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Abstract Zigzag molecular belts have captured the imagination of
scientists for over a half century because of their aesthetically appealing
structures and tantalizing properties. One of the formidable challenges
in synthesis is to circumvent the energy accumulated in the
construction of strained structures. Reported herein is our theoretical
study to quantify the molecular strain energies. A general exponential
function equation Egain = a-n-e~"® was obtained to estimate strain
energies of both conjugated and partially hydrogenated hydrocarbon
belts and their heteroatom-embedded analogs. The deformation of
aromatic rings from planarity was revealed to contribute dominantly to
the high strain energies. The method enabled the convenient
quantification of the energetics of aromatization processes from
partially hydrogenated double-stranded macrocycles, and facilitated
the design and optimization of practical routes to synthesize the long-
awaited zigzag molecular belts.

Key words zigzag hydrocarbon belts, belt[n]arenes, macrocycles,
strain energy

Introduction

Zigzag hydrocarbon molecular belts such as fully
conjugated belt[n]arenes or cyclacenes 1 and their
partially hydrogenated analogs including H,-belt[n]arenes
or collar[n]arenes 2 and belt[n]enes have been fascinating
scientists for decades'™® since they were proposed as
imaginary molecules by Heilbronner” in 1954 and as
synthetic targets by Vogtle® in 1983. Despite their
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aesthetically appealing structures, theoretically predicted
tantalizing properties,> !> and potential application as
templates or seeds'® to grow structurally well-defined
zigzag carbon nanotubes, synthesis of zigzag hydrocarbon
belt molecules remains a formidable challenge. The
molecular strain energy has been noted as one of the
biggest hurdles in the synthetic process to construct
double-stranded macrocycles.21%1>17 To circumvent the
strain problem, Stoddart and coworkers'®-2° developed an
effective method featuring repetitive Diels-Alder reac-
tions between precisely predesigned oxygen-bridged
bisdienes and bisdienophiles with a rigid molecular
curvature to construct kohnkene, a Hjp-belt[12]arene
derivative densely functionalized with bridge-oxygen
atoms on the outer surface. The same strategy has been
used by others?!2* to construct partially hydrogenated
belt[n]arene derivatives. Attempts to obtain conjugated
belt[n]arenes were not successful. Very recently, we?5-%7
have discovered that resorcin[n]arenes (n = 4, 6) 3 are
able to undergo the Fjord-stitching processes via multiple
intramolecular alkylation and acylation reactions produc-
ing partially hydrogenated molecular belts such as Hg-belt
[8]arenes and Hip-belt[12]arenes. Most remarkably,
oxidative aromatization of a Hg-belt[8]arene with 2,3-
dichloro-5,6-dicycno-1,4-benzoquinone (DDQ) affords a
belt[8]arene-DDQ, adduct which forms significantly the
conjugated belt[8]arene under MALDI-MS conditions.?’
Our interest?>=2% in the facile construction of Hy-belt[n]
arenes from monomacrocyclic rings and then their
conversions to fully conjugated belt[n]arenes led us to
initiate the current project. We report herein our
theoretical study on the strain energies (SE) and molecular
structures of a series of diverse partially and fully
conjugated zigzag hydrocarbon belts 1-2 and heteroat-
om-embedded analogs 4-6 (Figure 1). We will also report
the energetics of the aromatization processes of H,-belt[n]
arenes.
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Figure 1 Structures of resorcin[n]arene and zigzag nanobelts (n' = n/2).

Results and Discussion

The calculations were performed with the Gaussian 09
package.?® Geometry optimizations were carried out using
the B3LYP3%-32 functional with the 6-31G(d) basis set*>>34in
the gas phase. Vibrational frequency analysis was carried
out at the same level to confirm the structure was a
minimum. We commenced our study with the calculation of
intrinsic strain energies of Hy-belt[n]arenes 2 as the
reaction heat of the hypothetical homodesmotic reac-
tions®>3® (Figure S1). The strain energies were found to
decrease with the increase of the diameter of the belts.
However, negative energy values were computed when the
number of dihydronaphthalene repeating units exceeded
eight. We noticed that Itami and coworkers have pointed out
that a homodesmotic reaction might not be reliable to assess
the strain energies of fully conjugated belt[n]arenes.
Alternatively, they identified a perfect linear correlation
between the total electronic energy of a repeat unit (C4H,)
and n~? of belt[n]arenes, and the strain energy for belt[n]
arenes was calculated to be 1365/n kcal/mol.!”-3” Therefore,
we attempted to study the strain energies of the zigzag
hydrocarbon belts of interest following this approach.
Adapting the same treatment, we then plotted the total
energy per number of repeat units (Eypjr = Erora/n") of Hy-
belt[n]arenes 2 (CgHg),» (1" = n/2) as a function of n’, "},
and n'~? (Figures 2 and S2). As the results in Figures 2
and S2 indicate, E,;; values correlated neither linearly with
n'~2 nor with n’~! and n'. Interestingly, an exponential
relationship was revealed between E,,; and n' following
the equation of Eypir = 464.95-e /104 _ 193578.07
(R? = 0.9997) (Figure 2). According to the perfectly fitted
equation, when n’ approaches infinite, the limit of E;;, the
energy of the “unstrained” repeat unit, is —193578.07
kcal/mol. The strain energy of a repeat unit can be estimated
as 464.95.e /1% kcal/mol. Therefore, the total strain
energies of a number of H,-belt[n]arenes 2 were quantified
from the equation: Egqain = 464.95-n"e~"/1%4 and are listed
in Table S1.

Using the same density functional theory (DFT) calcula-
tions and data fitting methods, we obtained the similar
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Figure 2 Correlation between total energy per number of repeat unit
(Eunit) and n'.

exponential equations (Figures S3-S7) between E,,;; and n’ for
all heteroatom-embedded partially hydrogenated H,,,—X,,~belt
[n]arenes4 which contain nitrogen, phosphorus, oxygen, sulfur
atoms, or carbonyl linkages. Total strain energies of the
corresponding belts were calculated (Table S1) and then
plotted as a function of n in Figure 3.

As anticipated, the strain energies of partially hydroge-
nated belt[n]arenes 2 and their heteroatom- (X = N, P, O,S) or
carbonyl-doped analogs 4 decreased with the increase of the
belt sizes. It is noteworthy that the introduction of sulfur and
phosphorus atoms made the resulting H,,,-S,,~belt[n]arenes 4
(X = S)and H,,~P,-belt[n]arenes 4 (X = P) less strained than

—=— belt[n]arene
—e— belt[n'larene[n]pyridine
belt[narene[n]phosphinie
-y belt[n]pyridine
- belt[n]phosphinine
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Figure 3 Strain energies for different H,,—X,,-belt[n]arenes and belt[n]
(het)arenes (n' = n[2).
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H,-belt[n]arenes 2. However, the replacement of some
methylenes in 2 with oxygen and nitrogen atoms resulted
inthe increase of considerable amounts of the strain energies,
especially when the sizes of belt molecules are relatively small
(n = 12orn’ = 6). Among all molecules 2 and 4, the carbonyl-
bridged belts have the highest energies, while the phosphine-
linked ones are least strained.

The same theoretical method was then applied to
quantify the strain energies of fully conjugated belt[n]
arenes 1 and their heteroatom-bearing analogs 5 and 6
(Figures S8-S15 and Tables S2 and S3). The strain energies
were obtained readily from the equation Egpain = n-a-e ™2,
in which a and b had different values depending on the
structures'’? (Supporting Information). The results plot-
ted in Figure 3 indicated evidently that the strain energies of
conjugated belts are substantially larger than those of their
partially hydrogenated belt counterparts. For example, belt
[10]arene appeared 62.8 kcal/mol more strained than Hqo-
belt[10]arene. The smaller the belt size, the larger the
difference between strain energies. The drastic increase of
the strains may best explain the difficulty to fully aromatize
partially hydrogenated belt[8]arenes. On the other hand, in
comparison with 2 and 4, fully conjugated molecules 5 and 6
appeared much more sensitive toward the molecular size in
terms of strain energy. This has been exemplified by an
increase of strain energy of 79.8 kcal/mol from belt[12]
arene to belt[8]arene, whereas the variation from Hi,-belt
[12]arene to Hg-belt[8]arene led to the gain of strain energy
of only 31.0 kcal/mol. In the case of heteroatom-embedded
belt[n]arenes 5 and 6, opposite effects of nitrogen
and phosphorus on the strains were observed. While both
belt[n']arene[n’]pyridines 5 (X = N) and belt[n]|pyridines 6
(X = N) were more strained than the corresponding belt[n]
arenes 1, incorporation of phosphorus atoms into belt[n]
arenes released the strain. It may also be worth addressing
that the strain energies of lager conjugated belt[n]arenes
(n > 11) are comparable with those of Hg-belt[8]arenes,
stable belt compounds which have been readily con-
structed,?® implying the macrocyclic strain would not be
a barrier to impede the synthesis of larger belt[n]arenes
(n > 11).

To gain insight into the macrocyclic strain, the geometric
structures of zigzag belt molecules were scrutinized first. As
illustrated in Figure 4, Hy-belt[n]arenes adopted various
symmetric polygonal prism structures depending on the
number of repeat units. Replacement of methylene linkages by
heteroatoms or carbonyl units on one edge resulted in the
change of symmetric prisms into different truncated cones.
Notably, all cyclohexa-1,4-diene subrings, six-membered
heterocycles, and cyclohexa-2,5-dien-1-one subunits in belts
formed a boat conformation. It should be addressed that the
computed structures of Hg-belt[8]arene and H>-belt[12]arene
are supported by the X-ray single-crystal molecular structures
of synthetic samples.>?% Being different from partially
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Figure 4 Optimized structures of H,-belt[n]arenes with top view (A)
and of Hg—X,-belt[8]arenes with side view (B). Bond lengths rint, riim,
Ttim1» Mrim2> @nd Irimx, and dihedral angles o, B, y1, and y; are defined (C).
In the case of H,-belt[n]arenes, y; = ys.

hydrogenated belt[n]arenes, conjugated zigzag hydrocarbon
belts adopt nearly cylindrical structures (Figure 5). Trans-
formations from symmetric cylinders to various truncated
cones were observed when different heteroatoms were
introduced into one of the edges of the belts. In the case of
belt[8]pyridine, for instance, the diameter of the nitrogen
atom-doped edge is shorter than that of all-carbon edge. Belt
[8]phosphinine, on the other hand, gives a truncated cone
cavity in which the circumference of the P-bearing rim is larger
than that of all-carbon rim (Figure 5).

To shed further light on the origin of the strain of zigzag
belts, structural parameters such as dihedral angles and bond
lengths of optimized structures were defined (Figures 4, 5,
and S20) and plotted as a function of belt size (Figures 6
and S21-529). Figures 6A and S21A-S25A show that there is a
very small bond length alternation between ri,; and fyim
which is size-independent, indicating the presence of
characteristic benzene subunits within all partially hydroge-
nated belt[n](hetero)arenes. The rapid increase of dihedral
angles of «, Y1, and Y» (Y; equals Y, in the case of H,-belt[n]
arenes) to approach the ideal angles of a planar conformation
of the subrings from Hg-belt[6]arene or Hg—X3-belt[6]arenes
to Hyg-belt[18]arene or X;g-Xo-belt[6]arenes, which are
depicted clearly in Figures 6B and S21B-S25B, suggested

© 2020. The Author(s). Organic Materials 2020, 2, 300-305
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Figure 5 Optimized molecular structures of (A) belt[n]arenes (n = 6, 8)
and (B) N- and P-embedded belt[8](het)arenes with top and side views.
Bond lengths ring, Mim1s fim2»> @nd rim-x, and dihedral angles o, B, y1, and
y2 are defined (C).
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Figure 6 Bond lengths (A and C) and dihedral angles (B and D) of H,-belt
[n]arenes (A and B) and belt[n]arenes (C and D) as a function of belt sizes.

that the high strain energies of smaller partially hydrogenated
belt[n]arenes were mainly contributed from the deformation
of benzene subunits and, particularly, from the deviation of
methylenes and heteroatoms from the plane of their adjacent
benzene rings. It is also interesting to note that, with the

increase of belt sizes, the C-Cand C-S, C-P, C-C=0 single bond
lengths (r.im-x) decrease slightly while the C-Nand C-0 bonds
are shortened considerably. For example, Hs—-N3-belt[6]arene
and Hs-0s-belt[6]arene give the C-N and C-O bond length
(rrimx)0f1.450 Aand 1.414 A, respectively. Inthe case of Hg—
No-belt[18]arene and Hg—Og-belt[18]arene, however, much
shorter C-N bond (1.409 A) and C-O bond (1.384 A) are
computed. The outcomes are the indication of the formation
of a stronger conjugation of the lone-pair electrons on
nitrogen and oxygen with their neighboring benzene rings in
larger molecular belts. In comparison to the C-C bond (7yiim2),
the long C-P and C-S bonds (1imx), owing to the large atomic
radius of the corresponding phosphorous and sulfur atoms,
result in the expansion of the circumferences of heteroatom-
embedded rims, leading to the formation of truncated cones.
As shown by the plots in Figures 6C and S26-S29,
comparing partially reduced H,-belt[n]arenes and hetero-
atom-doped analogs, the disparity between ri,c and 1y, is
larger in belt[n]arenes 1 and belt[n](het)arenes 5 and 6. The
elongated inter C-C bonds (rine > 1.451 A, n > 8) implied a
weaker delocalization of electrons between two conjugated
layers. Dihedral angles «, B, y;, and Y, within conjugated
belts (Figures 5 and S20) are significantly smaller than those
in the corresponding partially hydrogenated belt analogs
(Figure 6B, D). Especially, there is noticeable deformation of
six-membered rings from their planarity in smaller zigzag
belts (n < 10). It is obviously the forced bending of planar
segments that contributes as the dominant factors to build
up macrocyclic strain. It should be mentioned that fully
conjugated belt molecules such as belt[n]arenes and belt[n]
(het)arenes were also computed using the unrestricted
broken spin-symmetry DFT method!® (Supporting Infor-
mation). Calculations showed that belt[n]arenes, belt[n’']
arene[n’]pyridines, and belt[n]pyridines have open-shell
ground states. However, no considerable difference in
molecular geometries was evident. The strain energies
were obtained following the same form of exponential
equation (Esain = n-a-e~"?) albeit the strain energies were
slightly lower using the UB3LYP method (Table S3).
Finally, the established computational method
was utilized to study the energetics of the aromatization of
Hg-belt[8]arene to form belt[8]arene, which was observed
experimentally by means of MALDI mass spectrometry.?
Since the complete aromatization of Hg-belt|8]arene proceeds
probably through two distinct step-by-step routes, DFT
calculations of partially hydrogenated belt[n]arenes which
are composed of different repeat units (Figure 7) were
executed (Figures S16-S19). The similar forms of the
exponential function equation Egyi, = n-a-e”™? (a and b
values were determined by the structures) to estimate strain
energies of Hg,-belt[8n]arenes 7, Hy,-belt[4n]arenes 8 and 9,
and H,,-belt[2n]belts 10 were computed and are listed
in Figure 7. Belt 8 is more stable than 9, as the largest
conjugated subunit in 8 is anthracene whereas 9 contains

© 2020. The Author(s). Organic Materials 2020, 2, 300-305
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Figure 7 Strain energies of different partially hydrogenated beltarenes.

pentacene. The calculations demonstrated quantitatively an
uphill process to aromatize Hg-belt[8]arene to form belt[8]
arene via most likely intermediates 7 (SE = 68.5 kcal/mol), 8
(SE = 90.0 kcal/mol), and 10 (SE = 127.8 kcal/mol) (Figure 7).
It is worth noting that, besides strain, the fully conjugated belt
[n]arenes are probably more prone to cycloaddition with
oxygen or dimerization than the linear polyacenes, such as
anthracene, [5]acene, or [ 7]acene (Figures S29 and S30). These
may also jeopardize the isolation of belt[n]arenes.

Conclusions

Our theoretical study has provided a general exponential
function equation Esgjn = a-n-e P (aand b values are varied
depending on the molecular structures) to estimate strain
energies of both conjugated and partially hydrogenated
hydrocarbon belts and their heteroatom-embedded analogs.
We have alsorevealed that the forced deformation of aromatic
rings from planarity contributes dominantly to the high strain
of belt molecules. The method enables the convenient
quantification of the energetics of aromatization processes
from partially hydrogenated double-stranded macrocycles,
facilitating the design and optimization of practical routes to
synthesize the long-awaited zigzag molecular belts.

Funding Information

We thank the National Science Foundation of China (grant
No. 21732004 and 21821001) and Tsinghua University
Initiative Scientific Research Program for financial support.

Supporting Information

Supporting information for this article is available online at
http://doi.org/10.1055/s-0040-1718934. It shows detailed
calculation results.

Primary Data

Primary data including the Cartesian coordinates for this
article are available online at: http://doi.org/10.1055/
s-0040-1718934 and can be cited using the following
DOI: 10.4125/pd0123th.

References and Notes

(1) Shi, T-H.; Wang, M-X. CCS Chem. 2020, 2, 916.

(2) Cheung,K.Y.; Segawa, Y.; Itami, K. Chemistry 2020. Doi: 10.1002/
chem.202002316.

(3) Eisenberg, D.; Shenhar, R.; Rabinovitz, M. Chem. Soc. Rev. 2010,
39, 2879.

(4) Gleiter,R.; Esser, B.; Kornmayer, S. C. Acc. Chem. Res. 2009,42,1108.

(5) Esser, B.; Bandyopadhyay, A.; Rominger, F.; Gleiter, R. Chemistry
2009, 15, 3368.

(6) Tahara, K.; Tobe, Y. Chem. Rev. 2006, 106, 5274.

(7) Heilbronner, E. Helv. Chim. Acta 1954, 37, 921.

(8) Vogtle, F. Top. Curr. Chem. 1983, 115, 157.

(9) Kivelson, S.; Chapman, O. L. Phys. Rev. B: Condens. Matter 1983,
28, 7236.

(10) Choi, H. S.; Kim, K. S. Angew. Chem. Int. Ed. 1999, 38, 2256.

(11) Wu, C. S.; Lee, P. Y.; Chai, J. D. Sci. Rep. 2016, 6, 37249.

(12) Sadowsky, D.; McNeill, K.; Cramer, C. J. Faraday Discuss. 2010,
145, 507.

(13) Chen, Z.; Jiang, D-E.; Lu, X.; Bettinger, H. E.; Dai, S.; Schleyer, Pv.;
Houk, K. N. Org. Lett. 2007, 9, 5449.

(14) Battaglia, S.; Faginas-Lago, N.; Andrae, D.; Evangelisti, S.;
Leininger, T. J. Phys. Chem. A 2017, 121, 3746.

(15) San-Fabian, E.; Pérez-Guardiola, A.; Moral, M.; Pérez-Jimenez, A.
J.; Sancho-Garcia, J. C. Advanced Magnetic and Optical Materials.
Tiwari, A.; lyer, P. K;; Kumar, V.; Swart, H., Eds.  Scrivener
Publishing LLC: Beverly, 2017.

(16) Omachi, H.; Nakayama, T.; Takahashi, E.; Segawa, Y.; Itami, K.
Nat. Chem. 2013, 5, 572.

(17) Segawa, Y.; Yagi, A.; Ito, H.; Itami, K. Org. Lett. 2016, 18, 1430.

(18) Kohnke, F. H.; Slawin, A. M. Z.; Stoddart, J. F.; Williams, D. J.
Angew. Chem. Int. Ed. 1987, 26, 892.

(19) Ashton,P.R.;Isaacs, N.S.; Kohnke, F. H.; Slawin, A. M. Z.; Spencer, C.
M.; Stoddart, ]. F.; Williams, D.]. Angew. Chem. Int. Ed. 1988, 27, 966.

(20) Ashton, P. R; Brown, G. R.; Isaacs, N. S.; Giuffrida, D.; Kohnke, F.
H.; Mathias, ]. P.; Slawin, A. M. Z.; Smith, D. R.; Stoddart, ]. E;
Williams, D. J. J. Am. Chem. Soc. 1992, 114, 6330.

© 2020. The Author(s). Organic Materials 2020, 2, 300-305


http://doi.org/10.1055/s-0040-1718934
http://doi.org/10.1055/s-0040-1718934
http://doi.org/10.1055/s-0040-1718934

305

THIEME

(oI ENT\VEICIAEIER  T.-H. Shi et al.

(21) Godt, A.; Enkelmann, V.; Schliiter, A-D. Angew. Chem. Int. Ed.
1989, 28, 1680.

(22) Cory, R. M.; McPhail, C. L.; Dikmans, A. J.; Vittal, ]. ]. Tetrahedron
Lett. 1996, 37, 1983.

(23) Schulz, F.; Garcia, F.; Kaiser, K.; Pérez, D.; Guitian, E.; Gross, L.;
Pefia, D. Angew. Chem. Int. Ed. 2019, 58, 9038.

(24) Chen, H.; Gui, S.; Zhang, Y.; Liu, Z.; Miao, Q. CCS Chem. 2020, 2,613.

(25) Shi, T-H.; Guo, Q-H.; Tong, S.; Wang, M-X. J. Am. Chem. Soc. 2020,
142, 4576.

(26) Shi, T-H.; Tong, S.; Wang, M-X. Angew. Chem. Int. Ed. 2020, 59, 7700.

(27) Zhang, Y.; Tong, S. Angew. Chem. Int. Ed. 2020. Doi: 10.1002/
anie.202006231.

(28) Zhang, Q.; Zhang, Y-E.; Tong, S.; Wang, M-X. J. Am. Chem. Soc.
2020, 142, 1196.

(29) Frisch, M. ], et al.
Wallingford, 2010.
Becke, A. D. Phys. Rev. A 1988, 38, 3098.

Becke, A. D. J. Chem. Phys. 1993, 98, 5648.

Yang, W.; Parr, R. G. Phys. Rev. B: Condens. Matter 1988, 37, 785.

Ditchfield, R.; Hehre, W.].; Pople, ]. A.J. Chem. Phys. 1971, 54, 72.

Hariharan, P. C.; Pople, J. A. Theor. Chim. Acta 1973, 28, 213.

George, P.; Trachtman, M.; Bock, C. W.; Brett, A. M. Tetrahedron

1976, 32, 317.

(36) Minkin, V. 1. Pure Appl. Chem. 1999, 71, 1919.

(37) Different strain energies of belt[n]arenes were reported by the
authors in the text and in the Supporting Information of the
paper (cf. Ref. 17). We checked the data and found that reported
in the Supporting Information is correct.

Gaussian 09, Rev. D.01. Gaussian, Inc.:

(30)
(31)
(32)
(33)
(34)
(35)

© 2020. The Author(s). Organic Materials 2020, 2, 300-305




<<
  /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


