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Abstract A secondary amino group modified MCM-41

(mobile crystalline material number 41) was synthesized

and used as a support for the immobilization of a salen

oxovanadium complex via a multi-grafting method. The

immobilized complex was characterized by UV–Vis

spectroscopy, X-ray diffraction (XRD), N2 adsorption and

ICP analysis techniques. The immobilized complex was

found to be an effective catalyst for oxidation of cyclo-

hexane using H2O2 as an oxidant under mild conditions. A

conversion of 45.5% of cyclohexane was obtained with a

selectivity of 100% of the cyclohexanone/cyclohexanol

mixture when the reaction was run at 60 �C for 12 h in

acetonitrile. Decomposition of the complex, which leads to

the deactivation of the catalyst, is observed and a decom-

position mechanism is discussed.

Keywords MCM-41 immobilized salen vanadium

complex � Hydrogen peroxide � Cyclohexane oxidation

1 Introduction

The selective partial oxidation of alkanes to afford oxy-

genated petrochemicals such as alcohols and carbonyl

compounds is very important in utilizing petroleum and

natural gas-based resources [1–3]. This process can be

carried out by employing various oxidizing reagents such

as oxygen [4–6], H2O2 [7–10], tert-butyl hydroperoxide

[11–13] and catalyzed by many kinds of metal complexes.

Among all the complexes vanadium complexes play a very

important role in the catalytic partial oxidation of alkanes

as a consequence of their low radius/charge ratio, which

makes them suitable for the activation of peroxidic

reagents [14, 15]. Soluble vanadium complexes are known

to catalyze hydrocarbon oxidations with molecular oxygen,

hydrogen peroxide and other oxygen donors [16–19].

However, under homogeneous conditions vanadium com-

plexes also face the problem of separation from reaction

mixtures; and, they often decompose or polymerize during

catalytic reaction. Therefore, immobilization of vanadium

complexes by anchoring or encapsulation on or into vari-

ous supports [20–22] has received much attention as these

supported complexes possess the advantageous features of

heterogeneous as well as homogeneous catalysts.

MCM-41 (Mobile Crystalline Material Number 41), an

ordered mesoporous compound with high surface area

(typically 1000 m2/g) with a uniform large pore size (20 Å)

and one dimensional, hexagonally ordered pore structure,

has been extensively used as a support in the heterogeni-

zation of homogeneous catalysts [23]. The large surface

area and uniform large pore size of MCM-41 have allowed

bulky organic molecules to diffuse in and out of the mes-

opores with minimum steric hindrance. Compared to other

commonly used supports, such as organic polymers, MCM-

41 also has the advantage of high thermal stability in het-

erogeneous catalysis. Due to its large surface area and a

uniform large pore size, these materials can act as excellent

supports for the immobilization of soluble metal complexes

[23]. Generally functionalized MCM-41 can be easily

obtained either by covalently grafting various organic

species onto the interior surface by post-synthesis grafting

or by organosiloxane/siloxane co-condensation method

[24]. Relative to the former method, a more homogeneous
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distribution, a higher loading of functional groups and an

easier one-pot process make the latter method preferred.

Herein we used the second approach to prepare a sec-

ondary amino-modified MCM-41. The material was used

as a support through a multi-step grafting method to

immobilize a salen vanadium complex (abbreviated as

salen VO complex). The heterogenized complex is used for

the catalytic oxidation of cyclohexane under mild condi-

tions with hydrogen peroxide as an oxidant.

2 Experimental

2.1 Materials

Cetyltrimethyl ammonium bromide (CTAB), salicylalde-

hyde, acetonitrile, hydrogen peroxide (H2O2, 30%), acetic

acid and sodium hydroxide were purchased from Tianjin

Kermel Chemical Reagents Development Centre. Tetra-

ethoxysilane (TEOS) was provided by Tianjin No. 1

Chemical Regent Factory. Bis(3-(triethoxysilyl)propyl)-

amine (BTEA) was obtained from Beijing Shenda Fine

Chemical Company and distilled prior to use. VOSO4 was

produced by Shenyang Haizhongtian Fine Chemical Fac-

tory. Cyclohexane was obtained from Acros Organics.

5-Chloromethylsalicylaldehyde was synthesized according

to the procedure described in Ref. [25]. All organic sol-

vents were dried and distilled prior to use.

2.2 Synthesis of the Second Amino Group Modified

MCM-41 (MCM-41-NH)

The secondary amino group modified MCM-41 was syn-

thesized by the following procedure. The reaction mixture

contained CTAB/TEOS/BTEA/NaOH/H2O (1.0:8.16:0.37:

2.55:4857) based on a molar ratio. The mixture of 9.0 g

(24.7 mmol) of CTAB, 31.5 mL (63.0 mmol) of NaOH

(2.0 M, aqueous), and 2161.6 g (120.1 mol) of H2O were

heated at 80 �C for 30 min to reach pH of 12.3. To this

clear solution, 41.9 g (201.6 mmol) TEOS and 3.9 g

(9.2 mmol) BTEA were added sequentially and rapidly via

injection. Following the injection, a white precipitate was

observed after 3 min of stirring. The reaction temperature

was maintained at 80 �C for 3 h. The mixture was trans-

ferred into a Teflon-lined autoclave at 80 �C for 3 days to

crystallize the product. The crystallized product was iso-

lated by filtration, washed with distilled water, and dried at

100 �C for 10 h. The dried solid (12.4 g) was extracted

with a mixture of ethanol (100 mL) and concentrated

hydrochloric acid (1.0 mL) at 80 �C for 6 h. Finally the Si-

MCM-41-NH (1) was obtained after filtering and washing

with ethanol.

2.3 Immobilization of Salen VO Complex

on MCM-41-NH

To 50 mL of THF were added 4 g of MCM-41-NH and

0.53 g (3.1 mmol) of 5-chloromethylsalicylaldehyde. The

mixture was refluxed under a nitrogen atmosphere for 10 h.

The mixture was filtered and the resulting powder (2) was

washed and extracted with THF in a soxhlet extractor for

10 h. The resulting powder was added to 50 mL of abso-

lute ethanol followed by addition of 0.36 g (3.1 mmol) of

1,2-diaminocyclohexane. The mixture was refluxed for

14 h, then filtered. The resulting powder (3) was extracted

with ethanol in a Soxhlet extractor for 10 h. Then the

power was suspended in 50 mL of ethanol and to this

suspension was added 0.77 g (6.2 mmol) of salicylalde-

hyde. The suspension was refluxed for 18 h and filtered to

afford a powder (4). The powder was washed with ethanol

and then extracted with ethanol in a Soxhlet extractor for

10 h.

To a suspension of 2.5 g of 4 and 50 mL of absolute

ethanol was added a solution of 1.56 g (6.2 mmol) of

VOSO4 in 50 mL of absolute ethanol. The powder imme-

diately turned green indicating the formation of a vanadium

complex. The suspension was stirred at reflux for 3 h. The

suspension was filtered and a green powder (5) was sepa-

rated. The powder was washed and extracted with ethanol

in a Soxhlet extractor for 10 h [26].

2.4 Characterization Procedures

The X-ray diffraction (XRD) patterns were carried out on a

Riguku D/max-2500 X-ray diffractometer using Cu-KD

radiation at 40 kV and 100 mA, in the 2h range 1.5–9�.

Diffuse reflectance UV–Vis spectra of the solid samples

were carried out on a Varian Cary 300 UV–Vis spectro-

photometer. Adsorption and desorption isotherms of

nitrogen were measured at 77 K on a Micromeritics ASAP

2010 volumetric. The vanadium content of the catalysts

was analyzed by an ICP-9000 (N + M) spectrophotometer,

Thermo Jarrell-Ash Corp., USA, after the samples were

dissolved in HF. Adsorption and desorption isotherms of

nitrogen were measured at 77 K on a Micromeritics ASAP

2010. The pore volume and pore radius were obtained from

BJH equation (below) [27]

log P=P0ð Þ ¼ �2rV

8:316� 107 � 2:303TrK
¼ �4:14

rK

in which, r is the surface tension of liquid nitrogen, V is the

liquid molar volume of nitrogen, rk is the radius of the

capillary in cm. (later converted to Angström units for

practical purposes), T is the absolute temperature (K) and

8.316 9 l07 is the gas constant in ergs K-1 mol-1.
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2.5 Oxidation of Cyclohexane

The oxidation of cyclohexane was carried out according to

the method reported in the literature [28, 29]. In a typical

reaction, cyclohexane (5 mmol), 30% H2O2 (10 mmol),

and the catalyst (0.02 mmol) were mixed in 4 mL of ace-

tonitrile. The reaction mixture was heated at 60 �C with

continuous magnetic stirring. During the reaction, the

reaction progress was monitored using a Shandong Lunan

Ruihong Gas Chromatograph, SP-6800A, equipped with a

SE 30 capillary column, 30 m 9 0.25 mm and the prod-

ucts were analyzed by GC-MS (Trace DSQ, USA)

equipped with a CP-SIL 5 column.

3 Results and Discussion

3.1 Preparation of the Immobilized Catalyst

The route to the synthesis of the immobilized catalysts is

shown in Scheme 1. First, a secondary amino-functionalized

MCM-41 was synthesized by copolymerization of TEOS

and BTEA in the presence of C16TMABr as a template as

described in the literature [30–32]. The secondary amino

group, which is attached to the matrix, reacts smoothly with

5-chloromethyl salicylaldehyde by a nucleophilic substitu-

tion reaction to attach the salicylaldehyde moiety onto the

MCM-41 surface. In the subsequent procedure the attached

salicylaldehyde condenses readily with one amino group of

1,2-diaminocyclohexane, and then the remaining amino

group reacts with salicylaldehyde in a next step, as it does

under homogeneous conditions [33], to give the MCM-41

anchored salen ligand. Similar to the coordination reaction

under homogeneous condition [34], the supported ligand

coordinates with VOSO4 smoothly to give the supported

complex catalyst. The heterogenized catalyst is extracted

until a colorless extract is obtained. This is a generally

accepted process to remove absorbed compounds or com-

plexes on the interior surface of the supported catalysts [26].

The vanadium content (4.84% by wt.) of the heteroge-

nized catalyst was determined by ICP. The extraction

procedure removed all the compounds or complexes from

the MCM-41 surface. To confirm the fact that the extraction

process can remove the compounds absorbed on the MCM-

41 surface in a nonspecific bonding fashion, the product was

mixed with VOSO4 directly in absolute ethanol and treated

as the procedure in the preparation of the heterogenized

catalyst. The collected solid was subjected to ICP analysis.

Only 0.14% vanadium was found, which indicates that the

vanadium content of the heterogenized catalyst is mainly

from the formation of the salen vanadium complex and not

from nonspecific bonding to surface silanols.

3.2 Characterization of the Catalyst

Figure 1 shows the XRD patterns of MCM-41-NH and the

immobilized complex, salen VO/Si-MCM-41. The XRD

pattern of the MCM-41-NH was similar to the pattern of pure

MCM-41 published in the literature [34], which exhibited

four peaks at low angles that correspond to the d100, d110,

d200, d210 reflections of a regular hexagonal array of pores.

Interplanar spacing d100 of the MCM-41-NH was observed at

the value of 4.12 nm. The pattern of the immobilized

complex has no significant change relative to that of MCM-

41-NH except for intensity decreases of the peaks, which

indicate that the MCM-41 framework structure remains after

modification by the multi-step grafting method.
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3.3 Nitrogen Sorption

Table 1 presents the specific surface areas and the range of

pore structural parameters of the MCM-41-NH and the

supported complex catalyst. The MCM-41-NH has an area

of 872.1 m2/g lower than that of the pure silicon MCM-41

[35]. Decreases in surface area from 872.1 to 596.7 m2/g,

pore volume from 0.77 to 0.60 cm3/g and pore diameter

from 35.2 to 30.0 Å were observed after the complex was

supported on MCM-41-NH.

Figure 2 shows the pore radius distribution from BJH of

the MCM-41-NH and the supported complex catalyst. The

two samples give a maximum pore radius of about 2.53 and

2.49 nm, respectively. The decrease in maximum pore

radius after complexation indicates that complexation takes

place more easily in the pores of large radius. Figure 2 also

shows a decrease in pore volume after the complex is

supported on MCM-41-NH. A similar trend is observed by

other researchers; and, the reduction in the surface area and

pore size has been assigned to the lining of the walls of Si-

MCM-41 with the organic moieties [26]. In other words the

immobilization of the complex occurs within the mesop-

ores of MCM-41-NH.

Curves a and b in Fig. 3 show the nitrogen adsorption–

desorption isotherm of MCM-41-NH and the supported

complex catalyst, respectively. Both curves display a typ-

ical type IV isotherm, which has three well-distinguished

regions: mono- and multi-layer adsorption on the pore

walls, capillary condensation, and multi-layer adsorption

on the outer surface [36, 37]. This is in agreement with the

typical shape for mesoporous MCM-41.

3.4 UV–Vis Spectroscopy

Generally metal salen complexes and ligands exhibit

characteristic bands in their optical spectra [38]. The

anchoring of complexes to solid surfaces can be conve-

niently followed by diffuse reflectance UV–Vis

spectroscopy [39, 40]. Figure 4 shows the diffuse reflec-

tance UV–Vis spectra of MCM-41-NH, the intermediates

in the synthesis of the catalyst and the supported catalyst. It

can be seen there is no obvious absorbance band in the

spectrum of 1. In spectrum of 2 the bands maximum at 214,

254 nm are derived from the p ? p* transitions of phenyl

and C=O groups and the band around 325 nm is from

n ? p* of C=O. The band maximum around 405 nm in

spectra of 3 and 4 is attributed to the p ? p* transition of

C=N. The absorbance band around 700 nm in spectrum of

5 is possibly due to the phenolate-V(IV) ligand-metal

charge-transfer [41], which indicates the successful

anchoring of salen-VO complex onto the MCM-41-NH.

Table 1 N2 adsorption results for Si-MCM-41-NH and the immo-

bilized salen VO complexa

Sampleb SBET (m2/g) Pore volume (cm3/g) Pore diameter (Å)

1 872.1 0.77 35.2

2 596.7 0.60 30.0

a Calculated from BJH
b 1, Si-MCM-41-NH; 2, immobilized salen VO complex
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3.5 Catalytic Oxidation of Cyclohexane

The immobilized salen VO complex was used as a catalyst

for the oxidation of cyclohexane (Scheme 2). The immo-

bilized complex showed good catalytic activity under mild

conditions. Several parameters influencing the catalytic

properties were investigated.

The effect of the immobilized catalyst on reaction time

was studied in the presence of H2O2 at 60 �C in acetoni-

trile. The data are summarized in Table 2. The conversion

of cyclohexane was 23.9 mol% after 6 h and increased

rapidly to 45.5 mol% after 12 h. Thereafter the conversion

increased slowly and reached a maximum of 46.7 mol%

after 24 h. In addition, the yield of cyclohexanone

increased with the prolongation of reaction time, but the

yield of cyclohexanol decreased accordingly due to the

further oxidation of cyclohexanol to cyclohexanone under

the catalytic reaction conditions.

The effect of H2O2 loading on the oxidation is given in

Table 3. The conversion increased from 17.4 to 75.8 mol%

when the H2O2 loading increased from 5 to 20 mmol.

However, the yield of cyclohexanone-cyclohexanol mix-

ture decreased sharply possibly due to the further oxidation

of cyclohexanol and cyclohexanone by excess H2O2. It is

noteworthy that the selectivity of cyclohexanone/cyclo-

hexanol mixture was 100% if the H2O2 was kept below

10 mmol under the reactions.

The effect of reaction temperature from 40 to 70 �C on

the catalytic oxidation of cyclohexane with H2O2 and the

distribution of products is summarized in Table 4. The

conversion of cyclohexane increased quickly to a maxi-

mum of 45.5 mol% at 60 �C. At the same time the

selectivity of cyclohexanone/cyclohexanol mixture was

still 100%. When the reaction is run at 70 �C, the con-

version decreased to 42.9% and the selectivity of

cyclohexanone/cyclohexanol mixture also decreased. This

may be a result of the decomposition of H2O2 and further

oxidation of cyclohexanone and (or) cyclohexanol at high

reaction temperature.

The oxidation of cyclohexane with other oxidants and

catalysts were previously published [29, 42, 43]. Jin et al.

[42] reported the synthesis and characterization of zeolite

Y supported transition metal tetrahydro-schiff base com-

plexes. When using Cu-[H4]salen/Y as a catalyst, the

largest cyclohexane conversion was 9.5%. A hetero-binu-

clear macrocyclic Co-V complex bonded to a chemically
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Scheme 2 The catalytic oxidation of cyclohexane

Table 2 Effect of reaction time on the catalytic oxidation of cyclo-

hexane by H2O2

Time (h) Conversion (%) Selectivity (%)

Cyclohexanone Cyclohexanol

6 23.9 47.5 52.5

9 31.5 48.5 51.5

12 45.5 48.1 51.9

24 46.7 39.0 55.2

Reaction conditions: cyclohexane 5 mmol, catalyst 0.02 mmol, H2O2

10 mmol, temperature 60 �C, acetonitrile 4 mL

Table 3 Effect of oxidant (H2O2) the oxidation of cyclohexane

Oxidant (mmol) Conversion (%) Selectivity (%)

Cyclohexanone Cyclohexanol

5 17.4 44.4 55.6

10 45.5 48.1 51.9

20 75.8 31.8 21.9

Reaction conditions: cyclohexane (5 mmol), catalyst (0.02 mmol),

reaction time 12-h, temperature 60 �C, acetonitrile (4 mL)

Table 4 Effect of reaction temperature on oxidation of cyclohexane

Oxidant (mmol) Conversion (%) Selectivity (%)

Cyclohexanone Cyclohexanol

40 10.9 42.3 57.7

50 34.5 46.5 53.5

60 45.5 48.1 51.9

70 42.9 39.7 34.2

Reaction conditions: cyclohexane (5 mmol), catalyst (0.02 mmol),

H2O2 (10 mmol), reaction time 12-h, acetonitrile (4 mL)
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modified alumina support was also applied to the oxidation

of cyclohexane using oxygen as an oxidant. Although high

selectivity for cyclohexanone/cyclohexanol mixture was

observed, the conversion is still low [42]. Compared with

the catalysts reported in literature [29, 42, 43], 5 shows

high activity and high selectivity for the cyclohexanone/

cyclohexanol mixture within a reasonable reaction time

and temperature.

In theory, the activity of the catalyst used here can be

derived from 1, the vanadium compounds that are non-

specifically bonded to surface silanols of MCM-41-NH,

and 5. 1 and 1 that is doped with VOSO4 as described in

above were also subjected to the oxidation of cyclohexane

under the same conditions as 5. However, no reaction

products were observed. Therefore, we conclude that the

catalytic activity of the catalyst originated from 5.

Table 2 also shows that conversion increased only

1.2 mol% from 12 to 24 h, which indicates that the catalyst

almost completely loses its activity after 12 h. It is

observed that the color of the reaction solution changed

from colorless to blue with prolonged reaction time. Con-

comitantly, the catalyst loses its characteristic color

gradually. ICP analysis shows that the V content is only

0.38% at this stage. If the blue filtrate is used as the solvent

to run the reaction without adding additional fresh catalyst,

no reaction occurs. The results indicate that the supported

complex decomposes to non-active components entering

into solution during catalysis. Mishra and Pombeiro

reported previously a similar immobilized vanadium

complex in the oxidation of cyclohexane by molecular

oxygen [44]. They found that the catalyst can be recycled

without activity reduction. On comparing the structures and

the recycling test results of the two supported complexes, it

can be concluded that the decomposition of the supported

complex in this study is possibly induced by water from the

aqueous H2O2 and accelerated by the carboxylic acids

derived from further oxidation of cyclohexane. The results

also indicate that aqueous H2O2 is not the most suitable

oxidant for the catalyst due to the presence of water. It is

expected water-free oxidants such as molecular oxygen and

tert-butyl hydroperoxide may resolve the problem of cat-

alyst decomposition.

4 Conclusions

Secondary amino modified MCM-41 was successfully

synthesized by copolymerization and used as a support to

immobilize a salen VO complex via a multi-grafting

method. The immobilized complex showed good activity

and selectivity in the oxidation of cyclohexane using H2O2

as an oxidant within a relative short time. Long reaction

times and high temperatures lead to the decomposition of

the supported complex induced by water from aqueous

H2O2 and a decrease in selectivity of cyclohexanone/cy-

clohexanol mixture.
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38. M.J. Sabater, M. Álvaro, H. Garcı́a, E. Palomares, J.C. Scaiano, J.

Am. Chem. Soc. 123, 7074 (2001)

39. G.-J. Kim, D.-W. Park, Catal. Today 63, 537 (2000)

40. C. Baleizão, B. Gigante, M.J. Sabater, H. Garcia, A. Corma,

Appl. Catal. A Gen. 228, 279 (2002)

41. A. Horn Jr., C.A.L. Filgueiras, J.L. Wardell, M.H. Herbst, N.V.

Vugman, P.S. Santos, J.G.S. Lopes, R.A. Howie, Inorg. Chim.

Acta 357, 4240 (2004)

42. C. Jin, W. Fan, Y. Jia, B. Fan, J. Ma, R. Li, J. Mol. A Catal.

Chem. 249, 23 (2006)

43. M.J.L. Kishore, G.S. Mishra, A. Kumar, J. Mol. A Catal. Chem.

230, 35 (2005)

44. G.S. Mishra, A.J.L. Pombeiro, J. Mol. A Catal. Chem. 239, 96

(2005)

J Inorg Organomet Polym (2008) 18:441–447 447

123


	Preparation of MCM-41 Supported Salen Vanadium Complex and its Catalysis for the Oxidation of Cyclohexane with H2O2 �as an Oxidant
	Abstract
	Introduction
	Experimental
	Materials
	Synthesis of the Second Amino Group Modified MCM-41 (MCM-41-NH)
	Immobilization of Salen VO Complex �on MCM-41-NH
	Characterization Procedures
	Oxidation of Cyclohexane

	Results and Discussion
	Preparation of the Immobilized Catalyst
	Characterization of the Catalyst
	Nitrogen Sorption
	UV-Vis Spectroscopy
	Catalytic Oxidation of Cyclohexane

	Conclusions
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


