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Abstract—Intermolecular interaction of aluminum(III) 5,15-di(o-methoxyphenyl)-2,8,12,18-tetrabutyl-3,7,13.17-
tetramethylporphyrinate chloride with bis(1-methyl-1-phenylethyl)peroxide has been studied by spectral and 
modeling methods; the reaction kinetics and mechanism have been elucidated. Effect of nature of the metal 
outer coordination sphere on the reaction rate has been examined. Geometry parameters of the initial molecules 
and the intermediates have been simulaed by the PM3 method, and their distortion has been estimated. The 
intermediates formation is accompanied by increased steric strain of the macrocycle. 

Metal porphyrinates are known for variety of 
structural features reflected in their peculiar properties 
and thus numerous applications in modeling the 
biological systems as well as developing the active 
components of catalysts in technology [1–6]. The 
approaches to control the utilitarian properties of por-
phyrins and elucidation of their reactions mechanisms 
have remained topical issues in the field of macro-
cycles chemistry. 

In view of that, this paper extended the previously 
reported studies of structure and properties of 
macrocyclic complexes of aluminum [7–10]. In 
particular, we studied the influence of the surrounding 
of the coordination site of aluminum(III) 5,15-di(o-
mthoxyphenyl)-2,8,12,18-tetrabutyl-3,7,13.17-tetra-
methylporphyrinate chloride [(Cl)AlP] on its reactivity 
towards interaction with bis(1-methyl-1-phenylethyl)-
peroxide (dicumyl peroxide). The reaction was studied 
by spectrophotometry [11] and by computer simulation 
[12–14]. 

Theoretical modeling was performed with the PM3 
quantum-chemical method. The computed geometry 
and energy parameters are collected in Table 1. The 
(Cl)AlR molecule was nonplanar, of the C4v symmetry 
(Fig. 1). Deformations of the dome and saddle types 

were operating in determining the spacial structure. 
The interaction of aluminum porphyrinate with 
peroxide led to formation of the intermediates con-
taining the highly distorted macrocycles (Fig. 2). 
Besides the above-mentioned deformation types, 
grooving was observed (Fig. 1). Such conformation trans-
formations significantly changed the molecule geo-
metry, and therefore distorted the conjugation of π-elec-
tron system or even destroyed the chromophore structure. 

With changing the metal cation surrounding by 
introducing imidazole molecule to the outer coordina-
tion sphere, the macrocycle symmetry was retained, 
however, the quantitative parameters of the molecule 
deformation were altered. The modeling revealed that 
the two structural types of the isolated complex 
molecules were the most probable: the base could be 
oriented at the side of the acido ligand [(Cl)(Im)AlP] 
or in the trans-position relative to chlorine [(Cl)Al(Im)P]. 
In the course of reaction with dicumyl peroxide, those 
compounds underwent strong two-dimensional and 
torsion deformations (Figs. 1, 2, Table 1) The structure 
of the intermediate was extremely unstable and the 
probability of its destruction was fairly high. 

The absence of changes in electron absorption 
spectra typical of coordination processes revealed that 
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the interaction of aluminum porphyrinates with dicumyl 
peroxide in o-xylene occurred at the peripheral part of 
the macrocycle to form the bond of the aryloxy groups 
with meso- and α-carbons (Cα–OR and Cm–OR) 
(Scheme 1) [15–19]. The intermediate was a sterically 
strained and therefore unstable compound that further 
degraded into the colorless products (Fig. 3a). 

The reaction of aluminum porphyrinate [c(Cl)AlR = 
3.2×10–6–1.3×10–5 mol/L) with dicumyl peroxide 
(cperoxide = 2.3×10–7 mol/L) proceeded upon strong 
illumination at T = 295 K. 

The reaction was of the pseudo-first order (n = 1) 
with respect to the peroxide, as followed from the 
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Table 1. Selected geometry parameters of (Cl)AlP and the reaction intermediatesa 

a The atoms in the macrocycle are numbered according to the IUPAC nomenclature. bPN4 is perimeter of the coordination plane N4. c cis-
 Position with respect to the imidazole acido ligands. d trans-Position with respect to the imidazole acido ligands. 

Fig. 1. Deviation of the tetrapyrrole macrocycle skeletal atoms from the mean plane along the z axis in (Cl)AlP and the 
intermediates of the reaction without (a) and in the presence of imidazole (b) (PM3 simulation); (○) nitrogen atoms, (●) carbon 
atoms. 
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linear plot of ln (c0/cτ) = f (t) and the nearly constant 
keff values (Fig. 4, Table 2). 

       –dcperoxide/dτ = kcn
peroxide.             (1) 

The effective rate constant keff was increasing 
linearly with the complex concentration. The reaction 

order with respect to the metal porphyrinate (m = 1) 
and the value of the true rate constant kv (Fig. 5) were 
determined by fitting with the Eq. (2): 

log keff = log kv + mlog [(Cl)AlP].               (2) 

Hence, the rate equation of oxidation was as follows: 

Fig. 2. Optimized structures of (Cl)AlP, (Cl)(Im)AlP, (Cl)Al(Im)P, and intermediates of the oxidation reaction (PM3 simulation). 

Fig. 3. Electron absorption spectra of (Cl)AlP in course of reaction with dicumyl peroxide (cperoxide = 0.23×10–6 mol/L), c(Cl)AlP = 
7.9×10–6 mol/L, cIm = 0 (a); c(Cl)AlP = 7.7×10–6 mol/L, cIm = 4.5×10–3 mol/L (b). 
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                       –dс(Cl)AlP/dt = kv[(Cl)AlP]сperoxode                         (3) 

In the presence of imidazole, the reaction pro-
ceeded via the above-described mechanism and was 
accompanied by destruction of the chromophore               
(Fig. 3b). However, introduction of the base into the 
macrocycle inner sphere led to changes in the reactant 
composition with the varied imidazole concentration 
[18], thus affecting the process rate. The molecular 
complex (Cl)Al(Im)P was the reactant in the presence 
of the base [7]. Formation of that complex was 
accompanied by the bands shift in the electron 
absorption spectrum (Fig. 6a) as well as by the shift of 
the macrocycle meso-protons and imidazole protons 
signals in the 1H NMR spectrum (see Experimental). 
Using the restricted logarithmic method, we 
determined that aluminum porphyrinate and imidazole 
molecule reacted in the 1 : 1 ratio (Fig. 6b). The 
equilibrium constant K was of (1.39±0.07)×104 L/mol
(Scheme 2). 

The presence of imidazole (cIm = 10–6–10–4 mol/L) 
in the solution led to increase of kv. At c(Cl)AlR = 

3.2×10–6–1.3×10–5 mol/L and cperoxide = 2.3×10–7 mol/L 
the reaction (Scheme 2) was of the first order with 
respect to the peroxide (n = 1) (Fig. 7, Table 2). 
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  6.8 4.76 

  7.7 5.78 

kv = 3.413 s–1 mol–1 L kv = 6.102 s–1 mol–1 L 

сIm = 0.5×10–3 mol/L  
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3.2 3.42 9.0 7.00 

4.8 4.21   

kv = 4.493 s–1 mol–1 L 

log c0/c 

t, s 
Fig. 4. Kinetic curves in the first order kinetics coordinates 
(cperoxide = 0.23×10–6 mol/L) at 295K, without imidazole:                 
c(Cl)AlP = 3.20×10–6 mol/L (1), 4.50×10–6 mol/L (2), 6.8×       
10–6 mol/L (3), 7.90×10–6 mol/L (4), 9.90×10–6 mol/L (5), 
1.33×10–5 mol/L (6). 

Table 2. Kinetic parameters of the reaction of (Cl)AlP with 
dicumyl peroxide at 295 K 

(Cl)AlP + Im
k1

(Cl)Al(Im)P
k −1

k2 k3

Decomposition
products

Scheme 2. 

Noteworthily, the increase of the base concentration 
was accompanied by changes in the (Cl)AlP : (Cl)Al(Im)P 
ratio, the equilibrium was shifted towards the latter. 
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The keff value was linear with the complex con-
centration, and the reaction order with respect to metal 
porphyrinate was of m = 1; the true rate constant was 
determined (Fig. 8, Table 2). 

The rate equation of that reaction was as follows 
Eq. (4). 

dсА/dt = k2[(Cl)AlP]cperoxide   
                         + k3[(Cl)Al(Im)Р]cperoxide,                                     (4) 

                    [(Cl)Al(Im)Р] = Keq[(Cl)AlР][Im].               (5) 

with Keq = k1/k–1 being the equilibrium constant. 
Substituting Eq. (5) into Eq. (4) one gets Eq. (6): 

dсА/dt = k2[(Cl)AlP]cperoxide + k3Keq[(Cl)AlР][Im]cperoxide   
                  = [(Cl)AlP]cperoxide (k2 + k3Keq[Im]),                 (6) 

and then k3Keq[Im] = k'3 gave Eq. (7). 
k3Keq[Im] = k3', 

                    dсА/dt = (k2 + k3')[(Cl)AlP]cperoxide.                           (7) 

The overall constant kv = k2 + k'3 characterizing the 
parallel reactions of both (Cl)AlP and (Cl)Al(Im)R 
was determined. 

At imidazole concentration of 4.5×10–3 mol/L, the 
reagents were (Cl)Al(Im)P and dicumyl peroxide                    
(n = 1, m = 1, Figs. 7 and 8). The rate equation was as 
follows: 
                     dсА/dt = kv[(Cl)Al(Im)Р]cperoxide.                              (8) 

Further increase of kv could be expected, as in the 
presence of (Cl)Al(Im)P the reaction was accelerated. 
However, the process rate started to decrease (Table 2), 
seemingly, due to deactivation of dicumyl peroxide 
with free imidazole (present in large excess) [20]. 

Calculated and experimental data were in good 
agreement; thus, computer simulation was proved to be 
a reasonable method to study the described interactions. 

The nature of the metal cation surrounding as well 
as structural features of the periphery of the macro-
cycle significantly influenced the porphyrin ligand 
deformation. That led to partial loss of aromaticity and 
enhanced the basicity; as a consequence the kinetic 
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Fig. 6. Electron absorption spectra of (Cl)AlP in the course of reaction with imidazole (1) c(Cl)AlP = 8.03×10–6 mol/L, cIm = 0; (2–8) 
at intermediate concentrations of imidazole, cIm = 8.10×10–6–2.07×10–3 mol/L, (9) in the excess of imidazole, cIm = 4.50×10–3 mol/L, in 
o-xylene (a). Determination of the interaction stoichiometry (Ao, As, and A∞: absorbance of metal porphyrinate, equilibrium 
mixtures, and the complex solutions at λ = 422 nm; tan α = 1) (b). 

Fig. 5. Effective rate constant as function of concentration 
of aluminum porphyrinate (cIm = 0). 

1→9 
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parameters were changed. The reaction rate was 
affected by the change in the reagent composition (due 
to altering concentration of the substrate introduced at 
the coordination site) as well. 

EXPERIMENTAL 

Electron absorption spectra were recorded with 
Cary 50 instrument at T = 295 K. 

The reaction mixture was illuminated with medium 
pressure mercury lamp of TUNGSRAM type, 20W, 
F33. 

The procedure of kinetic data processing was 
described in detail in [23]. The effective rate constant 
(keff) was determined from the changes in the optical 
density of the solution at (λ 412 or 422 nm) measured 
at regular time intervals. In the excess of aluminum 
porphyrinate, the formally first order Eq. (9) was  
used: 

                                 keff = 1/τln (c0/cτ).                             (9) 

Here c0, and cτ are peroxide concentrations at time 0 
and τ, respectively. 

kv and keff Values were determined by the least 
squares method with Microsoft Excel and ggh.exe 
(QB-45) software by the Guggenheim method. The 
relative error was 7–12%. 

Quantum-chemical calculations were performed at 
the CNDO approximation level [24] via the PM3 

method [12–14, 25] with full geometry optimiza-                    
tion. The stopping condition was the gradient of 
0.0004 kJ mol–1 Å–1. 

Aluminum(III) 5,15-di(o-methoxyphenyl)-2,8,12,18-
tetrabutyl-3,7,13.17-tetramethylporphitinate chloride 
was prepared as described elsewhere [21, 22].  

Porphyrin ligand. 1H NMR spectrum (CDCl3, 
external reference HMDS), δ, ppm: 10.20 s (2H, ms-H), 
7.67d (2H, o-H, phenyl), 7.62 t (2H, m-H, phenyl), 
7.21 t (2H, p-H, phenyl), 7.10 d (2H, m-H, phenyl), 
3.98 t (8H, CH2, butyl), 3.82 s (6H, OCH3), 2.56 s 
(12H, CH3), 2.18 m (8H, CH2, butyl), 1.65 m (8H, 
CH2, butyl group), 1.09 t (12H, CH3, butyl), –2.36 s 
(2H, NH). Electron absorption spectrum in xylene, 
λmax, nm (log ε): 412 (5.5) 543 (4.30) 581 (4.23). 

(Cl)AlP. 1H NMR spectrum (CDCl3, external 
reference HMDS), δ, ppm: 9.95 s (2H, ms-H), 7.57 d 
(2H, o-H, phenyl), 7.14 m (6H, m,p-H, phenyl), 4.35 t 
(8H, CH2, butyl), 4.12 s (6H, CH3O), 2.54 s (12H, 
CH3), 1.60 t (16H, CH2CH2, butyl), 1.03 t (12H, CH3, 
butyl).  

(Cl)Al(Im)P. 1H NMR spectrum (CDCl3, external 
reference HMDS), δ, ppm: 10.11 s (2H, ms-H), 7.68 s 
(3H, H2,4,5), 7.10 s (1H, NH), 4.33 t (8H, CH2, butyl), 
4.10 s (6H, CH3O), 2.56 s (12H, CH3), 1.70 m (16H, 
CH2, butyl), 1.08 t (12H, CH3, butyl). 

log c0/c 

t, s 

log keff 

log ccomplex 
Fig. 7. Kinetic curves in the first order kinetics coordinates 
(cperoxide = 0.23×10–6 mol/L) at 295 K, cIm = 4.5×10–6 mol/L 
(1), 4.5×10–5 mol/L (2), 4.5×10–4 mol/L (3), and 4.5×                
10–3 mol/L (4). 

Fig. 8. Effective rate constant as function of the complex 
concentration in the presence of imidazole, cIm = 4.5×                 
10–6 mol/L (1), 4.5×10–5 mol/L (2), 4.5×10–4 mol/L (3), and 
4.5×10–3 mol/L (4). 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  84   No.  1   2014 

SIMONOVA et al. 114 

Im. 1H NMR spectrum (CDCl3, external reference 
HMDS), δ, ppm: 8.47 s (1H, H2), 7.75 s (2H, H4,5), 
7.15 s (H, NH). 

ACKNOWLEDGMENTS 

This work was financially supported by the 
program of the Russian Academy of Sciences 
“Theoretical and experimental study of the nature of 
chemical bonding and mechanisms of important 
chemical reactions and processes,” no. 1, OHNM RAS 
2011, and by the grants from the Russian Foundation 
for Basic Research (nos. 12-03-00824-a, 11-03-00993-a). 

REFERENCES 

 1. Konovalova, N.V., Evstigneeva, R.P., and Luzgina, V.N., 
 Russ. Chem. Rev., 2001, vol. 70, no. 11, p. 939. 
 2.  Mamardashvili, G.M., Mamardashvili, N.Zh., and 
 Koifman, O.I., Russ. Chem. Rev., 2005, vol. 74, no. 8,              
 p. 765. 
 3.  Mamardashvili, G.M., Mamardashvili, N.Zh., and 
 Koifman, O.I., Russ. Chem. Rev., 2008, vol. 77, no. 1,              
 p. 59. 
 4.  Koifman, O.I. and Mamardashvilim, N.Zh., Nano-
 technol. in Russia, 2009, vol. 4, nos. 5–6, p. 253. 
 5.  Afanasiev, P., Bouchu, D., Kudrik, E.V., Millet, J.-M.M., 
 and Sorokin, A.B., Dalton Trans., 2009, vol. 38, no. 44, 
 p. 9828. 
 6.  Kudrik, E.V., Afanasiev, P., Alvarez, L.X., and 
 Dudourdeaux, P., Nature Chem., 2012, vol. 4, no. 12,            
 p. 1024. 
 7.  Zaitseva, S.V., Zdanovich, S.A., and Koifman, O.I., 
 Russ. J. Gen. Chem., 2006, vol. 76, no. 10, p. 1660. 
 8.  Sokolova, T.N., Lomova, T.N., Zaitseva, S.V., 
 Zdanovich, S.A., Suslova, E.E., and Maizlish, V.E., 
 Russ. J. Inorg. Chem., 2005, vol. 50, no. 3, p. 476. 
 9.  Zaitseva, S.V., Zdanovich, S.A., and Koifman, O.I., 
 Russ. J. Coord. Chem., 2010, vol. 36, no. 5, p. 323. 
10.  Sokolova, T.N., Lomova, T.N., Zaitseva, S.V., 
 Zdanovich S.A., and Majzlish V.E., Russ. J. Inorg. 
 Chem., 2008, vol. 53, no. 2, p. 220. 

11.  Bulatov, M.I. and Kalinkin, I.P., Prakticheskoe 
 rukovodstvo po fotokolometricheskim i spektro-
 fotometricheskim metodam analiza (Practical Guide to 
 Photocolorimetry and Spectrophotometric Methods of 
 Analysis), Leningrad: Khimiya, 1968.  
12.  Stewart, J.J.P., J. Comput. Chem., 1989, vol. 10, no. 2, 
 p. 221.  
13.  Stewart, J.J.P., J. Comp.-Aided Mol. Des., 1990, vol. 4, 
 p. 1. 
14.  Fletcher, R., Methods of Optimization, New York: John 
 Wiley & Sons, 1980, p. 45. 
15.  Liston, D.J. and West, B.O., Inorg. Chem., 1985, vol. 24, 
 no. 10, p. 1568. 
16.  Kalish, H., Camp, J.E., Stepien, M., Latos-Grazynski, L., 
 and Balch, A.L., J. Am. Chem. Soc., 2001, vol. 123,          
 no. 47, p. 11719. 
17.  Berezin, B.D. and Sennikova, G.V., Kinetika i Kataliz, 
 1968, vol. 9, no. 3, p. 528.  
18.  Simonova, O.R., Zaitseva, S.V., and Koifman, O.I., 
 Russ. J. Coord. Chem., 2009, vol. 35, no. 5, p. 320. 
19.  Bagdasaryan, Kh.S., Teoriya radikal’noi polimerizatsii 
 (Theory of Radical Polymerization), Moscow: Nauka, 
 1966, p. 300. 
20.  Cheremenskaya, O.V., Solov’eva, F.B., and Ponoma-
 rev, G.V., Russ. J. Phys. Chem., A, 2001, vol. 75,             
 no. 10, p. 1633.  
21.  Lindsey, J.S. and Woodford, J.N., Inorg. Chem., 1995, 
 no. 34, p. 1063. 
22.  Semeikin, A.S., Koifman, O.I., and Berezin, B.D., 
 Chem. Heterocyc. Comp., 1982, no. 10, p. 1046. 
23. Eksperimental’nye metody khimicheskoi kinetiki 
 (Experimental Methods of Chemical kinetics), Ema-
 nuel’, N.M. and Sergeev, G.B., Eds., Moscow: 
 Vysshaya Shkola, 1980.  
24.  Bersuker I.B., Electronic Structure and Properties of 
 Transition Metal Compounds, New York: Willey, 1996. 
25.  Schidt, M.W., Baldridge, K.K., Boatz, J.A., Elbert, S.T., 
 Gordon, M.S., Jensen, J.H., Koseki, S., Matsunaga, N., 
 Nguyen, K.A., Su, S., Windus, T.L., Dupuis, M., and 
 Montgomeri, J.A., J. Comput. Chem., 1993, vol. 14,             
 no. 11, p. 1347. 



<<
  /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


