
Introduction

The liquid crystalline polymers (LCPs) are classified

two categories, main chain type and side chain type.

The main chain type LCPs contain mesogenic moi-

eties such as multiaromatic rings in main chain, and

demonstrate high glass transition temperature and iso-

tropic transition. Most of main chain type LCPs show

the nematic phase. The thermotropic mesophase of

the polyesters based on 2,7-phenanthrene dicarbonic

acid and diethylester and alkanediols was assumed as

the smectic phase due to the intermolecular interac-

tion between phenanthrene moieties [1–3]. On the

other hand, most of side chain type LCPs are amor-

phous polymers accompanying with unclear liquid

crystalline phase due to the steric hindrance of meso-

genic moieties in side chain.

The nano-scale structures and phase transitions

of a series of liquid crystalline type amphiphilic di-block

copolymers, PEOm-b-PMA(Az)n, is reported in order to

handle these copolymers as nanomaterials [4–7]. These

copolymers consist of polyethylene oxide, PEOm, as a

hydrophilic block, and the comb-shaped polymers of

polymethacrylate with azobenzene, PMA(Az)n,

which is mesogenic moiety, as a hydrophobic block.

PEOm-b-PMA(Az)n provides two types of periodic

nanostructures, that is, a nanophase-separated struc-

ture with hydrophilic cylinders and a liquid crystal-

line with lamellar structures in hydrophobic matrix.

For PEOm-b-PMA(Az)n, the liquid crystalline struc-

ture existed in nano-scale spaces surrounding hydro-

philic PEO cylinders and the molecular motion of

PMA(Az)n chains having mesogenic groups in the

side chain was restricted by bonding with PEOm

chains. According to our previous works [5, 7], the

orientations of mesogenic groups in liquid crystal

phase in the hydrophobic matrix affect the orientation

of PEO cylinders. The phase transition behaviour of

liquid crystal in the nanophase-separated structure is

interested from thermodynamic and structural view-

points. In this study, the thermal expansion of the

smectic layer was investigated by the simultaneous

DSC-XRD measurement in order to characterize liq-

uid crystalline phases.

Experimental

A series of liquid crystalline type amphiphilic di-block

copolymers, poly(ethylene oxide)-b-poly(11-[4-(4-bu-

tylphenylazo)phenoxy]undecyl methacrylate),

PEOm-b-PMA(Az)n, (Scheme 1), are synthesized by

the atom transfer radical polymerization [4, 6]. The

degrees of polymerization of block sequences, which

are shown as m for PEO and n for PMA(Az), were de-

termined by 1H-NMR. Three types of PEO length,

m=40, 114, and 454, were used for the hydrophilic

part of di-block copolymers. Two kinds of PMA(Az)n
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prepared by the atom transfer radical polymerization

were used as a side chain type liquid crystalline

homopolymer. Samples used through this study were

listed in Table. 1.

The simultaneous DSC-XRD measurements

were carried out at beam line 10C, Photon Factory,

High Energy Accelerator Research Organization,

Tsukuba, Japan. The wavelength of monochromatic

X-ray for DSC-XRD was 0.1488 nm. The scattering

X-ray was detected by a one-dimensional position

sensitive proportional counter (PSPC, 512 channels,

Rigaku Co. Ltd.). The distance between samples and

PSPC was 550 mm, which covered

1.02 nm<s–1=(2�q)–1=(2sin�/�)–1<60.8 nm. The si-

multaneous DSC [8] was set on the small X-ray scat-

tering optics. The heating rate of DSC was 5 K min–1

and XRD profiles were stored each 2.5 K. The tem-

perature and enthalpy were calibrated by pure indium

and tin. The samples were hand-pressed to form pel-

lets and sandwiched with two thin aluminum foils and

cramped in an aluminum sample vessel [8]. The sam-

pling mass used was about 5 mg.

DSC measurement was carried out by a Seiko In-

struments DSC 6200 equipped with a cooling appara-

tus at 5 K min–1 under a dry nitrogen atmosphere.

Results and discussions

Figure 1 shows a typical transmission electron micro-

graph of PEO114-b-PMA(Az)45, the sample was an-

nealed at 140°C for 24 h to establish the equilibrium

nano-scale structure. Cylindrical PEO micro-domains

shown as black spots were hexagonally packed in the

PMA(Az) matrix where the smectic layers of long-side
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Table 1 Linear thermal expansion coefficients ��K–1] at various temperatures

Slope1 Slope 2 Slope 3 Slope 4

PEO40 -b-PMA(Az)92 1.5·10–3 6.6·10–3 8.1·10–4

PEO114 -b-PMA(Az)10 7.1·10–3

PEO114 -b-PMA(Az)20 2.9·10–3 3.0·10–3 6.8·10–3

PEO114 -b-PMA(Az)45 3.8·10–4 1.4·10–3 7.2·10–3 3.9·10–4

PEO114 -b-PMA(Az)55 1.3·10–3 3.3·10–3 7.9·10–3 3.5·10–4

PEO454 -b-PMA(Az)35 2.4·10–3 2.4·10–3 7.5·10–3 7.0·10–4

PEO454 -b-PMA(Az)90 4.1·10–4 2.9·10–3 7.5·10–3 8.4·10–4

PMA(Az)20 3.1·10–3 7.0·10–3

PMA(Az)60 < 10–5 3.6·10–3 8.4·10–3 1.2·10–3

Phase SmX SmC transition SmC SmA

Fig. 1 TEM micrograph of PEO114-b-PMA(Az)45 annealed at

140 degrees for 24 h. The PEO microdomains appear

darker due to staining with RuO4

Fig. 2 DSC heating curves of 1 – PEO114-b-PMA(Az)45,

2 – PEO114-b-PMA(Az)100 and 3 – PMA(Az)60 at

5 K min–1

Scheme 1 The liquid crystalline di-block copolymer,

PEOm-b-PMA(Az)n, consisting of polyethylene ox-

ide block and polymethacrylate block with azoben-

zene moiety



chains containing azobenzene moieties were formed.

These structures were confirmed by XRD measure-

ment [4–6].

DSC heating curves of PEO114-b-PMA(Az)45,

PEO114-b-PMA(Az)100 and PMA(Az)60 are shown in

Fig. 2. Block copolymers showed four endothermic

transitions, the transition at 30°C was the melting of

PEO domains and the other transitions corresponded

to PMA(Az)n domains. DSC curve of PMA(Az)60

showed three transitions which indicated as a, b and

c. All these transitions were thermo reversible transi-

tions accompanying with small degree of super-cool-

ing comparing with the melting of PEO. The tempera-

ture of transition a depended slightly on the sequence

length, n of PMA(Az)n, and the block copolymers

showed slightly lower temperature of transition a than

that of homopolymers. However the transition

enthalpy per one repeating unit was almost the same

(2.8 kJ mol–1). The temperature of transition c de-

pended strongly on n of PMA(Az)n for both homo-

polymer and block copolymers, however the transi-

tion entropy per one repeating unit was almost the

same (37 J K–1 mol–1). As the transition b was broad

and weak, the evaluation of transition enthalpy was

difficult.

DSC curve and XRD profiles of

PEO114-b-PMA(Az)45 obtained by the simultaneous

DSC-XRD measurement on heating are shown in

Fig. 3A and B, respectively. Three transitions were

observed on DSC curve at around 65 (a), 99 (b), 115

(c) °C without the melting of PEO sequence. Through

the heating process, a single XRD scattering peak was

observed at around 0.2A–1 (Fig. 3B). This peak corre-

sponded to the smectic layer spacing of side-chains

containing azobenzene moieties in consistency with

its molecular length (c.a. 3 nm) assuming trans con-

formations of both alkyl chain and azobenzene. The

textures corresponding to smectic phases were ob-

served by the polarized optical microscopy observa-

tion [1]. As the XRD scattering peak disappeared

above the transition c at 115°C, the transition c was

assigned as the isotropic transition of the smectic

phase to the isotropic liquid phase. The isotropic tran-

sition entropy per one repeating unit was

37 J K–1 mol–1, which was similar to the isotropic

transition entropy of liquid crystals, such as

3–13 J K–1 mol–1 for the smectic A – isotropic transi-

tion and 10–43 J K–1 mol–1 for the smectic C – isotro-

pic transition [9–12].

As indicated in Fig. 3B, the XRD scattering peak

slightly shifted to the lower q upon heating. The tem-

perature dependency of the smectic layer spacing, ds
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Fig. 3 DSC curve (A) and stacked XRD profiles (B) of PEO114-b-PMA(Az)45 observed by the simultaneous DSC-XRD on heating

at 5 K min–1

Fig. 4 Temperature dependency of smectic layer spacing for

PEO114-b-PMA(Az)45. · · – · ·for slope 1, · · · for slope

2, · – · – for slope 3, and – – – for slope 4



for PEO114-b-PMA(Az)45 and PMA(Az)60 observed

by DSC-XRD are shown in Figs 4 and 5. The ds

changes shown in Figs 4 and 5 divided to four re-

gions, such as the first region below the transition a
(slope 1), the second and third regions between the

transitions a and b (slope 2 and slope 3), and the

fourth region between the transitions b and c
(slope 4). The thermal expansion coefficients

(� [K–1]) of smectic layer evaluated for each region

for PEO114-b-PMA(Az)45 were 3.8·10–4 (slope 1),

1.4·10–3 (slope 2), 7.2·10–3 (slope 3) , and 3.9·10–4 K–1

(slope 4), respectively. Thermal expansion coeffi-

cients in volume are 8.2·10–4 K–1 (the smectic A

phase), 1.0·10–3 K–1 (the smectic C phase) and

7·10–4 K–1 (the smectic B phase) for p-azoxyanisole

[13], and 4.11·10–4 K–1 (the crystalline phase) for

n-amyl 4-(4-n-dodecyloxybenzyl-

idene-amino)cinnamate [14]. Similar results are ob-

tained for 4’-methoxybenzylidene-4-butylaniline

(MBBA) and chiral liquid crystals [15–17]. As the

linear � of smectic layer evaluated from DSC-XRD

corresponded to the one-dimensional � parallel to the

covalent bonding, the linear � in this study should be

smaller than the volumetric � which was average value

parallel and perpendicular to the covalent bonds.

Between the transitions a and b, there are two

linear expansion relationships, slope 2 and slope 3, in-

dicating the mechanism of thermal expansion was not

simple. The � value (1.4·10–3 K–1) at slope 2 was sim-

ilar to the value of smectic phase. However, the �

value (7.2·10–3 K–1) at slpoe 3 was larger than that of

liquid or liquid crystalline phases. Thus, it is rea-

sonable to assume the azobenzene moieties were tilted

and formed the smectic C phase (SmC) in the phase be-

tween the transitions a and b, and stood up during heat-

ing. Since the azobenzene moieties stood up in the

smectic layer, the layer spacing increased dramatically.

When the temperature reached to the transition

b, the azobenzene moieties were in the equilibrium

state, and were aligned parallel to the smectic layer

spacing. The linear � value (3.9·10–4 K–1) at slope 4,

which was corresponded to that of the direction of co-

valent bond, was smaller than that of liquid crystal-

line phase and was similar to that of the crystalline

state. The average layer spacing was 3.32 nm in the

phase between the transitions b and c which was al-

most the same to the extended molecular length of

side chain in PMA(Az), 3.3 nm, calculated by MM2

force field method. Therefore, the phase between the

transitions b and c was assigned to the smectic A

phase (SmA). Considering with the random confor-

mation of main chains in the layer planes and the in-

teraction of azobenzene moieties, the possible sche-

matic model for the layer structures of the smectic

phase formed in PMA(Az) block, where the long-side

chains were regularly arranged forming a kind of

interdigitated structure, was shown in Fig. 6.

In the phase below the transition a, the liner �

(3.8·10–4 K–1) at slope 1 was almost the same with the

liner � (3.9·10–4 K–1) at slope 4. The liner � at slope 1

was in the range of the liner � of the crystalline state

of organic materials. Thus, the phase below the transi-

tion a was assigned as the crystalline state. However,

the transition enthalpy of PEOm-b-PMA(Az)n,

2.8 kJ mol–1, was one-third of that of PMA(Az)n

homopolymer, 8.7 kJ mol–1. These facts suggested

that most of PMA(Az)n part of PEOm-b-PMA(Az)n

was in the super-cooled smectic phase at temperature

below the transition a. Therefore this phase was as-

signed to the smectic X phase (SmX), which indicated

the mixing state with the crystal of PMA(Az) and the

super-cooled SmC. In conclusion, the liquid crystal-

line state in PEOm-b-PMA(Az)n and PMA(Az)n

changed from SmX, SmC, SmA and isotropic liquid

at the transitions a, b, and c, respectively.

The linear � of PEOm-b-PMA(Az)n and PMA(Az)n

having different molecular mass were calculated in

the same manner as described above, which were

shown in Table 1. All PEOm-b-PMA(Az)n and

PMA(Az)n showed the same tendency of temperature

dependency of smectic layer spacing. Comparing

PMA(Az)n homopolymers and PEOm-b-PMA(Az)n
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Fig. 6 Possible schematic illustrations for the layer structures

of the smectic liquid crystals, SmC and SmA, formed

in PMA(Az)n block (d is the layer spacing)

Fig. 5 Temperature dependency of smectic layer spacing for

PMA(Az)60. · · – · · for slope 1, · · · · for slope

2, · – · – for slope 3, and – – – for slope 4



copolymer, the liner � at slope 1 of the homopolymers

was smaller than that of copolymers due to the

crystallinity difference. As the azobenzene moieties

were packed tightly in the case of PMA(Az)n homo-

polymers, the restriction of thermal motion of azoben-

zene moieties gave the lower � value than that of

PEOm-b-PMA(Az)n. In SmA phase, the liner � at

slope 4 of PEOm-b-PMA(Az)n was slightly larger than

that of PMA(Az) homopolymers. The XRD scattering

peak from smectic layer of PEOm-b-PMA(Az)n was

slightly broader than that of PMA(Az)n homopolymer.

The order of SmA in PEOm-b-PMA(Az)n was slightly

lower than that of PMA(Az)n homopolymer due to the

restriction of PMA(Az)n which was connected with

PEO sequence at the interface between the hydro-

philic and hydrophobic domains as shown in Fig. 1.

However, the values of liner � at slope 2 and slope 3

of PEOm-b-PMA(Az)n were similar to those of

PMA(Az)n homopolymers due to the molecular mo-

tion of azobenzene moieties.

Conclusions

Thermal transition behaviors of PEOm-b-PMA(Az)n

and PMA(Az)n were investigated by the simultaneous

DSC-XRD method. PEOm-b-PMA(Az)n showed three

endothermic DSC peaks corresponding to the phase

changes of the PMA(Az)n domain during heating pro-

cess. From the temperature dependency of the smectic

layer spacing observed by DSC-XRD, the liner ex-

pansion coefficients (� [K–1]) of the smectic layer

spacing in each phase were calculated and charac-

terized the liquid crystalline phases. The liquid crystal-

line states in this di-block copolymer were characterized

as SmX (mixture of crystal and super-cooled SmC),

SmC and SmA in order of temperature increase.

References

1 H. Yohsida, K. Masaka and S. Nakamura, Rept. Prog.

Phys. Polym. Phys. Jpn., 41 (1998) 211.

2 H. Yoshida, Y. Houshito, K. Mashiko, K. Masaka and

S. Nakamura, J. Therm. Anal. Cal., 64 (2001) 453.

3 H. Yoshida, M. Yang, K. Masaka, Y. Houshito, K.

Mashiko and S. Nakamura, J. Therm. Anal. Cal., 70

(2002) 703.

4 Y. Q. Tian, K. Watanabe, X. Kong, J. Abe and T. Iyoda,

Macromolecules, 35 (2002) 3739.

5 R. Watanabe, K. Watanabe, H. Yoshida and T. Iyoda,

Polym. Preprints, Japan, 52 (2003) 2575.

6 K. Watanabe, Y. Q. Tian, H. Yoshida, S. Asaoka and

T. Iyoda, Trans. Mater. Res. Soc. Japan, 28 (2003) 553.

7 H. Yoshida, K. Watanabe, R. Watanabe and T. Iyoda,

Trans. Mater. Res. Soc. Japan, 29 (2004) 861.

8 H. Yoshida, R. Kinoshita and Y. Teramoto, Thermochim.

Acta, 264 (1995) 173.

9 M. Sorai, ‘Fundamental and Application of Calorimetry

and Thermal Analysis’ 3rd Edition, Ed. by JSCTA,

p.149 (1994).

10 D. Marzotko and D. Demus, Pramana Suppl., 1 (1975) 189.

11 B. Bahadur, Mol. Cryst. Liq. Cryst., 35 (1976) 83.

12 D. Demus and R. Rurainski, Z. Phys. Chem., 253 (1973) 53.

13 M. Sorai and K. Saito, The Chemical Record, 3 (2003) 29.

14 K. Saito and M. Sorai, Ekisho, 5 (2001) 20.

15 E. Gulari and B. Chu, J. Chem. Phys., 62 (1975) 795.

16 E. McLaughlin, M. A. Shakespeare and A. R. Ubbelohde,

Trans. Faraday Soc., 60 (1964) 25.

17 F. P. Price and J. H. Wendorff, J. Phys. Chem.,

77 (1973) 2342.

DOI: 10.1007/s10973-005-7632-5

J. Therm. Anal. Cal., 85, 2006 717

LIQUID CRYSTALLINE AMPHIPHILIC DI-BLOCK COPOLYMER



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


