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STRUCTURE AND DYNAMICS OF POLYMERIC MATERIALS IN NANO-SCALE
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WPI Advanced Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Abstract The nano-palpation technique, i.e., nanometer-scale elastic and viscoelastic measurements based on atomic force
microscope, is introduced. It is demonstrated to be very useful in analyzing nanometer-scale materials properties for the
surfaces and interfaces of various types of soft materials. It enables us to obtain not only structural information but also
mechanical information about a material at the same place and at the same time.
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INTRODUCTION

Recently, there have been many attempts to develop nano-structured polymeric materials to satisfy the ever-
increasing demand to accommodate a green and sustainable society. This demand requires such materials to be
multi-functional and of high performance. Therefore, research and development into structure optimization and
related processing development for polymer alloys and polymer-based composites have become more important
subjects. This situation accelerates the development of evaluation techniques that have nanometer-scale
resolution. To date, transmission electron microscopy (TEM) has been widely used for this purpose. However,
TEM technique cannot probe the mechanical properties of such materials in general. The realization of much
higher performance materials requires an evaluation technique that enables us to investigate topological and
mechanical properties at the same point and the same time. Atomic force microscopy (AFM)! is clearly an
appropriate candidate because it has almost comparable resolution with TEM. Furthermore, mechanical
properties can be readily obtained by AFM due to the fact that the sharp probe tip attached to the soft cantilever
directly touches on the materials in question.

However, there are several drawbacks in AFM usage for polymeric materials. For example, the sample
deformation caused by the force between the probe tip and the sample can lead to mistaken interpretation of the
obtained topography. The tapping-mode phase contrast image is difficult to interpret or provides at most
qualitative information. We have been engaged for many years in using AFM with a sufficient understanding of
its advantage and disadvantage in order to develop methodology suitable for polymeric soft materials, namely,
nanorheology”! and nanotribology *. The peculiar feature of these methods is the positive usage of sample
deformation. We are able to extract mechanical information on polymeric materials from the sample
deformation. Due to this fact, we may refer to this method as a nano-palpation technique™ !, where a doctor’s
finger is replaced by the sharp AFM probe tip. In order to realize this idea, analyses of force-distance curves
have proven to be powerful, and correspond to macroscopic stress-strain curves. In the analysis, sample
deformation and force exerted are quantitatively estimated to acquire a true topographic image free from the
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effect of sample deformation together with a Young’s modulus image and
an energy dissipation image at the same time.

In this presentation, we review the applications of this method to several polymeric materials, including
polystyrene (PS)/poly(methyl methacrylate) (PMMA) immiscible blend, reactive-compatibilized blend,
polyolefin elastomer (POE)/polyamide (PA6)'®. We also present the further extension of this method to

investigate viscoelastic properties of polymeric materials.

, an adhesive energy image

METHOD

AFM as Nano-palpation

The sample deformation caused by direct touch of the AFM sharp probe is inevitable in AFM usage. If this
effect is negligible, an obtained image expresses a true surface topography. However, soft-materials are easily
deformed even by a very weak force. Plastic materials having a GPa-order Young’s modulus might not be
deformed significantly by pN to nN-level force, whereas rubbery materials with a MPa-order modulus and gels
with a kPa-order modulus undergo substantial deformation. This effect might become a disadvantage for the
request to have true topography, while we can measure the surface Young’s modulus because of this effect. Like
body palpation by medical doctors or masseurs, we can now perform nano-palpation with the AFM sharp probe
enabling measurement of surface elasticity.

Contact Mechanics

The simplest theory for the analysis of surface elasticity based on AFM force-distance curve measurements is
Hertzian contact mechanics'”. However, we must consider the case is rather special where adhesive forces are
negligible. If adhesive effects are no longer negligible, one must switch to the adhesive contact model developed
by Johnson, Kendall and Roberts (JKR model)®. Figure 1(a) shows a schematic picture of adhesive contact
during the unloading process. Figure 1(b) is the schematic force-distance curve during loading and unloading
processes. First, it is observed that an abrupt change in cantilever deflection occurs from the point (z., 0) to the
contact point (z., Ag). After that, the force increases, crossing the horizontal axis (zo, 0) in Fig. 1(b), where the
apparent force exerted on the cantilever becomes zero due to the balance between the elastic repulsive force
caused by sample deformation and the adhesive attractive force (balance point). During the unloading process, a
much larger adhesive force is observed beyond the original contact point. The sample surface is raised up during
this time. Finally, the maximum adhesive force is realized (maximum adhesion point) at (z;, Ay) in Fig. 1(b),
succeeded by a sudden decrease of contact radius and jump-out of the cantilever.
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Fig. 1 Analysis procedure for force-distance curves with an adhesive force between sample and AFM probe
a) Schematic of adhesive contact when the applied force is negative (attractive); b) The force-distance curve for
adhesive contact; ¢) The corresponding force-deformation plot
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The AFM cantilever and probe are treated as a spring with the spring constant of k£ and a sphere with radius
of curvature, R, respectively. The force, F, is expressed by Hooke’s law,

F=kA. (1)
The sample deformation is calculated by the formula,
§=(z-z.)-(A-Ay) (8<0). 2)

Using this equation, the z-A plot in Fig. 1(b) is converted to &F plot shown in Fig. 1(c). JKR contact is
described as follows*";
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where a is the contact radius, w is called as the adhesive energy. K is the so-called elastic coefficient and is
expressed using the reduced Young’s modulus E” as follows,
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where E; and v; are Young’s modulus and Poisson’s ratio, respectively. The subscript i stands for sample (s) and
probe (p). Since Eq. (4) is a cubic equation of a, a closed-form expression can not be deduced from Egs. (3) and
(4). There exists a report on the direct measurement of the contact radius, a, between a large particle and the
sample surface by scanning electron microscopy (SEM)?" which is not realistic for typical AFM
measurements. Thus, as an alternative, the so-called “two-point method” has been used, which was introduced
by Walker er al'**!. This method involves the use of two special points from &F plot is used to calculate
Young’s modulus and adhesive energy algebraically.

These points are the above-explained two points: the balance point (&, 0) and the maximum adhesion point
(01, Fy) in Fig. 1(c). Using the values for these points, Egs. (3) and (4) finally lead to the following expression
for the elastic coefficient and adhesive energy!®),
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Nano-mechanical Mapping

AFM is widely used in the world as an imaging tool for soft-materials. Contact and tapping-mode operations are
known as the major imaging modes. Specimens are scanned over their surfaces with mechanical contact in both
modes. Thus, it has been recognized among researchers that topographic images from both modes may be
affected by the deformation of the sample itself due to the contact or tapping forces. Users may also have been
able to qualitatively understand the influence of contact or tapping forces on experimental topographic images in
the past. However, AFM imaging with a constant force condition never results in quantitative estimation of such
influences.

Now, here is demonstrated a quantitative method to obtain accurate topographic images of deformable
samples together with Young's modulus and adhesive energy distribution images” ). The value of the
cantilever spring constant, , is an important factor in detecting mechanical properties from a sample surface. If
k is very small, the cantilever approaching the surface cannot deform the sample. If & is very large, however, the
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cantilever can deform the sample, without any deflection. Therefore, necessary information about the sample is
not detected. Thus, we need to choose a cantilever with an appropriate value for k.

To map the local mechanical properties of soft materials, force-volume (FV) measurement is the most
appropriate method. In this mode, force-distance curve data are recorded until a specified cantilever deflection
value (trigger set-point), Ayig, is attained for 128 x 128 points over a two-dimensional surface. At the same time,
z-displacement values, zgi,, corresponding to the trigger set-point deflection are recorded to build an apparent
topographic image. The topographic image taken in this mode is basically the same as that obtained by the
conventional contact mode if the contact force set-point and the trigger set-point are identical. If all the points
over the surface are rigid enough, the set of recorded displacements, z,, represents the topographic image (true
height) of the sample. However, if the surface deforms as discussed, it is no longer valid to regard the obtained
data as the true topographic information. However, since we have a force-distance curve for each point, we can
estimate the maximum sample deformation value for each point, referring to Eq. (2),

§trig = (Z —Z )_ (Atrig - AO) (AO < O)’ (8)

trig

where Ay = 0 for non-adhesive contact. Consequently, two-dimensional arrays of sample deformation values can
be regarded as the sample deformation image. The force-distance curve analyses for 16384 data yield the
Young’s modulus distribution and adhesive energy distribution images at the same time and the same location.
We now have apparent height (z;,) and sample deformation (dyis) images taken at the same time and Ay, is the
preset value and therefore constant for all of the force-distance curves. Then, the appropriate determination is
performed for the contact point (the array of (z., Ay)), this realizes the reconstruction of the “true” surface
topography, free from sample deformation!” ',

RESULTS AND DISCUSSION

PS/PMMA Immiscible Blend

PS (M, = 190000, M,, = 197600) and PMMA (M, = 46400, M,, = 93000) was blended at 5:5 ratio and spin-
coated on a cover glass as the test specimen. The glass transition temperature (7,) of each polymer was measured
by differential scanning calorimetry (DSC). 7, of 107°C was obtained for PS, while that of 108°C was for
PMMA. As imagined from the close coincidence of T, they are mechanically similar to each other at room
temperature. This is experimentally verified by conventional tapping-mode AFM imaging as shown in Fig. 2.
The free amplitude of the cantilever was 40 nm and the amplitude setpoint was about 0.73. The spring constant
of the cantilever, £ was measured to be 2.4 N/m. One can hardly distinguish the difference between the phase
values on the island and matrix (at most 1° on average). The drive frequency of the AFM cantilever used in this
experiment was 63 kHz. The mechanical responses of both polymers to such a high frequency must be
negligible™!. On the other hand, the result of the nano-mechanical mapping is shown in Fig. 3. It was possible to
clearly distinguish the difference in the deformation and Young’s modulus images. The measured k£ was 1.7 N/m
and the force-distance curves were obtained at the scan rate of 6.5 Hz. Ay, was set to be 20 nm. The average
Young’s modulus on the island was 3.5 GPa and that on the matrix was 2.5 GPa. We can conclude that our nano-
mechanical mapping can be successfully used to map the very subtle difference in the modulus value. Since the
matrix is softer, the deformation is larger, resulting in the higher contrast in the true height image. Figure 4 show
the relationship between apparent height, true height and sample deformation. From this discussion, it was also
inferred that tapping-mode height image shown in Fig. 2(a) was not the true height, though the tapping force was
much smaller than the trigger force used for Fig. 3. Although data are not shown here, it was performed the
similar measurement using the softer cantilever (0.06 N/m) to map the difference in adhesive interaction. The
island showed the larger adhesive force due to hydrophilic interaction with the AFM probe made of Si. The
surface of the probe is somewhat oxidized and therefore rather hydrophilic. According to these results, we could
judge that the island is composed of PMMA and the matrix is composed of PS.
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Fig. 2 Tapping-mode AFM images of PS/PMMA immiscible blend (scan size: 1.0 pm):
(a) topographic and (b) phase-contrast images
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0 nm, 8 nm, 2.0 GPa

Fig. 3 Nano-mechanical mapping of PS/PMMA immiscible blend (scan size: 1.0 um): (a) apparent
topographic (scale bar: 0—10 nm), (b) deformation (scale bar: 8—18 nm), (c) true topographic (scale bar:
0-10 nm) and (d) Young’s modulus (scale bar: 2.0-5.0 GPa) images
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Fig. 4 The cross-sectional profiles of apparent height (dashed line) and true height (solid line)

47



48 T. Nishi et al.

Reactive-compatibilized POE/PA6 Blend """

Compatibilization of immiscible polymer blends is a convenient way for obtaining high-performance polymeric
materials. For this purpose the following two methods are usually used: one is the addition of premade block or
graft copolymer during mixing of the immiscible blends, and the other is reactive compatibilization in which the
block or graft copolymer is formed in situ at the interfacial regions. The pre-added or in sifu formed copolymer
is believed to play the role of an emulsifier, which promotes compatibilization and increases interfacial adhesion
between the immiscible polymers. Therefore, investigation of the polymer-polymer interface in such blends has
been a long-standing academic and technological challenge. TEM is an important technique for characterization
of the interfacial morphology. The interfacial thickness and emulsified region can be measured by examining the
cross section of the interface!*”!. However, staining is usually necessary for contrast, limiting the types of model
polymers available for testing. For some polymer pairs such as polyolefin/nylon and polyolefin elastomer/nylon,
the double-staining technique is necessary to deeply stain the interface to get better contrast'™), which
sometimes is difficult or inconvenient to perform. Most importantly, TEM never catch mechanical information
on the constituting polymers and interfacial regions. We used the above-mentioned nano-palpation AFM to
investigate this subject.

Uncompatibilized POE/PA6 (80/20) and reactive-compatibilized POE grafted maleic anhydride/PA6
(POE-g-MA/PA6) (80/20) blends were prepared with a micro twin-screw extruder.The resulting blends were
first cut using an ultramicrotome at —120°C to obtain a flat surface. The formation of block or graft copolymer
by coupling reaction between anhydride/amine leads to a fine morphology and increases the interfacial adhesion
of such immiscible blends. The tapping-mode topographic images of uncompatibilized and compatibilized
specimens are shown in Fig. 5. As expected, the dispersion and particle size of the dispersed phase PA6
becomes homogeneous and displays a very fine dispersion due to the reactive compatibilization. MA groups in
compatibilizer react with amine groups in PA6 to form copolymers, which induces a drastic decrease in
interfacial tension and suppression of coalescence between the originally immiscible polymer phases.

3200 nm

Ny ®.

Fig. 5 Tapping-mode topographic images of (a) uncompatibilized POE/PA6 (scan size: 12.0 pm) and
(b) reactive-compatibilized POE-g-MA/PAG6 (scan size: 10.0 pm)

Figure 6 shows the Young’s modulus map of uncompatibilized POE/PA6 and reactive compatibilized
POE-g-MA/PA6 blends. Note that the scan area is decreased to 500 nm to focus on the interface between a
particle and a matrix. The left half area in Fig. 6(a) and the right half area in Fig. 6(b) show higher Young’s
modulus and are assigned to the disperse phase PA6 component, while the matrix areas show lower modulus are
assigned to the POE or grafting POE component. The Young’s modulus calculated via the &~F plot is (2.9 £ 1.1)
GPa for PA6 component and (25.5 £ 10.3) MPa for POE or grafting POE component. The Young’s modulus of
both PA6 and POE components agrees well with bulk modulus (PA6: (2.5 £ 0.9) GPa; POE and POE-g-MA:
(23.5 £ 11.1) MPa). Thus, we may claim that the nanomechanical mapping technique is successful for
identifying the composition in those blends.



Structure and Dynamics of Polymeric Materials in Nano-scale 49

10.0
9.5
9.0
8.5
8.0

IgE (Pa)

7.5
7.0

Fig. 6 Nano-mechanical Young’s modulus images of (a) uncompatibilized POE/PA6 (scan
size: 500 nm) and (b) reactive-compatibilized POE-g-MA/PAG6 (scan size: 500 nm)

As shown, the interface between the POE andPA6 in uncompatibilized blend is smooth and flat, whereas
for the compatibilized blends the interface becomes quite rough after the same processing. Some parts of the
POE domain appear to have pinched off at the interface and moved into the PA6. We approximately localize the
roughening zone using two dashed lines in Fig. 6(b). The magnitude of the width of the roughening zone is
about 70 nm. A line section across the interface indicated by the solid line in Fig. 6 shows the transition between
Young’s modulus of the two polymer phases in uncompatibilized blend is sharp while it becomes much wider in
the compatibilized blend (Fig. 7). We call the transition distance that Young’s modulus increases from that of
POE to that of PA6 as the interfacial width. The interfacial width for uncompatibilized blend is ca. 12 nm and,
after reactive compatibilization, it increases to ca. 31 nm. It should be noticed that the occurrence of the
interfacial width in the uncompatibilized blend is probably caused by small Flory’s interaction parameter () or
thermal fluctuations® 27, In conclusion, nano-palpation AFM enables us not only to measure the Young’s
modulus map of the blend components but also to quantitatively discuss the interfacial morphology, the
interfacial width and its mechanical property.
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Fig. 7 Line profiles (a) and (b) along the solid lines in Figs. 6(a) and 6(b), respectively

Visualization of Viscoelasticity
As reviewed above, we established a nano-mechanical properties mapping method, in which force-distance
curves are measured at various points of the sample surface and elastic properties given by the curve and elastic
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mechanics model are mapped as a two dimensional image on nanometer scale. While this technique showed
great usefulness to investigate nanomechanical properties of various elastic materials, Hertz and JKR theories of
elastic mechanics, mostly adopted in the analyses, do not take viscoelasticity into consideration. However, we
found force-distance curves on viscoelastic materials deviate largely from those theories!"™ '®). Here we describe
the method to visualize viscoelastic properties. We prepared natural rubber/isoprene-co-isobutene rubber (IIR)
7:3 blend as a model specimen. Glass transition temperature of NR and IIR is =70°C and —10°C, respectively.
Therefore NR acts as an elastic body and IIR is viscoelastic at room temperature.

Figure 8(a) shows the topographic image derived in the measurement. Analyzing every curve with Egs. (6)
and (7), the distribution of Young’s modulus and adhesive energy can be derived. Figure 8(b) is the Young’s
modulus image. Although data not shown for the adhesive energy, quite a similar contrast was obtained for the
image of total energy dissipation, that is, the area enclosed between the loading and unloading curves. The truth
of the matter is that the total energy dissipation image is very much affected by the strength of adhesive force. In
any case, we succeeded in clearly visualizing the differences of NR/IIR. Softer but more adhesive domains are
IIR and the harder but less adhesive matrix is NR. Several rigid particles whose diameter is around 100 nm
should be zinc oxide (ZnO) added for vulcanization.
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Fig. 8 Images of a NR/IIR blend derived from nano-palpation mapping with 128 x 128 force-distance

curves: (a) apparent topographic, (b) Young’s modulus, (c) total energy dissipation images and (d) the
image of the deviated work from JKR theory
The scan size was 2.0 um.

However, while JKR curves fit well to the experimental data at NR region, they deviate largely at IIR
region. Typical curves at NR matrix and IIR domain are shown in Fig. 9 as well as that of ZnO. It is natural to
assume viscoelasticity caused the deviation at [IR. Thus we calculated the area encircled by the theoretical curve
(solid grey line in Fig. 9) and experimental unloading data (open circles) of every force-distance curve and
mapped the result onto two dimensional coordinate in Fig. 8(d). Note that two-point method only uses balance
and maximum adhesion points for the calculation. The derived image shown in Fig. 8(d) clarifies the difference
of viscoelasticity between NR and IIR. It gave larger value on IIR region while almost zero on the region of NR
and ZnO. We may claim that the deviation mapping from elastic model can be an easy technique to visualize the

distribution of viscoelasticity. This technique requires no further procedures or difficulty than conventional
force-mapping measurement.
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Fig. 9 Typical force-separation curves at (a) ZnO particle, (b) NR matrix and (c) IIR domains

The open triangles and circles are experimental data obtained during loading and unloading,
respectively; The lines are theoretical curves based on JKR two-point method.

CONCLUSIONS

The nano-palpation technique, i.e., nanometer-scale elastic and viscoelastic measurements based on AFM, was
introduced. It is demonstrated to be very useful in analyzing nanometer-scale materials properties for the
surfaces and interfaces of various types of soft materials. It enables us to obtain not only structural information
but also mechanical information about a material at the same place and at the same time. We also demonstrated
the possibility to visualize viscoelastic property as the deviated work from the framework of elastic theory.

REFERENCES

1 Binnig, G., Quate, C.F. and Gerber, Ch., Phys. Rev. Lett., 1986, 56: 930

2 Nakajima, K., Yamaguchi, H., Lee, J.C., Kageshima, M., Ikehara, T. and Nishi, T., Jpn. J. Appl. Phys., 1997, 36: 3850

3 Terada, Y., Harada, M., Ikehara, T. and Nishi, T., J. Appl. Phys., 2000, 87: 2803

4 Komura, M., Qiu, Z., Ikehara, T., Nakajima, K. and Nishi, T., Polym. J., 2006, 38: 31

5 Nakajima, K. and Nishi, T., in “Current topics on elastomers research”, ed. by Bhowmick, A.K., CRC Press, New York,

2008, p. 579

6 Nakajima, K. and Nishi, T., in “Polymer physics-from suspensions to nanocomposites and beyond”, ed. by Utracki, L.A.
and Jamieson, A.M., John Wiley & Sons, New Jersey, 2010, p. 129
Nukaga, H., Fujinami, S., Watabe, H., Nakajima, K. and Nishi, T., Jpn. J. Appl. Phys., 2005, 44: 5425

8 Watabe, H., Komura, M., Nakajima, K. and Nishi, T., Jpn. J. Appl. Phys., 2005, 44: 5393
Nakajima, K., Fujinami, S., Nukaga, H., Watabe, H., Kitano, H., Ono, N., Endoh, K., Kaneko, M. and Nishi, T.,
Kobunshi Ronbunshu (in Japanese), 2005, 62: 476

10 Nishi, T., Nukaga, H., Fujinami, S. and Nakajima, K., Chinese J. Polym. Sci., 2007, 25(1): 35



52

11
12
13

14

15
16
17

18
19
20
21
22
23
24
25
26
27

T. Nishi et al.

Kitano, H., Yamamoto, A., Niwa, M., Fujinami, S., Nakajima, K., Nishi, T. and Naito, S., Composite Interf., 2009, 16: 1
Wang, D., Fujinami, S., Nakajima, K. and Nishi, T., Macromolecules, 2010, 43: 3169

Wang, D., Fujinami, S., Nakajima, K., Inukai, S., Ueki, H., Magario, A., Noguchi, T., Endo, M. and Nishi, T., Polymer,
2010, 51: 2455

Wang, D., Fujinami, S., Nakajima, K., Niihara, K., Inukai, S., Ueki, H., Magario, A., Noguchi, T., Endo, M. and

Nishi, T., Carbon, 2010, 48: 3708

Nagali, S., Fujinami, S., Nakajima, K. and Nishi, T., Compos. Interf., 2009, 16: 13

Nishi, T., Nagai, S., Fujinami, S. and Nakajima, K., Chinese J. Polym. Sci., 2009, 27(1): 37

Nishi, T., Fujinami, S., Nakajima, K., Sugimori, H., Hatta, M., Weber, M. and Jinnai, H., J. Phys. Conference Series,
2009, 184: 1

Wang, D., Fujinami, S., Liu, H., Nakajima, K. and Nishi, T., Macromolecules, 2010, 43: 5521

Landau, L. and Lifchitz, E., “Theory of elasticity”, Mir, Moscow, 1967

Johnson, K.L., Kendall, K. and Roberts, A.D., Proc. R. Soc. Lond., 1971, A324: 301

Rimai, D.S., Demejo, L.P. and Bowen, R.C., J. Appl. Phys., 1990, 68: 6234

Sun, Y., Akhremitchev, B. and Walker, G.C., Langmuir, 2004, 20: 5837

Nakajima, K. and Nishi, T., J. Adhe. Soc. Jpn. (in Japanese), 2009, 45: 150

Koriyama, H., Oyama, H.T., Ougizawa, T., Inoue, T., Weber, M. and Koch, E., Polymer, 1999, 40: 6381

Li, H., Chiba, T., Higashida, N., Yang, Y. and Inoue, T., Polymer, 1997, 38: 3921

Zhang, J.B., Lodge, T.P. and Macosko, C.W., Macromolecules, 2005, 38: 6586

Lyu, S.P., Cernohous, J.J., Bates, F.S. and Macosko, C.W., Macromolecules, 1999, 32: 106




<<
  /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


