Phys. Rev. B,
2004, 70: 085410

14. J. Taylor, H. Guo, and J. Wang, Phys. Rev. B, 2001, 63:
245407

15. M. Brandbyge, J. L. Mozos, P. Ordején, J. Taylor, and K.
Stokbro, Phys. Rev. B, 2002, 65: 165401

16. A. R. Rocha, V. M. Garcia-Sudrez, S. Bailey, C. Lambert,
J. Ferrer, and S. Sanvito, Phys. Rev. B, 2006, 73: 085414

17. J. M. Soler, E. Artacho, J. D. Gale, A. Garcia, J. Jun-
quera, P. Ordején, and D. Sanchez-Portal, J. Phys.: Con-
dens. Matter, 2002, 14: 2745

18. J. P. Perdew, K. Burke, and M. Ernzerhof, Phys.
Lett., 1996, 77: 3865

19. M. C. Payne, M. P. Teter, D. C. Allan, T. A. Arias, and J.
D. Joannopoulos, Rev. Mod. Phys., 1992, 64: 1045

20. S. Datta, Quantum Transport: Atom to Transistor, Cam-
bridge: Cambridge University Press, 2005

21. R. Li, S. Hou, J. Zhang, Z. Qian, Z. Shen, and X. Zhao, J.

Chem. Phys., 2006, 5: 194113

N I

Rev.




<<
  /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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


