
Introduction

The impact of results of chemical analyses on the qual-

ity of life, the state of the environment and the econ-

omy is significant. Consequently, it is essential that the

analytical results be reliable and could be used as in-

tended. The reliability of instruments and applicability

of the procedures used have to be validated [1, 2].

Among the tools employed to facilitate validation, the

key role is played by reference materials [3].

Preparation of reference materials is very tedious

and time-consuming, which results in their high price.

In the analytical practice use is made of a variety of

reference materials and their application depends on

the objective of analytical work being done [4]. The

preparation of reference materials for all analytical

measurements is practically impossible due to the

variety of matrices and analytes [5].

In case of analysis of gaseous environmental pol-

lutants, standard gaseous mixtures, being an example

of matrix-free reference materials, are used for calibra-

tion of analytical instruments and validation of analyti-

cal procedures. A rapid progress in environmental

monitoring and analytics has resulted in increased re-

quirements placed on gaseous standard mixtures. Their

preparation poses a number of technical and methodi-

cal problems. The development of novel techniques

and devices for the generation of standard mixtures has

been the subject of numerous studies [6–9].

A significant progress in the area of preparation of

standard gaseous mixtures containing analytes at trace

and ultratrace concentration levels has been achieved by

using thermal decomposition of immobilized com-

pounds. These compounds are formed as a result of

chemical modification of the surface of a solid support

and upon heating they undergo decomposition or rear-

rangement yielding a specific analyte. This technique

enables easy and convenient generation of gaseous mix-

tures containing toxic, labile or malodorous compounds.

The support, whose surface was chemically modified,

may play the role of a reference material for volatile

compounds, both organic and inorganic [10].

Experimental

Materials

The available techniques of preparation of gaseous

standard mixtures, which can be referred to as ‘refer-

ence materials’, have a number of disadvantages and

inconveniences in the case of volatile organic com-

pounds. The solution based on using thermal decom-
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position of immobilized compounds for the generation

of standard mixtures of toxic, reactive and malodorous

analytes seems to be an interesting approach to this

problem. So far, this technique has been used for the

preparation of standard gaseous mixtures containing

the following analytes [11–14]: acetone, acetaldehyde,

amines, ammonia, methyl chloride, ethene, thiols, iso-

thiocyanates, carbon monoxide and/or dioxide.

In the preparation of standard gaseous mixtures

by thermal decomposition of immobilized com-

pounds, the generation of the analyte is accomplished

by heating of a sample of support (e.g. silica gel, po-

rous glass, glass fiber) whose surface had previously

undergone chemical modification. In order to change

the physical-chemical nature of the support surface,

chemical modification based on the reaction of active

sites (the –OH groups on the support surface) with

modifiers is carried out. The moiety bound to the sup-

port surface can in turn be the reactant for a subse-

quent reaction. Using appropriate sequences of chem-

ical reactions, almost any functional group can be

found to the surface of a support.

The chemical compound used for the modifica-

tion of the support surface undergoes a chemical reac-

tion with the active sites on the surface of a support

yielding an immobilized compound. At a suitably

high temperature this compound is decomposed or re-

arranged yielding (preferably) one or several compo-

nents. The released compounds are removed from the

reaction chamber (chromatographic injector, thermal

desorber, etc.) by a stream of diluent gas, generating a

stream of gaseous standard mixture.

A schematic diagram of chemical modification

of the support surface and generation of a specific

volatile analyte in the process of thermal decomposi-

tion of the immobilized compound is shown in Fig. 1.

Thus far, silica gel, porous glass, glass rods coated

with silica gel and glass fibers have been as support

for immobilized compounds [11, 13–16].

Decomposition of an immobilized compound

takes place in a specific temperature range, which is

limited by the minimum and maximum temperature.

The minimum temperature is a temperature at

which the decomposition or rearrangement of an im-

mobilized compound is initiated. This is accompanied

by the liberation of a volatile component, which ap-

pears in a stream of eluent gas. The minimum temper-

ature is required to be substantially higher than the

ambient temperature. This requirement ensures stabil-

ity and the possibility of long-term storage of the pre-

pared standard (as samples of modified support) with-

out any losses of the analyte. This is especially impor-

tant in the case of preparing standards of toxic or mal-

odorous compounds. The high temperature main-

tained during generation of a standard gaseous mix-

ture prevents adsorption of analytes on the walls of a

thermal desorber chamber.

The maximum temperature of decomposition of

an immobilized compound is a temperature which,

when exceeded, results in uncontrolled degradation

of the immobilized compound. The following pro-

cesses are then observed:

• sudden drop in the amount of analyte released

• appearance in the standard of compounds other

than the analyte

• change in color of the modified support, e.g. to brown

The objective of the present investigation was to

determine the optimum temperature of decomposition

of immobilized compounds, i.e. the temperature at

which the largest and most reproducible amount of the

analyte is released per unit mass/length of the support.

Methods

Thermal analysis is a group of techniques in which

a property of the sample is monitored vs. time or temper-

ature while the temperature of the sample, in specific at-

mosphere, is programmed. The program may involve
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Fig. 1 Preparation of a standard gaseous mixture using thermal decomposition of the immobilized compound formed on the sur-

face of a support



heating or cooling at a fixed rate of temperature change,

or holding the temperature constant, or any sequence of

these. Thermogravimetric analysis was used to check

the ranges of decomposition temperatures of specific

immobilized compounds because this technique allows

the following investigations [17–21]:

• kinetics of decomposition of chemical compounds

• structural changes in solids

• phase transitions (transition temperature, heat effects)

• mechanisms of reactions between solids

DSC is a measurement of the change of the dif-

ference in the heat flow rate (dq/dt) to the sample and

to the reference sample while they are subjected to a

temperature regime. DSC instrument is designed to

measure the actual amount of power (rate of heat

flow) involved directly with the associated thermal

event. The power is then integrated over the time of

the thermal event to determine the associated thermal

energy. DSC is one of the fundamental methods al-

lowing observation of phase transitions [22–25]. The

measurements using DSC are also used for:

• determination of some chemical properties of both

low molecular and macromolecular compounds

• determination of melting point, glass transition

point and flow temperature

• investigation of crystallization kinetics

• determination of specific heat and degree of

crystallinity

• examination of purity of compounds

The conditions used in thermal analyses are

listed in Table 1.

Scanning electron microscope (SEM) is now an

indispensable instrument in a wide variety of applied

fields [26]. Scanning a specimen surface with finely

focused electron beam (several nanometers), informa-

tion (signal) will be emitted from each point of the

scanning. The emitted information is converted into

an electric signal, amplified and then fed into an ob-

servation CRT. SEM combined with energy

dispersive X-ray spectrometer (EDS) is used primar-

ily for structural studies of surfaces of specimens.

This allows the determination of chemical composi-

tion of a sample with the simultaneous visual inspec-

tion of its surface. In case of determination of the sur-

face structure of chemically modified silica gel, the

analysis of gel samples was carried out at different

temperatures (ambient, optimum and maximum).

Prior to the analysis, samples of chemically modified

silica gel were coated with gold to give the specimen

electrical conductivity. This decreases the specimen’s

capacity to acquire an electrostatic charge and

increases the yield of secondary electrons.

The characteristics of SEM and EDS instruments

are listed in Tables 2 and 3.

Results and discussion

The range of decomposition temperatures of an im-

mobilized compound formed on the surface of silica

gel is determined from the results of investigations of

the amount of released analyte at different decompo-

sition temperatures for successive samples of modi-

fied silica gel. The investigations begin at ambient

temperature, followed by an increase every 10

or 20°C up to 200 or 330°C and checking whether

degradation of the examined sample took place [13].

The amounts of released analyte are converted to the

per unit mass basis, which is necessary as a result of

using different masses of silica gel samples.

The dependence of the amount of analyte released

per unit mass of chemically modified silica gel on the
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Table 1 Conditions of thermal analyses using TG and DSC

Thermal analysis

TG DSC

Instrument OD-103 Derivatograph MOM, Hungary DSC 120 Seiko Instrument Inc.

Heating
25 to 800°C with a heating rate of 5°C min–1

under air atmosphere
80 to over 330°C with a heating rate of 10°C min–1

under nitrogen atmosphere

Sample mass 100 mg 15 mg

Reference material �-aluminum oxide indium

Container platinum silver

Table 2 Characteristics of SEM

Instrument JSM-5800LV (Jeol Ltd.)

Resolution 3.5 mm

Sample size max. 8 inch

Imaging memory 1280×960 elements

Option low vacuum observation

Table 3 Characteristics of EDS

Instrument JED-2100 (Jeol Ltd.)

Area to be analyzed max. 10×10 mm

Energy resolution 144 eV (55Fe, 1000 cps)

Elements to be analyzed B~U

X-ray take off angle 52.5°

Option color mapping



temperature of thermal decomposition at constant flow

rates of the diluent gas and time of the process are

shown in Figs 2 and 3. On the basis of the obtained re-

sults, the temperature ranges over which thermal de-

composition of the immobilized compounds yielding

acetone and methyl chloride took place were found to

be 100–320 and 150–330°C, respectively. The opti-

mum temperatures of decomposition of the immobi-

lized compounds used for the generation of gaseous

mixtures containing acetone and methyl chloride as the

analytes were 310 and 280°C, respectively.

Thermogravimetric and calorimetric curves

obtained for samples of silica gel chemically modi-

fied via the reactions shown in Figs 4 and 5 are de-

picted in Figs 6–9.

Inspection of the above curves reveals that the

ranges of decomposition temperature of the immobi-

lized compounds are close to the values determined

by thermal decomposition of these compounds ob-

tained by using TD-GC-FID. The nature of the ob-

tained peaks demonstrates that in these temperature

ranges exothermic reactions (e.g. release of the
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Fig. 2 Dependence of the amount of acetone liberated per

gram of silica gel on the temperature of thermal de-

composition of the immobilized compound

Fig. 3 Dependence of the amount of methyl chloride liberated

per gram of silica gel on the temperature of thermal de-

composition of the immobilized compound

Fig. 4 Synthesis of an immobilized compound on the surface of

silica gel and its thermal decomposition yielding acetone

Fig. 5 Synthesis of an immobilized compound on the surface

of silica gel and its thermal decomposition yielding

methyl chloride

Fig. 6 Thermogravimetric curve obtained during the heating

of chemically modified silica gel sample (acetone as

the analyte)



analytes) take place. Shifts of the temperature ranges

observed in thermogravimetric techniques can be ex-

plained by the fact that the differences in the amounts

of analytes released at lower temperatures are too

small to be detected by the detectors used.

The results of determination of selected compo-

nents for two samples of chemically modified silica

gel yielding acetone and methyl chloride using SEM

are compiled in Table 4. A plot of the content of se-

lected elements in the examined silica gel sample is

shown in Fig. 10.

An inspection of the data in Table 4 reveals a de-

crease in the content of the selected elements in sam-

ples of chemically modified silica gel with an increase

in temperature. This is additional evidence that at a

specific temperature specific analytes are liberated as a

result of decomposition of the immobilized compound.
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Fig. 8 Calorimetric curve obtained during the heating of chemically modified silica gel sample (acetone as the analyte)

Fig. 9 Calorimetric curve obtained during the heating of chemically modified silica gel sample (methyl chloride as the analyte)

Fig. 7 Thermogravimetric curve obtained during the heating

of chemically modified silica gel sample (methyl chlo-

ride as the analyte)

Table 4 The results of determination of selected elements in samples of chemically modified silica gel yielding specific analytes

Element

Analyte/%

acetone methyl chloride

25°C 310°C 350°C 25°C 280°C 320°C

C 1.14 1.06 0.98 2.34 1.31 0.95

O 0.87 0.76 0.73 – – –

Cl – – – 0.20 0.09 0.01



Conclusions

Temperature is an important parameter in thermal de-

composition of immobilized compounds used for the

preparation of reference materials of volatile analytes.

Heating a chemically modified support to a suitably

high temperature yields reliable and reproducible re-

sults. Proper adjustment of temperature makes a con-

venient way of preparation of matrix-free reference

materials containing analytes at a desired concentra-

tion level. It should be remembered that an incorrectly

determined temperature range of decomposition of im-

mobilized compounds characteristic of each analyte

can lead to incorrect results and thus to negative health,

economic and social effects. Consequently, other tech-

niques capable of determination of the range of decom-

position temperatures of a specific immobilized com-

pound are also used. A vital role in this area is played

by thermogravimetric analysis, and particularly by dif-

ferential thermal analysis and differential scanning cal-

orimetry. The measurements carried out by these two

techniques provide information on the nature of chemi-

cal reactions taking place (endothermic or exothermic)

and the temperature range over which these reactions

occur. The present study also made use of scanning

electron microscopy which enabled the investigation

of the surface structure of chemically modified silica

gel heated to different temperatures.

Acknowledgements

This study has been financed by Ministry of Science and

Informatisation (grant attributed by Department of Scientific

Research), Centre of Excellence in Environmental Analysis

and Monitoring (CEEAM) and Japan International Coopera-

tion Agency (JICA).

References

1 J. Namie�nik and T. Górecki, Rev. Roum. Chim.,

46 (2001) 953.

2 A. �witaj-Zawadka, P. Konieczka, E. Przyk and

J. Namie�nik, Anal. Lett., 38 (2005) 29.

3 S. D. Rasberry and J. Fresenius, Anal. Chem., 360 (1998) 277.

4 B. Jerzak, Analityka, 4 (2003) 40.

5 B. Zygmunt, E. Kremer, M. Rompa, P. Konieczka and

J. Namie�nik, Chem. In�. Ekol., 10 (2003) 655.

6 D. Fenyö, W. Zhang, B. T. Chait and R. C. Beavis,

Anal. Chem., 68 (1996) 721A.

7 J. Namie�nik, Crit. Rev. Anal. Chem., 30 (2000) 221.

8 I. R. Pereiro, A. Wasik and R. �obi�ski,

Fresenius J. Anal. Chem., 363 (1999) 460.

9 R. �obi�ski, V. Sidelnikov, Y. Patrusher, I. R. Pereiro and

A. Wasik, Trends Anal. Chem., 18 (1999) 449.

10 A. �witaj-Zawadka, P. Konieczka, J. F. Biernat, J. Wójcik

and J. Namie�nik, Anal. Chem., 77 (2005) 3018.

11 A. �witaj, E. Przyk, J. Szczygelska-Tao, J. Wójcik,

J. F. Biernat and J. Namie�nik, J. Sep. Sci., 26 (2003) 1057.

12 E. Przyk, A. �witaj-Zawadka, P. Konieczka,

J. Szczygelska-Tao, J. F. Biernat and J. Namie�nik,

Anal. Chim. Acta, 488 (2003) 89.

13 A. �witaj-Zawadka, P. Konieczka, J. Szczygelska-Tao,

J. F. Biernat and J. Namie�nik, J. Chromatogr. A,

1033 (2004) 145.

14 M. Prokopowicz, A. Przyjazny, J. F. Biernat and

J. Namie�nik, Microchem. J., 59 (1998) 437.

15 M. Prokopowicz, K. Lewandowska, E. Luboch,

J. Namie�nik, A. Przyjazny and J. F. Biernat, JHRC,

21 (1998) 303.

16 E. Przyk, A. �witaj-Zawadka, J. Szczygielska-Tao,

A. Przyjazny, J. F. Biernat and J. Namie�nik,

Crit. Rev. Anal. Chem., 33 (2003) 249.

17 M. Kamruddin, P. K. Ajikumar, S. Dash, A. K. Tyagi and

B. Raj, Bull. Mater. Sci., 4 (2003) 449.

18 M. Lalia-Kantouri and Ch. Papadopoulos, J. Therm. Anal. Cal.,

81 (2005) 375.

19 D. Minic, N. Strbac, I. Mihajlovic and Z. Zivkovic,

J. Therm. Anal. Cal., 82 (2005) 383.

20 V. A. Drebushchak, L. N. Mylnikova, T. N. Drebushchak

and V. V. Boldyrev, J. Therm. Anal. Cal., 82 (2005) 617.

21 J. Dweck and C. M. S. Sampaio, J. Therm. Anal. Cal.,

75 (2004) 385.

22 I. M. Vitéz, J. Therm. Anal. Cal., 78 (2004) 33.

23 S. S. Das and P. Singh, J. Therm. Anal. Cal., 78 (2004) 731.

24 J. Pak, W. Qiu, M. Pyda, E. Nowak-Pyda and

B. Wunderlich, J. Therm. Anal. Cal., 82 (2005) 565.

25 D. Ishii, T. Yamado, M. Nakagawa, T. Iyoda and

H. Yoshida, J. Therm. Anal. Cal., 81 (2005) 569.

26 G. Della Gatta, E. Badea, R. Ceccarelli, T. Usacheva, A. Masi

and S. Coluccia, J. Therm. Anal. Cal., 82 (2005) 637.

Received: November 22, 2005

Accepted: February 10, 2006

OnlineFirst: August 11, 2006

DOI: 10.1007/s10973-005-7446-5

536 J. Therm. Anal. Cal., 86, 2006

�WITAJ-ZAWADKA et al.

Fig. 10 The plot of content of selected elements present in a

sample of chemically modified silica gel yielding

methyl chloride



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


