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Abstract—It was found that, in diacetylene oligomers constisred of monomer units with an non-conjugated system 
of π-electrons, the effi ciency of fl uorescence quenching depends on the chain length within the range from 2 to 40 
repeating units. This effect is consistent with the model of propagation of delocalized excitons in a noncovalent 
aggregate of several oligomer chains. The result obtained in the study confi rms the assumption that a collective 
effect due to excitons can exist in a supramolecular aggregate of non-conjugated molecules.
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In recent years, considerable attention was paid 
to syntheses and studies of organic semiconductors 
because they are considered aspromising materials 
for fi eld-effect transistors [1], light-emitting diodes 
[2], chemical sensors [3], and solar cells [4]. Most of 
materials of this kind are polymers with conjugated 
aromatic rrings and multiple bonds, which have a 
delocalized system of π-electrons. The delocalization of 
electrons is due to the migration of excitons [5], which 
is of particular interest for chemical sensors and solar 
cells. In a polymeric sensor material, the diffusion of 
long-lived excitons along the polymer chain provides a 
multifold amplifi cation of the analytical signal, which 
is a desirable positive effect [3]. By contrast, a long 
exciton lifetime is undesirable in solar cells because of 
reducing the charge separation effi ciency [4].

Thus, it is of interest to reveal factors affecting the 
lifetime and diffusion length of excitons in organic 
materials.

One of factors of this kind is the conjugation length 
of the system of π-electrons. This length is reduced by 
introduction into a repeating unit a hexane ring [6], an 
ether linkage [7, 8] or CH2 group [8]. Polymer materials 
with broken conjugation of π-electrons are of interest 
because they can be implemented as self-organizing 

aggregates in which repeating units are linked to each 
other by a noncovalent interaction [9]. Materials of this 
kind are are known as supramolecular. They can fi nd 
use in optoelectronic devices, and, therefore, are studied 
now together with the classical polymers in which 
repeating units are linked by covalent bonds [10].

At present, supramolecular materials are constructed 
on the basis of conjugated molecules. This approach 
looks like generally accepted rather than based on 
fundamental limitations of physicochemical nature. 
An interesting task in this situation is to study the 
fl uorescence quenching, which depends on the 
exciton migration, in organic polymers with btoken 
intramolecular conjugation and aggregation capability. 
To solve this problem, we used in the present study 
oligomers based on diacetylene compounds, with a 
chain length of 2 to 40 repeating units.

EXPERIMENTAL

Synthesis of diacetylene oligomers. The compounds 
under study were synthesized by the Glaser’s reaction 
[11] by polycondensation of DEP monomer (see scheme, 
c). Divalent copper was used as a catalyst [12], which 
simplifi es the reaction as compared with its conventional 
version [11]. The general formula of the synthesized 
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oligomers can be written as ODAn, where n is the chain 
length. Monomer compound DEP was synthesized 
in accordance with parts a and b of the scheme from 
1,2-bis[-(3,5-dimethylpyrazol-1-yl)dimethyl]benzene 
(B1) and 2-methyl-3-butyn-2-ol (Favorsky carbinol). 
The synthesis of the B1 ligand and its ability to form 

aggregates and also complexes with seven cations 
were described in [13]. Monomer compound DEP is 
its diethynyl derivative synthesized by the previously 
described procedure [14]. All the reagents were 
purchased from Sigma-Aldrich. The number of repeating 
units in the oligomer chain was adjusted by choosing the 

Reaction conditions for synthesis of diacetylene oligomers with different number of repeating units in the backbone

Compound
Number of repeating units in 

the backbone
Т, °С τ, min Solvent Yield, %

ODA2   2   0 15 Pyridine 85

ODA5   5 20   5 Diethylamine 81

ODA12 12 20 15 » 98

ODA40 40 50 60 » 68

Scheme. Synthesis of diacetylene oligomers and their monomer compound

(a) Iodination of the ligand, (b) synthesis of the monomer, and (c) polycondensation of the monomer.
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reaction temperature and duration. Reaction conditions 
for synthesis of diacetylene oligomers with the backbone 
length of 2, 5, 12 and 40 repeating units are listed in the 
table.

1H NMR spectra of the synthesized compounds 
were measured with a Bruker 3500 instrument in a 
CDCl3 solution. For ODA2 oligomer, the spectrum 
demonstrated the following set of signals δ (ppm): 
2.19 s (9H, Pz–CH3), 2.22 s (3H, Pz–CH3), 2.29 s 
(9H, pZ–CH3), 2.31 s (3H, Pz-CH3), 3.19 s (2H, ≡C), 
5.27 s (8H, CH2), 6.72 s (4H, Ph), and 7.21 s (4H, 
Ph). The mass spectrum of this compound, measured 
with a Bruker micrOTOF instrument, has a peak with 
m/z = 683, which corresponds to a singly protonated 
compound with formula C44H42N8. Thus, analysis of 
the 1H NMR spectrum and mass spectrum confi rms that 
the compound we synthesized has the structural formula 
shown in scheme c.

For ODA5, ODA12, and ODA40 oligomers, the 
1H NMR spectra have no signifi cant difference, except 
the intensity of the signal of protons from terminal 
CH groups (3.19 ppm), which decreases as the chain 
becomes longer. The ratio of the signal area from CH2 
groups (5.27 ppm) to the signal area from terminal 
CH groups (3.19 ppm) is proportional to the number 
of repeating units in the oligomer chain. It was used 
to calculate this number. The ratio was 4.2, 9.9, 23.4, 
and 73.7 for ODA2, ODA5, ODA12, and ODA40 
compounds, respectively.

The B1 ligand incorporated into oligomer backbone 
is expected to retain its features described in [13] for 
free standing ligand. These are complexation with cation 
Cu(II) and non-covalent aggregation at the concentration 
above 10–4 М. In this case, the copper cation must be a 
quenching agent for the fl uorescence of the oligomer. 
All the ODAn oligomers are soluble in tetrahydrofuran 
(THF). This solvent was used in optical absorption and 
fl uorescence measurements of the compounds under 
study. The molar concentration of all solutions is given 
per single repeating unit.

Methods of study. The most interesting properties 
of the compounds we synthesized are the effi ciency of 
fl uorescence quenching due to the interaction with a 
quencher and the conjugation length of the π-electrons 
system. The fl uorescence quenching effi ciency was 
evaluated by the parameter Q, which is expressed by the 
equation:

Q = I0/I – 1,                                (1)

where I0 is the initial fl uorescence intensity and I that 
upon interaction with the quenching agent.

This parameter represents a product of Stern–
Volmer constant multiplied by quencher concentration 
of the quenching agent [15]. This way to evaluate the 
fl uorescence quenching effi ciency was chosen because 
the dependence of the ratio between the fl uorescence 
intensities before and after the quenching on the 
concentration of the quenching agent may be nonlinear 
as, e.g., that described in [16]. In this case, the Stern–
Volmer “constant,” calculated as the derivative of 
a curvilinear function, becomes dependent on the 
concentration of the quenching agent and will contain 
an error of a graphical or numerical differentiation.

The molar concentrations of the quenching agent 
and of the ligand in the oligomer chain, used in the 
present study, always had the same absolute value, and, 
therefore, Eq. (1) makes it possible to exclude from the 
estimate of the fl uorescence quenching effi ciency the 
error associated with the differentiation of a nonlinear 
Stern–Volmer dependence. The Cu(II) cation selected 
as the fl uorescence quencher was always added as 
the CuCl2 salt. All fl uorescence measurements of the 
compounds under study were made with a PerkinElmer 
LS-55 spectrofl uorometer.

The conjugation length of the π-electrons system 
was estimated by the method based on measuring the 
optical absorption spectrum in the visible and UV 
spectral ranges [17]. The essential of this method is the 
fact that optical absorption spectrum undergoes specifi c 
changes with increasing of oligomer chain length while 
the oligomer length does not exceed the conjugation 
length. When the conjugation length is reached and the 
oligomer chain is lengthened further, the absorption 
spectrum ceases to change. All the optical absorption 
spectra were measured with a Shimadzu UV-2600 
spectrophotometer. The size of aggregates into which 
molecules of the compounds under study may combine 
was estimated using a Malvern Zetasizer nano dynamic 
light scattering (DLS) meter.

Properties of diacetylene oligomers. The optical 
absorption spectra of diacetylene oligomers with 2 and 
40 repeating units and of the monomer are shown in 
Fig. 1. It can be seen that the absorption spectra of both 
oligomers contain the same, but higher intensity bands as 
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those in the spectrum of the monomer. The characteristic 
fundamental change of the absorption spectrum, 
with respect to that of the monomer, observed in [17] 
with increasing length of the conjugated diacetylene 
oligomer chain is not observed for the diacetylene 
oligomers synthesized. The “red” (bathochromic) shift 
of the absorption bands is also not observed neither for 
increase in oligomer length from 2 to 40, nor for the 
transition from monomer to dimer. In other words, the 
system of π-electrons of each monomer unit is localized 
in these compounds. This result corresponds to that 
expected because the pyrazole rings and benzene ring 
in the B1 ligand are linked by CH2 groups breaking the 
electron conjugation.

The excitation and emission spectra for the 
fl uorescence of all the compounds ODAn are similar 
to each other. The maximum of the excitation spectrum 
lies within the range 370–385 nm. However, we used the 
excitation wavelength of 400 nm in further measurements 
of the fl uorescence from ODAn compounds. The reason 
of such a choice is the possibility to decrease the optical 
density of a solution at the excitation wavelength 
with acceptable loss of the emission intensity. This is 

important in working with high concentration solutions 
whose optical density in the UV spectral range may 
exceed a value of 2 (Fig. 1).

The fl uorescence spectra of ODA40 compound 
at various concentrations are shown in Fig. 2. Three 
broad bands with peak intensities of about 420, 445, 
and 490 nm can be distinguished in these spectra. With 
increasing concentration, the intensity of the band at 
490 nm grows and this bands becomes dominant at a 
concentration of 9 × 10–4 M. This behavior indicates 
that, with increasing solution concentration, aggregates 
are formed due to the noncovalent interaction upon a 
decrease in the average distance between molecules to a 
rather small value.

The aggregation of the compounds under study is 
confi rmed by DLS measurements. Unfortunately, the 
positions and widths of the DLS peaks on the particle 
size axis are unstable and give no way of unambiguously 
relating the aggregate size to the oligomer length. 
Nevertheless, it can be stated that the size of the 
aggregates being formed is about 20 nm, and the “tail” 
of the widest DLS peaks demonstrates the presence of 
particles up to 300 nm in size.

Fig. 1. Optical absorption spectra of (1) DEP monomer and 
(2–3) diacetylene oligomers (2) ODA2 and (3) ODA40. 
Concentration 9 × 10–4 M. (D) Optical density and (λ) 
wavelength. 

Fig. 2. Fluorescence spectra of the diacetylene oligomer 
ODA40 at various concentrations. Excitation wavelength 
390 nm. (I) Intensity and (λ) wavelength; the same for Fig. 3. 
Concentration (M): (1) 1.3 × 10–4, (2) 3.8 × 10–4, (3) 6.4 × 
10–4, and (4) 9 × 10–4.

λ, nm

λ, nm
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At present, three types of aggregates formed 
by molecules in the ground (non-excited) state are 
distinguished. These are aggregates of H and J types [18] 
and also на joint type aggregates  [19]. All of these yield 
characteristic bands in the absorption spectrum, which 
can be used to identifi ed the type of an aggregate. A 
particular type of aggregates is constituted by excimers 
[20], which are formed only from excited molecules 
and, therefore, are only seen in the fl uorescence spectra 
and give no contribution to the absorption spectrum.

In our case, we can reliably determine that there are 
no bands associated with J-type aggregates and those 
of a joint type in the absorption spectrum. The absence 
of bands associated with H-type aggregates cannot be 
considered reliably determined because these bands 
may lie in the short-wavelength part of the spectrum, 
which cannot be measured with suffi cient accuracy 
because of the strong absorption by THF. The excimer 
nature of the band at 490 nm is also consistent with 
all the available data. Thus, a type-H aggregate or an 
excimer may be responsible for this band. It is also 
possible that the excimer is formed from a preliminarily 
formed H-aggregate.

We further used the emission band at 490 nm to 

study the effi ciency of fl uorescence quenching in 
ODAn compounds by Cu(II) cations. The variation 
of the intensity of this band upon interaction with an 
equimolar amount of Cu(II) with respect to the ligand is 
shown in Fig. 3 for ODA12 oligomer. The copper cation 
also quenches the emission in the 490-nm band for the 
rest of the oligomers under study, but the quenching 
effi ciencies calculated by Eq. (1) are different. The 
dependence of the quenching effi ciency on the length 
of the oligomer chain is shown in Fig. 4. It can be seen 
that the maximum fl uorescence quenching effi ciency 
is reached at an oligomer chain length of 12 repeating 
units.

RESULTS  AND  DISCUSSIONS

The unequal quenching effi ciencies for oligomers 
with different chain lengths point to the existence of a 
collective effect which has an infl uence on the whole 
chain. The electron delocalization cannot be the reason 
for this effect because the electron conjugation lengths 
of all the compounds studied is equal to single repeating 
unit. In this situation, there appears a substantiated 
assumption that the observed collective effect is 
due to the propagation of delocalized excitons in a 
supramolecular aggregate.

At present, delocalized excitons have been observed 

 400                             500                           600  λ, nm

Fig. 3. Quenching of the fl uorescence of the diacetylene 
oligomer ODA12 by the Cu(II) cation. (1) Initial fl uorescence 
and (2) that upon interaction with an equimolar amount of 
copper chloride. 

Fig. 4. Fluorescence quenching effi ciency vs. the length n of 
the oligomer chain. (I0/I) Ratio between the initial fl uorescence 
intensity and that upon interaction with the quenching agent.
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/I 
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experimentally in noncovalent aggregates [10]. Their 
propagation length is about 10 repeating units. However, 
the aggregates studied in [10] were formed from 
conjugated molecules having no oligomer structure. 
For this reason, the term “repeating unit” is understood 
by the authors as a constituent of a supramolecular 
aggregate, which differs from its meaning in the present 
study and complicates the comparison of results.

The theory of propagation of a delocalized exciton 
in a type-H aggregate was considered in [21]. In this 
study, its motion is compared to rolling of a solid ball 
over a spring mattress in which each spring is an analog 
of a molecule in an aggregate. The delocalization of an 
exciton in this model is due to the resonance interaction 
of neighboring molecules and is limited by the disorder 
in their arrangement. If we assume that aggregate with 
the most regular structure is formed from the oligomer 
with a chain length of 12, then the highest fl uorescence 
quenching effi ciency for this oligomer can be explained 
in terms of the model [21]. However, the applicability of 
this model to molecules with btoken conjugation remains 
questionable because the model has been developed to 
describe conjugated molecules.

Nevertheless, the propagation of delocalized 
excitons was also observed in [8] for a polyelectrolyte 
in which the conjugation was btoken due to the ether 
linkage between repeating units. According to [8], this 
effect can be attributed to the helical conformation of 
the polymer molecule, for which a resonance interaction 
appears between neighboring coils of the spiral, as it 
occurs in the H-aggregate.

If we take into account that fl uorescence quenching 
effi ciency was enhanced with respect to the repeating by 
up to a factor of 25 and the excitons were propagated in 
both direction from the place of their generation, then 
the exciton delocalization range can be estimated as 
approximately 12 coils of the molecular spiral [8]. This 
is in good agreement with the results of the present study 
and data of [10]. The difference of our results from those 
obtained in [10, 21] consists in the fact that in our case 
aggregate is formed from non-conjugated molecules. In 
compounds P1 and P2 from [8], the conjugation of the 
polymer chain is btoken, but neither the chain length nor 
the molecular mass was specifi ed for these compounds, 
which impairs the informative value of this publication. 
In addition, the repeating unit of compounds P1 and P2 
has a structure different from that in the present study.

Thus, the results we obtained supplement those 
published previously and confi rm the possibility of 
appearance of a collective effect in a supramolecular 
aggregate of non-conjugated molecules. The 
mechanism of a collective effect in the absence of an 
electron conjugation can be based on the formation of 
delocalized excitons, in which aggregated oligomer 
chains are involved [21].

CONCLUSIONS

(1) The system of π-electrons of each repeating unit 
of the diacetylene compounds studied is localized and 
cannot be responsible for the collective effect which has 
an infl uence on the whole oligomer chain.

(2) The dependence of the fl uorescence quenching 
effi ciency on the number of repeating units in the chain 
is indicative of the existence of a collective effect 
operative along the entire oligomer length.

(3) The highest fl uorescence quenching effi ciency at 
a chain length of 12 repeating units is consistent with 
the model in which the collective effect is due to the 
formation of delocalized excitons in a noncovalent 
supramolecular aggregate.

(4) The results obtained in the study indicate that 
supramolecular materials for electronic devices can 
be constructed from non-conjugated molecules, which 
extends the variety of materials suitable for this purpose 
due to the use of chemical compounds not previously 
considered as such.

ACKNOWLEDGMENTS

This work was supported by grant 12.37.128.2011 for 
basic research according to the Program of advancement 
of St. Petersburg State University.

Some equipment of the "Center for chemical analysis 
of materials" at St. Petersburg State University was used 
in this research.

The useful assistance of S.S. Levichev is greatly 
appreciated by authors.

REFERENCES

1. Nielsen, C.B. and McCulloch, I., Progr. Polym. Sci.; 2013, 
http://dx.doi.org/10.1016/j.progpolymsci. 2013.05.003.

2. Chen, J.-T. and Hsu, C.-S., Polymer 2013; http://dx.doi. 
org/10.1016/j.polymer.2013.04.037.



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  86  No. 11  2013

1669FLUORESCENCE  QUENCHING  FEATURES

3. Andrew, T.L. and Swager, T.M., J. Polym. Sci. B: Polym. 
Phys., 2011, vol. 49, pp. 476–498.

4. Grancini, G., Maiuri, M., Fazzi, D., et al., Nature Mater., 
2013, vol. 12, pp. 29–33.

5. Kose, M.E., Graf, P., Kopidakis, N., et al., 
ChemPhysChem., 2009, vol. 10, pp. 3285–3294.

6. Clavaguera, S., Dautel, O.J., Hairault, L., et al., J. Polym. 
Sci.: A: Polym. Chem., 2009, vol. 47, pp. 4141–4149.

7. Chasteena, S.V., Carter, S.A., and Rumbles, G., J. Chem. 
Phys., 2006, vol. 124, pp. 214704-1–214704-6.

8. Xie, D., Parthasarathy, A., and Schanze, K.S., Langmuir, 
2011, vol. 27, pp. 11732–11736.

9. Prokhorov, V.V., Pozin, S.I., Lypenko, D.A., et al., Chem. 
Phys. Lett., 2012, vol. 535, pp. 94–99.

10. Lim, J.M., Kim, P., Yoon, M.-C., et al., Chem. Sci., 2013, 
vol. 4, pp. 388–397.

11. Siemsen, P., Livingston, R.C., and Diederich, F., 
Angewandte Chem., Int. Ed., 2000, vol. 39, pp. 2632–
2657.

12. Balaraman, K. and Kesavan, V., Synthesis, 2010, vol. 20, 

pp. 3461–3466.
13. Vlasov, Yu.G., Levichev, S.S., and Kruchinin, A.A., Russ. 

J. Appl. Chem., 2012, vol. 85, no. 6, pp. 940-944.
14. Potapov, A.S., Khlebnikov, A.I., and Vasilevskii, S.F., 

Russ. J. Org. Chem., 2006, vol. 42, no. 9, pp. 1368-1373.
15. Lakowicz, J.R., Principles of Fluorescence Spectroscopy, 

New York, 1999, p. 239.
16. Banjoko, V., Xu, Y., Mintz, E., and Pang, Y., Polymer, 

2009, vol. 50, pp. 2001–2009.
17. Pilzak, G.S., Baggerman, J., van Lagen, B., et al., Chem. 

Eur. J., 2009, vol. 15, pp. 2296–2304.
18. Yao, H., Domoto, K., Isohashi, T., and Kimura, K., 

Langmuir, 2005, vol. 21, pp. 1067–1073.
19. Kirkus, M., Wang, L., Mothy, S., et al., J. Phys. Chem. A, 

2012, vol. 116, pp. 7927–7936.
20. Wanichacheva, N., Prapawattanapol, N., Lee, V.S., et al., 

J. Luminescence, 2013, vol. 134, pp. 686–690.
21. Spano, F.C., Accounts Chem. Research, 2010, vol. 43, 

pp. 429–439.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /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.)
    /RUS (Pfeps)
  >>
  /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 [14400.000 14400.000]
>> setpagedevice


