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Abstract The proton transfer reaction and dimerization
processes of 3-hydroxytropolone (3-OHTRN) have been
investigated using density functional theory (DFT) at the
B3LYP/6–31+G** level. The influence of the solvent on
the proton transfer reaction of 3-OHTRN was examined
using the self-consistent isodensity polarized continuum
model (SCI-PCM) with different dielectric constants (ε=
4.9, CHCI3; ε=32.63, CH3OH; ε=78.39, H2O). The
intramolecular proton transfer reaction occurs more readily
in the gas phase than in solution. Results also show that the
stability of 3-OHTRN dimers in the gas phase is directly
affected by the hydrogen bond length in the dimer structure.
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Introduction

Lots of theoretical and experimental studies have been
carried out to enhance knowledge of the mechanisms of
proton transfer, tautomeric equilibrium and relevant proper-
ties, since intra- and intermolecular proton transfer play key
roles in many chemical and biological processes [1–15].

Tropolone and its derivatives have been explored
experimentally [16–25] and theoretically [26–32] as
model compounds for intramolecular proton transfer.
Tropolone (TRN) is a nonbenzoid seven-membered ring

(C7O3H6). It can act as a hydrogen bond donor or a
hydrogen bond acceptor because of its acidic OH proton
and its basic C=O groups. Thus, it can form both
intramolecular hydrogen bonds and intermolecular hydro-
gen bonds. The X-ray structure of tropolone shows that
the molecules are arranged as centrosymmetric hydrogen-
bonded dimers [33, 34]. X-ray diffraction studies show
that the hydrogen-bonded dimer is the dominant species in
the tropolone crystal, comprising more than 98% of the
molecules in the crystal at room temperature (Olender Z,
private communication).

3-OHTRN (3-hydroxytropolone, a derivative of TRN),
exhibits two tautomers, 2,7-dihydroxycyclohepta-2,4,6-
trien-1-one (I) and 2,3-dihydroxycyclohepta-2,4,6-trien-1-
one (II) [35]. In this paper, we report on our investigation of
the proton transfer reaction between the I and II tautomers
(see Fig. 1) of 3-OHTRN. In this work, we carried out
calculations using Becke’s three-parameter hybrid function-
al (B3LYP) methods [36, 37] for 3-OHTRN in chloroform,
in methanol and in water in order to evaluate the effect of
the solvent on tautomerization. Additionally, computations
on 3-OHTRN dimers with two different structures were
performed in the gas phase at the same calculation level.
Based on a search of the literature, this is the first
computational study of the proton transfer reaction between
two tautomers of 3-OHTRN and the proton transfer
reaction between their dimers. Therefore, we hope that
our study provides an enhanced interpretation of tautomers
of 3-OHTRN and their dimer structures.

Methods

The stationary structures (I and II) in the proton transfer
reaction of 3-OHTRN were optimized using the most
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popular B3LYP [36, 38] method by applying the 6–31+G**
basis set with polarization functions on all atoms and
diffuse functions on heavy atoms in the gas phase. The
vibrational frequencies were obtained at the same level to
characterize the local minimum and the transition states
(corresponding to a single negative eigenvalue of the
Hessian). The basis set superposition error (BSSE) associ-
ated with the hydrogen bond energy was computed via the
counterpoise method using the individual bases as frag-
ments [39]. In order to take into account the bulk of the
solvent, we performed an SCRF calculation using a cavity
determined self-consistently from the self-consistent iso-
density polarized continuum model (SCI-PCM) [40] with
different dielectric constants (ε=4.9, CHCI3; ε=32.63,
CH3OH; ε=78.39, H2O). All the calculations were per-
formed with the Gaussian 03W computational package
[41].

Discussion

The B3LYP/6–31+G** optimized geometries for I, II and
TS (the transition state) are shown in Fig. 1, and selected
structural parameters are listed in Table 1.

The proton transfer reaction II → TS → I was
considered. The transfer of a hydrogen atom from the O8

to the O9 atom is accompanied by a rearrangement of the
seven-membered ring, and substantial changes are observed
in the carbon–oxygen and oxygen–hydrogen bonds. The
distance between O9 and H15 decreases upon the proton
transfer II → TS → I. The O8–H15 and O9–H15 distances
for TS are 1.194 Å and 1.282 Å in the gas phase. It can be
concluded that the O8–H15 bond is broken and an O9–H15

bond is formed during the proton transfer process in 3-
OHTRN. In the proton transfer II → TS → I, the C1–C7

and C1–C8 distances decrease, the C7–C9 and C1–C2

distances increase, while the angle O8C1C7 first decreases
and then increases in all phases. The C1O8H15 angle
decreases on II → I transfer, while the C7O9H15 angle
increases in all phases.

Let’s see how the calculated tautomerization energy for
3-OHTRN changes. The tautomerization energy, as shown
in Fig. 2, was calculated as the energy differences between
the tautomers and the transition states. The energy differ-
ences between the two tautomers (I and II) were calculated
to be −5.52, −4.73, −4.42, −4.38 kcal mol−1 in the gas
phase, in chloroform, in methanol, and in water, respec-
tively. That is, tautomer I is more stable than tautomer II in
the gas phase and in solution.

The relative energies of the TS with respect to tautomer
II were calculated to be 3.73, 4.10, 4.25 and
4.26 kcal mol−1 in the gas phase, in chloroform, in
methanol, and in water, respectively. The barrier height
decreases on going from the water phase to the gas phase.
As a result, the intramolecular proton transfer reaction
between structures I and II occurs more easily in the gas
phase than in solution. Similar barrier heights were
observed for all of the solutions. However, we can conclude
that the stronger the dipole moment of the solvent, the
higher the barrier to the proton transfer process.

From the viewpoint of valence theory, the interaction
between the lone pair of the acceptor O atom and O–H σ*
orbitals is mainly responsible for the proton transfer.
Therefore, the O…H–O angle and the O…H distance (in
tautomer II) may play important roles in the proton transfer
reactions. In most cases, hydrogen bonds with linear O…
H–O structures and short hydrogen bond distances are
considered to be strong. In tautomer II, the O8–H15…O9

angles are 122.80°, 121.98°, 121.69° and 121.61° in the gas
phase, in chloroform, in methanol, and in water, respec-
tively. Additionally, the O8–H15…O9 hydrogen bond dis-
tances of tautomer II are 1.820 Å, 1.842 Å, 1.851 Å and

Fig. 1 Optimized molecular structures of I, II and the transition state (TS) (obtained using GaussView 3.0 [42])
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1.852 Å in the gas phase, in chloroform, in methanol, and
in water, respectively. The existence of a strong O8–H15…
O9 hydrogen bond in tautomer II shows that the barrier to
the intramolecular proton transfer may have be low in the
gas phase. Another reason for this result is that the distance
of O8 from H15 in the TS structure is shortest in the gas
phase.

Let’s now examine the calculated relative free energies
(ΔG) and activation free energy barriers (ΔG#) for the
proton transfer reaction of 3-OHTRN in the gas phase and
in solutions. As seen in Table 2, the free energy for the
proton transfer reaction of 3-OHTRN is lowest in the gas
phase. The activation free energy barrier height decreases
on going from the water phase to the gas phase. As a result,
according to ΔG and ΔG#, this reaction is thermodynam-
ically and kinetically easier in the gas phase than it is in
solution.

When we look at the calculated ΔEs and ΔGs values in
Table 3, we see that tautomer II is the more stable of the
tautomeric structures, presumably due to solvent effects. In
addition, solvents effects mean that the TS structure in
solution is more stable than it is in the gas phase.
Consequently, the energy barrier to proton transfer reaction
increases in solution.

Dimers

The structural parameters of the dimer structures (I-D and
II-D) calculated at the B3LYP/6-31+G** level are shown in
Fig. 3.

The optimized geometrical parameters indicate that the
two tautomers (I and II) are fully planar, in agreement with
experimental values [43]. The planarity of these structures
is attributed to the strong intramolecular hydrogen bonding
and the structure of the tropolone ring.

A study of the crystal structure of 3-OHTRN has shown
that the O9–H15...O8 hydrogen bond length is 1.930 Å, the
O–H...O angle is 122.4°, and the C1–O8 and C7–O9 bond
lengths are 1.263 Å and 1.346 Å [43]. The calculated O9–
H15...O8 hydrogen bond length and the O9–H15...O8 angle
are 1.919 Å and 120.05°, respectively, for tautomer I in the
gas phase. The calculated C1–O8 and C7–O9 bond lengths
are 1.263 Å and 1.347 Å , respectively, in the gas phase
(see Table 1). These calculated values are in good
agreement with the experimental data.

Two tautomer I structures are bonded to each other with
two intermolecular hydrogen bonds in the I-D structure
[43], while two tautomer II structures are bonded to each
other with two intermolecular hydrogen bonds in the II-D
structure. These two hydrogen bonds in the dimer structures
are equivalent to each other (see Fig. 3).

Comparing the monomer and dimer structures in the
gas phase, it has been noted that the intermolecular
hydrogen bonds affect the molecular structure of the
monomer. As seen in Table 1 and Fig. 3, the bond angles
and lengths of the hydrogen donor (O–H) and hydrogen
acceptor (C=O) groups of the I-D and II-D structures
differ from those of their monomers. For example; the
C2O10H16 and O8C1C2 angles are increased by 7.38° and
1.90° in I-D, respectively. The C1O8H15 and C1C7O9

angles are increased by 11.67° and 2.87° in II-D,
respectively. Another important point is the changes in
the C1O8 (C7O9) and O10H16 (O8H15) bond lengths on
going from the monomers to the dimeric structures. The
results obtained for the gas phase show that the C1O8 and
O10H16 bond lengths are 0.003 Å longer in I-D. The C7O9

and O8H15 bond lengths are 0.001 Å shorter in II-D.
Additionally, there are changes in the intramolecular hydrogen
bonds on going from the monomers to the dimeric structures.
The O8…H16 hydrogen bond lengthens by 0.252 Å, while
the O8…H15 hydrogen bond shortens by 0.046 Å in I-D. The
O9…H15 hydrogen bond lengthens by 0.393 Å, while the
O8…H16 hydrogen bond shortens by 0.113 Å in II-D.

The values of the calculated uncorrected interaction
energies, ΔE, and the corrected interaction energies, ΔEc,
are given in Table 4. The interaction energies are corrected
for basis set superposition error (BSSE) at the B3LYP level

Fig. 2 Energy diagram of the proton transfer process in various
solvents (via SCI-PCM) and in the gas phase

Table 2 Calculated free energies and activation free energy barriers
(in kcal mol−1) for the proton transfer reaction of 3-OH-TRN

ΔG ΔG#

Gas phase −5.15 1.74

Chloroform −4.42 2.11

Methanol −4.13 2.25

Water −4.08 2.28

1880 J Mol Model (2010) 16:1877–1882



using an approximation to the Boys–Bernardi counterpoise
method [39], as described below.

The hydrogen-bonding interaction energy, ΔE, of the
dimer (for example I-D) is defined as

ΔE ¼EI...I � EI � EI; ð1Þ
where EI…I refers to the energy of the I-D, and EI is the
energy of tautomer I. When the BSSE is taken into account,
the BSSE-corrected interaction energy, ΔEc, is then calcu-
lated as

ΔEc ¼ EI...I � EI I...Ið Þ � EI I...Ið Þ ð2Þ
where EI (I…I) is the energy of monomer I obtained with the
extra ghost Gaussian functions placed at the positions of
monomer I in the dimer.

As seen from these calculated interaction energies, II-D
is more stable than I-D. When we look at the calculated ΔG
values in Table 4, II-D is more stable than I-D by
1.57 kcal mol−1. It is interesting that the intermolecular
hydrogen bond lengths in II−D are shorter than those in the

I-D structure. Thus, the stabilities of the dimer structures
under investigation can explain the intermolecular hydro-
gen bonds formed in the dimers.

Conclusions

The major conclusions to be gleaned from this work are as
follows:

1. Tautomer I is more stable than tautomer II in the gas
phase and in solution.

2. The barrier height for the proton transfer reaction of 3-
OHTRN decreases upon shifting from the water phase
to the gas phase. As a result, the intramolecular proton
transfer reaction between structures I and II is thermo-
dynamically and kinetically easier in the gas phase than
in solution.

3. The geometrical parameters of the two monomer
molecules in the I-D and II-D structures are nearly the
same.

Gas phase Chloroform Methanol Water

µ ΔEs ΔGs µ ΔEs ΔGs µ ΔEs ΔGs µ

I 3.12 −3.34 −3.62 3.94 −4.56 −4.97 4.23 −4.71 −5.13 4.26

II 3.14 −4.13 −4.36 3.96 −5.67 −6.00 4.27 −5.84 −6.20 4.30

TS 3.54 −3.76 −3.99 4.51 −5.15 −5.67 4.88 −5.32 −5.67 4.92

Table 3 Dipole moments (µ, in
debyes), solvation energies
ΔEs = Egas − Esolv, and solvation
Gibbs free energies ΔGs =
Ggas − Gsolv (kcal mol−1) of the
tautomeric forms in the gas
phase and in solution

Fig. 3 Optimized structures of
the I-D and II-D structures.
Bond lengths are shown in Å
and angles in degrees (obtained
using GaussView 3.0 [42])

J Mol Model (2010) 16:1877–1882 1881



4. II-D is more favorable than I-D. That is, the intermo-
lecular hydrogen bonds in the II-D structure are
stronger than those in the I-D structure.

5. The results show that the stabilities of the dimer
structures are directly affected by the hydrogen bond
lengths in the dimer structures.

6. At this time, there are no published data from
computational investigations of the intramolecular
proton transfer reactions of 3-hydroxytropolone and
its dimers, so our calculations provide a useful
interpretation of literature data.

Acknowledgments The authors acknowledge the CUBAP (The
Scientific Research Projects Council of Cumhuriyet University) for
the providing the Gaussian 03W and GaussView 3.0 program
packages.

References

1. Alves ACP, Hollas JM, Musa H, Ridley T (1985) J Mol Spectrosc
109:99–122

2. Sekiya H, Nagashima Y, Nishimura Y (1989) Bull Chem Soc Jpn
62:3229–3231

3. Yi PG, Liang YH, Tang ZQ (2006) Chem Phys 322:387–391
4. Casadesu’s R, Moreno M (2003) Chem Phys 290:319–336
5. Hunter KC, Rutledge LR, Wetmore SD (2005) J Phys Chem

A109:9554–9562
6. Yi PG, Liang YH (2006) Chem Phys 322:382–386
7. Nsangou A, Jaidane N, Ben Lakhdar Z (2006) J Mol Struct

758:87–95
8. Ahn DS, Lee S, Kim B (2004) Chem Phys Lett 390:384–388
9. Enchev V, Markova N, Angelova S (2005) J Phys Chem A

09:8904–8913
10. Wang YQ, Wang HG, Zhang SQ, Pei KM, Zheng XM (2006) J

Chem Phys 125:214506–214512

11. Sakota K, Okabe C, Nishi N, Sekiya H (2005) J Phys Chem A
109:5245–5247

12. Folmer DE, Poth L, Wisniewski ES, Castleman AW (1998) Chem
Phys Lett 287:1–7

13. Folmer DE, Wisniewski ES, Hurley SM, Castleman AW (1999)
Proc Natl Acad Sci USA 96:12980–12986

14. Guallar V, Batista VS, Miller WH (1999) J Chem Phys 110:9922–
9936

15. Gorb L, Leszczynski J (1998) J Am Chem Soc 120:5024–5032
16. Ikegami Y (1963) Bull Chem Soc Jpn 36:1118–1125
17. Alves ACP, Hollas JM (1973) Mol Phys 25:1305–1314
18. Redington RL, Redington TE (1979) J Mol Spectrosc 78:229–247
19. Tomioka Y, Ito M, Mikami N (1983) J Phys Chem 87:4401–4405
20. Redington RL, Chen Y, Scherer GJ, Field RW (1988) J Chem

Phys 88:627–633
21. Sekiya H, Nagashima Y, Nishimura Y (1990) J Chem Phys

92:5761–5769
22. Sekiya H, Nagashima Y, Tsuji T, Nishimura Y, Mori A, Takeshita

H (1991) J Phys Chem 95:10311–10317
23. Nishi K, Sekiya H, Kawakami H, Mori A, Nishimura Y (1998) J

Chem Phys 109:1589–1592
24. Frost K, Hagemeister FC, Arrington CA, Zwier TS, Jordan KD

(1996) J Chem Phys 105:2595–2604
25. Mó M, Yáñez M, Esseffar M, Herreros M, Notario R, Abboud

JLM (1997) J Org Chem 62:3200–3207
26. Redington RL, Bock CW (1991) J Phys Chem 95:10284–10294
27. Sanna N, Ramondo F, Bencivenni L (1994) J Mol Struct 318:217–

235
28. Nash JJ, Zwier TS, Jordan KD (1995) J Chem Phys 102:5260–

5270
29. Vener MV, Scheiner S, Sokolov ND (1994) J Chem Phys

101:9755–9765
30. Smerdachina Z, Siebrand W, Zgierski MZ (1996) J Chem Phys

104:1203–1212
31. Takada S, Nakamura H (1995) J Chem Phys 102:3977–3992
32. Wójcik MJ, Boczar M, Stoma M (1999) Int J Quantum Chem

73:275–282
33. Shimanouchi H, Sasada Y (1970) Tetrahedron Lett 28:2421–

2424
34. Shimanouchi H, Sasada Y (1973) Acta Crystallogr B 29:81–90
35. Tsuji T, Hamabe H, Hayashi Y, Sekiya H, Mori A, Nishimura Y

(1999) J Chem Phys 110:966–971
36. Lee C, Yang W, Parr PG (1988) Phys Rev B 37:785–789
37. Becke AD (1993) J Chem Phys 98:5648–5652
38. Becke AD (1988) Phys Rev A 38:3098–3100
39. Boys SF, Bernardi F (1970) Mol Phys 19:553–566
40. Foresman JB, Keith TA, Wiberg KB, Snoonian J, Frich MJ (1996)

J Phys Chem 100:16098–16104
41. Frisch MJ et al (2003) Gaussian 03W. Gaussian Inc., Pittsburgh
42. Frisch A, Dennington R II, Keith T, Nielsen AB, Holder AJ

(2003) GaussView Reference, v.3.0. Gaussian Inc., Pittsburgh
43. Kubo K, Matsumoto T, Mori A (2007) Acta Cryst E63:o941–o943

Table 4 Calculated free energies ΔG, interaction energies ΔE, BSSEs,
and corrected interaction energies ΔEC for the dimerization of
tautomers of 3-OHTRN in the gas phase

Structures ΔE BSSE ΔEc ΔG

I-D −6.84 0.91 −5.93 5.28

II-D −8.45 0.95 −7.50 3.71

1882 J Mol Model (2010) 16:1877–1882


	Computational...
	Abstract
	Introduction
	Methods
	Discussion
	Dimers
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


