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Abstract Although polymorphism of drug molecules is
often studied with extensive and excellent experimental
data, pressure appears to be a forgotten variable. In this
article, an analysis is provided of the phase behavior of
Atovaquone using available literature data. A pressure—
temperature diagram is constructed topologically by way of
the Clapeyron equation. The method leads to the conclu-
sion that Atovaquone phase I and III behave enantiotropi-
cally, like o- and f-sulfur do in their paradigmatic P-T
diagram, and that phase I is stable at room temperature and
under “ordinary” pressure.

Keywords Polymorphism - Enantiotropy -
Pressure—temperature phase diagram - Drug - Atovaquone

Introduction

In an early “Online First” article [1], two polymorphs of
the drug Atovaquone (ATO) are characterized structurally
and calorimetrically with an excellent set of experimental
data. It is reported that phase I transforms into phase III
endothermically at 462 K (A_jyH = 6.815 ] g_l) and that
phase III melts at 493 K (AgqmH = 95.415 J g~ '). The
density of ATO I (1.353 g cm™) is higher than that of
ATO III (1.328 g cm ™), determined from crystal struc-
tures obtained at room temperature. In addition, it is
reported that, upon cooling of the melt, ATO crystallizes
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into phase III with no detectable trace of phase I. It is
concluded that the transition I-III is irreversible, and that
ATO III is the thermodynamically stable polymorph at
room temperature. Moreover, the case is considered by the
authors as an exception to the “density rule” according to
which the more stable phase should exhibit the higher
density.

This article offers an alternative view on the phase
behavior of ATO using the above-mentioned data in com-
bination with well-established thermodynamic principles.

Data analysis

Atovaquone phase I (ATO I) endothermically transforms
into ATO III on heating. According to Le Chatelier’s
principle, this indicates that ATO III becomes the more
stable phase at temperatures higher than the transition
temperature. The density of ATO I is higher than that of
ATO TIII. According to Le Chatelier’s principle, this indi-
cates that ATO I should become the more stable phase at
higher pressure (which is also a thermodynamic variable,
despite the fact that it is seldom taken into account).
Transition I — III has all characteristics of a first-order
phase transition (discontinuities in enthalpy and presum-
ably in volume at 462 K) or in other words of a shifting
monovariant two-phase equilibrium, conform to the Gibbs
phase rule. Thus, the transition in question, which is
accompanied with positive entropy and volume changes,
can be represented by a monotonous convex curve,
approximated by a straight line over reasonably short
intervals in a P-T diagram. Only if the curve has a positive
slope dP/dT, can it comply with Le Chatelier’s principle, as
shown in Fig. 1a. Moreover, the value of this slope can be
calculated, assuming that the difference in the specific
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Fig. 1 a Relative position of PA (a)
the stable phase regions for
phases I and III of Atovaquone
in accordance with Le
Chatelier’s principle. The
vertical arrow represents the
transformation of phase III into
phase I with increasing pressure,
and the horizontal arrow
represents the transformation of
phase I into phase III upon T
heating. b Relative position of
the stable phase regions for P (b)

phases I, III, and vapor around 1
the triple point I-III-Vap (filled
circle), and positions of the

. e Phase Phase
corresponding equilibrium
curves [-III (1), I-Vap (2), and I 111
IlI-Vap (3) together with their
metastable extensions (dashed). e 3
Vap vapor e

Y

volumes Av, remains constant with temperature, using the
well-known Clapeyron equation:

dP AS
aT = Ay (1)

in which, AS = AH/T (AH = enthalpy change at temper-
ature 7). It leads to dP/dT = +1.06 MPa K ie,a pos-
itively sloped curve, as qualitatively inferred from Le
Chatelier’s principle.

As far as DSC experiments are concerned, the inner
volume of sealed DSC pans will always contain some dead
volume, which will be saturated with the specimen’s vapor
in accordance with thermodynamic equilibrium. The effect
of vaporization-induced weight loss on the enthalpy may
be neglected in the case of low vapor pressures. However,
it ensues that transition-related DSC peaks represent triple
points involving two condensed phases and the vapor phase
(i.e., invariant conditions of constant temperature and
constant pressure), rather than equilibria involving only
two condensed phases. The only required approximation is
to consider air molecules in the pans as a negligible
impurity. Thus, Fig. 1a can be improved by topologically
locating the triple point I-III-Vap at the lower end of the
I-III equilibrium curve, and by adding the sublimation
curves [-Vap and III-Vap to the graph (see Fig. 1b), so that
the metastable counterparts of the two-phase equilibrium
curves alternate with their stable parts. This follows the so-
called “alternation rule” [2], a consequence of the pro-
jection onto the P-T plane of three monotonous G(P,T)
surfaces (one surface represents a single phase, G is Gibbs
energy) intersecting as described by Gaskell [3].

Thus, phase I enantiotropically transforms into phase III,
i.e. transition I-III is reversible in the thermodynamic
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sense, independent of whether it reverts experimentally.
(Thermodynamics does not preclude a system from being
in a metastable state.) This is in contrast with the conclu-
sion in Ref. [1], that the transition does not revert after the
melt recrystallized into phase III. It is worth reminding that
such an observation agrees with the rule of stages by
Ostwald [4] that metastable phases crystallize first from the
melt. It seems that the thermodynamic behavior of
Atovaquone is but another example of this “rule”.

Discussion

Since the authors determined the melting enthalpy of phase
IIT at Tfus(I) = 493 K, a more complete picture of the
phase relationships involving phases I and III can be con-
structed qualitatively in the form of one of four topological
P-T diagrams formerly drawn by Bakhuis Roozeboom for
dimorphism [5]. Of these four possibilities, the two cases
representing enantiotropy may be applicable to Atovaqu-
one, depending on whether equilibrium curves I-III and
III-L (L = liquid) diverge or converge as the pressure
increases (Fig. 2).

The slope of the equilibrium II-L can be calculated
with the Clapeyron equation (1), if the liquid density is
known. This value is lacking, as unfortunately is often the
case in thermodynamic assessments of phase behavior.
Nevertheless, melting of molecular compounds is usually
accompanied with a volume increase. In a note on the
relationship between organic solid and liquid density at the
triple point, Goodman et al. found that a simple ratio, pg
(TY)/p(Tt) = 1.17, is adequate and reliable for most
organic compounds (ps (Tt) and p, (Tt) are solid and
liquid densities at triple point T7t, respectively) [6].
Recently determined specific volume changes upon melt-
ing agree rather well with Goodman et al.’s ratio (see
Table 1). Moreover, it can be seen that the lattice expan-
sion for organic crystals from room temperature to their
respective temperature of fusion is in the order of 2% only
(Table 1).

From the foregoing, it can be assumed that the specific
volume of the liquid is larger by 5-15% in comparison with
the specific volume of the polymorphs at room tempera-
ture. Neglecting lattice expansion (cf. Table 1) the volume
change at the melting temperature of phase IIl can be
estimated within 0.0377 and 0.1130 cm® g~'. With these
values, the slope dP/dT for the III-L equilibrium curve is
found to be within 5.1 and 1.7 MPa Kil, a value similar to
those reported in Table 1, and in any case larger than
1.06 MPa K™, the dP/dT slope for the I-III equilibrium
curve. Moreover, even with a difference Ap_yv as high as
20% with respect to the specific volume of phase III at
298 K, dP/dT (III-L) is found to be 1.285 MPa K. This
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Fig. 2 Original drawings by Bakhuis Roozeboom who described in
1901 two possible cases of enantiotropic behavior [5]. a P-T diagram
of sulfur which shows that the orthorhombic polymorph becomes the
sole stable phase at higher pressure, where the behavior of the
monoclinic polymorph is monotropic. b Overall enantiotropic
behavior. Solid I and solid II exhibit its own stable phase regions
independent of pressure

entails that equilibrium curves I-III and III-L should cross
in the higher-pressure phase region of the P-T diagram.
The crossing point is the I-III-L triple point, as shown in
Fig. 3a.

Similar to curve I-III intersecting the triple point
[-IIT-Vap (cf. Figs. 1, 3), the stable part of the melting

curve III-L should intersect triple point III-L—Vap, which
is connected to triple point I-III-Vap by the sublimation
curve III-Vap. The latter is the equilibrium curve involving
the two phases shared by these two triple points. Now, the
P-T region, where phase III is stable, is enclosed by a
triangle defined by three stable triple points (cf. Fig. 3a). A
triple point involving I-L—Vap still needs to be found.

At triple point I-III-L, equilibrium I-L should become
stable with increasing pressure in accordance with the
alternation rule. It ensues that the dP/dT slope for equi-
librium curve I-L should be smaller than that for the III-L
equilibrium curve. Furthermore, equilibrium curve I-L
should pass through all triple points with which it shares
two common phases. Next to [-III-L, this should be triple
point I-L—Vap, which is metastable since it is located at the
intersection of the metastable extensions of the I-L, L-Vap,
and [-Vap curves inside the triangle of stable phase III (cf.
Fig. 3b).

As X(AH) = 0 and X(Av) = 0 at triple point I-III-L,
A1 H can be estimated to be about 102 J ¢! (i.e., A_juH
+ At H). It is inferred from Fig. 3 that Ty_; should be
found between T1_y; = 462 K and Ty, = 493 K and that
the slope dP/dT for equilibrium I-L should be smaller than
that for equilibrium ITI-L.

Concluding remarks

A realistic description of the phase relationships between
polymorphs can be obtained, if pressure is not neglected as
a variable. With calorimetric and crystallographic data
together with basic classical thermodynamics, it is even
shown that it is not necessary to measure pressure directly.

On the other hand, structural information is crucial for
the topological determination of relative stabilities of
polymorphs by means of the Clapeyron equation. However,
the specific volumes provided by structural information

Table 1 Experimental specific volumes for a number of molecular compounds in the solid (v5) and molten (v;) state, relative volume increase in
the solid state 298 K—T7,, related specific volume changes (Av) upon melting, density ratios (ps/py) taking ps at 298 K and T¥,s over py at Ty,

and values of the dP/dT slope of the melting curve

Compound vs(298 K)/ vs(Trus)  (vs(Ttus) vilTr)  A(Trs)  ps(Trs)  ps(298 K (dP/dT)s_;/  Ref.
em’ g™ em’gTt —vs(298))/v5(298)  em’g”' em’g™! puTh)  pu(Thg)  MPaKT

Paracetamol phase I 0.7758 0.7935 0.0228 0.9090 0.1155 1.15 1.17 3.75 [7]

4.96 [8]
Paracetamol phase II ~ 0.7522 0.7682 0.0213 0.9025 0.1343 1.17 1.20 3.14 [7]

4.14 [8]
Biclotymol phase 1 0.7853 0.8000 0.0187 0.9033 0.1033 1.13 1.15 2.54 [9]
Progesterone phase I ~ 0.8631 0.8801 0.0197 0.9590 0.0789 1.09 1.11 2.68 [10]
Progesterone phase II  0.8506 0.8652 0.0172 0.9524 0.0872 1.11 1.12 2.29 [10]
Lidocaine 0.9617 0.9762 0.0151 1.0338 0.0576 1.06 1.08 3.56 [11]
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Fig. 3 a Crossing at triple point I-III-L of curves I-III and III-L
originating from I-I[I-Vap and III-L-Vap, respectively. b Stable
(solid line) and metastable (dashed line) parts of equilibrium curve
I-L crossing stable triple point I-III-L and metastable triple point
I-L-Vap. The vertical gray arrow at T < Ty_yj intersects equilibrium
curves involving the vapor phase in the direction of decreasing
stability: curve I-Vap, curve III-Vap, and curve L-Vap. The Ostwald
rule states that the lower the vapor pressure the more stable the phase

should be accurate enough to infer work-related inequali-
ties (Av = Iwl/p), as should information on the specific
volume of the molten state. An analysis of polymorph
densities based on a survey of the Cambridge Crystallo-
graphic Database has led to the conclusion that the
“majority of polymorph pairs exhibit significantly different
thermal expansion behavior and their density-temperature
lines can cross” [12]. This indicates that a lack of precision
in the determination of densities might lead to a wrong sign
of the dP/dT slope for the I-III equilibrium curve. None-
theless, this would not lead to a different conclusion as to
the enantiotropic character of the I — III transition. The
P-T diagram would contain a I-III equilibrium with a
negative slope and a triple point I-III-L positioned at
negative pressure, as depicted in Fig. 2 (right side, i.e.,
condition involving expanded metastable condensed
phases).

In any case, using the available literature data for Ato-
vaquone polymorph I and III, transition I — III must be an
enantiotropic transition. Furthermore, the P-T diagram

@ Springer

involving phases I and III most likely resembles the para-
digmatic diagram formerly found by Tammann for «- and
p-sulfur polymorphs; a diagram that is still found on the
hard cover of the first edition of the book in [13].

References

1. Malpezzi L, Fuganti C, Maccaroni E, Masciocchi N, Nardi A.
Thermal and structural characterization of two polymorphs of
Atovaquone and of its chloro-derivative. J Therm Anal Calorim.
2010; doi: 10.1007/s10973-010-0685-0.

2. Oonk HAIJ. Phase theory: the thermodynamics of heterogeneous
equilibria. Amsterdam: Elsevier; 1981.

3. Gaskell DR. Introduction to the thermodynamics of materials. 4th
ed. New York: Taylor & Francis; 2003.

4. Ostwald W. Studien iiber die Bildung und Umwandlung fester
Korper. Z Physikal Chem. 1897;22:289-330.

5. Bakhuis Roozeboom HW. Die heterogenen Gleichgewichte vom
Standpunkte der Phasenlehre. Erstes Heft: Die Phasenlehre:
Systeme aus einer Komponente. Braunschweig: Vieweg; 1901,
pp. 183-9.

6. Goodman BT, Wilding WV, Oscarson JL, Rowley RL. A note on
the relationship between organic solid density and liquid density
at the triple point. J Chem Eng Data. 2004;49:1512—-4.

7. Espeau P, Ceolin R, Tamarit JLI, Perrin MA, Gauchi JP, Leveiller
F. Polymorphism of paracetamol: relative stabilities of the
monoclinic and orthorhombic phases inferred from topological
pressure—temperature and temperature—volume phase diagrams.
J Pharm Sci. 2005;94:524-39.

8. Ledru J, Imrie CT, Pulham CR, Ceolin R, Hutchinson JM. High
pressure differential scanning calorimetry investigations on the
pressure dependence of the melting of paracetamol polymorphs I
and II. J Pharm Sci. 2007;96:2784-94.

9. Céolin R, Tamarit JL, Barrio M, Lopez DO, Nicolai B, Veglio N,
Perrin MA, Espeau P. Overall monotropic behavior of a meta-
stable phase of biclotymol, 2,2'-methylenebis(4-chloro-3-methyl-
isopropylphenol), inferred from experimental and topological
construction of the related P-T state diagram. J Pharm Sci. 2008;
97:3927-41.

10. Barrio M, Espeau P, Tamarit JLI, Perrin MA, Veglio N, Céolin R.
Polymorphism of progesterone: relative stabilities of the ortho-
rhombic phases I and II inferred from topological and experi-
mental pressure-temperature phase diagrams. J Pharm Sci. 2009;
98:1657-70.

11. Céolin R, Barrio M, Tamarit JL, Veglio N, Perrin MA, Espeau P.
Liquid-liquid miscibility gaps and hydrate formation in drug—
water binary systems: pressure—temperature phase diagram of
lidocaine and pressure—temperature—composition phase diagram
of the lidocaine—water system. J Pharm Sci. 2010;99:2756-65.

12. Sun CC. Thermal expansion of organic crystals and precision of
calculated crystal density: a survey of Cambridge crystal data-
base. J Pharm Sci. 2007;96:1043-52.

13. Brittain HG. Polymorphism in pharmaceutical solids. New York:
Marcel Dekker; 1999.


http://dx.doi.org/10.1007/s10973-010-0685-0

	Phenomenology of polymorphism and topological pressure--temperature diagrams
	Abstract
	Introduction
	Data analysis
	Discussion
	Concluding remarks
	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


