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Abstract  The polymer surface relaxation in thin films has been a long debating issue. We report a new method on studying 
surface relaxation behaviors of polymer thin films on a solid substrate. This method involved utilizing a rubbed polyimide 
surface with a pretilting angle in a liquid crystalline cell. Due to the surface alignment, the liquid crystals were aligned along 
the rubbing direction. During heating the liquid crystalline cell, we continuously monitored the change of orientation of the 
liquid crystals. It is understood that at a temperature where the orientation of liquid crystal is lost, the surface relaxation on 
the glass substrate takes place to lose the polyimide surface orientation. It was found that the relaxation temperature at which 
the liquid crystals lose their orientation depends on the film thickness of the polyimide. A quantitative linear relationship 
between the relaxation temperature and reciprocal of the film thickness can be observed. Furthermore, different topologies of 
the rubbed and relaxed thin films were amplified using the polyethylene decoration method and observed using atomic force 
microscopy. 
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INTRODUCTION 

The understanding of macromolecules and development of polymer physics and physical chemistry were 
initiated in dilute solution states about one hundred years ago[1]. However, vast majority of practical applications 
in polymeric materials are dependent upon their bulk physical properties. This led to stimulated activities in the 
study of structure-property relationships of bulk polymers in their condensed state. Comparing to small 
molecules, bulk polymers possess different hierarchical structures in different length scales from highly 
entangled chain molecules to heterogeneous aggregates. In many circumstances, polymers can also form ordered 
structures with positional, bond orientational and molecular orientational long range orders. Such a wide 
hierarchical structure implies the existence of a broad dynamic relaxation spectrum corresponding to each length 
and time scale[2, 3]. In order to qualitatively characterize structures and dynamics of the bulk polymers, we have 
defined concepts in describing many microscopic physical phenomena in the bulk state, such as glass transition 
temperature, crystallization and mesophase transitions and a variety of relaxation processes. With increasing 
interests in surfaces and interfaces of polymers, in particular, polymer behaviors in confined environments 
possessing only limited length scales, these traditional concepts used in the bulk may have to be redefined or 
modified for surface and interface characterization. Among these topics, surface relaxation in polymer thin films 
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has been a long debated issue in the past decade. Literature data exhibits substantial inconsistency, reflecting 
dependencies of experimental methods used to monitor the surface relaxation phenomena and effect of confined 
environments on the thin film samples prepared[418]. 

The key issue in the study of this topic is to find a proper probe which can precisely reflect the surface 
relaxation and minimize the environmental effects on the measurements. In other words, we need intrinsically 
surface sensitive methods with a high signal-to-noise ratio to detect surface relaxation behaviors. Our recent 
research has led to a different but sensitive approach to investigate surface relaxation on a solid substrate. When 
polyimide thin films were spin-coated on a glass surface with different thicknesses, a rubbing process was 
applied on the polyimide surface to form alignment layers. It is well known that these alignment layers can 
effectively align liquid crystals in liquid crystal cells (LCCs). If the alignment layers are subject to thermal 
annealing at different temperatures and then examined for the loss of alignment in the liquid crystals, the surface 
relaxation of the alignment layers with different layer thicknesses can be quantitatively illustrated. 

EXPERIMENTAL DETAILS 

Materials and Samples 
We chose a polyimide having side pendent groups of biphenyls connected by six methylene units, abbreviated as 
6FDA-C6BP. The reason for this choice is that the polyimide is known to generate a high pretilt angle, as 
reported in our previous publications[1922]. Its chemical structure is illustrated in Chart 1. 

 

 
Chart 1  Chemical structure of 6FDA-C6BP 

 

The synthesis of this polyimide was described elsewhere[2326]. This polymer has an intrinsic viscosity of      
1 dL/g and can be dissolved in organic solvents such as cyclopentanone. Polyimide thin films having different 
film thicknesses for LC display alignment layers were processed by spin-coating polyimide solution in 
cyclopentanone (using different concentrations) at 2000 r/min for 45 s on clean glass substrates. The films were 
subsequently baked at 100C (primary drying temperature) for one hour and 200C for an additional hour before 
rubbing. The film thickness was controlled in the range of 570 nm. Rubbing was conducted on the polyimide 
alignment layers using a rotating drum wrapped with velvet at room temperature. The LC material ZLI-2293 
(Merck) was filled into the empty cells (with 5 m spacers) in which the alignment layers were assembled into 
an anti-parallel rubbing configuration. The pretilt angle of the alignment layers was characterized in the LCCs 
by the magnetic null (MN) method, constructed in our laboratory. The MN method is a precise and reliable 
measurement for determining high pretilt angles (> 10) based on the null of the LC optical phase retardation 
with a continuous increase of an external magnetic field. The basic principle of this method was described in the 
references[27, 28]. In brief, a polarized He:Ne incident laser beam passes through a front polarizer, then an LCC, 
followed by a rear polarizer (or an analyzer) and is finally detected by a position sensitive detector. When an 
LCC is rotated such that the LC molecules are oriented parallel to the external magnetic field, the light 
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transmission is independent of the strength of the external magnetic field. The pretilt angle of alignment layers is 
derived from this position with a minimum optical retardation change. 

In order to exam the surface topology of the rubbed and relaxed thin films, a polyethylene (PE) decoration 
method[20, 2931] was used to amplify the surface topologies. The detailed experimental procedure was as follows. 
PE is heated to over 1000C in a vacuum chamber causing the polyethylene to decompose into oligomers, which 
are coated onto the substrate of interest. Since the short chain molecules tend to pack into extended chain 
lamella crystals, the crystals form with their chain axes parallel to a fold direction since this minimizes the 
surface free energy. 

Equipments and Experiments 
In order to quantitatively examine the degree of planar alignment, an alignment parameter, A, was defined. The 
nematic LC orientation was measured using an experimental setup involving a measurement of the light 
transmission through an LCC placed in between crossed polarizers as a function of the rotation angle[16, 27, 28]. 
The LCC is rotated about an axis parallel to the light beam, as opposed to perpendicular for the pretilt 
measurement. According to Malus’s law, I() = I(0)cos2(), where I() is the intensity of light transmitted 
through two polarizers and  is the angle between the transmission axes of the two polarizers. An aligned LCC 
placed in between two crossed polarizers can be treated as a third polarizer with its transmission axis parallel to 
the rub direction. A perfectly aligned LCC between crossed polarizers leads to the relationship as a function of 
the LCC rotation angle  = 0 to 90° with respect to the polarizer transmission axis: I() = I(45°)sin2(2)[32]. For 
determining how much the LCC deviates from the perfect alignment, the LCCs were rotated from 0 to 90° and 
the light intensities were measured with changes in the angle. An alignment parameter was defined based on the 
deviation of the light intensity from the theoretical sin2(2) curve at angles where the rubbing direction was 
parallel to one of the two polarizers (i.e. 0 and 90°). The average of these normalized intensities was used to 
determine the non-unit alignment parameter A:  

 A(45°) = [I(0°) + I(90°)]/2I(45°) (1) 

when 6FDA-C6BP was used to produce alignment layers of LCCs in the anti-parallel mode, an alignment 
parameter of 0.05 and a pretilt angle of 20  2° can be reproducibly determined.  

Atomic force microscopy (AFM, Digital Instruments Nanoscope IIIA) was utilized to examine the surface 
topologies on the glass substrate with a 100 μm scanner under the tapping mode. The cantilever force was 
controlled to be light enough to avoid any damage to the sample, yet strong enough so that the surface features 
could be accurately explored. The scanning rate was set up to be 1 Hz for low-magnification images at a 
resolution of 512 × 512 pixels per image.  

RESULTS AND DISCUSSION 

Figure 1 shows three examples of the effect of thermal treatment on rubbed 6FDA-C6BP alignment layers at 
different layer thickness after annealing at different temperatures for five minutes. The relaxation temperatures 
of losing alignment are defined using a temperature at which the 50% of the sharp increase of the alignment 
parameter A is observed. It can be expected that the induced surface ordering achieved by rubbing should be lost 
as the polymer is heated through its surface relaxation temperature. For example, the film having a thickness of 
65 nm shows a loss of alignment at 100°C. The thinner films, such as 18 nm or 6 nm, possess alignment 
relaxation temperatures of 95C and 85C, respectively. The most important experimental observation in this 
figure is that the relaxation temperature at which the alignment parameter A has a sudden change is dependent 
upon the alignment layer thicknesses.  

A plot of the reciprocal film thickness versus relaxation temperature is shown in Fig. 2. It is evident that a 
linear relationship between the relaxation temperature and reciprocal of film thickness is held. The extrapolation 
leads to a temperature of 100.4C when the film thickness is approaching infinity. This temperature corresponds 
well to the bulk  relaxation temperature of 102C observed in dynamic mechanical analyzer tests. 
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 T = 373.5(1 – 0.025/d)  (in K) (2) 
This linear relationship has also been fit to a general form of Ref. [4]:  

 Tg = Tg(bulk) [1 – (a/h)1/]  (3)  

when 1/ is equal to unit and Eq. (3) returns to Eq. (2). 
 

         
Fig. 1  Plots of alignment parameter versus temperature recorded on the thermal treatment of 
rubbed 6FDA-C6BP alignment layers for three samples with different layer thickness 
The samples were annealed at different temperatures for five minutes before measurement. 

 

 
Fig. 2  A plot of the reciprocal film thickness versus relaxation temperature  

 

In order to directly examine the surface orientation of the rubbed thin films, we utilized AFM to investigate 
surface topology of the rubbed thin films having a thickness of 65 nm. A new probe is used to amplify the 
difference in surface topology: the PE decoration method[15]. This method is typically used to determine the fold 
direction in lamellar crystals. Here, it was applied for the successful observation of the orientation on the rubbed 
polyimide film surface. Figures 3(a) and 3(b) show AFM images of the surface topologies of the rubbing aligned 
films after thermal annealing at 70C and 110C for 15 min, respectively and then, using the PE decoration. 
Note that the annealing temperature of the former case is below its  relaxation temperature and the latter case is 
above the  relaxation temperature. Differences between these two AFM images were evident. Figure 3(a) 
shows an orientation of the PE crystalline rods perpendicular to the rub direction. The PE chain axis in each rod 
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is perpendicular to the length of the rod (the rub direction is indicated in this figure by an arrow). The Fourier 
transformation (FT) was performed to effectively construct a reciprocal space image as shown in the inset of    
Fig. 3(a). This scattering pair located along the shear direction indicates the PE crystalline rod orientation. On 
the other hand, Fig. 3(b) demonstrates a random “worm”-like PE crystal texture instead of the orientated PE rod 
texture. This clearly indicates that after the annealing temperature of 110C for 15 min, the surface orientation 
relaxes due to the  relaxation. The loss of this rubbing induced orientation at the nanometer scale reveals the 
involvement of large molecular motions. 

 

 
 

Fig. 3  AFM images of the surface topologies of the rubbing aligned films after thermal annealing at 70C (a) 
and 110C (b) for 15 min, respectively and then, using the PE decoration 
The inset in (a) is the reciprocal space image after Fourier transformation and the arrow indicates the rub 
direction (the full image side length represents 0.5 m). 

CONCLUSIONS 

In summary, the measurements of the liquid crystal alignment demonstrate that the surface relaxation of an 
aligned polyimide 6FDA-C6BP thin film is dependent upon the film thickness. This alignment is lost due to the 
surface relaxation during the thermal annealing process at which the relaxation temperature is linearly 
proportional to the reciprocal of film thickness. The AFM results of the surface topologies after the PE 
decoration clearly indicate the difference between the rubbing induced orientation and the loss of this orientation 
after the annealing above the relaxation temperature, revealing that the surface relaxation must be related to the 
large molecular motion at the nanometer scale. 
 
 
REFERENCES 
 
1 Flory, P.J., “Principles of polymer chemistry”, Cornell University Press, Ithaca, N.Y., 1967, p. 672  

2 Rubinstein, M. and Colby, R.H., “Polymer physics”, Oxford University Press, New York, 2003 

3 Cheng, S.Z.D., "Phase transitions in polymers: the role of metastable states”, Elsevier, Amsterdam, 2008 

4 Keddie, J.L., Jones, R.A.L. and Cory, R.A., Europhys. Lett., 1994, 27: 59  

5 Forrest, J.A., DalnokiVeress, K., Stevens, J.R. and Dutcher, J.R., Phys. Rev. Lett., 1996, 77(19): 4108 

6 van Zanten, J.H., Wallace, W.E. and Wu, W.L., Phys. Rev. E, 1996, 53(3): R2053 

7 Liu, F.P., Gardner, D.J. and Wolcott, M.P., Langmuir, 1995, 11(7): 2674 

8 Kajiyama, T., Tanaka, K. and Takahara, A., Macromolecules, 1997, 30(2): 280 



I. Mann et al. 86

9 Hall, D.B., Hooker, J.C. and Torkelson, J.M., Macromolecules, 1997, 30(3): 667 

10 Frank, B., Gast, A.P., Russell, T.P., Brown, H. and Hawker, C., Macromolecules, 1996, 29(20): 6531 

11 Mayes, A.M., Macromolecules, 1994, 27(11): 3114 

12 Tanaka, K., Taura, A., Ge, S.R., Takahara, A. and Kajiyama, T., Macromolecules, 1996, 29(8): 3040 

13 Alcoutlabi, M. and McKenna, G.B., J. Phys., Condens. Matt., 2005, 17: R461 

14 Pochan, D.J., Lin, E.K., Cheng, S.Z.D. and Wu, W.-L., in “MRS Meeting Proceeding, Dynamics in Small Confining 

Systems IV” (Mater. Res. Soc. Symp. Proc., 543), ed. by Drake, J.M., Grest, G.S., Klafter, J. and Kopelman, R., 

Materials Research Society, Warrendale, PA, 1999, p. 163  

15 Tsui, O.K., Russell, T.P. and Hawker, C.J., Macromolecules, 2001, 34: 5535  

16 Ellison, C.J. and Torkelson, J.M., Nat. Mater., 2003, 2 : 695  

17 Ellison, C.J., Ruszkowski, R.L., Behling, R.E. and Torkelson, J.M., Phys. Rev. Lett., 2004, 92: 095702 

18 Roth, C.B. and Torkelson, J.M., Macromolecules, 2007, 40: 3328 

19 Ge, Jason J., Xue, G., Li, F.M., McCreight, Kevin W., Wang, S.Y., Harris, Frank W., Cheng, Stephen Z.D., Shen, Y.R. 

and Zhuang, X.W., Macromol. Rapid Commun., 1998, 19: 619  

20 Ge, Jason J., Xue, G., Li, Christopher Y., Man, Ian K., Zhou, W.S., Wang, S.Y., Harris, Frank W., Cheng, Stephen Z.D., 

Hong, S.C., Zhuang, X.W. and Shen, Y.R., J. Am. Chem. Soc., 2001, 123: 5768  

21 Hong, S.C., Oh, M., Zhuang, X.W., Shen, Y.R., Ge, Jason J., Harris, Frank W. and Cheng, Stephen Z.D., Phys. Rev. E, 

2001, 63: 051706-1 

22 Ge, Jason J., Hong, S.C., Tang, Benjamin Y., Li, Christopher Y., Zhang, D., Harris, Frank W., Yang, D.K., Shen, Y.R. 

and Cheng, Stephen Z.D., Adv. Funct. Mater., 2003, 13: 718  

23 Harris, F.W., Sakaguchi, Y., Shibata, M. and Cheng, S.Z.D., High Perform. Polym., 1997, 9(3): 251 

24 Ge, Jason J., Zhang, A.Q., McCreight, Kevin W., Ho, R.M., Wang, S.Y., Jin, X.M., Harris, Frank W. and               

Cheng, Stephen Z.D., Macromolecules, 1997, 30: 6498  

25 Li, F.M., Fang, S., Ge, Jason J., Honigfort, Paul S., Chen, C.C., Harris, Frank W. and Cheng, Stephen Z.D., Polymer, 

1999, 40: 4571  

26 Li, F.M., Ge, Jason J., Honigfort, Paul S., Feng, S., Chen, J.C., Harris, Frank W. and Cheng, Stephen Z.D., Polymer, 

1999, 40: 4987 

27 Scheffer, T.J. and Nehring, J., J. Appl. Phys., 1977, 48(5): 1783 

28 Mann, I.K., “Liquid crystal alignment and pretilt angle of rubbed organo-soluble side-chain polyimides”, Thesis, 

University of Akron, 2000 

29 Wittmann, J.C. and Lotz, B., Makromol. Chim. Rapid Commun., 1982, 3: 733 

30 Wittmann, J.C. and Lotz, B., J. Polym. Sci. Part B-Polym. Phys., 1985, 23(1): 205 

31 Chen, W.Y., Li, C.Y., Zheng, J.X., Huang, P., Zhu, L., Ge, Q., Quirk, R.P., Lotz, B., Deng, L., Wu, C., Thomas, E.L. 

and Cheng, S.Z.D., Macromolecules, 2004, 37: 5292 

32 Finkelmann, H. and Rehage, G., Adv. Polym. Sci., 1984. 60-1: 97 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


