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Abstract—Computer simulation 3,6-bis(4-butylphenyl)-1,2,4,5-tetrazine, 2,5-bis(4-butylphenyl)pyrazine, 2,5-
bis(4-butylphenyl)pyrimidine and 3,6-bis(4-butylphenyl)pyridazine dimers differing in the configuration has 
been performed. The molecular ordering was estimated basing on the molecular movements dynamics in 
dimers over a range of temperature. It has been shown that coefficients of translational rigidity can serve as 
efficient measure to determine the relationship between the compounds structure and their phase properties. 
The value of the rigidity coefficient has been found to quantitatively characterize the type of the phase 
(crystalline, liquid-crystalline, or liquid) of the nitrogen-containing heterocyclic compounds. 
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Intermolecular interactions are important factors in 
many fields of chemistry, physics, and biology; they 
determine structure of many molecular and supramole-
cular systems as well as their thermodynamic, kinetic, 
static, and dynamic properties and the molecules self-
assembly and structuring in different aggregate states 
[1, 2]. Studies of intermolecular interactions of liquid-
crystalline compounds are of special importance, since 
sorbents modified with liquid-crystalline materials are 
applied for concentrating and isolation of the 
components from natural (oil) and synthetic mixtures 
[3, 4]. 

Intermolecular interactions can be studied taking 
advantage of a variety of theoretical and experimental 

methods [5] including molecular modeling. Quantum-
chemical simulation has become a powerful method to 
determine structure of isolated molecules and their 
associates owing to to development of related com-
puter technologies. This allows determination of the 
intermolecular interactions energy, elucidation of their 
nature, and revealing the mechanisms of molecules 
structuring in crystalline, liquid-crystalline, and liquid 
phases.  

Certain structural analogs of 1,4-terphenyl, hetero-
cyclic compounds with the central six-membered 
nitrogen-containing fragment, are known to exhibit 
thermotropic smectic and/or nematic liquid-crystalline 
properties [6] (Scheme 1).  
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Taking advantage of SARD (Structure Activity 
Relationship & Design) system [7], we have earlier 
analyzed the relationship between structure and liquid-
crystalline properties of compounds I–IV and 
proposed the model for prediction of liquid-crystalline 
properties [8]. It has been shown that the presence of 
tetrazine, pyrazine, pyrimidine, or pyridazine 
fragments in the molecules favors the smectic and 
nematic properties [9]. Even though the mentioned 
method allows selection of potentially active liquid-
crystalline substances basing of the structural 
parameters, it cannot be used to determine the energetic 
factors enhancing the mesomorphism. Quantum-
chemical computer simulation of compounds I–IV has 
been used to study the isolated molecules [10], investigate 
the substituents effect on structural and energetic 
parameters, and reveal the correlation between the 
molecules three-ring fragment planarity and the 
substances melting points, thus estimating the lower 
limit of the mesophase existence temperature range 
[11]. However, no correlations involving other liquid-
crystalline properties have been found. 

Among other data obtained, computer simulation of 
phases forming molecular associates (the common case 
of heteroaromatic compounds) allows investigation of 
intermolecular interactions [12]. In view of the above, 
we performed quantum-chemical simulation of the 
interaction energy and molecular ordering of butyl-
substituted dimers: 3,6-bis(4-butylphenyl)-1,2,4,5-
tetrazine (I), 2,5-bis(4-butylphenyl)pyrazine (II), 2,5-
bis(4-butylphenyl)pyrimidine (III) and 3,6-bis(4-
butylphenyl)pyridazine (IV) taking advantage of the 
approach based on dynamics of dimers molecular 
movement at a range of temperaure [13–16]. The 
reasons for the different liquid-crystalline properties of 
compounds I–IV could be then rationalized by 
comparison of the translational rigidity coefficients, 
reflecting the ability of free movement of the 
molecules in dimers. 

Quantum-chemical simulation of the intermolecular 
interaction energy Eint were performed for equilibrium 
configurations of the dimers located in different layers 
of the liquid crystal (stacking, St) or in the same layer 
[planar (Pl) and terminal (T)] via the RHF/6-31G(d,p) 
(PC GAMESS v.7.1.F) method [17]. The dispersion 
term was accounted for as described in Ref. [18] using 
the QChemistry Utility software [19]. The derived 
energies Eint were used as the input data for computing 
the population of a given configuration with the energy 

Eint = εi with respect to all possible configurations of 
dimers via the Maxwell–Boltzmann equation: 

P = exp(–βεi)/Σexp(–βεi), 
                       i 

        X                 X 
M1 = ∫X·P(X)·dX/∫P(X)dX, 
        X                 X    

k 

0 0 

k 

       X                              X 
μ2 = ∫(X – M1)2·P(X)·dX/∫P(X)dX. 
       X                              X    

k 

0 0 

k 

with P, relative probability for the given configuration; 
β = 1/kT; k, the Boltzmann constant; Т, absolute tem-
perature; εi, energy of the ith configuration referenced 
to the lowest one.  

The possibility of free movement of the molecules 
in the dimer was estimated as follows. The most 
probable (equilibrium) configuration (mathematical 
expectation of the value of the displacement) was 
calculated as the first statistical moment [20]: 

with М1, the first statistical moment; X, displacement 
of the molecules in the dimer along the longer axis of 
the molecule; P(X), relative probability (population) of 
the given dimer configuration. 

Dispersion of the displacements was calculated as 
the second centered statistical moment: 

The reciprocal of µ2 reflected the translational 
rigidity of the system. According to the simulation, Т-
interactions in the dimers of molecules I–IV were 
rather weak as compared to those the St- and Pl-
interactions since the relative probability of formation 
of the former configuration did not exceed 5%. 

The nematic character of liquid crystal is often 
caused by possibility of translational movement along 
the long axes of the molecules (Fig. 1) [21]. 

The effect of the dimeric molecules displacement 
on the relative probability P was determined at Т = 
300, 445 and 500 K, corresponding to different phases 
of compounds I–IV: crystalline (C), smectic (S), nematic 
(N), and isotropic liquid I (Fig. 1). 

Analysis of the probability P (%) changes with 
moving molecules of compounds I–IV along the longer 
axis of the dimer (ΔX, Å) revealed three characteristic 
regions (Fig. 2). Regions 1 and 3 corresponded to 
relatively weak intermolecular interactions; hence, the 
structurization was insufficient and the liquid-crys-
talline phase was not formed. Region 2 corresponded 
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Fig. 1. Probability P (%) as function of the displacement along X axis (ΔX, Å) for (a) St  and (b) Pl interactions in dimers of 
molecules I–IV (Т = 300, 445, and 500 K). 
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to much stronger intermolecular interactions, pointing 
at the possibility of exhibiting mesomorphic or 
crystalline properties. The presence of a clearly seen 
peak in region 2 of the curve was indicative of a well 
ordered structure and the possibility of formation of 
the crystalline phase. The gentle sloping observed in 
region 2 suggested the higher molecular mobility 
possibly assigned to the presence of liquid crystalline 
phase. 

It has been earlier reported that at T = 300 K com-
pounds I–IV are crystalline; at Т = 445 K their phase 
behavior is different: compound I is being transformed 
from nematic state into liquid phase, compounds II 
and III form nematic and smectic phases, respectively, 
and compound IV is crystalline; at Т = 500 K all the 
compounds form isotropic liquids (see table) [6].  

It was found that the rigidity coefficient 1/µ2 of the 
St- and Pl-configurations of the dimers decreased with 
heating. Variation of 1/µ2 values for the St-
configuration of the dimers at Т = 300 K was typical of 
the crystalline phase, and its change in the 0.13 (III) < 
0.14 (II) < 0.15 (I) < 0.18 Å–2 (IV) series coincided 
with the melting points of the substances: 391 (III) < 
434 (II) < 443 (I) < 480 K (IV). 

Hence, the increase of the system translational 
rigidity caused by the enhanced intermolecular inter-
actions of the molecules located in the different layers 
of the crystal was reflected in the increase of the 
melting points (i.e., higher ordering of the crystalline 
phase). However, such correlation was lacking in the 

P,
 %
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Fig. 2. Characteristic regions in the plots of probability P 
(%) as function of the displacement along X axis (ΔX, Å) 
for the dimers of molecules I–III.  

Comp. 
no. Т 

St Pl 
ТS ТN ТI ΔТS ΔТN ΔТ Phase M1 1/µ2 M1 1/µ2 

I 300 1.3 0.15 1.4 0.09 443 – 443 445 – 2 2 C 
 445 2.0 0.11 1.8 0.08        N → I 
 500 2.4 0.09 2.0 0.07        I 
II 300 0.7 0.14 0.5 0.14 434 434 439 455 5 16 21 C 
 445 0.8 0.12 0.7 0.12        N 
 500 0.9 0.08 0.7 0.07        I 
III 300 0.6 0.13 0.7 0.15 391 391 – 459 68 – 68 C 
 445 0.8 0.13 1.0 0.14        S 
 500 1.2 0.09 1.3 0.07        I 
IV 300 1.0 0.18 0.3 0.18 480 480 486 493   6   7 13 C 
 445 1.4 0.17 0.5 0.16        C 
 500 1.6 0.08 0.9 0.05        I 

mp 

Values of equilibrium configurations M1, Å and translational rigidity 1/µ2, Å–2 of the dimers and thermal characteristics of phases T 
and ΔT, K for compounds I–IVa 

a  T, absolute corresponding to the simulation conditions; M1, equilibrium configuration; 1/µ2, translational rigidity; C, S, N, and I, the 
 phase existing at the corresponding temperature (the arrow denotes the ongoing transition): C, crystalline; S, smectic; N, nematic; and I, 
 isotropic state; mp, melting point; TS, temperature of transition into smectic phase; TN, temperature of transition into nematic phase; TI, 
 temperature of transition from mesophase to isotropic liquid; ΔTS, temperature range of existence of smectic mesophase; ΔTN, 
 temperature range of existence of nematic mesophase; ΔT temperature range of existence of mesophase. 
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case of the Pl-configuration of the dimers: 0.09 (I) < 
0.14 (III) ≈ 0.14 (II) < 0.18 Å–2 (IV). 

Hereafter rigidity of the studied systems at 445 K 
will be covered in detail in order to determine the in-
fluence of the central fragment nature on the ability of 
studied compounds to exhibit liquid-crystalline properties. 

For compound I, the rigidity 1/µ2 (St) = 0.11 Å–2 

and 1/µ2 (Pl) = 0.08 Å–2 was smaller than that of 
compounds II–IV. This is suggestive that compound I 
exists within the limits of rather weak ordering 
characteristic of liquid phase. The 1/µ2 (St) value was 
larger than 1/µ2 (Pl), typical of nematic compounds 
[13]. Indeed, compound I demonstrated nematic 
properties over a narrow range of mesomorphism            
ΔТN = 2 K (see table).  

The rigidity values for compound II were of 1/µ2 
(St) = 1/µ2 (Pl) = 0.12 Å–2, indicative of the enhanced 
in- and interlayer molecular ordering of compound II 
as compared to compound I. On the other hand, equal 
rigidity of the St and Pl dimer configurations suggested 
the possibility of the nematic phase existence [14]. 
Therefore, for compound II was expected to exhibit 
nematic properties over a wider temperature range, 
conforming with the experimental data ΔТN = 16 K 
(see table).  

In the case of compound III, the rigidity values 
were of 1/µ2 (St) = 0.13 Å–2 and 1/µ2 (Pl) = 0.14 Å–2. 
Since 1/µ2 (St) < 1/µ2 (Pl), the in-layer interactions of 
the molecules were stronger than the interlayer ones. 
The 1/µ2 values for compound III were larger than 
those for compound II. Hence, molecular ordering in 
dimers of compound III was enhanced [15], allowing 
for appearance of smectic properties. The conclusion 
was confirmed experimentally: compound III was a 
smectic liquid crystal exhibiting a wide temperature 
range of mesomorphism ΔТS = 68 K (see table).  

Compound IV showed by the largest rigidity values 
of all the studied systems: 1/µ2 (St) = 0.17 Å–2 and 1/µ2 
(Pl) = 0.16 Å–2. The enhanced ordering resulted in the 
existence of that compound in the crystalline phase. 
When the temperature was increased to T = 500 K, the 
rigidity value decreased to 1/µ2 = 0.05–0.08 Å–2, 
indicating that the molecules could move freely along 
the long axis of the molecule, probably leading to the 
transition into the liquid phase. 

Thus, the central heterocyclic fragment of com-
pounds I–IV affected the liquid-crystalline properties 
at Т = 445 K in the following way: when 1/µ2 (St) ≥              

1/µ2 (Pl), N-mesophase was formed, and the S-
mesophase existed when 1/µ2 (St) < 1/µ2 (Pl). 
Moreover, the value of the rigidity coefficient 1/µ2 
quantitatively characterized the type of the phase 
formed by compounds I–IV: with 1/µ2 (St) > 0.13 Å–2 
and 1/µ2 (Pl) > 0.14 Å–2, the compound existed in the 
crystalline phase; with 0.12 < 1/µ2 (St) ≤ 0.13 Å–2 and 
0.12 < 1/µ2 (Pl) ≤ 0.14 Å–2, the transition to S-
mesophase was possible; with 0.11 < 1/µ2 (St) ≤               
0.12 Å–2 and 0.08 < 1/µ2 (Pl) ≤ 0.12 Å–2, the transition 
to N-mesophase was possible; and with 1/µ2 (St) < 
0.10 Å–2 and 1/µ2 (Pl) ≤ 0.08 Å–2, the compound 
existed in the liquid phase. 

The described trend was not held in the only case: 
compound I was crystalline at 1/µ2 (Pl) = 0.09 Å–2. 

In summary, the computer simulation study 
demonstrated that the translational rigidity coefficients 
reflecting the ability of the dimerized molecules 
towards free movement could be used to elucidate the 
correlation of the compounds chemical structure and 
the exhibited phase behavior. 

REFERENCES 

1. Aver’yanov, Е.М., Stericheskie effekty zamestitelei i 
 mezomorfizm (Steric Effects of Substituents and 
 Mesomorphism), Novosibirsk: Sib. Otd. Ross. Akad. 
 Nauk, 2004.  
 2.  Usol’tseva, N.V., Bykova, V.V., and Akopova, O.B., 
 Uspekhi v izuchenii zhidkokristallicheskikh materialov 
 (Progress in Investigation of Liquid Crystal Materials), 
 Ivanovo: Ivanov. God. Univ., 2007.  
 3.  Grob, R.L. and Barry, E.F., Modern Practice of Gas 
 Chromatography, John Wiley & Sons, 2004, 4th ed.  
 4.  Bather, S.R., Basilica, A., Gray, M.R., and McCaffrey, W.C., 
 and Shaw, J.M., Energy Fuels, 2010, vol. 24, no. 8,        
 p. 4327. DOI: 10.1021/ef100376t. 
 5.  Kaplan, I.G., Mezhmolekulyarnye vzaimodeistviya. 
 Fizicheskaya interpretatsiya, kompyuternye raschety i 
 model’nye potentsialy (Intermolecular Interactions. 
 Physical Meaning, Computer Calculations, and Model 
 Potentials), Moscow: BINOM. Laboratoriys Znanii, 2012.  
 6.  Demus, D., Demus, H., and Zaschke, H., Flüssige 
 Kristalle in Tabellen, Leipzig: VEB Deutscher Verlad 
 Grundstoffindustrie, 1976, p. 360. 
 7.  Tyurina, L.I., Tyurina, O.V., and Kolbin, А.М., Metody 
 i rezultaty dizaina i prognoza biologicheski aktivnykh 
 veshchestv (Methods and Results of Prediction of 
 Biologically Active Compounds), Ufa: Gilem, 2007.  
 8.  Shestakova, R.G., Prosochkina, T.R., Tokunova, E.F., 
 Kantor, E.A., and Kichatov, K.G., Programs for 



PREDICTION OF THE PHASE TYPE BASED ON COMPUTER SIMULATION  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  5   2015 

1087 

 Computers, Databases, Topologies of Integral Schemes, 
 2010, no. 4(75), p. 552.  
 9.  Shestakova, R.G., Prosochkina, T.R., Tokunova, E.F., 
 Tyurina, L.A., ans Kantor, E.A., Russ. J. Gen. Chem., 
 2006, vol. 76. no. 4, p. 615. DOI: 10.1134/
 S1070363206040190 
10.  Shestakova, R.G., Prosochkina, T.R., and Kantor, E.A., 
 Bash. Khim. Zh., 2008, vol. 15. no. 4, p. 19.  
11.  Shestakova, R.G., Prosochkina, T.R., and Kantor, E.A., 
 Bash. Khim. Zh., 2009, vol. 16. no. 1, p. 10. 
12.  Gora, R.W., Bartkowiak, W., and Roszak, S., J. Chem. 
 Phys., 2002, vol. 117, no. 3, p. 1031. DOI: 
 10.1063/1.1482069 
13.  Prosochkina, T.R., Shestakova, R.G., Kantor, E.A., and 
 Kichatov, K.G., Russ. J. Gen. Chem., 2011, vol. 81, no. 11, 
 p. 2362. DOI: 10.1134/S1070363211110247. 
14.  Prosochkina, T.R., Shestakova, R.G., Kantor, E.A., and 
 Kichatov, K.G., Zhid. Krist. Ikh Prakt. Ispol’z., 2012,    
 no. 1 (39), p. 73. 
15.  Prosochkina, T.R., Shestakova, R.G., Kantor, E.A., and 

 Kichatov, K.G., Zhid. Krist. Ikh Prakt. Ispol’z., 2012,    
 no. 2 (40), p. 60. 
16.  Prosochkina, T.R., Shestakova, R.G., Kantor, E.A., and 
 Kichatov, K.G., Khim. Khim. Tekhnol., 2014, vol. 57, 
 no. 1, p. 27. 
17.  Granovsky, A.A., PC GAMESS, Firefly Version 7.1.F. 
 www.http://classic.chem.msu.su/gran/gamess/index.html. 
18.  Ojha, D.P., Z. Naturforsch. A, 2002, vol. 57, p. 194. 
 DOI: 0932-0784/02/0300-0194. 
19.  Kichatov, K.G., Prosochkina, T.R., Tokunova, E.F., 
 Kantor, E.A., and Shestakova, R.G., Programs for 
 Computers, Databases, Topologies of Integral Schemes, 
 2010, no. 4(75), p. 416.  
20.  Gmurman, V.E., Rukovodstvo k resheniyu zadach po 
 teorii veroyatnostei i matematicheskoi statistike: Ucheb-
 noe posobie (Manual for Solving Tasks on the Prob-
 ability Theory and Mathematic Statistics: Tutorial), 
 Moscow: Vysshee Obrazovanie, 2006. 
21.  Ojha, D.P. and Pisipati, V.G.K.M., Z. Naturforsch. A, 
 2002, vol. 57, p. 977. DOI: 0932-0784/02/1200-0977 



<<
  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


