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Abstract—Effect of the pH of the medium, temperature, and nature of solven anic salt on the behavior
of hydrogels based on copolymers of poly(ethylene glycol) wat with ac and methacrylic acids and
acrylamide was studied. It was shown experimentally that the S@sceptibility of the hydrogels to changes in the
factors mentioned above, depending on the nature of a comonom
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Recent years have been characterized by a clearl considerable interest as potential moisture
pronounced tendency toward wider use of speci bents are copolymers based on unsaturated polyester
purpose polymeric materials in  chemisty ins curable at low temperatures [5]. There is
macromolecular compounds. That is why the blished evidence about copolymerization of styrene
of researchers developing new effective : > with a number of polymaleates and polyfumarates
with specific properties has been attra the'so-  to give products having various physicomechanical
called “intellectual” polymers. properties [6]. At the same time, no data are available for
copolymerization of unsaturated polyester resins and,
in particular, those based on maleic acid and ethylene
glycol with a number ionogenic monomers, which
can serve as moisture sorbents owing to the favorable
als of this kind can be  hydrophilic-hydrophobic balance.

The goal of this study was to examine the effect
of external factors on the behavior of new hydrogels
based on copolymers of poly(ethylene glycol) maleate
rs provide unlimited opportunities  (,-EGM) with acrylic (AA) and methacrylic (MAA)
their properties by inclusion of  acids and acrylamide (AAm) and to search for practical
al groups adequately responding to changes in  greas of their application.

To “intellectual” polymers with
attributed materials that can ¢
way their size under the action’o
as temperature, pH of thé"medi
nature of a solvent, etc
used in biochemi a
and modeling egulation processes in living cell,
associated wi transitions in membranes [1].

Presenceof particular functional groups in the networks EXPERIMENTAL
predetermines their susceptibility to certain external
treatments [1-4]. Poly(ethylene glycol)maleate was produced by

In this context, a search for new monomers with  polycondensation of maleic acid and ethylene glycol at
appropriate functional groups in order to obtain polymers  a temperature of 393403 K [7], with the reaction course
with high water-swellability is a topical task. monitored by determining the acid number.
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a, % a, % The copolymers of p-EGN with AAm were
6000 1 620 synthesized by copolymerization in a dioxane solution
- in the presence of an initiator, [DAA] = 8 mol m3,
1 580 at a starting component ratio of 15 : 85 (wt %) and

4000 T a temperature of 333 K. The thus synthesized copolymer
1 540 is a white powder substance with 88.6 wt % AAm units
2000 . [11].
1500 Gel samples were washed with distill uring
. ) . ) . T 10 days, transferred to a Petri dish, an K in
3 5 7 9 pH 460 a drying box under reduced pressur SS.

) . The pH values were adjusted withjbuffer solutions
Fig. 1. Effect of the pH of the medium on the behavior of .

hydrogels based on copolymer of p-EGM with (1) AA, (2) and measured Wlth an1-160 MI R
MAA, and (3) AAm. (o) Degree of swelling. 10601/7 combined electrode.

The equilibrium degre was determined

gravimetrically withfan LV- tropic balance [12].

The molecular masses of p-EGM, found from the Th o
volume of released water and determined by the light- ¢ suscept

scattering method [8, 9] on a 2100 NACH nephelometer, in the pH of the X . e of the1r most important
well converge: 8420 a.m.u. propertle, used in pragtice [13]. It is known from the

. litera that, hydrogels containing residual amounts
The F:opolymerg of p-EGM Wlt.h A_A apd MAA. WEIe  ofa weak a monly swell in an alkaline medium
synthesized by radical copolymerization in mass in the [14].
presence of an initiator [DAA] = 8 mol m=3 at an initial )
p-EGM : vinyl monomer ratio of 15 : 85 (wt %) and S8
temperature of 333 K. Light yellow powder copolymers

were obtained with the AA and MAA contents of 70. pends on the pH of the medium.
and 62.7 wt %, respectively. or example, hydrogels of copolymers of p-EGM

fion ¢ polymers to changes

shows how the degree of swelling of the
Is based on copolymers of p-EGM with AA and

50 um

Fig. 2. SEM images of cross-linked polymers. (a) p-EGM-MAA, 37.3 : 62.7 (wt %). (b) p-EGM—-AA, 29.2 : 70.8 (Wt %).
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with acrylic and methacrylic acids are collapsed to the
greatest extent at low pH values. Raising the solution
pH substantially enhances the capacity of a copolymer
for moisture absorption’ as a result, the overall size of
the hydrogels sharply increase. The curve describing
the dependence shows in the pH range 5-7 a stepwise
increase in the degree of swelling of the copolymers,
which has the form of a bulk phase transition. Further
shift of the pH into the alkaline region has no significant
effect on the conformation of molecules of the water-
swollen network polymer. It is also noteworthy that
the moisture-absorption capacity of the p-EGM-—
MAA copolymer is twice that of the copolymer with
AA. Scanning electron microscopic images of these
copolymers (Fig. 2) demonstrate that the p-EGM-MAA
copolymers have a more porous structure than the
p-EGM-AA copolymers.

Presumably, the methyl group in the MAA molecule
causes a steric hindrance, which precludes formation of
compact structures.

Thus, the hydrogels of copolymers of p-EGM

The fundamental aspects of the interaction of low-
molecular compounds with cross-linked polymers are
also a question of interest for researches working in the
field of chemistry and physics of polymers.

Figures 3 and 4 show how mono- and divalent salts
affect the swelling capacity of hydrogelsgbased on
copolymers of p-EGM with AA and MAA, respectively.

in the system. It should be
contraction of the gels

g of a larger number of
n the formation of additional

with AA and MAA behave as typical polyelectrolytes 94 Ahydrogel swells in a thermodynamically
containing ionized acid groups covalently bound to the ood selvent and collapses in a bad solvent.

backbone. The key factor predetermining the swelling o studied how the composition of a mixed
the gels under study is the electrostatic repulsion of 1 ucous-organic solvent affects the swelling of the
charged COO- groups. In an acid medium, owing ples under consideration (Figs. 5-7). It can be seen
excess of hydrogen ions, dissociation of carboxyfgroups rom the experimental data that the curves describing
is suppressed and subchains are close to th e dependence of the degree of swelling on the fraction

s

possible extent, i.e., their more compact ¢ rmatio
formed, which leads to a collapse of the,polymeric gel.
Anincrease in the pH of the medium ve acertain

critical range stimulates dissoci
and thereby promotes repulsiofi o
like-charged functional

arboxy groups
olecules with

o, %

o, %
4760

3 1720

1680

1640

| 1

log ¢

Fig. 3. Degree of swelling, a, of hydrogels based on copolymer
of p-EGM with (1) AA, (2) MAA, and (3) AAm vs. the NaCl
concentration ¢, M.

n0 of the organic solvent exhibit a behavior typical of
polymer networks with charged subchains.

The network collapse observed in the study upon
addition of polar solvents and, in particular, ethanol,
dimethylformamide, and dimethyl sulfoxide, occurs as
a first order transition. At the same time, the highest

o, % o, %
450 F {440
350} |

i {400
250 |
150 1360
50 1
L L 1 1 L L 320
-3 -1 I
log ¢

Fig. 4. Degree of swelling, a, of hydrogels based on copolymer
of p-EGM with (1) AA, (2) MAA, and (3) AAm vs. the CaCl,
concentration ¢, M.
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o, %
400 F
3
200 F
1
0.2 0.6 1.0 n,

Fig. 5. Effect of the composition of (/) water—ethanol, (2)
water—-DMFA, and (3) water—DMSO solvents on the swelling
of the hydrogel based on the p-EGM-AA copolymer. (a)
Degree of swelling and (n,) fraction of the organic solvent;
the same for Figs. 6 and 7.

o, %
2100

1500

900

300

0.2
Fig. 6. Effect of the composition

water—-DMFA, and (3) water—
of the hydrogel based on the

ter—ethanol, (2)
on the swelling
copolymer.

susceptibility of th e er consideration to the
quality of an organicgolventigrows within the range 0.2—
0.5 vol. fracti ending on the nature of the solvent.
Itis 0 t e main characteristics of the polarity

a dielectric constant and the dipole
the medium. The solvents can be arranged in
these parameters as DMSO > DMFA > ethanol.

It should be noted that the collapse of the copolymers
under study in the solvents under consideration occurs
in the reverse order. The p-EGM—-MAA copolymer can
sorb a larger amount of water than the copolymer with
AA, despite the stronger hydrophilicity of the latter.
In all probability, this is due to the smaller number

o, %
800 5
|/
3
600
400
0.2 0.6

Fig. 7. Effect of the composition of (
water—-DMFA, and (3) water-DMSO solve
of the hydrogel based on the p-EGM-A

of hydrophobic MAA uni g orated into the
copolymer and to hi
organic medium, co

In a study o
on p-EGM-AAm
medium observeddan extremal run of the curve
describing t ependence, with a minimum in the acid
medi

that polyampholyte gels swell upon
or alkalization. Intermediate pH wvalues
an equimolar ratio between the negatively
positively charged units, which corresponds to the
clectric point characterized by the most contracted
tate of the gel. The run of the curves describing the
dependence of the swelling of the p-EGM-AAm
hydrogel on the pH of the medium (Fig. 1) points to
its polyampholyte state due to the partial hydrolysis
of acrylamide groups to give amine groups, as shown
in [16]. The sufficiently high content of AAm in
the copolymer presumably leads to a pronounced
hydrolysis of these groups and is responsible for the
pronounced extremum in the curve of the dependence,
with the minimum swelling at the nearly acidic pH of
the medium. There occurs dissociation of NH5* groups,
which leads to contraction of the polymer network. This
can be attributed to a decrease in the osmotic pressure of
counter-ions and to a significant increase in the Coulomb
attraction of oppositely charged units.

The results of the study are indicative of the strong
influence exerted on the swelling of p-EGM-AAm
copolymers by inorganic salts present in the aqueous
medium (Figs. 3 and 4).

The behavior of p-EGM—-AAm hydrogels in a salt
solution can be attributed on the basis of the experimental
data (Figs. 3 and 4) neither to the polyampholyte nor
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polyelectrolyte mode. Introduction of an inorganic
salt into the external solution leads first to a decrease
in the size of the polymer network sample to a certain
minimum, and then to its decrease.

The curve describing the dependence of o on the
logarithm of the salt concentration can be conditionally
divided into two portions. The first of these corresponds
to the contraction of a sample upon addition of
a comparatively small amount of the salt. The second
portion reflects a certain increase in the network size
upon further addition of the salt. The first portion of the
curve describing the dependence of the network size
on the salt concentration resembles the polyelectrolyte
mode, and the second, the polyampholyte mode. This
is possible when the macromolecular network contains,
together with the oppositely charged groups, an excess
amount of one of the charges. As shown above, the
source of the oppositely charged groups is the keto-
imide bond of units in AAm. Like-charged groups may
appear as a result of a partial hydrolysis of acrylamide
units in the macrochain, as confirmed by Tanaka [17].
Consequently, the behavior of the gel in the initial
stage obeys the polyelectrolyte mode. Introduction
of a low-molecular salt leads to contraction of th
polymeric network, presumably because like-char
parts of the chain, due to the hydrolysis of acrylamid
units, are shielded and repulsion forces betwe, %
parts become weaker. In the next stage, n most
effective chain portions determining the
behavior of the gel are shielded, the b
in solution enters the next phase. T
the gel shields the attraction
—NH;" and —COO- units and the
the action of the thrusti oti
ions.

sitely charged
1 swells under
ssure of counter-

C tration of both mono-and
divalent salt, the ide gel undergoes a swelling—

collapse—sw; r

e hydrogels based on p-EGM—-AAm
ed xtures of aqueous-organic solvents
DMFA, and ethanol). The results obtained
. demonstrate a higher degree of swelling of
p-EGM~AAm copolymers in an aqueous medium,
compared with that of organic nature, which well
accounts for the gradual contraction of the polymer
network with increasing fraction of the organic solvent
in the binary mixture.

It should be noted that the lower polarity of ethanol

results in that the hydrogels under study are the most
globular in the aqueous-ethanolic medium, with the
most pronounced contraction of polymer networks
observed for all the aqueous-ethanolic mixtures under
study in the range 0.1-0.6 vol. fraction.

The collapse of polymer networks, observed as the
content of the organic solvent in the aqueo i
mixture is ralsed occurs in the c

maleate with acrylic and
susceptible to changes in th
strength of the solvent,

develo
ecol

ing, functioning of city landscapes and
ese, as well as other objects with increased
pogenic impact and technogenic load.

is context, we studied the effect of p-EGM-MAA

1) and p-EGM-AA (SP2) copolymer as sorbents

n the germinative capacity, growth, and sprouting of
eds and shoots of common pine and shoots of aster
and domestic lily. A comparative analysis of seed and
shoot sprouting under ordinary conditions and in the
presence of a hydrogel demonstrated a positive effect of
copolymer of poly(ethylene glycol) maleate with acrylic
and methacrylic acids on the plant parameters being
tested: a higher sprouting energy and earlier appearance
of shoots were observed, which favored an increase in
productivity due to the improved natural acration of soil.

REFERENCES

1. Filippova, O.E., Wwsokomol. Soedin., Ser. C,2000, vol. 42,
no. 12, pp. 2328-2352.

2. Pavlyuchenko, V.N. and Ivanchev, S.S., Wsokomol.
Soedin., Ser. 4, 2009, vol. 51, no. 7, pp. 1075-1095.

3. Dubrovskii, S.A. and Kazanskii, K.S., Fysokomol.
Soedin., Ser. A, 1993, vol. 35, no. 10, p. 1712—-1719.

4. Galaev, L.Yu., Uspekhi Khim., 1995, vol. 65, no. 5,
pp. 505-524.

5. Suleimenov, 1.E., Budtova, T.V., and Bekturov, E.A.,
Vysokomol. Soedin., Ser. 4, 2002, vol. 44, no. 9, pp. 1571—

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 86 No.1 2013



68

BURKEEV et al.

1577.

. Hirotsu, S., Hirokawa, Y., and Tanaka, T., Chem. Phys.,

1987, vol. 87, p. 1392.

7. RK Innovative Patent 3179902.
8. Sutyagin, V.M. and Bondaletova, L.I., Khimiya i fizika

10.

11.

polimerov (Chemistry and Physics of Polymers), Tomsk:
Tomsk. Polytechn. Univ., 2005.

. Lysenko, E.A., Efimova, A.A., Chernov, V., and Litma-

novich, E.A., Metodicheskie razrabotki k praktiches-
kim rabotam po rastvoram polimerov (Methodological
Recommendations for Practical Works on Polymer Solu-
tions), Moscow: Mosk.Gos. Univ. im. Lomonosova, 2011.

Magzumova, A.K., Burkeev M.Zh., Tazhbaev, E.M., et
al., Vestn. Karagand. Gos. Univ., Khim., 2011, no. 2(62),
pp- 68-71.

Burkeev, M.Zh., Magzumova, A.K., Tazhbaev, E.M., et

12.

13.

14.
15.

16.

. Tanaka, T., Phys., Revd'Le

al., Khim. Zh. Kazakhstana, Almaty, 2011, no. 1 (32),
pp. 139-145.

Kudryashov, S.Yu. and Onuchak, L.A., Kolloidnaya
khimiya: Laboratornyi praktikum (Colloid Chemistry:
Laboratory Manual), Samara: Izd. Universgrupp, 2006.
Vasilevskaya, V.V., Ryabina, V.A., Starodubtsev, S.R.,
and Khokhlov, A.R., Vysokomol. Soedin., Ser.
vol. 31, no. 4, pp. 713-718.

De Gennes, P.G., J. Phys. Lett., 1976, v,

Vasilevskaya, V.V. and Khokhl
Soedin., Ser. A, 1986, vol. 28, no. 2
Burkeev, M.Zh., Zhakupbekova

ev, E.M., Vysokomol. Soedin.,
pp. 684—689.

pp. 820-823.

J

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 86 No. 1 2013




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice




