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The adsorption of CO and C,H, molecules on the perfect basal surface of graphite is investi-
gated by adopting cluster models in conjunction with quantum chemical calculations. The non-
covalent interaction potential energy curves for three different orientations of CO and C,H,
molecules with respect to the inert basal plane of graphite are calculated via semi-empirical
and Moller-Plesset ab initio methods. Then, we have considered the effects of interaction en-
ergies on the C=0 and C=C bond lengths by performing the partial geometry optimization pro-
cedure on the CO-graphite and C,H,-graphite systems in various intermolecular distances. The
computational analysis of all physical noncovalent potential energy curves reveals that the
relative configurations in which CO and C,H, molecules approach the graphite sheet from out
of the plane have stronger interaction energy and so is more favorable from the energetic
viewpoint. This means that the graphite layer prefers to increase its thickness via the chemical
vapor deposition of CO and C,H; on the graphite.

Keywords: graphite basal surface, carbon monoxide, acetylene, physical interaction en-
ergy, quantum chemical calculations.

INTRODUCTION

The recent advances in experimental techniques and the ever-growing interest in nanotechnology
applications brought considerable attention to graphite systems. One of the most important methods of
producing carbon materials is chemical vapor deposition (CVD) on graphite surface. In the recent
years much attention to the growth of carbon materials, such as carbon fibers, carbon nanotubes | 1,
2 ], pyrolytic carbons [ 3, 4 |, and carbon nanospheres (that are all related mainly to graphite structures)
by performing the catalytic CVD procedure. In this technique, carbon monoxide and acetylene are
widely used as appropriate substrates.

It should be stated that the extended honeycomb structure model of graphite surface is the basic
building block of other important allotropes such as 3D graphite, 1D nanotubes, and 0D fullerene. So,
we have chosen polycyclic aromatic hydrocarbons to model the adsorption of CO and C,H, molecules
on graphite nanolayers. These polycyclic aromatic hydrocarbons themselves are of great research in-
terest due to their high stability, rigid planar structure, and characteristic optical spectra [ 5, 6 ].

In general, the adsorption on planar surfaces is classified into two categories. One is the physi-
sorption on a perfect surface that is chemically inert towards the adsorption and dissociation of small
molecules, and another is chemisorption that happens on defective reactive surfaces and thus contri-
butes to catalytic reactions. It is well known from previous experimental observations that small mo-

© Hosseinnejad T., Abdullah Mirzaei R., Nazari F., Karimi-Jafari M.H., 2013



JKYPHAJI CTPYKTYPHOWM XUMUN. 2013. T. 54, Ne 5 813

lecular species only physisorb on the clean graphite basal surface with the corresponding low binding
energy [ 7, 8 ].

From the theoretical viewpoint, in some previous systematic investigations [ 28, 29 ] Xu and co-
workers have studied computationally the adsorption interactions and dissociative adsorption reaction
of water, CO,, and NO, (x = 1, 2) on the (0001) graphite surface using the ONIOM integrated method
[30]. Firstly, they have selected the B3LYP/6-31+G* hybrid density functional method as high level
theory for the Cy4H,, + CO,/NO, model system and then a less expensive self-consistent charge den-
sity functional tight binding plus London dispersion (DFTB-D) method [ 31, 32 ] was employed to in-
clude the horizontal m-conjugation effects. They have also chosen a CyyHys dicircumcoronene gra-
phene slab as a model system for the graphite surface in a finite-size molecular structure. They have
predicted the potential energy surface (PES) for the dissociative adsorption reaction of CO,/NO, with
the graphite slab surface and calculated their corresponding reaction rate constants at high tempera-
tures and pressures using the PES data in RRKM computations [ 33 ].

In another theoretical study, Zhang and coworkers [ 34 ] have investigated the interactions be-
tween perfect, doped, and defective graphenes with small gas molecules (CO, NO, NO,, and NHj3)
using density functional computations [ 35 ] with the plane-wave basis set and the periodic boundary
condition. In the case of CO on the graphene surface, the adsorption energy and the distance between
CO and a graphene sheet in basal and doped models have been calculated to be around —0.15 eV and
3A respectively. On the other hand, the adsorption energy and the distance between CO and a defec-
tive graphene sheet have been obtained of about —2.3 eV and 1.3 A respectively. So, they have indi-
cated that defective graphene is more suitable for sensing CO than basal and doped graphene.

In this research, we have mainly focused on the theoretical effective cluster model of a basal
graphite layer and its growth via the pyrolysis reaction of CO and C,H, from the structural and ener-
getic viewpoints. In this respect, we calculated the physical interaction potential energies at several
orientations of CO and C,H, molecules with respect to the basal graphite surface via the semi-
empirical and Moller-Plesset ab initio quantum chemistry methods [ 9 ]. It is important to note that
these relative configurations may have different contributions to the primary interactions between mo-
lecular species and graphite and consequently to the determination of the precursor structure of the
reaction complex in the chemical vapor deposition process. Additionally, we analyzed the ability of
three various semi-empirical quantum mechanical techniques for the accurate description of physical
interactions in noncovalent molecular systems such as CO-graphite and C,H,-graphite.

It should be stated that the choice of the Moller-Plesset ab initio method for the prediction of
noncovalent physical interactions was motivated by the facts that the London dispersion energy plays
a key role in this type of interactions and consequently it requires the use of the procedure by inclu-
ding a large portion of the electronic correlation energy together with an extended atomic orbital (AO)
basis set.

Furthermore, we have investigated the effect of potential interaction energies on the C=0 and
C=C bond lengths while CO and C,H, molecules are approaching the graphite sheet with different
relative orientations. A comparative study on the obtained physical interaction potential energy curves
of CO-graphite and C,H,-graphite systems demonstrates that the orientations in which CO and C,H,
molecules approach the graphite sheet from out of the plane have the stronger interaction potential
energy and consequently suggests that graphite prefers to grow from its surface and so increases its
thickness in CVD of carbon monoxide and acetylene.

COMPUTATIONAL DETAILS

As the first step in the survey of physical interaction potential energies between CO and C,H,
molecules with a graphite layer, we have employed a planar polyaromatic molecule as an inert basal
graphite model. By choosing this model, the graphite system is reduced to a computational tractable
size. It was discussed in [ 10, 11 ] that this size of the graphite model provides a reliable and accurate
representation for the structural and energetic features of the graphite surface. It is noteworthy that in a
previous computational study [ 7 ], the reliability of the graphite model adopted in our present study
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Fig. 1. Schematic representation of the basal Fig. 2. Three different relative orientations of molecular
structure for the graphite sheet species with respect to the basal graphite plane

has been verified by a comparative study of larger planar polyaromatic models. A schematic structure
of this basal model has been shown in Fig. 1. The boundaries of this model were saturated with hydro-
gen atoms, which is a typical procedure for covalent materials [ 12 ].

In the next step, three different relative orientations were considered for the approach of CO and
C,H, molecules towards the graphite basal surface: two of them are out of the plane and the other is in
the plane of the graphite sheet. These orientations have been chosen based on the active sites of the
graphite surface and are illustrated in Fig. 2.

All calculations were carried out in the framework of AM1 [13 ], PM3 [ 14, 15], and PM6 [ 16 ]
semi-empirical methods and the second-order Moller-Plesset (MP2) ab initio level of theory [ 17 ] to-
gether with the 6-31++G** basis set [ 18—21 ] for all atoms. It should be emphasized that AM1 and
PM3 semi-empirical methods are not accurate enough for the energetic description of noncovalent in-
teractions for many reasons: i) parametrization for only a limited number of atoms and ii) overesti-
mated stabilization energies for optimized geometries especially in H-bonded complexes. On the other
hand, the new PM6 method is superior to other semi-empirical quantum mechanical methods in va-
rious aspects. It is an NDDO-based method improved by the adoption of Voityuk’s core-core diatomic
interaction term [ 22 ] and Thiel's d-orbital approximation [ 23, 24 ]. These modifications allowed the
parametrization of 80 elements and also reduced the error for main group elements. So, one of the
most important goals of this research is to examine the ability of the PM6 method in the prediction of
physical interaction energies in comparison with AM1 and PM3 semi-empirical methods and the MP2
ab initio approach.

All MP2 interaction potential energies were corrected for the basis set superposition error via the
standard counterpoise procedure [ 25 |. In semi-empirical calculations, the convergence criteria for the
SCF procedure was adopted as 10" kcal-mol™". All MP2 computations were performed using the
GAMESS suite of programs [26 ] and the MOPAC 2009 software [ 27 ] was utilized for the semi-
empirical calculations.

RESULTS AND DISCUSSION

The interaction energy at each distance R, were defined according to the expression
AEi(R) = E(G-m) — E(G) — E(m),

where E(m) is the energy of an isolated molecule, E(G) is the energy at its optimized relaxed geometry
in the absence of adsorbed species, and £(G-m) corresponds to the energy of CO-graphite and C,H,-
graphite complexes at a distance R, and a negative AE;, value means a stable structure in energy.

Firstly, the adsorption of CO and C,H, molecules on the graphite surface has been considered in
three relative configurations for the basal structure model of graphite. The CO-graphite and C,H,-
graphite interaction potential energy curves derived from AM1, PM3, and PM6 computations for three
different orientations (displayed in Fig. 2) are plotted in Fig. 3, a—c and Fig. 4, a—c respectively.
A qualitative analysis of the aforementioned figures depicts that some of the potential curves obtained
with AM1 and PM3 methods are not well-behaved functions of R so that some of potential curves
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Fig. 3. Physical interaction potential energy curves Fig. 4. Physical interaction potential energy curves
for three different relative orientations of CO mole- for three different relative orientations of the C,H,
cule calculated using AM1 (a), PM3 (b), and PM6 molecule calculated using AM1 (a), PM3 (b), and
(¢) semi-empirical methods PM6 (c) semi-empirical methods

show a barrier before or after reaching the potential minimum point. Meanwhile, all of the potential
energy curves for three different orientations obtained with PM6 calculations have a typical and well-
behaved potential well.

As already discussed, these findings confirmed the relative success of the PM6 method compared
to AMI1 and PM3 techniques in the description of noncovalent physical interactions between CO and
C,H, molecules with the graphite surface. Thus, the rest of this article is devoted to the results ob-
tained with PM6 computations.

It is important to state that the order of contributions to the overall physical interaction for differ-
ent orientations can be determined based on their minimum point (equilibrium) energies. Strictly
speaking, the relative orientations with the deeper potential well should possess the larger contribution
in the pyrolytic reaction of CVD process.

As it can be seen from Figs. 3, ¢ and 4, ¢, among the aforementioned three structures, the orienta-
tions in which CO and C,H, molecules approach the graphite sheet from out of the plane have a
stronger interaction potential compared to the other orientation. However, the calculated values of po-
tential energies for the interaction of CO and C,H, with the basal surface of graphite reveal that CO
and C,H, species can only be physisorbed on the perfect basal graphite sheet while the potential ener-
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gy well depth is about 0.02 kJ/mol at the PM6 level, suggesting a weak nature of noncovalent interac-
tions.

In the next step, we have investigated the effect of potential interaction energies on the C=0 and
C=C bond distances while CO and C,H, molecules are closing to the graphite basal sheet. It should be
noticed that during this process, we have only relaxed the C=0 and C=C bond lengths while all the
other structural parameters have been frozen. The variations of calculated C=0 and C=C bond lengths
have been illustrated in Figs. 5 and 6 respectively as a function of intermolecular distances. Figs. 5 and
6 depict clearly that for intermolecular distances larger than 2 A the C=0 and C=C bond lengths do not
change considerably while their values are about 1.13 A and 1.20 A respectively, the same as those of
calculated free CO and C,H, in the gas phase. This behavior can be essentially due to the weak nature
of physical interactions between CO and C,H, molecules with the basal surface of graphite. Moreover,
for the shorter intermolecular distances, the C=0 and C=C bond lengths were elongated to ~2 A, which
indicated that the adsorbed CO and C,H, species are chemically activated and the chemical adsorption
can occur at close intervals to the basal graphite surface.

In order to achieve a more reliable description for noncovalent physical interactions between CO
and C,H, molecules with the basal graphite surface we have calculated the interaction energy values
via the MP2 ab initio method for three different relative configurations. In Figs. 7 and 8, the CO-gra-
phite and C,H,-graphite interaction potential energy curves derived from the MP2 computations have
been illustrated respectively. In Table 1, we have reported the equilibrium distance R. at the minimum
point of the potential energy curves and its corresponding interaction energy AE. obtained from the
MP2 calculation for three different relative orientations in CO-graphite and C,H,-graphite systems.
The reported Table 1 results clearly show that i) the orientations in which CO and C,H, molecules ap-
proach the graphite sheet from out of the plane have a considerably deeper potential well in compari-
son with the other orientation and ii) there is a little distinction in the behavior of potential energy

: curves between two relative orientations in
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can be clearly derived from the reported Table 2 results that the PM6 approach is inadequate for an
accurate quantitative representation of interactions in comparison with the MP2 method. Indeed, the
PM6 interaction energies are about 0.01—0.02 kJ/mol while MP2 calculated ones are about 7—
11 kJ/mol.

In overall, based on MP2 and semi-empirical results, the orientation in which CO and C,H, mole-
cules approach the basal graphite sheet in the plane not only has a weaker interaction energy, but also
this orientation has a considerably shallower potential well in comparison with the other orientations,
which can be seen more clearly in the MP2 computations.

CONCLUSIONS

To summarize, semi-empirical and MP2 ab initio molecular orbital calculations have been per-
formed to study and analyze the adsorption behavior of CO and C,H, molecules on the basal cluster
model of graphite from the energetic and structural viewpoints. A comparative study on the calculated

Table 1

Equilibrium distance R, at the minimum point of the potential
energy curves and its corresponding interaction energy AE,
obtained from MP2 calculations for three different relative

orientations in CO-graphite and C,H,y-graphite systems

. ) CO-graphite C,H,-graphite
Orientation S S
R, A | AE,, hartree | R, A | AE,, hartree

X axis, out of plane | 3.5 | -0.00279 | 3.4 | —0.00418
Y axis, out of plane | 3.5 | —0.00281 | 3.6 | —0.00359
In plane 4 —0.00068 4 —0.00085

Table 2

PM6 and MP2/6-31++G** calculated values of R. and AE. for three different relative
orientations of CO-graphite (CO—G) and C,H,-graphite (C,H,—G) systems.
The definitions of R, and AE. are the same as in Table 1

Computational | X axis, out of plane Y axis, out of plane In plane
method CO—G | CH,—G | CO—G | C,H,—G | CO—G | C,H,—G
PM6
Re, A 3.8 35 3.5 3.5 35 3.8

AE., kJ/mol | —0.0234 | —0.00925 | -0.0209 | —0.0144 | —0.0178 | —0.0125

MP2/6-31++G**
R, A 3.5 3.4 3.5 3.6 4 4
AE,, kJ/mol | —7.3251 | —10.9745 | =7.3776 | —9.4255 | —1.7853 | —2.2316
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noncovalent interaction potential energy curves of CO-graphite and C,H,-graphite systems shows that
i) the PM6 method can provide a qualitatively more reliable theoretical description of noncovalent in-
teractions in comparison with AM1 and PM3 techniques, but it is not superior to the MP2 ab initio
method for providing an accurate quantitative description and ii) the relative configurations in which
CO and C,H, molecules approach the basal graphite sheet from out of the plane have a more potential
well depth and consequently depict stronger interactions. Therefore, based on the obtained PM6 and
MP2 results, we predict that graphite prefers to grow from its surface and so increases its thickness in
CVD of carbon monoxide and acetylene.

In addition, we have found that the selected active sites on the basal surface model of graphite
exhibit active catalytic reactivity toward the dissociation of CO and C,H, and the chemical adsorption
can occur at close intervals to the basal graphite surface.

Acknowledgments. The authors gratefully acknowledge partial financial support from the re-
search council of Alzahra University and Shahid Rajaee Teacher Training University.

REFERENCES

1. Li Q., Yan H., Zhang J. et al. // Carbon. —2004. — 130. — P. 829 — §35.
2. Westberg H., Boman M., Norekrans A.S. et al. // Thin Solid Films. — 1992. — 215. — P. 126 — 133.
3. Antes J., Hu Z., Zhang W. et al. // Carbon. — 1999. —37. — P. 2031 — 2039.
4. Li W.Z., Xie S.S., Qian L.X. et al. // Science. — 1996. —274. — P. 1701 — 1703.
5. Kuc A., Heine T., Seifert G. // Phys. Rev. — 2010. — B81. — P. 085430 — 085437.
6. Podeszwa R. //'J. Chem. Phys. —2010. — 132. — P. 044704 — 044802.
7. Hock K.M., Barnard J.C., Palmer R.E. et al. // Phys. Rev. Lett. — 1993. — 71. — P. 641 — 644.
8. Janiak C., Hoffimann R., Sjovall P. et al. // Langmuir. — 1993. — 9. — P. 3427 — 3440.
9. Jensen F. Introduction to Computational Chemistry, Wiley VCH, Chichester, UK, 1999.
10. Chen N., Yang R.T. // Carbon. — 1998. — 36. — P. 1061 — 1070.
11. Chen N., Yang R.T. //J. Phys. Chem. A. — 1998. — 102. — P. 6348 — 6356.
12. Bennett A.L., McCarroll B., Messmer R.P. // Phys. Rev. B. — 1971. - 3. — P. 1397 — 1406.
13. Dewar M.J.S., Zoebisch E.G., Healy E.F. et al. // J. Amer. Chem. Soc. — 1985. —107. — P. 3902 — 3909.
14. Stewart J.J.P.// J. Comput. Chem. — 1989. — 10. — P. 221 — 264.
15. Stewart J.J.P. /! J. Comput. Chem. — 1989. — 10. — P. 209 — 220.
16. Stewart J.J.P. /! J. Mol. Model. —2007. —13. —P. 1173 — 1213.
17. Gordon M.H., Pople J.A. // Chem. Phys. Lett. — 1988. — 153. — P. 503 — 506.
18. Hehre W.J., Ditchfield R., Pople J.A. // J. Chem. Phys. — 1972. — 56. — P. 2257 — 2261.
19. Clark T., Chandrasekhar J., Schleyer P.v.R. // J. Comp. Chem. — 1983. — 4. — P. 294 — 301.
20. Krishnam R., Binkley J.S., Seeger R. et al. // J. Chem. Phys. — 1980. — 72. — P. 650 — 654.
21. Gill P.M.W., Johnson B.G., Pople J.A. et al. // Chem. Phys. Lett. — 1992. —197. — P. 499 — 505.
22. Voityuk A.A., Rosch N. // J. Phys. Chem. A. —2000. — 104. — P. 4089 — 4094.
23. Thiel W., Voityuk A.A. // Theor. Chim. Acta. — 1992. — 81. — P. 391 — 404.
24. Thiel W., Voityuk A.A. // J. Phys. Chem. — 1996. — 100. — P. 616 — 626.
25. Boys S.F., Bernardi F. // Mol. Phys. —1970. — 19. — P. 553 — 566.
26. Schmidt M.W., Baldridge K.K., Boatz J.A. et al. // J. Comput. Chem. — 1993. — 14. — P. 1347 — 1363.
27. MOPAC2009, James J.P. Stewart, Stewart Computational Chemistry, Version 8.331M, Colorado springs,

USA, 2009.

28. Xu S.C., Irle S., Musaev D.G. et al. // J. Phys. Chem. A. —2005. — 109. — P. 9563 — 9572.

29. Xu S.C., Irle S., Musaev D.G. et al. // J. Phys. Chem. B. —2006. — 110. — P. 21135 — 21144.

30. Matsubara T., Maseras F., Koga N. et al. // J. Phys. Chem. — 1996. — 100. — P. 2573 — 2580.

31. Porezag D., Frauenheim T., Koehler T. et al. // Phys. Rev. B. — 1995. — 51. — P. 12947 — 12957.

32. Elstner M., Hobza P., Frauenheim T. et al. // J. Chem. Phys. — 2001. — 114. — P. 5149 — 5155.

33. Nic M., Jirat J., Kosata B. Rice—Ramsperger—Kassel-—Marcus (RRKM) theory, Blackwell Scientific Pub-
lications, Oxford, UK, 1997.

34. Zhang Y.H., Chen Y.B., Zhou K.G. et al. // Nanotechnology. — 2009. — 20. — P. 185504 — 185512.

35. Lee C., Yang W., Parr R.G. // Phys. Rev. B. — 1988. —37. — P. 785 — 789.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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


