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Abstract Potassium Hydrogen Phthalate also known as
Potassium Acid phthalate (KAP) has 14 natural growth
faces with dominating (010) face. As the (010) face is more
suitable for any surface morphological studies, a number of
crystal growth studies have been made on this material in
recent years. Here this semi organic crystal was grown by
Slow Evaporation Solution Growth Technique. The effect
of ammonium sulphate as dopant on the characteristic
properties of KAP crystal was studied by thermal and
spectral analysis.
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Introduction

The enhancement of metastable zone width for solution
growth of potassium acid phthalate, its electro-optical and
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non-linear optical properties was reported [1, 2]. Several
organic inorganic materials were developed and studied to
improve the properties of inorganic materials. Thermal,
spectral, structural and optical studies are very useful
techniques in the characterisation of various materials [3—
39]. The effect of metallic salts HgCl, and PbCl, as do-
pants in the growth aspects, thermal properties and second
harmonic generation (SHG) efficiency of KAP were
determined and reported in [40]. A detailed investigation
have been made on growth aspects of KAP and the effect
of ammonium sulphate as dopant, using UV, FTIR spectral
analyses and thermal studies in this study. The SHG effi-
ciency of pure and ammonium sulphate-doped KAP were
determined.

Experimental
Solubility determination

The solubility of KAP sample was determined at differ-
ent temperatures using gravimetric method in triply dis-
tilled water. The solubility diagram of KAP versus
temperature is presented in Fig. 1 which shows the
increase in solubility with temperature. Pure and 2 mol%
of ammonium sulphate added KAP solutions were taken
in two similar beakers at 30 °C (room temperature) and
kept undisturbed by covering with a thick sheet of paper
for controlled slow evaporation after solubility determi-
nation. Good quality crystals of pure and ammonium
sulphate-doped KAP were obtained in a few days. The
crystals were carefully collected and subjected to UV-
Vis and FTIR spectral studies, NLO test and thermal
analysis.
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Fig. 1 Solubility diagram of pure KAP crystal
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Fig. 2 UV-Vis spectrum of pure KAP crystal
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Fig. 3 UV-Vis spectrum of ammonium sulphate-doped KAP crystal

Measurements

Thermal analysis was carried out at 25-450 °C in N,
atmosphere at a heating rate of 20 °C/min on a SDT Q600
thermal analyzer of TA Instruments.

The FTIR spectral studies of pure and ammonium sul-
phate-doped KAP crystals were performed on an AVA-
TAR 330 FTIR spectrophotometer using the KBr pelletting
technique.

UV-Vis spectral studies were performed on a Lambda
35 UV-Vis spectrophotometer.

@ Springer

Table 1 Characteristic FTIR spectral absorptions of pure KAP and
ammonium sulphate-doped KAP crystals

Sl. Vibration Transmission/%

no.
Pure 2% Ammonium
KAP sulphate

1 C=0 asymmetric stretching at 333 7.36

1565 cm™
2 C=C ring stretching at 18.08  43.18
1485 cm ™
3 C—C stretching at 1280 cm ™" 4.66  30.73
C—C=0 stretching at 1090 cm™' 13.08  31.31
5 C-H out of plane bending at 49.54  75.26
850 cm™"
6 O-H out of plane bending at 4632 60.8
720 cm™!
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Fig. 4 FTIR Spectrum of pure KAP crystal
Results and discussion
UV-Vis spectral studies

UV-Vis spectral study is a very useful technique to
determine the transparency, an important requirement for
an optically active material [41]. Pure and ammonium
sulphate-doped crystals were used to obtain UV-Vis
spectra on a Lambda 35 UV-Vis spectrophotometer to
determine their percentage of transparency and the recor-
ded spectra are shown in Figs. 2 and 3. It is evident from
the spectrum that pure KAP has about 8.5% transparency,
whereas ammonium sulphate-doped KAP had nearly 20%
transparency.

FTIR spectral analysis

FTIR spectra are very important records, which give suf-
ficient information about the structure of various
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Fig. 6 TG and DTA curves of pure KAP crystal

compounds. Almost all functional groups in a molecule
absorb characteristically within a definite range of fre-
quency in this technique [42]. The range 4000-400 cm ™" is
of most importance for the study of an organic compound
by spectral analysis [43]. FTIR spectral studies of pure
KAP and ammonium sulphate-doped KAP crystals show
all the characteristic absorption, which is given in Table 1.
FTIR spectra of pure KAP and ammonium sulphate-doped
KAP are shown in Figs. 4 and 5. The percentage of

3000 2000 1500 1000 400.0

-1
Wavenumber/cm

transmission for doped crystal is higher than that for pure
KAP.

TG and DTA studies

Solution grown pure KAP and ammonium sulphate-doped
KAP crystals were subjected to thermal analysis to iden-
tify their thermal stability, purity and crystalline nature. In
pure KAP and doped KAP crystals, mass loss is noted on
TG curve mainly in one major step indicating similar
decomposition. For pure KAP and ammonium sulphate-
doped KAP, weight loss was noted on TG curves in the
same range of temperature indicating similar decomposi-
tions. The TG and DTA curves are shown in Figs. 6 and 7.
It is evident that the dopant does not have much influence
on the thermal stability of KAP crystal. Thermal studies
further support the single crystalline nature of grown
crystals.

NLO property

The fundamental beam 1064 nm from Nd:YAG laser is
used to test second harmonic generation (SHG) of pure
KAP and ammonium sulphate-doped KAP crystals. SHG
efficiency of pure KAP and ammonium sulphate-doped
crystals is 44 and 54, respectively. It is confirmed by the
NLO test that the SHG efficiency of KAP has enhanced by
the addition of dopant ammonium sulphate.
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Conclusions 6. Sweta M, Tanusree K. Growth and characterization of nonlinear

Pure KAP and ammonium sulphate-doped KAP crystal
have been grown by the slow evaporation solution growth
Technique. The UV-Visible spectral analysis gives evi-
dence that ammonium sulphate-doped KAP crystal has
higher transparency. The FTIR spectral studies support the
characteristic absorptions of pure KAP and ammonium
sulphate-doped KAP crystals. The dopant ammonium sul-
phate does not influence the thermal stability of KAP
crystal. There is an appreciable enhancement in the SHG
efficiency of doped crystal compared to pure KAP crystal.
Thus, ammonium sulphate as dopant of KAP crystal
enhances the optical utility of KAP crystal.

References

1. Srinivasan K, Meera K, Ramasamy P. Enhancement of metasta-
ble zone width for solution growth of potassium acid phthalate.
J Cryst Growth. 1999;205:457-9.

2. Miniewicz A. Electro-optic investigations in some molecular-
ionic crystals. Mol Cryst Liq Cryst. 1993;229:13-8.

3. Meenakshisundarm SP, Parthiban S, Madhurambal G, Mojumdar
SC. Effect of chelating agent (1, 10-phenanthroline) on potassium
hydrogen phthalate crystals. J Therm Anal Calorim. 2008;94:
21-5.

4. Jayalakshmi D, Kumar J. Growth and characterization of bis
thiourea zinc acetate. Cryst Res Technol. 2006;41:37-40.

5. Mojumdar SC, Mazanec K, Drabik M. Macro-defect-free (MDF)
cements: synthesis, thermal, chemical, SEM and magnetometric
study and moisture Resistance. J] Therm Anal Calorim. 2006;83:
135-9.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

optical crystal zinc tris (thiourea) sulphate in presence of L-
arginine. Optical Mat. 2007;30:508-12.

. Mojumdar SC, Raki L. Preparation, thermal, spectral and micro-

scopic studies of calcium silicate hydrate-poly(acrylic acid)
nanocomposite materials. J Therm Anal Calorim. 2006;85:99-105.

. Ezhilvizhi R, Kalainathan S, Bagavannarayana G. Structural and

microhardness studies of purea and thiourea doped glycine
phosphate single crystal. Cryst Res Technol. 2008;43:778-82.

. Meera K, Muralidharan R, Tripathi AK, Dhanasekaran R. Growth

of thiourea-doped TGS crystals and their characterization. J Cryst
Growth. 2004;260:414-21.

Mojumdar SC. Processing-moisture resistance and thermal anal-
ysis of MDF materials. J Therm Anal Calorim. 2001;64:1133-9.
Ambujam K, Thomas PC, Aruna S. Growth and characterization
of dichloro tetrakis thiourea nickel single crystals. Cryst Res
Technol. 2006;41:1082-8.

Meenakshisundaram S, Parthiban S, Sarathi N, Kalavathy R,
Bhagavannarayana G. Effect of organic dopants on ZTS single
crystals. J Cryst Growth. 2006;293:376-81.

Mojumdar SC. Thermal properties, environmental deterioration
and applications of macro-defect-free cements. Res J Chem
Environ. 2005;9:23-7.

Arunmozhi G, De Gomes EM, Ganesamoorthy S. Growth
kinetics of zinc (tris) thiourea sulphate (ZTS) crystals. Cryst Res
Technol. 2004;39:408—-13.

Skorsepa JS, Gyoryova K, Melnik M. Preparation, identification
and thermal properties of (CH3;CH,COO),Zn-2L-H,O (-L =
thiourea, nicotinamide, caffeine or theorbromine). J Therm Anal.
1995:44:169-717.

Madhurambal G, Mojumdar SC, Hariharan S, Ramasamy P. TG,
DTC, FT-IR and Raman spectral analysis of Zn,/Mg, ammonium
sulfate mixed crystals. J] Therm Anal Calorim. 2004;78:125-33.
Ushasree PM, Jayavel R, Ramasamy P. Growth and character-
ization of phosphate mixed ZTS single crystals. Mater Sci Eng B.
1999;65:153-8.

Gupte SS, Desai CF. Vickers hardness anisotropy and slip system
in zinc(tris)thioureasulphate crystals. Cryst Res Technol.
1999;34:1329-32.



Effect of dopant on the characterization of KAP crystal

979

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Selvaraju K, Valluvan R, Kumararaman S. A new metal organic
potassium thiourea chloride single crystal. Mat Lett. 2006;44:
577-81.

Rajasekaran R, Rajendran KV. Investigation on nucleation of
cadmium thiourea chloride single crystals. Mater Chem Phys.
2003;82:273-80.

Sawant SY, Verenkar VMS, Mojumdar SC. Preparation, thermal,
XRD, chemical and FT-IR spectral analysis of NiMn,O4 nano-
particles and respective precursor. J] Therm Anal Calorim. 2007;
90:669-72.

Porob RA, Khan SZ, Mojumdar SC, Verenkar VMS. Synthesis,
TG, SDC and infrared spectral study of NiMn,(C4H404)3-
6N,H,—A precursor for NiMn,O, nanoparticles. J Therm Anal
Calorim. 2006;86:605-8.

Mojumdar SC, Varshney KG, Agrawal A. Hybrid fibrous ion
exchange materials: past, present and future. Res J Chem Envi-
ron. 2006;10:89-103.

Doval M, Palou M, Mojumdar SC. Hydration behaviour of C,S
and C,AS nanomaterials, synthesized by sol-gel method. J Therm
Anal Calorim. 2006;86:595-9.

Tiwari NR, Rathore A, Prabhune A, Kulkarni SK. Gold Nano-
particles for colorimetric detection of hydrolysis of antibiotics by
penicillin G acylase. Adv Biosci Biotechnol. 2010;1:322-9.
Varshney G, Agrawal A, Mojumdar SC. Pyridine based cer-
ium(IV) phosphate hybrid fibrous ion exchanger: Synthesis,
characterization and thermal behaviour. J] Therm Anal Calorim.
2007;90:731-4.

Mojumdar SC, Melnik M, Jona E. Thermal and spectral proper-
ties of Mg(II) and Cu(Il) complexes with heterocyclic N-donor
ligands. J Anal Appl Pyrolysis. 2000;53:149-60.

Borah B, Wood JL. Complex hydrogen bonded cations. The
benzimidazole benzimidazolium cation. Can J Chem. 1976;50:
2470-81.

Mojumdar SC, Sain M, Prasad RC, Sun L, Venart JES. Selected
thermoanalytical methods and their applications from medicine to
construction. J Therm Anal Calorim. 2007;60:653-62.

Rejitha KS, Mathew S. Investigations on the thermal behavior of
hexaamminenickel(II) sulphate using TG-MS and TR-XRD. Glob
J Anal Chem. 2010;1(1):100-8.

. Ondrusova D, Jona E, Simon P. Thermal properties of N-ethyl-N-

phenyldithiocarbamates and their influence on the kinetics of
cure. J] Therm Anal Calorim. 2002;67:147-52.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Madhurambal G, Ramasamy P, Anbusrinivasan P, Vasudevan G,
Kavitha S, Mojumdar SC. Growth and characterization studies of
2-bromo-4’-chloro-acetophenone (BCAP) crystals. J Therm Anal
Calorim. 2008;94:59-62.

Ukraintseva EA, Logvinenko VA, Soldatov DV, Chingina TA.
Thermal dissociation processes for clathrates [CuPy,(NO3),]-2G
(G = tetrahydrofurane, chloroform). J Therm Anal Calorim.
2004;75:337-45.

Raileanu M, Todan L, Crisan M, Braileanu A, Rusu A, Bradu C,
Carpov A, Zaharescu M. Sol-gel materials with pesticide delivery
properties. J Environ Protect. 2010;1:302—-13.

Varshney KG, Agrawal A, Mojumdar SC. Pectin based cer-
ium(IV) and thorium(IV) phosphates as novel hybrid fibrous ion
exchangers synthesis, characterization and thermal behaviour.
J Therm Anal Calorim. 2005;81:183-9.

Mojumdar SC, Simon P, Krutodikovd A. [1]1Benzofuro[3,
2-c]pyridine: synthesis and coordination reactions. J] Therm Anal
Calorim. 2009;96:103-9.

Jona E, Rudinska E, Sapietova M, Pajtasova M, Ondrusova D,
Jorik V, Mojumdar SC. Interaction of pyridine derivatives into
the interlayer spaces of Cu(Il)-montmorillonites. Res J Chem
Environ. 2005;9:41-3.

Mojumdar SC, Miklovic J, Krutosikova A, Valigura D, Stewart
JM. Furopyridines and furopyridine-Ni(I) complexes—synthe-
sis, thermal and spectral characterization. J Therm Anal Calorim.
2005;81:211-5.

Mojumdar SC. Thermoanalytical and IR spectroscopy investi-
gation of Mg(Il) complexes with heterocyclic ligands. J Therm
Anal Calorim. 2001;64:629-36.

Vasudevan G, AnbuSrinivasan P, Madhurambal G, Mojumdar
SC. Thermal analysis, effect of dopants, spectral characterisation
and growth aspects of KAP crystals. J Therm Anal Calorim.
2009;96:99-102.

Rao CNR. Ultraviolet and visible spectroscopy, chemical appli-
cations. New York: Plenum Press; 1975.

Kalsi P. Spectroscopy of organic compounds. New Delhi: Wiley
Eastern; 1987.

Dyer JR. Applications of absorption spectroscopy of organic
compounds. New Delhi: Prentice-hall of India; 1987.

@ Springer



	Effect of dopant on the characterization of KAP crystal
	Thermal and spectral analysis
	Abstract
	Introduction
	Experimental
	Solubility determination
	Measurements

	Results and discussion
	UV--Vis spectral studies
	FTIR spectral analysis
	TG and DTA studies
	NLO property

	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


