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Abstract

Quantum chemical calculations at the BP86 level with various basis sets (SVP, TZVPP) were carried out for
complexes of carbodiphosphorane analogues E(PPh;), with E = C, Si, Ge, Sn, Pb. The equilibrium geometries of the
complexes [SiH,*> —{E(PPh;),}] (Si*'-1E) possess the carbodiphosphorane ligand 1C is slightly bonded in a tilted way
to SiH,*" in the complex Si?*-1C, whereas the heavier group-14 ligands E(PPh;), (E = Si, Ge, Sn, Pb) in the complexes
Si**-18i — Si*"-1Pb are strongly bonded in side-on fashions. The surprising structures SiH,*'-tetrylone complexes
possess a strong Si-C1 bond between the Si atom of the SiH,*" fragment and atom C1 of the phenyl group. The trend of
the bond dissociation energies (BDEs) for the Si-E bond in the Si**-1E complexes is Si*"-1C ~ Si*-1Si ~ Si*"-1Ge <
Si**-1Sn < Si**-1Pb. Bonding analysis of the complexes shows that the Si-E bonds have a significant contribution from

H,Si*"«E(PPhs), n-donation.
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1. INTRODUCTION

A detailed bonding analysis of the molecules
C(PMes),, C(NHCy),, C(PPh;3),, and analogues in
transition metal complexes have been presented with
charge- and energy-partitioning methods in the
recent past [1]. The experimental observations and
the theoretical investigations of divalent carbon(0)
compounds [1, 2] indicated that the donor-acceptor
chemistry of those complexes may lead to surprising
new discoveries which should be studied with
experimental and theoretical methods.

Recent theoretical studies suggested that the
donor-acceptor bonding model of
carbodiphosphorane is not limited to carbon as
central atom but could be extended to the heavy
homologues E(PPh;3), with E = Si, Ge, Sn, Pb [3].
The finding indicated that the ligands E(PPh;),
possess two lone-pairs orbitals at atom E which
makes them potential four-electron donors motivated
us to investigate the structures and bonding situation
of [SiH,*—{E(PPhs),}] with E = C, Si, Ge, Sn, Pb.
To see whether the unusual bonding situation in
[SiH,*"—{E(PPh;),}] complexes, which is revealed
by the bonding analysis has any relevance to their

chemical behavior, we calculated complexes in
which the divalent carbon(0) compounds serve as
Lewis bases.

In this study, the comprehensive density
functional studies on the bonding situation in donor-
acceptor complexes using quantum chemical
methods have been performed. The calculated
systems were composed of ligands of the types
E(PPh;), as the donor fragments bonded to the
acceptor fragments SiH,”". Scheme 1 shows an
overview of the compounds investigated in this
work. Equilibrium geometries of the complexes and
the bond dissociation energies are predicted with
gradient corrected density functional theory (DFT).
The electronic structures were analyzed with charge
partitioning method.

2. COMPUTATIONAL METHODS

The geometries of molecules were optimized
without symmetry constraints using the Gaussian03
[4] optimizer together with Turbomole 6.0.1 [5]
energies and gradients at the BP86 [6, 7] /def2-SVP
[8] level of theory (denoted BP86/SVP). The nature
of the stationary points on the potential energy
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surface has been confirmed as energy minima by
frequency calculations. Single point calculations
with the same functional but the larger def2-TZVPP
[9] basis set and the small-core quasi-relativistic
effective core potentials [10] (ECPs) for heavier
atoms Sn and Pb is carried out with Gaussian03 on
the structures derived on BP86/SVP level (denoted
as BP86/def2-TZVPP//BP86/def2-SVP) and used
for the calculation of the bond dissociation energies
(BDEs), Wiberg bond orders [11], and natural
charges using the NBO 3.1 program [12].

2+
PPh
HSiT—E€.
PPh;
E Complex Fragment
C Si**-1C 1C
Si Si**-1Si 1Si
Ge Si**-1Ge 1Ge
Sn Si**-1Sn 1Sn
Pb Si**-1Pb 1Pb

Scheme 1: Compounds investigated in this study:
[SiH,**—{E(PPhs),}] (Si*"-1E) and the fragments
E(PPh;), (1E) with E = C, Si, Ge, Sn, Pb

3. RESULTS AND DISCUSSION
3.1. Geometries and Energies

Figs. 1 and 2 show the optimized geometries of
the complexes Si*™-1C — Si*"-1Pb and the geometries
of the free ligands 1C — 1Pb. There are no
experimental values available for the complexes
Si**-1E. Examination of the equilibrium geometries
of Si*"-1E shows that only the carbodiphosphorane
ligand 1C is slightly bonded in a tilted way to SiH,*"
in the complex Si’*"-1C, whereas the heavier group-
14 ligands E(PPh;), (E = Si, Ge, Sn, Pb) in the
complexes Si*"-1Si — Si*"-1Pb are strongly bonded
in side-on fashions. The bending angle, o, which is
164.7° in Si**-1C, and becomes much more acute in
the heavier systems where the values decrease from
o = 89.7° in Si*"-18i to o = 79.2° in Si**-1Pb. The
theoretically predicted Si-C bond length of Si**-1C
(1.885 A) has the shortest bond length and increases
for the heavier homologues. Fig. 1 shows the
theoretically predicted structures for the SiH,**
fragment of Si*"-1E which exhibit a surprising trend.

Pham Van Tat, et al.

The distance between the Si atom of the SiH,>"
fragment and the C1 atom of the phenyl ring in all
members of Si**-1E complexes indicates that they
are bonded. The Si-C1(phenyl) bond length is 1.915
A in Si**-1C, and the Si-Cl1(phenyl) bond lengths
become shorter (2.013-2.041 A) than the Si-E bond
lengths when E becomes heavier (2.390-2.743 A).
The small discrepancies between bond lengths E-P
are in the cause of different-atomic radius of
elements C, Si, Ge, Sn and Pb. Note that the Si-C1
(phenyl) bonds make the hydrogen atom connected
to CI1 bend out to a different side from the other H
atoms of phenyl ring. The bond angle P-E-P in Si*'-
1C is 129.7° and become more acute in the heavier
homologues. Note that the geometries of the free
ligands shown in Fig. 2 demonstrate that the bond
angle P-C-P becomes more acute in Si*-1C by
approximately 6°. The bond angle P-E-P for E = Si,
Ge, and Sn is almost the same in the complexes as
that in the free ligands, whereas the angle for E = Pb
in Si*"-1Pb is approximately 4° more acute than that
in the free ligands. The E-P bonds of all ligands
E(PPhs), are clearly longer in Si*"-1C — Si**-1Pb by
0.1-0.2 A than those in the free tetrylones.

Fig. 1 also gives the theoretically predicted
BDEs for the Si-E bonds of Si**-1Si — Si*"-1Pb,
which exhibit an interesting trend. The calculated
bond energies suggest that the SiH,*"-tetrylone bond
strength slightly increases from Si*"-1C (D, = 381.8
kcal/mol) to Si*"-1Pb (D, = 389.2 kcal/mol). There is
continuous strengthening of the BDE for the heavier
group-14 ligands, except for a small decrease from
Si**-1C to Si*"-1Si (D, = 380.3 kcal/mol). The data
suggest that the heavier tetrylone complexes have
slightly stronger bonds than the lighter homologues.
The above structures and the theoretically predicted
BDEs show that the trend of the BDEs for the Si-E
bond in the Si**-1E complexes is Si*"-1C ~ Si*"-1Si
~ Si*"-1Ge < Si*'-1Sn < Si*"-1Pb.

The structures of complexes Si*'-1C — Si**-1Pb
were considered for dispersion interaction to affirm
that these interactions might have an influence on
the theoretically predicted BDEs. Table 1 shows the
calculated BDEs, D, [kcal/mol], with and without
corrections for dispersion interactions for the
complexes Si**-1E, which have been calculated at
the BP86/TZVPP and BP86/TZVPP-D3 levels using
BP86/SVP-optimized geometries. The calculated D,
values for Si*-1E show that the dispersion
interactions are significantly large. This can be
explained by the fact that the accepting fragment
SiH,*" has much more bulky substituents in the
complexes.

The calculated BDEs for the complexes Si*"-1E
at the BP86/TZVPP-D3 level have almost constant
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values between 391.9-401.4 kcal/mol. The
contributions from dispersion interaction in Si*'-1E
possess uniform values between 9.8—15.8 kcal/mol.
Note that the Si*'-1E systems have weak attractive
forces between the PPh3 substituents and the

Complexes of SiH,"" with carbodiphosphorane...

fragments SiH,>". The calculated data suggest that it
is useful to consider dispersion interactions
separately from energies that come from covalent
bonding in the bonding interactions which have open
shell fragment in complexes.

Table 1: Calculated bond dissociation energies, D, [kcal/mol], with and without corrections
for dispersion interactions for complexes Si**-1E

Compound BP86/TZVPP BP86/TZVPP-D3 AE
Si**-1C 381.8 397.6
Si**-1Si 380.3 392.1
Si*"-1Ge 382.1 391.9
Si**-1Sn 386.9 397.7
Si**-1Pb 389.2 401.4

Si,”"-1C
o=164.7°; D, = 381.8 kcal/mol

Si,**-18n
o = 84.0° D, = 386.9 kcal/mol

Si,*"-1Si
o= 89.7°; D, = 380.3 kcal/mol

Si,**-1Ge
o= 86.1%; D, = 382.1 kcal/mol

Si,*"-1Pb
a=79.2° D, = 389.2 kcal/mol

Fig. 1: Optimized geometries (bond lengths [A], angles [°]) of the complexes Si*"-1E at the BP86/def2-SVP
level. Calculated metal-ligand bond dissociation energies, D., at the BP86/def2 TZVPP//BP86/def2-SVP
level for the SiH,**-1E bonds in kcal/mol. The bending angle o is the anele Si**-E-X where X is the midpoint

P,

between the P-P distance: o
X?-»-il(ElSi

P!
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Fig. 2: Optimized geometries (bond lengths [A], angles [°]) fragments E(PPh;), (1C—1Pb)
at the BP86/def2-SVP level

3.2. Bonding analysis

Wiberg bond orders and partial charges in
compounds Si*"-1E and the free ligands 1E were
calculated at the BP86/def2-TZVPP//BP86/def2-
SVP level. Table 2 gives the numerical results of the
NBO analysis with the calculated partial charges and
bond orders of the SiH,*"-tetrylone complexes. The
partial charges of the SiH,>" fragment are always
positive and decrease from Si*"-1C to Si**-1Pb. The
calculated value for ¢[SiH,*"] is largest in Si**-1C
(0.92) and then it remains less constant for Si*'-1E
(0.40) when E = Si and Ge. The same trend is
observed for Si**-1Sn (0.27) and Si*"-1Pb (0.25).
The Wiberg bond order for the Si-C bond in Si**-1C
is smaller (0.81) than those in the heavier complexes
where the values are between 0.90 for Si**-1Si and
0.89 for Si**-1Ge. In contrast, the Si-Sn bond (0.81)
in Si**-1Sn is similar to the Si-C bond in Si**-1C,
and then the Wiberg bond order is only 0.77 when E
= Pb. Note that the bond order for the E-P bond
becomes smaller in the complexes Si**-1C — Si*'-
1Pb compared with the free ligands 1C—1Pb. Thus, it
follows that neither the charge distribution nor the
bond order correlate with the BDEs of the tetrylone
ligands 1E in the SiH,*"-tetrylone complexes. It is
important to realize the surprising SiH,*"-tetrylone
structures, with a strong Si-C1 bond between the Si
atom of the SiH,>" fragment and the C1 atom of the
phenyl ring are totally different. This shows that
neither the charge distribution nor the bond order

correlate with the BDEs of the tetrylone ligands
E(PPhs),. The Si*-1E complexes have an Mg-E
bond that always carries positive charges for the Si
atom in SiH,”" fragment and a negative charge for
the E atom; this means there may still be a small
electrostatic attraction.

A central question of the bonding analysis of the
compounds Si**-1E concerns the strength of the
donation SiH,”*«—E(PPhs), which may be expected
from the 7 lone-pair orbital of the tetrylone ligand
E(PPh;), into the second vacant coordination side of
SiH,*". The molecules have Cl1 symmetry and
therefore, there are no genuine ¢ and 7 orbitals since
there is no mirror plane in the molecular structure.
However, visual inspection of the shape of the
orbitals makes it easy to identify o-type and m-type
MOs.

Fig. 3 graphically shows the energy levels of the
two highest lying occupied MOs, which have ¢ or &
symmetry, of the ligands E(PPh;), (1E). It becomes
obvious that the energy level of the m orbital
increases in 1E, whereas the © orbital becomes lower
in energy when atom E becomes heavier. The trend
of the energy levels of the energetically highest
lying o and =w orbitals of 1E rationalize the
preference of the heavier ligands for side-on
coordination to the Si atom where o-donation takes
places through the m orbital of the ligand. The
slightly end-on coordination of the lighter adduct 1C
can be explained by wvarious factors that also
influence the bending angle, o, of the ligands.
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Fig. 3: Plot of the energy levels of the energetically highest lying ¢ and &t orbitals of E(PPh;), (1C — 1Pb)

Table 2: NBO results with Wiberg bond indices (WBI) and partial charges ¢ (in e) at the BP86/def2-TZVPP
// BP86/def2-SVP level for complexes Si*"-1C — Si**-1Pb and fragments 1C — 1Pb in C; symmetry

Molecule Bond WBI g[SiH,"'] Atom q
Si 1.13
SiZ*-1C Si-C 0.81 0.92 C -1.41
C-P, 1.03 p 1.59
C-P, 1.04 H -0.11
1C C-P 1.34 C -1.43
P 1.53
Si, 0.59
Si**-1Si Si,-Si; 0.90 0.40 Si, 0.22
Si;-P, 0.70 P 1.03
Si,-P, 0.81 H -0.10
1Si Si-P, 0.96 Si -0.26
Si-P, 0.97 P 0.93
Si-Ge 0.89 0.40 Si 0.59
Si**-1Ge Ge-P, 0.77 Ge 0.24
Ge-P, 0.60 p 1.04
H -0.10
1Ge Ge-P, 0.91 Ge -0.28
Ge-P, 0.90 P 0.95
Si-Sn 0.81 0.27 Si 0.47
Si**-1Sn Sn-P, 0.62 Sn 0.59
Sn-P, 0.50 p 0.96
H -0.10
1Sn Sn-P 0.71 Sn -0.10
P 0.88
Si-Pb 0.77 0.25 Si 0.45
Si**-1Pb Pb-P, 0.57 Pb 0.68
Pb-P, 0.41 P 0.95
H -0.10
1Pb Pb-P 0.65 Pb -0.08
P 0.87

The shorter Si*-C distance in the lighter donor orbitals of E. Fig. 3 also show that the energy
homologues naturally invoke stronger steric (Pauli) levels of the m-type donor orbitals of Si**-1C — Si*'-
repulsion, which favors slight end-on coordination. 1Pb are higher lying than the o-type donor orbitals.
Another factor is the hybridization of the valence s/p  The energy levels of the two highest lying occupied
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MOs indicate that SiH22+<—E(PPh3)2 n donation
might be important in complexes. We continue
considering the polarization of the Si-E o-bonds
which is given by the natural bond orbitals in Si*'-
1E and hybridization of the Si-E bonds at atom E.
Polarization of the Si*"-E o-bonds hybridization of
the Si**-E bonds at atom E, is shown in table 3. The
polarization of Mg-E bonds is slightly localized
toward the E atom, which has %p character > 70 %.
The Si-C bond in the slightly end-on-bonded
carbone complex Si*"-1C is localized toward the
carbon atom (73.4 %) which has almost exact sp’
hybridization. The Si-E bonds of the side-on bonded
heavier homologues Si**-1Si — Si*-1Pb are strongly
less polarized, decreasing from 73.4 to 34.2 %. The
trend of the polarization of the Si-E bonds, which
can be explained by the trend of the electro-
negativities of E and with the energy levels of the &
HOMO of the ligands 1E (figure 3), agrees with the
trend partial charges ¢[SiH,*"] (table 2). Table 3 also
shows the hybridization at atom E. The Si-E bonds
in Si*"-1C — Si*"-1Pb at atom E have a %p character
that increases from 70.9 % in Si*™-1C to 96.1 % in
Si*-1Pb. Thus, it follows that the tetrylones
E(PPh3), have two lone-pair orbitals and they can
use their m lone-pair electrons for donor-acceptor
interactions in the side-on-bonded complexes.

Table 3: Polarization of the Si-E o-bonds and
hybridization of c-donor orbital at atom E from

NBO analysis of Si**-1E. The calculations were
carried out at the BP86/TZVPP//BP86/SVP level

Polarization Hybridization

Complex -
%(S1) | %(E) | %s(E) | %p(E)

Si*"-1C 26.6 | 734 28.9 70.9
Si**-18Si 56.5 | 43.6 10.3 88.7
Si*-1Ge | 57.2 | 428 | 176 92.0
Si*-1Sn | 64.4 | 35.7 5.2 94.5
Si*"-1Pb 65.8 | 342 3.7 96.1

4. CONCLUSION
The structures of SiH,*"-tetrylone complexes are

completely surprised with a strong Si-C1 bond
between the Si atom of the SiH,*" fragment and the

Corresponding author: Pham Van Tat

Pham Van Tat, et al.

C1 atom of phenyl. The trend of the BDEs for the
Si-E bond in Si**-1E complexes is Si**-1C ~ Si**-1Si
~ Si*'-1Ge < Si*"-1Sn < Si*'-1Pb. Calculation of the
BDEs for the Si-E bonds in Si**-1E, when
considering dispersion interactions, shows that the
effect of bulky ligands may have obscured the
intrinsic Si-E bond strengths. The results give an
interesting view of the structures and bonding
interactions between the open shell and close shell
fragments of equilibrium form in complexes.

REFERENCES

1. a) R. Tonner, F. Oxler, B. Neumiiller, W. Petz, G.
Frenking, Angew. Chem. Int. Ed., 45, 8038 (2006).
b) R. Tonner, G. Frenking, Angew. Chem. Int. Ed.,
46, 8695 (2007). ¢) R. Tonner, G. Frenking, Chem.
Eur. J., 14, 3260 (2008). d) R. Tonner, G. Frenking,
Chem. Eur. J., 14, 3273 (2008).

2. W. Petz, F. Oxler, B. Neumiiller, R. Tonner, G.
Frenking. Eur. J. Inorg. Chem. 4507 (2009).

3. a) N. Takagi, T. Shimizu, G. Frenking. Chem. Eur. J.,
15, 3448 (2009). (b) N. Takagi, T. Shimizu, G.
Frenking, Chem. Eur. J., 15, 8593 (2009). (c¢) N.
Takagi, G. Frenking. Theoret. Chem. Acc., 129, 615
(2011).

4. M. J. Frisch. Gaussian 03, Revision D.01. Gaussian
Inc., Wallingford, CT (2004).

R. Ahlrichs, M. Bér, M. Hiser, H. Horn, C. K6lmel.
Chem. Phys. Lett., 162, 165 (1989).
A. D. Becke. Phys. Rev., 38, 3098 (A1988).

. J. P. Perdew. Phys. Rev., 33, 8822 (B1986).

8. A. Schéfer, H. Horn, R. Ahlrichs. J. Chem. Phys., 97,
2571 (1992).

9. F. Weigend, R. Ahlrichs. Phys. Chem. Chem. Phys.,
7, 3297 (2005).

10. a) B. Metz, H. Stoll, M. Dolg. J. Chem. Phys., 113,
2563 (2000). b) D. Andrae, U. Haeussermann, M.
Dolg, H. Stoll, H. Preuss. Theor. Chim. Acta., 77,
123, (1990).

11. a) A. E. Reed, R. B. Weinstock, F. Weinhold. J.
Chem. Phys., 83, 735 (1985); b) A. E. Reed, L. A.
Curtiss, F. Weinhold. Chem. Rev., 88, 899 (1988); ¢)
A. E. Reed, F. Weinhold. J. Chem. Phys., 83(4), 1736
(1985); d) J. P. Foster, F. Weinhold. J. Am. Chem.
Soc., 102, 7211 (1980).

12. K. Wiberg. Tetrahedron., 24, 1083 (1968).

Industrial University of Ho Chi Minh City, Vietnam
12 Nguyen Van Bao, Go Vap District, Ho Chi Minh City

Email: phvtat@yahoo.co.uk.

205




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


