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Abstract In this article, the photocatalytic reaction of aniline and 4-amino N, N

dimethyl aniline with methanol, ethanol and isopropanol on anatase TiO2 nano-

particles under UV (365 nm wavelength) irradiation was examined. The concen-

tration of unreacted aryl amines and products was measured by gas chromatography

picks integration, and then the products were identified by mass spectroscopy

analysis. By making a comparison within the rates of photocatalysis of each aryl

amine in different alcohols under various irradiation times, it was revealed that, in

all cases, the sequence of photocatalysis rate was methanol [ ethanol [ isopropa-

nol. In reactions where the concentrations of aryl amine were lower than 10 mmol/

L, imines were the main products and alkylation of amines was not observed. In the

higher concentration of aryl amines, oxidation and dimerization occurred.

Keywords Photocatalytic reaction � Aryl amine � TiO2 nanoparticle �
GC–MS analysis

Introduction

Heterogeneous photocatalysis has been extensively investigated as a possible way

for removal of pollutants [1–3], organic synthesis [4–6] and bactericidal activity [7].

Nanosized titania powder is a widely used semiconductor photocatalyst owing to its

non-toxic nature, chemical stability, availability, low cost and capability of easy

preparation in nano-particulate form with high surface area [8].

The initial step in TiO2-mediated photocatalytic degradation is proposed to

involve the generation of an (e-/p?) pair, leading mainly to the formation of
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hydroxyl radicals (�OH) as well as super oxide radical anions (O2
�-) and hydroperoxy

radicals (�OOH). These radicals are oxidizing species in the photocatalytic oxidation

processes [9, 10]. Among the above-mentioned radicals of which TiO2 are produced

by photocatalysis, hydroxyl radicals are the most powerful oxidizing species that

can attack organic contaminants present at or near the surface of TiO2 particles [11].

In heterogeneous photocatalysis studies involved with semiconductor powders,

thermodynamic and kinetic aspects, surface area and photocatalyst particle size are

important factors for the identification of the reaction product [12].

In recent years, photocatalysis reaction of TiO2 on aryl amines has attracted many

researchers due to its considerable application in organic dye industries [12–16]. The

mechanism of TiO2-photocatalyzed degradation of aniline derivatives in acidic and

alkaline mediums has been studied by Canle et al. [12]. They have reported that

photocatalytic degradation of aryl amines in acidic medium was inhibited due to

electrostatic repulsion between the positively charged surface and protonated

amines, while in an alkaline medium, the main photoproduct of degradation of

aniline is nitrobenzene. As an example in an alkaline medium, degradation of aniline

has been investigated using an alkaline aqueous TiO2 suspension containing

carbonate ions [17]. The presence of carbonate in TiO2 suspension increases the

number of active adsorption sites on TiO2 particle surfaces. The major products in

this reaction were identified to be azobenzene, p-benzoquinone, nitrobenzene, and

NH3. Although aniline at ppm level is mineralized by illuminated TiO2, in higher

concentrations it is oxidized to azobenzene [13]. N-alkylation of amines by

photocatalytic reaction in a microreaction system using Pt-free TiO2 and Pt-loaded

TiO2 has been investigated [18]. It was reported that the N-alkylation did not occur

by the irradiation of Pt-free TiO2 in conventional batch reactor. To cut a long story

short, there has been a lot of interest in the photocatalytic reaction of aryl amines on

TiO2, but the results reported in the literature are partly controversial.

In the current work, we have investigated the photocatalytic reaction of two aryl

amines (aniline and 4-amino N, N dimethyl aniline) using TiO2 nonopowder

suspension in alcohols (methanol, ethanol and isopropanol); the products of

photoreaction were followed by GC-Mass analysis.

Experimental

Synthesis of photocatalyst

Nanopowder anatase TiO2 samples were synthesized by the precipitation method

and dehydrated with the azeotropic distillation technique, as we have reported in

previous work [8]. The sizes of nanopowders obtained after calcinations were

15–25 nm and the surface area measured by BET method was 75–80 m2/g.

Photocatalytic activity

The aryl amines (aniline and 4-amino N, N dimethy aniline) were dissolved

separately in methanol, ethanol and isopropanol with 1–10 mmol/L concentrations.
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A sample of 20 mg synthesized TiO2 nanopowder was added to each Pyrex

volumetric balloon containing 10 ml of the aryl amine solution. The contents of the

balloons were sonicated in an ultrasound bath for 10 min. The aryl amines solution,

in the presence and in the absence of TiO2, were irradiated for 1–40 h by five UV

lamps (k = 360 nm) with 40 W power, in an irradiation box.

Analysis

The reactions products were analyzed by gas chromatograph–mass selective

detector (GC–MS) from Agilent Technologies, GC—6890 N and MS—5973 N

model, with the column HP-5, length 30 m, i.d. 0.25 mm and film thickness

0.25 lm. The employed GC condition was: initial temperature 100 �C, hold 3 min

with the ramp rate 8 �C/min and final temperature 250 �C. The concentration of

unreacted aryl amine and products was obtained from integration of chromatogram

picks.

Results and discussions

Aryl amines are widely used as raw materials in organic dye industries and are

known as highly toxic chemicals. Two aryl amines which were chosen in this

experiment are aniline (An) and 4-amino N, N dimethyl aniline (ADA).

First, 10 ml of ADA solutions in alcohol (methanol, ethanol, isopropanol) with

5 mmol/L concentration and 20 mg TiO2 nanopowder were sonicated for 10 min,

and then irradiated under 40 W UVA. The rate of decreasing of ADA concentration

is shown in Fig. 1. As shown in this figure, the rate of photocatalytic degradation of

ADA in methanol is higher than ethanol and isopropanol, respectively. After 40 h

irradiation in the presence of TiO2 nanopowder, ADA completely disappeared in

methanol and ethanol. However, the concentration of ADA in isopropanol reduced

Fig. 1 Variations of ADA concentrations (%) in alcohol as a function of the irradiation time. The
samples were 10 ml ADA in alcohol with 5 mmol/L concentration and 20 mg TiO2
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slowly and,after 24 h,only 20% of initial concentration was decomposed. To

compare the results, a blank experiment was carried out on ADA/ethanol solution in

the absence of TiO2 particles. ADA did not effectively degrade under similar

conditions (see Fig. 1).

The chromatogram of photocatalytic reaction products of ADA and methanol is

displayed in Fig. 2. The pick in the 8.96-min retention time (RT) corresponds to

ADA and the pick in the RT = 9.83 min corresponds to the major product. The

mass spectra of major product are shown in Fig. 3. All the picks in mass spectra are

matched with 4 (methylene amino) phenyl dimethyl amine (1). The photocatalytic

reaction products of ADA/ethanol solution after 30 h irradiation are shown in

Fig. 4. This chromatogram shows two major products in RT = 11.01 and

RT = 11.68. The mass spectrum of the first product is shown in Fig. 5. This

spectrum confirms the formation of 4 (ethylene amino) phenyl dimethyl amine (2),

while dialkenylation may be occurring in ethanol (RT = 11.68). So, from the

obtained results, we can propose the reaction process as shown in Scheme 1 for

imines formation.

However, the rate of reaction in isopropanol was lower than the other two

alcohols. The chromatogram of this reaction products, after 24 h irradiation, is

shown in Fig. 6, and mass spectrum of the major product (RT = 11.71 min) is

shown in Fig. 7. The addition of isopropenyl on amine is confirmed by

characteristic picks in m/e 176, 161, 145, 120, 105 and 77.

Fig. 2 Chromatogram of
photocatalytic reaction product
of ADA and methanol after 20 h
irradiation. The pick at
RT = 8.96 min corresponds to
ADA and RT = 9.83 is the main
product

Fig. 3 Mass spectra of the
main product of ADA and
methanol with TiO2 (from
GC–MS spectroscopy,
RT = 9.83). The mass spectra
completely matched with
4(methylene amino) phenyl
dimethyl amine
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After a long period of UVA irradiation (about 70 h) in the presence of TiO2,

ADA was completely decomposed in methanol and ethanol. But, during the same

length of time, ADA in isopropanol was converted to various compounds. Although

in the photodegradation process, especially in higher concentration (C50 mmol),

dimerization of aryl amine with the violet color may be occurring, in the lower

concentration (B5 mmol/L) ADA did not dimerize.

The rate of photocatalytic reaction of aniline in alcohol was higher than ADA.

Figure 8 shows the decreasing rate of aniline in the 10 ml aniline/alcohol

solutions with 1 mmol/L concentration of aniline in the presence and absence of

TiO2. As shown in this figure, aniline remained unchanged in the absence of TiO2

after 5 h irradiation and, similar to the ADA, photocatalytic reaction of aniline–

methanol and aniline–ethanol is more effective than isopropanol. The chromato-

gram of photocatalytic reaction of aniline in methanol after 3 h is shown in Fig. 9.

During the 3-h reaction time, more than 82.5% of aniline was converted to other

compounds. In this chromatogram, the pick in the RT = 2.97 corresponds to the

aniline and the pick in the RT = 2.68 corresponds to the product. The mass

spectra of this product match completely with N-methylene amino phenyl (the

mass spectra are displayed in Fig. 10). During this time, the number of products in

ethanol is greater and a small amount of 2-methyl quinoline is considered

additional to N-ethylene amino phenyl. In the higher concentration of more than

50 mmol/L, various products, e.g., azo benzene, azoxy benzene and 4-phenyl azo

phenol, were formed. Scheme 2 shows the reaction process of photocatalytic

reaction of aniline in alcohols.

Fig. 4 Chromatogram of
photocatalytic reaction product
of ADA and ethanol after 30 h
irradiation. The pick at
RT = 8.96 min corresponds to
ADA and RT = 11.01 and
RT = 11.68 are the main
products

Fig. 5 Mass spectra of the
main product of ADA and
ethanol with TiO2 (from
GC–MS spectroscopy,
RT = 11.01). The mass
spectra completely matched
with 4 (ethylene amino)
phenyl dimethyl amine
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To investigate the reason for the lower reaction rate of aryl amine in isopropanol,

the pure isopropanol with TiO2 nanopowder was irradiated under UVA lamps. As a

result, various compounds were produced. The products of reaction were acetone,

isopropyl ortho formate and acetaldehyde diisopropyl acetate as identified by GC–MS

analysis. A condensation reaction between amines and ketones or aldehydes (from

photocatalytic reaction of alcohols) may have produced imine or enamine

compounds. The photocatalytic reaction of alcohol with longer chain is more

complex and leads to the formation of various products. This can be attributed to the

formation of numerous radical species which finally react together perfectly.

Scheme 1 Alkenylation of ADA in alcohol in the presence of TiO2 under UV (365 nm) irradiation
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Conclusions

Samples containing aryl amine/alcohol and TiO2 nanopowder suspensions were

irradiated with 40-W UVA lamps. The GC–Mass analysis showed the imine

formation in the concentration of lower than 10 mmol/L. The imines can be

Fig. 6 Chromatogram of
photocatalytical reaction
product of ADA and
isopropanol after 24 h
irradiation. The pick at
RT = 8.96 min corresponds to
ADA and RT = 11.71 is the
main product

Fig. 7 Mass spectra of the
main product of ADA and
isopropanol with TiO2 (from
GC–MS spectroscopy,
RT = 11.71). The mass
spectra completely matched
with 4(isopropylene amino)
phenyl dimethyl amine

Fig. 8 Variations of aniline concentrations (%) in alcohol as a function of the irradiation time. The
samples were 10 ml aniline in alcohol with 1 mmol/L concentration and 20 mg TiO2
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Fig. 9 Chromatogram of
photocatalytic reaction product
of aniline and methanol after 3 h
irradiation. The pick at
RT = 2.97 min corresponds to
aniline and RT = 2.68 is the
main product

Fig. 10 Mass spectra of the
main product of aniline and
methanol with TiO2 (from
GC–MS spectroscopy,
RT = 2.68). The mass spectra
completely matched
with N-methylene aniline

Scheme 2 Alkenylation of aniline in alcohol in the presence of TiO2 under UV (365 nm) irradiation
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isomerized to the enamines form. The sequence of photocatalytic reaction rate was

methanol [ ethanol [ isopropanol. Investigation into these reaction mechanisms

showed that active radicals of alcohols form in the presence of TiO2 under UVA

irradiation and that these radicals initiate the reactions. The reason for the difference

in reaction rate corresponds to the stability of formed radicals from alcohol. Also,

the variety of radicals from isoprpanol is more than two other alcohols, so the

radicals react together perfectly. In the higher concentration (more than 10 mmol),

oxidation of aryl amine occurs and some products, e.g., azobenzene, azoxy benzene,

4-phenyl azo phenol and some of their derivatives, are formed. In the results of these

reactions, the alkylation of aryl amines is not observed in any of the reaction studies.

References

1. Y. Liu, Y. Li, Y. Wang, L. Xie, J. Zheng, X. Li, Sonochemical synthesis and photochemical activity

of meso-and macro-porous TiO2 for oxidation of toluene. J. Hazard. Mater. 150, 153–157 (2008)

2. X.-R. Xu, S.-X. Li, X.-Y. Li, J.-D. Gu, F. Chen, X.-Z. Li, H.-B. Li, Degradation of n-butyl benzene

phthalate using TiO2/UV. J. Hazard. Mater. 164, 527–532 (2009)

3. C.-S. Lu, C.-C. Chen, Fu.-D. Mai, H.-K. Li, Identification of degradation Pathways of alkanolamines

with TiO2 photocatalysis. J. Hazard. Mater. 165, 306–316 (2009)

4. H. Wang, J. Yan, W. Chang, Z. Zhang, Practical synthesis of aromatics by photocatalytic reduction of

aromatic nitro compounds on nanoparticles N-doped TiO2. Catal. Commun. 10, 989–994 (2009)

5. C. Srinivasan, Oxygenation and de-oxygenation of organic compounds on irradiated semiconductor

catalyst TiO2. Curr. Sci. 76, 534–539 (1999)

6. A. Mills, S. Le Hunt, An overview of semiconductor photocatalysis. J. Photochem. Photobiol. A 108,

1–35 (1997)

7. S. Ansari Amin, A. Hosseinnia, M. Pazouki, Synthesis of TiO2–Ag nanocomposite with sol–gel

method and investigation of its antibacterial activity against E. coli. Powder Technol. 196, 241–245

(2009)

8. A. Hosseinnia, M. Keyanpour-Rad, M. Pazouki, A novel approach for preparation of highly crys-

talline anatase TiO2 nanopowder from the agglomerates. Powder Technol. 190, 390–392 (2009)

9. S. Kim, W. Choi, Kinitic and mechanisms of photocatalytic degradation of (CH3) NH4-n (0 B n B 4)

in TiO2 Suspension: the role of OH radicals. Environ. Sci. Technol. 36, 2019–2025 (2002)

10. C. Kormann, D.W. Bahnemann, M.R. Hoffmann, Photolysis of chloroform and other organic mol-

ecules in aqueous TiO2 suspensions. Environ. Sci. Technol. 25, 494–500 (1991)

11. B.H.J. Bielski, Photochem. Photobiol 28, 645–649 (1978)

12. M. Canle, L.J.A. Santaballa, E. vulliet, On the mechanism of TiO2- Photocatalyzed degradation of

aniline derivatives. J. Photochem. Photobiol. A 175, 192–200 (2005)

13. H.S. Wahab, A.D. Koutselos, A computational study on the adsorption and �OH initiated photo-

chemical and photocatalytic primary oxidation of aniline. Chem. Phys. 358, 171–176 (2009)

14. C. Karunakaran, S. Senthilvelan, S. Karuthapandian, TiO2-photocatalyzed oxidation of aniline.

J. Photochem. Photobiol. A 175, 207–213 (2005)

15. C. Karunakaran, S. Senthilvelan, Photocatalysis with ZrO2: oxidation of aniline. J. Mol. Catal. A 233,

1–8 (2005)

16. W.A. Adam, C.A. Impellitten, The photocatalysis of N, N-diethyl-m-toluamide(DEET) using dis-

persions of Degussa P-25 TiO2 particles. J. Photochem. Photobiol. A 202, 28–32 (2009)

17. A. Kumar, N. Mathur, Photocatalytic degradation of aniline at the interface of TiO2 suspension

containing carbonate ions. J. Colloid interface Sci. 300, 244–252 (2006)

18. Y. Mtsushita, N. Ohba, T. Suzuki, T. Ichimura, N-Alkylation of amines by photocatalytic reaction in

microreaction system. Catal Today 132, 153–158 (2008)

Photocatalytic reaction of aryl amines/alcohols 945

123


	Photocatalytic reaction of aryl amines/alcohols on TiO2 nanoparticles
	Abstract
	Introduction
	Experimental
	Synthesis of photocatalyst
	Photocatalytic activity
	Analysis

	Results and discussions
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


