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This research aims to prepare a nanocolloidal solution of gold and gold capped with PVA by
chemical reduction method by sodium tri-citrate as a reducing agent and using gold chloride as
a source of gold ions in aqueous solution at room temperature (RT). The prepared materials
were diagnosed by scanning electron microscope (SEM) with the elemental composition analysis
by energy dispersive X-ray (EDX), as well as the X-ray diffraction (XRD). The obtained results
showed that the shape of the prepared particles is spherical with enhanced diameters close to 10
nanometers and with good scattering.
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1. Introduction

Interdisciplinary nanotechnology is an area of
science that deals with the manufacture, manipu-
lation of materials and usage of nanoparticles
ranging in size from less than 1 nanometer to 100
nanometers. Nanoscience is a subfield of nanotech-
nology. Nanomaterials, as a result of their size,
dispersion, shape and other factors, exhibit valuable
properties that are both original and improved. The
noble metal nanoparticles have generated a great
deal of interest in optical characteristics, magnetic
properties, catalytic properties and so on which are
also particle size-dependent.! The plasmon reso-
nance absorption metal nanoparticles exhibit in the
UV-Visible band is an additional factor. Electrons
located in the conduction band occur in an orderly
manner because of the small particle size of the
material. The particle size, chemical environment,
adsorbed species on the surface and dielectric con-
stant”* are all factors that influence the particle
shift. Gold nanoparticles (Au NPs) and silver
nanoparticles (Ag NPs) have distinct optical prop-
erties, notably with respect to color. Collective
oscillations of conduction electrons paired with
incident light make them useful for a range of
applications.”>%

Gold is a noble and vital metal due to its resis-
tance to chemical abrasion and oxidation as well as
its resilience to high temperatures and temperature
fluctuations, which can affect surrounding condi-
tions such as metalworking.” Au NPs are readily
functionalized, having a wide range of functionality.
The most appropriate ones for bioimaging applica-
tions are a variety of ligands ranging from polymers,
DNA, peptides, RNA and fluorescent compounds as
well, numerous cytotoxicity investigations showed
their low cytotoxicity.® Inertness due to the atomic
weight of Au results in toxicity flexible chemistry,
environmentally acceptable design and versatility
in numerous domains that make polymeric
matrices a good choice for hybrid nanocomposites
synthesis.” !

Interest in nanoparticles made of noble metals
like silver and gold has surged because of their
unique electrical, optical, physical, chemical and
magnetic capabilities.'” Because of their peculiar
physical features, particularly, the prominent plas-
mon absorption peak, they exhibited in the visible
range and are of great interest for use in biophysical,
biochemical and biotechnological applications.
Another important advantage is that both Ag and

Au nanoparticles were stable for a period of months.
In addition to their chemical stability, gold and
silver nanoparticles often display surface-enhanced
Raman scattering (SERS) in the visible wave-
length’s region which can lead to a significant boost
in a number of optical cross-sections. The optical
qualities of the material near the particle have a
significant impact on the resonance frequencies.'”
For instance, silver has been used as an antibacte-
rial for thousands of years; on the flip side, its sig-
nificance as a catalyst is undeniable.'* However,
because of their fascinating size-dependent chemi-
cal, electrical and optical properties, gold nano-
particles have attracted substantial attention in
recent years for possible uses in nanomedicine. Ad-
ditionally, gold nanoparticles exhibit promise
in boosting the efficacy of different targeted
cancer treatments like radiation and photothermal
therapy.'”

The research and development of biosensors fre-
quently make use of nanoparticles. Colloidal gold,
also known as gold nanoparticles (AuNPs), is fluid
suspensions of gold particles with sizes ranging from
1 to 100 nm that has been protected with a capping
reagent. Colloidal gold is also known as gold nano-
particles. Because of their unique optical and elec-
trical characteristics, as well as their high level of
biocompatibility, Au NPs are one of the nanoma-
terials that have received the most research
attention.'®

In this paper, the optical, morphological and
structural properties of Au NPs were tested and
discussed before and after using PVA polymer as a
capping agent.

2. Experimental Section
2.1. Awu colloid synthesis

Gold nanoparticles were prepared by chemical
reduction method using materials gold chloride as a
source for gold ions and trisodium citrate as a re-
duction agent. Here, the gold chloride solution was
diluted to reach a concentration of 0.005M by dis-
solving it in non-ionic water. Five milliliters of 0.005
gold source were mixed with 35 milliliters of deio-
nized water on a magnetic apparatus and heated
until it reached a boiling point and left boiling for
15-20 s. One mL from Sodium citrate (prepared
from dissolving 1 g from TSC powder in 100 mL DI
water) was added to the mixture in the paragraph
above, then, the heat was turned off and left on the
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magnetic mixing device. The solution turned col-
orless and then turned dark red (violet and then to
bright red), which is a guide to reaching gold
nanoparticles of size smaller (less than 20 nm).

2.2. Au-PVA nanocomposites

Au-PVA nanocomposites were prepared by chemi-
cal reduction method using materials such as Gold
chloride as a source for gold ions and trisodium
citrate as a reduction agent and PVA as a capping
agent. Here, the gold chloride solution was diluted
to reach a concentration of 0.005 M by dissolving it
in non-ionic water. Five milliliters from 0.005 gold
source were mixed with 35 milliliters of deionized
water on a magnetic apparatus and heated until it
reached a boiling point and left boiling for 15-20s.
Ten mL of 1% PVA solution was mixed the with
solution above. One mlL from Sodium citrate
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Fig. 1. XRD patterns of Au-NPs.
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Fig. 2.

SEM MAG: 200 kx

(prepared by dissolving 1 g of TSC powder in
100 mL DI water) was added to the mixture (men-
tioned in the paragraph above) then the heat was
turned off and left on the magnetic mixing device.
The solution turned colorless and then dark red
(violet and then to bright red, which is a guide to
reaching gold nanoparticles.

3. Results and Discussions

Powder X-ray diffraction (XRD) pattern in Fig. 1
demonstrates the Au nanocolloidal. An intense peak
can be seen in the band at the coordinates 2 =
38.47° and 44.84°, which correspond to the (11 1),
(2 0 0) plane, demonstrating that the structure of
Au-NPs is a face-center cubic lattice (fcc). Com-
paring the XRD pattern of the Au-NPs to the da-
tabase, namely the JCPDS file number 00-004-0784,
reveals that the crystallinity of the Au-NPs is un-
adulterated.'”'® In the case of Au-PVA, the same
peaks appeared at the same corresponding planes
with small shift towered higher angles.'”-?"

Figure 2 illustrates the SEM images which indi-
cate the mean size of the synthesized nanoparticles.
The particles are spherical in shape with good ho-
mogeneity for both Au and Au-PVA. The average
diameter is about 10 nm for both samples.

Chemical composition examination has been
conducted by EDX to reveal the elements presented
in the prepared samples. Figure 3 displays the EDX
spectra of Au and PVA-Au nanocomposite. From
the figure, it can be seen that the Au element is the
only element that appears in the cure for both pure
Au and Au capped with PVA. This confirms the
preparation of highly pure materials without any
impurities.

WD: 5.64 mm 1

Det: SE SEMHV: 15.0kV | 200 nm

Date(m/dly): 02/20/22

FESEM images of Au-NPs.
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Fig. 3. EDX spectra of Au NPs.

The optical studies by UV—Vis spectroscopy are
used to study the absorption spectra of gold nano-
particles (Au-NPs). Figure 4 shows the UV—Visible
absorbance spectrum of Au-NPs. The figure exhi-
bits the surface plasmon resonance (SPR) position
around 540 nm.?!

The absorption spectra of Au-PVA nanocompo-
site colloid solution are shown in Fig. 5. Absorption
spectrum of Au-PVA colloid has surface plasmon
absorption band of 520 nm which is the maximum
wavelength.???* This study reveals both the exis-
tence of the effect of quantum size as well as the
production of Au-NPs within the PVA matrix.
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Fig. 4. Absorption spectrum of Au-NPs.
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Fig. 5. UV-Visible absorption spectrum of Au-PVA.

The process of crosslinking polymer molecules
results in a considerable increase in the molecular
mass of the polymer molecules, which in turn results
in an increase in the number of polymer chains that
surround the Au-NPs.?* The location and form of
the plasmon absorption are determined by the
particle size and the surrounding medium’s dielec-
tric constant.?” From the observation of structural
XRD, morphology SEM and optical SPR-based Au-
NPs explored uniform spherical size nanoparticles
anchored with the polymer composites. These
nanocomposites could be very useful for smart
electronics and biomarkers for future pandemic
virus early detections.?0~3!

4. Conclusion

The gold nanoparticle (Au-NPs) and gold (Au)
capped with polymer nanocomposites (Au-PVA)
were synthesized using trisodium citrate as a re-
ducing agent. The gold nanoparticles were system-
atically characterized by XRD, FESEM with EDX,
UV-Visible results display the characteristics of
SPR absorbance peak of Au-NPs ranging from 520
to 540nm. There was a noticeable alteration
detected in the peak location. Structural XRD and
optical spectrum shifts appear in the peak position
of Au when PVA was used as a capping agent.
These Au-NPs explored uniform spherical-sized
nanoparticles anchored with the polymer compo-
sites. These nanocomposites could be very useful for
smart electronics and biomarkers for future pan-
demic virus early detection.

2350021-4



Au Nanoparticles Angered with PVA for Nanocomposites Formation and their Evaluations

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

K. A. Mohammed, A. A. Habieb, A. O. Swary, D. N.
Ahilfi and D. K. Thbayh, Adv. Sci. Eng. Med. 12,
989 (2020).

C. Burda, X. Chen, R. Narayanan and M. A. El-
Sayed, Chem. Rev. 105, 1025 (2005).

P. M. Tessier, O. D. Velev, A. T. Kalambur, J. F.
Rabolt, A. M. Lenhoff and E. W. Kaler, J. Am.
Chem. Soc. 122, 9554 (2000).

P. Mulvaney, Langmuir 12, 788 (1996).

V. De Matteis and L. Rizzello, Cells 9, 679 (2020).
N. G. Khlebtsov and L. A. Dykman, J. Quant.
Spectrosc. Radiat. Transf. 111, 1 (2010).

K. A. Mohammed, A. A. Habieb and A. O. Soary,
Mater. Int. 2, 0271 (2020).

M. Brust, M. Walker, D. Bethell, D. J. Schiffrin and
R. Whyman, J. Chem. Soc. Chem. Commun., 801
(1994).

Z. Molnar, V. Boddai, G. Szakacs, B. Erdélyi, Z.
Fogarassy, G. Safran, ... and 1. Lagzi, Sci. Rep. 8,1
(2018).

Y. Orooji, B. Jaleh, F. Homayouni, P. Fakhri, M.
Kashfi, M. J. Torkamany and A. A. Yousefi, Poly-
mers 12, 2630 (2020).

K. Naka, H. Itoh, S. Y. Park and Y. Chujo, Polym.
Bull. 52, 171 (2004).

G. Doria, J. Conde, B. Veigas, L. Giestas, C.
Almeida, M. Assungdo, J. Rosa and P. V. Baptista,
Sensors 12, 1657 (2012).

P. K. Jain, X. Huang, I. H. El-Sayed and M. A. El-
Sayed, Plasmonics 2, 107 (2007).

R. C. Doty, T. R. Tshikhudo, M. Brust and D. G.
Fernig, Chem. Mater. 17, 4630 (2005).
Z.7.J.Lim,J. E. J. Li, C. T. Ng, L. Y. L. Yung and
B. H. Bay, Acta Pharmacol. Sin. 32, 983 (2011).
C. N. R. Rao, G. U. Kulkarni, P. J. Thomas and
P. P. Edwards, Chem. Eur. J. 8, 28 (2002).

S. Krishnamurthy, A. Esterle, N. C. Sharma and
S. V. Sahi, Nanoscale Res. Lett. 9, 1 (2014).

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

2350021-5

S. Rajeshkumar, J. Genet. Eng. Biotechnol. 14, 195
(2016).

S. Mahendia, A. K. Tomar, R. P. Chahal, P. Goyal
and S. Kumar, J. Phys. D. Appl. Phys. 44, 205105
(2011).

L. J. Martis, N. Parushuram and Y. Sangappa,
Mater. Today. Proc. 49, 1680 (2022).

Q. N. Tran, D. H. Lee and S. J. Park, Sci. Adv.
Mater. 9, 1522 (2017).

K. Zhang and G. Zhao, J. Cluster Sci. 33, 1655
(2022).

A. Radosavljevi¢, D. Bozani¢, N. Bibi¢, M. Mitri¢,
Z. Kagarevi¢-Popovi¢ and J. Nedeljkovi¢, J. Appl.
Polym. Sci. 125, 1244 (2012).

K. A. Mohammed, S. A. Abdulridha, E. H. Aljbory,
A.H. O. Alkhayatt, R. S. Zabibah, A. J. Alrubaie, ...
and M. J. Kadhem, Mater. Today Proc. 56, 2010
(2022).

M. O. Farea, A. M. Abdelghany and A. H. Oraby,
RSC Adv. 10, 37621 (2020).

E. Manikandan, R. Gaur and H. M. Padhy, J. Sens.
Sens. Syst. 10, 163 (2021).

G. Satpathy, G. K. Chandra, K. Elayaraja,
S. Umapathy and E. Manikandan, Eng. Sci. 20, 341
(2022).

E. Manikandan, M. K. Moodley, S. S. Ray, B. K.
Panigrahi, R. Krishnan and N. Padhy, J. Nanosci.
Nanotechnol. 10, 5602 (2010).

K. T. Arul, E. Manikandan, R. Ladchumana-
nandasivam and M. Maaza, Polym. Int. 65, 1482
(2018).

P. Paulraj, A. Umar, K. Rajendran, A. Mani-
kandan, R. Kumar and E. Manikandan, FElectro-
chim. Acta 363, 137158 (2020).

T. Siva, S. Muralidharan, S. Sathiyanarayanan and
E. Manikandan, J. Inorg. Organomet. Polym.
Mater. 27, 770 (2017).



	Au Nanoparticles Angered with PVA for Nanocomposites Formation and their Evaluations
	1. Introduction
	2. Experimental Section
	2.1. Au colloid synthesis
	2.2. Au-PVA nanocomposites

	3. Results and Discussions
	4. Conclusion
	References



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


