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Abstract The preparation and properties of luminescent

polystyrene (PS) composite microspheres with rare earth

(RE) organic complexes Eu(DBM)3(Phen) (DBM = dib-

enzoylmethanate, Phen = 1,10-phenanthroline) entrapped

in the microspheres are presented. The luminescent com-

posite microspheres are readily obtained by the soaking

pre-existing particles method. The morphologies of

resulting composite microspheres are characterized by field

emission scanning electron microscope. The photolumi-

nescence properties of the composite microspheres are also

investigated. The results show that the existence of the

rigid PS matrix can improve the photostability of the RE

complex under UV irradiation and elongate the fluores-

cence lifetime of the RE complex. The improvement of the

properties, the convenient preparing method, and brilliant

red emission make the composite microspheres promising

candidates for in cellulo applications.

Introduction

Luminescent rare earth (RE) organic complexes have

gained increasing attention in fundamental studies and

technological applications because of their unique optical

properties, such as extremely sharp emission bands, long

lifetime, and potential high internal quantum efficiency.

Their excellent photoluminescence properties endow them

with considerable applications in tracking assays [1–3] or

responsive probes [4–7]. Recently, lanthanide complexes

have been reported that are taken up by live cells and can be

observed by fluorescence-based microscopy techniques

[8–12]. However, pure RE complexes usually do not have

good thermal stability and high mechanical strength, which

strongly restricts them to promising extensive photophysi-

cal applications. To overcome these shortcomings, different

methods to introduce RE complexes into organic, inorganic,

or organic/inorganic hybrid matrixes [13–17] have been

developed. An interesting result is that the RE complexes

incorporated in the polymer matrixes show improved pho-

toluminescence properties and thermal stability [18–24].

Moreover, recent progresses in nanoscience and nanotech-

nology provide a panel of synthetic methods that allows one

to control both the size and the functionalization of nano-

particles, thus permitting their linkage to target molecules

and bioconjugation. Of the many different polymers,

polystyrene (PS) which is rigid, transparent, and easy to

process (shrinkage is low) can provide a rigid environment

to protect the pure complexes. In this case, it is necessary to

prepare PS particles based on europium complex which

may be good candidates for in cellulo applications.

To date, several different synthesis and fabrication

methods have been developed to incorporate fluorescent

dyes into polymer particles, such as copolymerization with

reactive fluorophores [25, 26], entrapment of classical dyes

introduced in the monomer before polymerization [27–30],

or by soaking pre-existing particles [31–34]. Among these

methods, the later method is a simple, versatile, and effective

technique to incorporate water-insoluble dyes within the

core of hydrophobic particles in an aqueous environment.

The dye-load can be easily controlled by the soaking con-

ditions, so that particles containing tunable numbers of dye-

per-particle are accessible from one set of particles.

In this article, luminescent composite microspheres

of Eu(DBM)3(Phen)/PS (DBM = dibenzoylmethanate,

Phen = 1,10-phenanthroline) were prepared by the soaking
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pre-existing particles method. The fluorescence properties of

the composite microspheres were studied in comparison with

that of the pure europium complex in detail. The presence of

the polymer matrixes can improve the stability of the RE

complex under UV irradiation and elongate the fluorescence

lifetime of the RE complex.

Experimental procedure

Materials

2,2-Azobis(isobutyronitrile) (AIBN), styrene, and acrylic

acid were purchased from Tianjin chemical reagents Corp.

(China). Poly(vinylpyrrolidone) (PVP, Mw = 1,300,000),

dibenzoylmethanate (DBM), and 1,10-phenanthroline

(Phen) were purchased from Aldrich. Styrene was washed

with 1 M NaOH and deionized water to remove inhibitor,

purified through vacuum distillation, and stored at -20 �C

before use. Acrylic acid was added to anhydrous MgSO4 to

remove residual water, purified through vacuum distilla-

tion, and stored at -20 �C before use. The water used in

our study was deionized. In all the experiments, the

chemicals were analytical grade and used without any

further purification.

Synthesis of europium organic complexes

Europium chloride (EuCl3) was prepared by dissolving

Eu2O3 in concentrated hydrochloric acid (HCl). Eu(DBM)3

(Phen) was synthesized and characterized according to the

method described in Ref. [35].

Synthesis of polymer microspheres

The monodisperse PS microspheres were subjected to

dispersion polymerization method in ethanol medium with

PVP as stabilizer and AIBN as initiator. 90 mL ethanol

solution with 0.4 g of PVP was first poured into the flask.

After the temperature was increased to 70 �C under nitro-

gen atmosphere, 5 mL of styrene and 0.1 mL of acrylic

acid containing 0.06 g of AIBN were charged. The poly-

merization reaction was kept 24 h at 70 �C under nitrogen

atmosphere. After cooling to room temperature, the

resulting precipitates were washed repetitively with

deionized water and absolute ethanol, and then dried at

40 �C under vacuum.

Synthesis of luminescent composite microspheres

Appropriate volumes of Eu(DBM)3(Phen)/CH2Cl2 solution

(0.01 g/mL) was added to the aqueous PS microspheres

suspensions (10 mL). The sample tube was then uncapped,

and the solution was stirred in the dark at room temperature

for 24 h to allow the diffusion of the dye within the polymer

matrix and the progressive evaporation of dichloromethane.

The dispersion of microspheres remained stable during

loading. After exhaustive evaporation of the solution, the

stained microspheres were repeatedly centrifuged and

washed by alcohol for three times to remove the residual

fluorescent dyes.

Characterization

Field emission scanning electron microscope (FESEM,

XL30, FEI) was applied to observe the morphologies of PS

microspheres. The fluorescence excitation and emission

spectra were obtained with a Hitachi F-4500 spectropho-

tometer equipped with a 150 W xenon lamp as the exci-

tation source. In the measurements of fluorescence

dynamics, 355-nm light from the Nd3?:YAG (yttrium

aluminum garnet) laser combined with a third-harmonic

generator was used as the pump. An oscilloscope was used

to record the decay dynamics.

Results and discussion

The RE organic complexes used in this study were syn-

thesized according to a general method [35]. Then, the RE-

capped luminescent composite microspheres were prepared

in two steps. First, the PS microspheres were obtained by

dispersion polymerization of styrene in the presence PVP

as stabilizer and AIBN as initiator in ethanol medium.

Herein, the addition of acrylic acid avoided the congluti-

nation of the PS microspheres. Furthermore, the size of

polymer particles can be controlled by varying the feed

ratio of styrene and acrylic acid, the initiator concentration,

etc. Figure 1a and b shows FESEM images of PS micro-

spheres. As shown in Fig. 1a and b, PS microspheres have

uniform diameter and regular morphology. In a second

step, the soaking pre-existing particles method was utilized

to form highly bright fluorescent beads. Fluorescent PS

microspheres are readily obtained by swelling the polymer

particles with dichloromethane solutions of europium

organic complexes. Dichloromethane swells the polymer

particles and, thereby, allows the diffusion of the hydro-

phobic dye within the shrinked particles after evaporation

of the solvent [33]. Note that the extent of swelling

depends strongly on the amount of dichloromethane solu-

tion. Figure 2 shows FESEM images of luminescent

composite microspheres. When adding into 0.6 mL of

dichloromethane solution, the obvious conglutination of

the PS microspheres appears (Fig. 2a). With the decrease

of dichloromethane solution, the conglutination is rarely

obtained (Fig. 2b). When adding into 0.3 mL of
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dichloromethane solution, the resulting microspheres show

more uniform diameter and regular morphology; therefore,

0.3 mL of dichloromethane solution is chosen as an opti-

mum experimental condition.

The fluorescent properties of the Eu(DBM)3(Phen)/PS

composite microspheres were investigated and compared

with that of the pure Eu(DBM)3(Phen) complex. Figure 3

depicts the excitation and emission spectra of these samples.

In all the excitation spectra, broad bands that appeared in the

range of 250–500 nm are assigned to the p–p* transitions

of conjugated double bonds in the aromatic b-diketonate

dibenzoylmethane (DBM) ligands [36]. However, the

differences in the surrounding also lead to differences in the

fluorescent properties. First, in the pure europium complex,

two bands are identified, peaking at 314 and 411 nm,

respectively. In comparison to the pure complex, for the

Eu(DBM)3(Phen)/PS composite microspheres, the excita-

tion bands blue shift and split obviously into two compo-

nents, with peaks at around 281 and 381 nm, respectively.

This phenomenon can be ascribed that due to the existence of

the surrounding PS media in the composite microspheres,

the site symmetry of the Eu3? ion is distorted and decreased

[37]. Second, in the pure complexes the 7F0–5D2 excitation

line appears, while in the composites the line disappears,

Fig. 1 a and b low and high magnification FESEM images of PS microspheres

Fig. 2 FESEM images of luminescent composite microspheres swelled by different volumes of dichloromethane solution (a 0.60 mL,

b 0.45 mL, c 0.30 mL, and d magnified FESEM image of 0.3 mL)
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which suggests that in the composites the f–f inner-shell

transitions are quenched through the non-radiative energy

transfer from the higher excited states to some uncertain

defect levels, substituting for the non-radiative relaxation to
5D0 [21, 22].

In all the emission spectra, characteristic emission peaks

of the europium ion are observed and which are assigned to

the transitions 5D0 ? 7F0 (578 nm), 5D0 ? 7F1 (590 nm),
5D0 ? 7F2 (610 nm), 5D0 ? 7F3 (650 nm), and 5D0 ? 7F4

(700 nm) with the 5D0 ? 7F2 transition at 610 nm being

the dominant emission peak. The five expected peaks for the
5D0 ? 7F0–4 transitions are all well resolved, and the

hypersensitive 5D0 ? 7F2 transition is very intense, point-

ing to a highly polarized chemical environment around the

Eu3? ion that is responsible for the brilliant red emission of

these samples. And the 5D0 ? 7F1 transition is a magnetic-

dipolar transition and is insensitive to the local structure

environment. Thus, the intensity (the integration of the

luminescent band) ratio of the 5D0 ? 7F2 transition to the
5D0 ? 7F1 transition can be used as a reference to compare

different chemical environments of europium complex, that

is, it can be used as an indicator of Eu3? site symmetry [38].

The ratios in the pure complex and composite microspheres

are determined to be 13.78 and 10.39, respectively. It is

obvious that the intensity ratio of 5D0 ? 7F2 transition to

the 5D0 ? 7F1 transition in the composites decreases a little

over the pure complex. The results suggest that incorpo-

rating Eu(DBM)3(Phen) into PS decreases the symmetry of

the coordination environment for Eu3? ions.

The instability of RE complexes under UV irradiation is

one of the problems for their practical application. To

compare the photoluminescence stability of the Eu(DBM)3

(Phen)/PS composite microspheres and corresponding pure

complexes (in the solid state), ultraviolet light irradiation-

induced spectral changes were investigated, and the depen-

dence of emission intensity on irradiation time at room

temperature was given in Fig. 4. The monitored emission

wavelength is 610 nm (5D0 ? 7F2) for Eu3?-centered

luminescence (kex = 365 nm). As shown in Fig. 4, the

emission intensity of 5D0 ? 7F2 in the pure complex

decreases remarkably with the increasing exposure time,

whereas in complex microspheres the fluorescence intensity

is weakened with a slower rate of decline than for pure

complexes. Thus, incorporating europium complexes into

PS polymer matrixes could improve the photoluminescence

stability under UV irradiation. This result has also been

observed by the previous literatures [20–24] and can be

interpreted as that the PS can provide a relatively rigid

environment for the complexes to reduce the energy con-

sumption on vibration of ligands and intermolecular colli-

sion of the complexes. Thus, the rigid PS can protect the

complexes from decomposing under UV irradiation.

The time-resolved intensity–decay curves of the com-

posite microspheres and corresponding pure complexes

(in the solid state) monitored at the 5D0 ? 7F2 transition

(610 nm) of Eu3? ion at room temperature were studied at

room temperature. The fluorescence decay curves of com-

posite microspheres and corresponding pure complexes are

shown in Fig. 5. And the fitting parameters of these decay

curves are summarized in Table 1. The fluorescence decay

curve in pure complexes and composite microspheres could

be fitted to a single- and bi-exponential decay curve,

Fig. 3 Excitation spectra

(kem = 610 nm) and emission

spectra (kex = 365 nm) for the
5D0 ? 7FJ transitions of Eu3?

in pure Eu(DBM)3(Phen)

(a) and Eu(DBM)3(Phen)/PS

composite microspheres swelled

by 0.3 mL of dichloromethane

solution (b)

Fig. 4 Dependence of normalized intensity at 610 nm on irradiation

time in pure Eu(DBM)3(Phen) (a), Eu(DBM)3(Phen)/PS composite

microspheres swelled by 0.3 mL of dichloromethane solution (b). The

samples were irradiated with 365 nm light
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respectively [24, 39]. As seen from Table 1, we can find that

the fluorescent lifetime of composite microspheres is longer

than that of the corresponding pure complexes. This

observation is in agreement with study carried out on RE

complex/polymer system, which have also been shown to

exhibit long fluorescent lifetime as compared with pure

complexes [14, 20–24]. When the RE complex is swelled

into the PS matrixes, the existence of the rigid PS matrix

may bestow a certain degree of restriction on the rotation

and vibration of RE complex molecules, thus reducing the

non-radiation deactivation process of the electronic exci-

tation state and elongating the fluorescence lifetime of

composite microspheres.

Conclusion

Rare earth organic complex-doped fluorescent composite

microspheres with brilliant red emission were prepared by

the method of soaking pre-existing particles. The results

show that it is a convenient and efficient approach for the

preparation of fluorescent composite polymer micro-

spheres. This study of the properties of composite micro-

spheres also shows that PS polymer is valuable matrixes

for improving the photostability of the RE complex under

UV irradiation and elongating the fluorescence lifetime of

the RE complex. Thus, we believe that the versatile method

and the resulting composite microspheres might have

potential biological applications.
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(2007) Adv Funct Mater 17:2746

34. Frigoli M, Ouadahi K, Larpent C (2009) Chem Eur J 15:8319

35. Melby LR, Rose NJ, Abrmson E, Caris JC (1964) J Am Chem

Soc 86:5117

36. Moynihan S, Iacopino D, O’Carroll D, Doyle H, Tanner DA,

Redmond G (2007) Adv Mater 19:2474

37. Chang NC, Gruber JB (1964) J Chem Phys 41:3227

38. Malta OL, Brito HF, Menezes JFS, Goncalves e Silva FR, Alves

S, Farias FS, De Andrade AVM (1997) J Lumin 75:255

39. Murtagh MT, Shahriari MR, Krihak M (1998) Chem Mater

10:3862

J Mater Sci (2011) 46:5288–5293 5293

123


	Convenient preparation and photoluminescence properties of polymer microspheres based on europium complex
	Abstract
	Introduction
	Experimental procedure
	Materials
	Synthesis of europium organic complexes
	Synthesis of polymer microspheres
	Synthesis of luminescent composite microspheres
	Characterization

	Results and discussion
	Conclusion
	Acknowledgement
	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


