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The fluorination and hydrogenation reactions on (6, 6) and (10, 0) single-walled carbon nanotubes
(SWCNTs) have been examined via computing the reaction energy for the chemisorption. The exam-
ined nanotubes have comparable lengths and diameters, with or without Stone-Wales defects on the
sidewall. The two fluorine or hydrogen atoms are anchored to the external walls of the SWCNTs. The
computed chemisorption energies of these virtual reactions reveal that the fluorination and hydrogena-
tion of the nanotubes are moderately sensitive to the nanotube chirality and the sidewall topology, and
the (10, 0) SWCNT with Stone-Wales defect can be easily fluorinated and hydrogenated.
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Carbon nanotubes (CNTs), discovered in 1991 [1], have
been widely regarded as candidate materials for future
technologies [2] because of their outstanding physical,
chemical, and mechanical properties. Due to the inter-
tube van der Waals attractive force, the as-prepared
CNTs tend to exist as bundled structures and have poor
dispersion in polymers [3, 4]. Functionalization of CNTs
has drawn much attention in the past decade because
the modified CNTs can breach the limitation of their
structures and are of potential applications in catalysis,
nano-device, and other high-tech fields.

The electronic structure of a single-walled carbon nan-
otube (SWCNT) is governed by its chiral index (n, m).
When n — m=3k, where k is an integer, the nanotube
becomes metallic; otherwise, it would be semiconduct-
ing [5]. It is therefore necessary and desirable to find
out an approach to prepare SWCNTs with specific elec-
tronic properties. For this purpose, one of the strategies
is to functionalize the sidewall surface of nanotubes and

consequently tune their physical /chemical properties [6—
10]. Tt has been shown, both experimentally [2, 11-14]
and theoretically [15-23], that covalent sidewall func-
tionalization can effectively modify the structural and
electronic properties of CNTs. For example, metallic
SWCNTSs were transformed to semiconducting ones by
functionalizing the sidewalls of SWCNTs using fluorine
and hydrogen atoms [24, 25]. Meanwhile, the atomic
structures of the nanotube sidewall were modified by the
newly formed strong covalent bonds that often lead to
deformation of the local atomic structures of nanotubes
[26] and sometimes result in destruction of the tubular
structures [27].

Stone-Wales (SW) defect is a typical style of topo-
logical defect in the nanotubes, which consists of two
pairs of five-membered and seven-membered rings. It
was suggested that the SW defects could act as nucle-
ation centers for forming dislocations in the originally
ideal graphic network and initiate plastic deformation of
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the CNTs [28, 29]. Due to deviation from the perfect
network by six-membered rings, the SW defect sites on
the sidewall of carbon nanotubes would be more favor-
able for subsequent reactions.

Previously, there have been some theoretical efforts
on the fluorination and hydrogenation of the SWCNTs.
For instance, Zhou et al. reported a systematic first-
principles investigation of the charging effect on hydro-
gen molecule chemisorption on (3, 3), (5, 5), (5, 0), and
(8, 0) carbon nanotubes [30]. They found that the in-
fluence of injected charge on the chemisorption energy
barriers is sensitive to the nanotube diameter and chi-
rality. From the PBE/3-21G calculations on a series of
armchair F-SWCNTs of CyF stoichiometry with peri-
odic boundary condition [31], Bettinger et al. discovered
that the thermodynamic stability of these F-SWCNTs
as well as the average C—F bond energy decrease with
increasing tube diameter. Bauschlicher [32] investigated
the addition of several fluorine atoms on a H-terminated
short zigzag (10, 0) SWCNT by means of the ONIOM
approach and found that the F atoms tend to bond next
to existing F atoms. Gregory et al. investigated the
chemical addition patterns governing the fluorination of
single-walled carbon nanotubes via Monte Carlo simula-
tion; they found that fluorination is stabilized in a band-
like pattern on the bond network topology of nanotube
due to electronic confinement effects [33].

Despite of the above theoretical works, the correla-
tion between the fluorination/hydrogenation reactivity
and the structural factors (such as chirality and side-
wall topology) of carbon nanotubes is still largely un-
known. In this work, we report a first-principle study
of the chemisorption of hydrogen and fluorine molecules
on CNTs with perfect sidewall topology or containing
Stone—Wales defects.
CNTs with different sidewall geometries will be com-

The chemisorption energies on

pared to reveal the difference in reactivity.

All-electron density functional theory (DFT) calcu-
lations were carried out using the DMol® program [34,
35]. We adopted the generalized gradient approxima-
tion (GGA) with PW91 parameterization for exchange-
correlation interaction. The double numerical plus (p,
d) polarization (DNP) basis set was used. We chose two
model CNT systems with comparable diameter/length
but different chirality, i.e., finite (6, 6) and (10, 0) SWC-
NTs with hydrogen atoms terminated on the two ends.
The tube diameter is 8.446 A for the (6, 6) SWNT and
7.930 A for the (10, 0) SWCNT, respectively. The finite
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(6, 6) tube of 16.612 A length contains six and half unit
cells (156 carbon atoms and 24 hydrogen atoms); the fi-
nite (10, 0) SWCNT of 17.816 A length contains four
unit cells (160 carbon atoms and 20 hydrogen atoms).
In addition to perfect SWCNTSs, one Stone—Wales defect
was created at the middle of finite tubes to investigate
the effects of topological defects.

To simulate the reactivity of the tube sidewall, we
considered two virtual reactions, that is, the fluorination
and hydrogenation of the CNTs, which is schematically
shown in Fig. 1. The reaction of Fy (Hz) chemisorp-
tion on SWCNT involves the dissociation of Fy or Hs
molecule into two individual F or H atoms and then
the attachment of the two F or H atoms to the tube

The hydrogenation product

(b)

Fig. 1 A virtual reaction system for the fluorination (a) and
hydrogenation (b) of SWCNTs.

sidewall via covalent bonds. The local geometries of the
adsorption sites in the middle of finite (6, 6) and (10, 0)
SWCNTs are shown in Fig. 2. For the fluorinalized and
hydrogenated SWCNTs, the first fluorine or hydrogen
atom is anchored to the O site on the tube wall. For the
second F or H atom, there are many possible adsorption
sites for the sidewall functionalization. Here, we primar-
ily considered those nearby the O site attached with the
first F or H atom, since that our test calculations show
that these nearby sites are more reactive than the other
sites. For the perfect (6, 6) and (10, 0) SWCNTs, six ad-
sorptions sites (A, B, C, D, E, and F) were considered,
which are shown in Fig. 2(a) and (b), respectively. In
the case of the (6, 6) [Fig. 2(c)] and (10, 0) SWCNT
[Fig. 2(d)] with Stone-Wales defect, the possible sites
neighbouring to the O site are A, B, C, D, E, F, and G,
respectively.
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Fig. 2 The chemisorption sites for a fluorine and hydrogen molecule on the pristine SWCNT (6, 6) (a), the pristine SWCNT
(10, 0) (b), the SWCNT (6, 6) with Stone-Wales defect and (¢) the SWCNT (10, 0) with Stone-Wales defect (d).

The thermodynamics of these virtual fluorination and
hydrogenation reactions can be characterized by the heat
of reaction computed by the difference of total energies
of the reactants (SWCNT and F3/Hs) and the products
(SWCNT + 2F/2H):

Frenct = Erop(SWCNTA+2F /2H) — Eyor (SWONT)
—Eot(Fo/Ha) (1)

where a positive (negative) Eyeact refers to an endother-
mic (exothermic) reaction.

The computed chemisorption energies for all the ad-
sorption sites are summarized in Fig. 3, where the ge-
ometry configurations of all reactants and products were
fully optimized. For the perfect (6, 6) SWCNT, the
fluorination energies of the A, B, C, D, E, and F ad-
sorption site are —61.100, —49.809, —64.976, —64.378,
—50.055, and —61.324 kcal/mol, respectively, while the
hydrogenation energies of the A, B, C, D, E, and F ad-
sorption site are 16.317, 41.031, 16.921, 14.354, 40.647,
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The adsorption energy of the single-walled

and 20.829 kcal/mol, respectively. In the case of the per-
fect (10, 0) SWCNT, the fluorination energies of the A,
B, C, D, E, and F adsorption site are —68.319, —54.793,
—64.269, —62.648, —52.269, and —67.272 kcal/mol, re-
spectively; the hydrogenation energies of the A, B, C,
D, E, and F adsorption site are 8.912, 32.722, 16.999,
13.195, 36.111, and 11.093 kcal/mol, respectively. From
these results, one can clearly see that the fluorination
process is exothermic, while the hydrogenation is en-
dothermic. Moreover, the fluorination is not very sen-
sitive to the tube chirality.

For the SWCNTSs with SW defects, the fluorination
reaction is still exothermic. In contrast, the hydrogena-
tion on the defective (6, 6) SWCNT is endothermic, but
it can be either exothermic or endothermic on the defec-
tive (10, 0) SWCNT. Again, these results indicate that
the fluorination reaction on the SWCNTs is easier than
the hydrogenation, in agreement with experimental ob-
servations [36].
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Fig. 3 The reaction energy for fluorination and hydrogenation at different chemisorption sites of the pristine SWCNTs (a)

and the defective SWCNTs (b).
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Table 1 The minimum adsorption energy E,4, F—-C or H-C bond length, and on-site charge on F or H atom for the virtual reactions

of Fo/Ha chemisorption on different kinds of SWCNT.

SWCNT Fz
Eqq/(kcal-mol~1) d/A
1.454
(6, 6) —64.976 LT
1.424
(10, 0) —68.321 Lo
Stone—Wales 67.182 1.475
Defect (6, 6) ’ 1.422
Stone—Wales 84.970 1.417
Defect (10, 0) ’ 1.418

To further discuss the relationship between the func-
tionalized group, sidewall topology and tube chirality,
we selected the minimum adsorption energy E,q for each
virtual reaction system and the results are summarized
in Table 1. The bond length between the attached F or
H atom and the nearest carbon atom on the nanotube as
well as the charge transfer between the SWCNT to the F
or H atoms are also presented. We found that both the
F-C and H-C bond lengths and the charge transferred
from CNT to F and H atoms are not very sensitive to
the details of the tube chirality and sidewall topology.
For all types of nanotubes studied, carbon atoms donate
about 0.3 electrons to each F atom, while the CNT re-
ceives about 0.1 electrons from each H atom. The typical
lengths for the F~C and H-C bonds are about 1.42 A and
1.1 A, respectively.

However, the reaction energy for the chemisorption of
F, and Hs molecules on the SWCNT still rely on the
detailed geometry structure of the nanotubes. When
a SW type 5-7-7-5 defect appears on the sidewall of a
(6, 6) SWCNT, the E,q of fluorination changes from
—64.976 to —67.182 kcal/mol and the E,4 of hydrogena-
tion changes from 14.354 to 15.253 kcal/mol. Mean-
while, the presence of a Stone-Wales defect on the (10,
0) SWCNT reduces the fluorination energy from —68.321
to —84.970 kcal/mol and the hydrogenation energy from
8.912 to —13.475 kcal/mol. In other words, the SW de-
fect on the (6, 6) SWCNT has only weak effect on the
fluorine and hydrogen chemisorption, but SW defect on
the SWCNT (10, 0) significantly increases the reaction
energies for fluorination and hydrogenation by about 20
kcal/mol, making these reactions more easier.

To summarize, the fluorination and hydrogenation of
the SWCNTs were studied by DFT calculations of the
chemisorption energy of several target reaction systems.
It was found that fluorination and hydrogenation of the
SWCNTs are only moderately sensitive to the chiral-
ity and sidewall topology of the SWCNTs. The (10, 0)
SWCNT with SW defect is more easily fluorinated and
hydrogenated. These simulation results may help to ex-
plore new chemical methods to tune the structures and
electronic properties of CNTs.

Q(e)
-0.327
—0.328
—0.313
—0.313
—0.334
—0.316
—0.305
—0.305

Ho
Eqq/(kcal-mol~1) d/A Q(e)
1.104 134
14.354 0 0-13
1.104 0.135
1.102 0.131
8.912
1.102 0.131
1.114 .14
15.253 0147
1.107 0.133
1.104 144
—13.475 0 0
1.104 0.145
Acknowledgements This work was partly supported by the

National Science Foundation of China (Grant No. 20725619) and
the Special Research Fund for the Doctoral Program of Higher
Education (Grant Nos. 20060141015 and 20070141026).

References

1. S. Iijima, Nature, 1991, 354: 56

2. A. Hirsch and O. Vostrowsky, Top. Curr. Chem., 2005, 245:
193

3. M. J. O’Connell, P. Boul, L. M. Ericson, C. B. Huffman, Y.
H. Wang, E. Haroz, C. Kuper, J. M. Tour, K. D. Ausman,
and R. E. Smalley, Chem. Phys. Lett., 2001, 342: 265

4. C. A. Mitchell, J. L. Bahr, S. Arepalli, J. M. Tour, and R.
Krishnamoorti, Macromolecules, 2002, 35: 8825

5. R. Saito, M. Fujita, G. Dresselhaus, and M. S. Dresselhaus,
Appl. Phys. Lett., 1992, 60: 2204

6. E. Joselevich, ChemPhysChem, 2004, 5: 619

7. K. Balasubramanian and M. Burghard, Small, 2005, 1: 180

8. S. Banerjee, T. Hemraj-Benny, and S. S. Wong, Adv.
Mater., 2005, 17: 17

9. S. Niyogi, M. A. Hamon, H. Hu, B. Zhao, P. Bhowmik, R.
Sen, M. E. Itkis, and R. C. Haddon, Acc. Chem. Res.,
2002, 35: 1105

10. X. Lu and Z. F. Chen, Chem. Rev., 2005, 105: 3643

11. P. J. Boul, J. Liu, E. T. Mickelson, C. B. Huffman, L. M.
Ericson, I. W. Chiang, K. A. Smith, D. T. Colbert, R. H.
Hauge, J. L. Margrave, and R. E. Smalley, Chem. Phys.
Lett., 1999, 310: 367

12. M. Holzinger, O. Vostrowsky, A. Hirsch, F. Hennrich, M.
Kappes, R. Weiss, and F. Jellen, Angew. Chem. Int. Ed.,
2001, 40: 4002

13. K. Kamaras, M. E. Itkis, H. Hu, B. Zhao, and R. C. Had-
don, Science, 2003, 301: 1501

14. H. Hu, B. Zhao, M. A. Hamon, K. Kamaras, M. E. Itkis,
and R. C. Haddon, J. Am. Chem. Soc., 2003, 125: 14893

15. Z. F. Chen, S. Nagase, A. Hirsch, R. C. Haddon, W. Thiel,
and P. von R. Schleyer, Angew. Chem. Int. Ed., 2004, 43:
1552

16. Y. Y. Chu and M. D. Su, Chem. Phys. Lett., 2004, 394:
231

17. H. Pan, Y. P. Feng, and J. Y. Lin, Phys. Rev. B, 2004, 70:
245425

18. J. J. Zhao, H. Park, and J. P. Lu, J. Phys. Chem. B, 2004,
108: 4227



20.

21.

22.

23.

24.

25.

26.

Li-mei YU, et al., Front. Phys. China, 2009, 4(3)

. H. Park, J. J. Zhao, and J. P. Lu, Nanotechnology, 2005,
16: 635

J. J. Zhao, Z. F. Chen, Z. Zhou, H. Park, P. von R. Schleyer,
and J. P. Lu, ChemPhysChem, 2005, 6: 598

C. Song, Y. Xia, M. Zhao, X. Liu, F. Li, and B. Huang,
Chem. Phys. Lett., 2005, 415: 183

E. Cho, H. Kim, C. Kim, and S. Han, Chem. Phys. Lett.,
2006, 419: 134

J. Lu, D. Wang, S. Nagase, M. Ni, X. W. Zhang, Y. Maeda,
T. Wakahara, T. Nakahodo, T. Tsuchiya, T. Akasaka, Z. X.
Gao, D. P. Yu, H. Q. Ye, Y. S. Zhou, and W. N. Mei, J.
Phys. Chem. B, 2006, 110: 5655

O. Gulseren, T. Yildirim, and S. Ciraci, Phys.
2002, 66: 121401

K. S. Kim, D. J. Bae, J. R. Kim, K. A. Park, S. C. Lim,
J. J. Kim, W. B. Choi, C. Y. Park, and Y. H. Lee, Adv.
Mater., 2002, 14: 1818

A. Kuznetsova, J. Yates, J. Liu, and R. Smalley, Chem.
Phys. Lett., 2000, 324: 213

Rev. B,

27

28

29.

30.

31.

32.

33.

34.

35.

36.

397

. K. A. Park, Y. S. Choi, Y. H. Lee, and C. W. Kim, Phys.
Rev. B, 2003, 68: 045429

. M. B. Nardelli, B. I. Yakobson, and J. Bernholc, Phys. Rev.

B, 1998, 57: R4277

C. Wang, G. Zhou, H. Liu, J. Wu, Y. Qiu, B. L. Gu, and

W. Duan, J. Phys. Chem. B, 2006, 110: 10266

B. Zhou, W. Guo, and C. Tang, Nanotechnology, 2008, 19:

075707

H. F. Bettinger, K. N. Kudin, and G. E. Scuseria, J. Am.

Chem. Soc., 2001, 123: 12849

C.W. Bauschlicher Jr., Chem. Phys. Lett., 2000, 322: 237

V. L. Gregory, P. E. Christopher, Z. Filippo, D. V. Allesan-

dro, and C. Jean-Christophe, J. Phys. Chem. B, 2005, 109:

6153

B. Delley, J. Chem. Phys., 1990, 92: 508; 2000, 113: 7756

B. Akdim, X. Duan, W. W. Adams, and R. Pachter, Phys.

Rev. B, 2003, 67: 245404

T. Dimitrios, T. Nikos, B. Alberto, and P. Maurizio, Chem.

Rev., 2006, 106: 1105




<<
  /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


