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Investigation on the Folding Mode of a Polymer Chain in a Spiral Crystal
by Single Molecule Force Spectroscopy
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Abstract Investigation on the folding mode of a single polymer chain in its crystal is significant to the understanding of the
mechanism of the fundamental crystallization as well as the engineering of new polymer crystal-based materials. Herein, we
use the combined techniques of atomic force microscopy (AFM) imaging and force spectroscopy to pull a single
polyethylene oxide (PEO) chain out of its spiral crystal in amyl acetate. From these data, the folding mode of polymer chains
in the spiral crystal has been reconstructed. We find that the stems tilt in the typical flat area, leading to the decrease in the
apparent lamellar height. While in the area of screw dislocation, the lamellar height gradually increases in the range of
several nanometers. These results indicate that the combined techniques present a novel tool to directly unravel the chain
folding mode of spiral crystals at single-molecule level.
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INTRODUCTION

Understanding the folding mode of polymer chains in the spiral crystal will shed light on the mechanism of
screw dislocation during crystallization!). The introduction of novel techniques, such as in situ atomic force
microscopy, modulated and high speed calorimetry, microbeam X-ray scattering, combination of standard
techniques in simultaneous measurements, or the use of new evaluation procedures in scattering experiments,
has expanded the knowledge on the lamellar twist, greatly?®®.. Nevertheless, the folding mode within the spiral
crystal is still not completely understood due to the relatively small amount of clear-cut experimental verification
at single-molecule level.

Single molecule force spectroscopy (SMFS) has become a powerful tool during the past decades with the
development of AFM!"-*, optical tweezers!”), magnetic tweezers!'”, bio-membrane force probe and other single-
molecule manipulation techniques. Those methods have enabled numerous single-molecule mechanical
researches in material and life sciences!''™'¥). Due to the fact that some force spectra can be correlated well with
the force-induced conformational change of single polymer chain, the force spectrum can also be termed as force
fingerprint of the specific polymer system, such as the saw-tooth pattern may represent the unfolding of multiple
polyproteins''" '¥, the sequential unbinding of RNA-protein complexes'™ or desorption of multiple polymer

* This work was financially supported by the National Natural Science Foundation of China (Nos. 20974039, 21221063 and
91127031), the National Basic Research Program (2013CB834503), the Program for New Century Excellent Talents in
Universities (NCET-11-0205).

** Corresponding author: Wen-ke Zhang (73 #}), E-mail: zhangwk@jlu.edu.cn

Invited paper for the special issue of “Polymer Crystallization”

Received March 10, 2014; Revised April 24, 2014; Accepted May 9, 2014

doi: 10.1007/s10118-014-1501-2



1150 Y. Song et al.

loops from the substrate!"”; long plateau-containing force curves may reflect the unfolding of the helical
structures''® '” or detachment of train-like polymer fragments from the substrate!'* '*],

In this study, we use AFM-based single molecule force spectroscopy to pull an individual PEO molecule
out of its spiral single crystal to directly establish the relationship between nanomechanical properties and
folding mode at single-molecule level. Single-molecule experiments were performed in typical flat area and the
area of screw dislocation in spiral crystal. In addition, SMFS results on PEO spiral crystals were compared with
those in normal single crystal, and different folding modes were identified for spiral crystal. These results have
deepened our understanding on the molecular structure of spiral crystals, and may be useful for establishing the
theoretical model of the formation mechanism of spiral crystals.

EXPERIMENTAL

Materials

Thiol-terminated polyethylene oxide (HS-PEO-OCHj;, 48.5 kg/mol) was purchased from Polymer Source Inc.
Amyl acetate, tetraoctylammonium bromide (TOAB), dimethylsulfoxide (DMSO), N-(o~maleimidoacetoxy)
succinimideester (AMAS) and molecular seize were purchased from Aldrich. Hexanedithiol was purchased from
Alfa. Potassium borohydride, HAuCl;4H,0O and sodium citrate were purchased from GuoYao. 3-
Aminopropyldimethylepoxysilane was purchased from Fluorochem, UK. All materials were used as received.

Preparation of PEO Spiral Crystals

PEO spiral crystals were obtained by self-seeding method. Briefly, 1 mg PEO was dissolved in 10 mL amyl
acetate at 60 °C for 10 min. The hot solution was then transferred to a water bath of rather low temperature
(5 °C) for 4 h. Then the polymer solution was heated to the seeding temperature (46 °C) with a heating rate of
1 K/min and held at this temperature for 10 min to form stable and uniform nuclei. Subsequently, the solution
was brought to the crystallization temperature (38 °C) and crystallized for 30 min. The suspension of PEO single
crystals were then deposited on to AMAS-modified glass surface and incubated for 10 min, after that the sample
was rinsed with amyl acetate.

Preparation of 5 nm Gold Nanoparticels

I mL of 1% HAuCl, and 2 mL of 0.03 mol/L sodium citrate were added to 50 mL of purified water with
vigorously stirring. Then, 1 mL of 0.1 mol/L KBH, was added. After stirring, the solution was left undisturbed
for 2 h. The average diameter of the nanoparticle was about 5 nm as measured by AFM.

Immobilization of 5 nm Nanoparticles on HS-PEO Spiral Crystal

1 g of 0.5% TOAB/amyl acetate was mixed with 2 g nanoparticle (5 nm). The mixture was vigorously stirred
and centrifuged for 10 min at 2000 r/min. Then, the organic phase was collected. Molecular seize was used to
remove the residual water. HS-PEO spiral crystals were directly deposited on AMAS-modified glass wafers. The
TOAB-protected nanoparticles dispersed in amyl acetate were dropped on the HS-PEO spiral crystal modified
glass surface and incubated for 1 h. After that, the fresh amyl acetate was used to wash away the free
nanoparticles!'”.

AFM Measurements and Single Molecule Force Spectroscopy

All experiments were performed on a NanoWizard II BioAFM (JPK Instrument AG, Berlin, Germany). For
force spectroscopy experiments, the spring constants of AFM cantilevers were calibrated in solution using the
thermal noise method to obtain the spring constant (typically around 60 pN/nm and 1000 pN/nm (for the
indentation and penetration experiment) for Si;N, cantilevers from Bruker Corp.; 30 pN/nm for Bio-lever,
Olympus Japan)*”. All experiments were carried out in amyl acetate at room temperature.

RESULTS AND DISCUSSION

Folding Mode of a Single PEO Chain in Typical Flat Area of Spiral Crystal
To detect the folding modes of polymer chains in their crystals, we picked them up individually from different



The Folding Mode in Spiral Crystal 1151

areas of the crystal surfaces (Figs. la and 1b) with the AFM tip as described in our previous study'"?"). In brief,
thiol labeled PEO spiral crystal was immobilized by one side on glass substrate, leaving the other side of the
crystal surface exposed for being picked up by the gold-coated AFM tip. Under the guidance of AFM imaging,
the AFM tip is located in (and contacted with) the specific area on the crystal surface, in which way the thiol end
of the polymer chain may get attached onto the AFM tip via gold-thiol chemistry; and then the corresponding
PEO chain could subsequently be pulled out of its single crystal during the retraction of the AFM tip.

1 um b
Fig. 1 Typical AFM images of PEO spiral crystal

Figures 2(a) and 2(b) show typical unfolding curves obtained in the normal flat area of PEO spiral crystals
in amyl acetate. The unfolding curve, especially in the middle region, shows a force plateau. The force plateau
region corresponds to transferring of the polymer fragments from the crystal phase to the outside of the crystal
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Fig. 2 Detection of the folding mode of a single PEO chain in typical flat area of spiral crystal: (a) Probing
positions (colored in green) on the typical area in SMFS experiments; (b) Typical unfolding traces at
velocity of 2 pm/s; (c) Histogram of unfolding forces in typical area of spiral crystal (colored in red) and
normal single crystal (colored in blue) and (d) Schematic drawing for folding modes



1152 Y. Song et al.

(or the amorphous phase), where the free energy change is proportional to the length of solvent-exposed polymer
fragment!'?. Although the shape of the force curves obtained in the flat area of spiral crystal and normal single
crystal are identical (indicative of regular folding of PEO chain in both systems), the plateau force in normal
single crystal is higher than the force in spiral crystal at the same pulling velocity. Histograms of unfolding
forces (Fig. 2¢) were plotted from statistical analysis on the average height of the force plateaus (pulling velocity
2 um/s). Gaussian fit gives the most probable forces of ~40.4 pN in spiral crystal and ~43.1 pN in normal single
crystal, respectively. When the polymer chains are unfolded, both unfolding mode (unfolding direction)™ % and
folded height (crystal height or thickness) will lead to different unfolding forces (Fig. 2d). Because the
crystallization temperature, which determined the height of crystal, is identical in these two experiments®*, we
anticipate that the difference in the plateau force should mainly be ascribed to the different folding/unfolding
modes. From the previous work on DNA pulling, we know that the unfolding force in unzipping loading is much
lower than that in uniformly shear loading!*’). If the stem is tilt relative to the pulling direction (bottom picture in
Fig. 2d), the unzipping mode will appear, as a result the unfolding force will decrease. This hypothesis is proved
by investigating the single-molecule melting/unfolding force of PEO single crystal immobilized onto the tilted
plane. As shown in Fig. 3, the unfolding force in this case is ~38 pN, which is smaller than that obtained on
normal single crystal immobilized on flat silicon surface (~43 pN). Considering the fact that the spiral crystals
have been immobilized on flat silicon surfaces and the pulling direction is mostly perpendicular to the crystal
surface, we can derive that the stems in the spiral crystal are tilted.
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Fig. 3 Unfolding a single PEO chain from single crystal immobilized on an tilted plane: (a)
2-D AFM image of micro-grid; (b) 3-D AFM image of micro-grid and (c) Histogram of
unfolding force of single crystal on tilted plane (The inset shows the pulling direction relative
to the crystal sample and the surface.)

To further support the previous conclusion, we measured the height (i.e., the thickness) of single-crystal
layer, which will decrease when the stem is tilt. The height of single-crystal layer was estimated by indentation
experiment, where the AFM tip contacts with the spiral crystal (Fig. 4a) at a constant velocity of 1 um/s. During
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the indentation process, a pressure gradient is applied onto the single crystal by the AFM tip. The crystal is
elastically deformed, until a sudden drop of tip position appears, which indicates a defined penetration of the tip
through the single-crystal layer™ 7). At last, the AFM tip touches the solid substrate the force increases linearly
again. We call the distance between the first contact of AFM tip with the crystal and the contact of AFM tip with
the substrate the breakthrough distance, which is equal to the height of the crystal. Histograms of crystal height
(Fig. 4b) are plotted from statistical analysis of the approaching curves. Gaussian fit gives the most probable
height of 9.0 nm, which is lower than the height of the PEO single crystal (9.7 nm) prepared at the same
temperature, indicating the tilt of PEO stem in spiral crystals.
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Fig. 4 The determination of crystal height by indentation and penetration experiments: (a) The
superimposed indentation curves obtained in flat area on a spiral crystal with an approaching velocity
of 1 um/s (Inset shows a schematic illustration of the indentation and penetration process.) and (b)
Histogram of crystal height of the single layer

Folding Mode of a Single PEO Chain in the Area of Screw Dislocation

Apart from the typical flat area of spiral crystal, we have also investigated the folding modes of PEO chains in
the area of screw dislocation (Figs. 5a and 5b). Force curves with rising slopes have been obtained in most of the
unfolding traces (65% of 500 curves), which were much less (only 14% of 1662 curves) in normal single crystal.
The rest 35% of curves show flat plateau with the probable force of 40.5 pN, as obtained in typical area of spiral
crystals. To find out the magnitude of tilt more accurately, histograms of average forces in the range of
50—-100 nm, 100-150 nm, 150—200 nm and 200-250 nm are built respectively, as shown in Figs. 5(c) and 5(d).
The most probable forces increase with the extension, and the probable force was 40.7 pN, 41.5 pN, 44.0 pN and
47.8 pN, respectively. The initial range shows the same force as that in typical flat area, while the force in the
range of 200—250 nm is much higher than that in typical area of spiral crystal or single crystal, indicating the
gradual increase of crystal height in the region of screw dislocation.

To further prove our hypothesis, the pulling experiment was performed by using a more defined
experimental design (nanoparticle positioning)*!). The free thiol ends on PEO spiral crystal surface were first
labeled by gold nanoparticles via thiol-gold chemistry. The gold-coated AFM tip modified with hexanedithiol,
leaving the thiol ends on the tip surface, was then positioned over the specific nanoparticle by AFM imaging (the
particle marked by the blue circle in Fig. 6a), after which the corresponding PEO chain could be pulled via the
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manipulation of the attached gold nanoparticle. The absence of the specific nanoparticle in the subsequent AFM
imaging (Fig. 6¢) indicates that the force signal obtained during the manipulation of nanoparticle (Fig. 6b) does
correspond to the pulling of the PEO chain out of its single crystal. Because the density of thiol on crystal
surface will increase with the increase of crystal height, the number of PEO chains attached on to a gold
nanoparticle will increase accordingly (Fig. 6d). Different from the pulling on typical lamellar single crystal and
the typical flat area of spiral crystal, where only 16% and 17.6% of force plateaus are ~80 pN, 48.5% of force
plateaus obtained in the area of screw dislocation are ~80 pN, corresponding to the stretching of double HS-PEO
chains attached to a single nanoparticle. This observation proves that the height of the spiral crystal get increased
on the area of screw dislocation.

Indentaion and penetration experiments were also used to reveal the change of crystal height in the area of
screw dislocation. Figure 7 shows that the height of single-crystal layer gradually increases from the typical area
to the screw dislocation area.
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Fig. 5 Folding mode of a single PEO chain on the area of screw dislocation: (a) Probing positions
on the area of screw dislocation (colored in green) in SMFS experiments; (b) Typical unfolding
traces at velocity of 2 um/s and (c, d) Histograms of average unfolding forces in the range of
50-100 nm (pink), 100—150 nm (yellow), 150-200 nm (purple) and 200-250 nm (blue)
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Fig. 6 SMFS experiment on gold-nanoparticle labeled single crystal: (a) Part of the single crystal was
imaged first to locate the nanoparticle, the selected nanoparticle marked by the blue circle was then
picked up by the AFM tip. (b) The corresponding force-extension signal was recorded. (c) The same
part of single crystal was imaged again and the marked nanoparticle has disappeared. (d) Schematic
drawing for the relationship between crystal height and density of thiol on crystal surface.
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Fig. 7 Crystal height measured by indentation and penetration experiments: (A) Probing positions
in the typical area and screw dislocation area of spiral crystal and (B) The superimposed typical
curves obtained on spiral crystal with an approaching velocity of 1 pm/s
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Fig. 8 Schematic diagram for possible folding mode in spiral crystal
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CONCLUSIONS

The folding mode of a PEO chain in its spiral crystal has been explored for the first time at single molecule level
by a good combination of single-molecule force spectroscopy and AFM imaging. The results demonstrate that
the folded stems tilt in the typical area and the crystal height increases in the area of screw dislocation (Fig. 8).
The obtained information may be useful for the interpretation of the formation mechanism of spiral crystal. We
believe that the method established here can offer a novel strategy to investigate the polymer crystallization and
folding mode in other polymer materials at single-molecule level.

REFERENCES
1 Song, Y., Feng, W., Liu, K., Yang, P., Zhang, W.K. and Zhang, X., Langmuir, 2013, 29: 3853
2 Cao, Y., Van Horn, R M., Sun, H.J., Zhang, G.L., Wang, C.L., Jeong, K.U., Auriemma, F., De Rosa, C., Lotz, B. and

Cheng, S.Z.D., Macromolecules, 2011, 44: 3916

3 Duan, Y.X., Zhang, Y., Yan, S.K. and Schultz, J.A., Polymer, 2005, 46: 9015

4 Lotz B. and Cheng, S.Z.D., Polymer, 2005, 46: 577

5 Wang, F.D., Ruan, J.J., Huang, Y.F. and Su, A.C., Macromolecules, 2011, 44: 4335

6 Ye, HM., Wang, J.S., Tang, S., Xu, J., Feng, X.Q., Guo, B.H., Xie, X.M., Zhou, J.J., Li, L., Wu, Q. and Chen, G.Q.,
Macromolecules, 2010, 43: 5762

7 Binig, G., Quate, C.F. and Gerber, C., Phys. Rev. Lett., 1986, 56: 930

8 Rief, M., Gautel, M., Oesterhelt, F., Fernandez, J.M. and Gaub, H.E., Science, 1997, 276: 1109
Ashkin, A., Schiitze, K., Dziedzic, J.M., Euteneuer, U. and Schliwa, M., Nature, 1990, 238: 346

10 Smith, S.B., Finzi, L. and Bustamante, C., Science, 1992, 258: 1122

11 Li, H.B. and Cao, Y., Accounts Chem. Res., 2010, 43: 1331

12 Li, L.T.S. and Walker, G.C., J. Am. Chem. Soc., 2010, 132: 6530

13 Zhang, W.K. and Zhang, X., Prog. Polym. Sci., 2003, 28: 1271

14 Oesterhelt, F., Oesterhelt, D., Pfeiffer, M., Engel, A., Gaub, H.E. and Muller, D.J., Science, 2000, 288: 143

15 Liu, N.N,, Peng, B., Lin, Y.A., Su, Z.H., Niu, Z.W., Wang, Q.A., Zhang, W.K., Li, H.B. and Shen, J.C., J. Am. Chem.
Soc., 2010, 132: 11036

16 Rief, M., Clausen-Schaumann, H. and Gaub, H.E., Nat. Struct. Biol., 1999, 6: 346

17 Zhang, Q.M., Lu, Z.Y., Hu, H., Yang, W.T. and Marszalek, P.E., J. Am. Chem. Soc., 2006, 128: 9387

18 Geisler, M., Netz, R.R. and Hugel, T., Angew. Chem. Int. Edit, 2010, 49: 4730

19 Li, B.and Li, C.Y., J. Am. Chem. Soc., 2007, 129: 12

20 Florin, E.L., Rief, M., Lehmann, H., Ludwig, M., Dornmair, C., Moy, V.T. and Gaub, H.E., Biosens. Bioelectron.,
1995, 10: 895

21 Liu, K., Song, Y., Feng, W., Liu, N.N., Zhang, W.K. and Zhang, X., J. Am. Chem. Soc., 2011, 133: 3226

22 Keten, S. and Buehler, M.J., Nano Lett., 2008, 8: 743



The Folding Mode in Spiral Crystal 1157

23 Kufer, S.K., Puchner, E.M., Gumpp, H., Liedl, T. and Gaub, H.E., Science, 2008, 319: 594

24 Zheng, J].X., Xiong, H.M., Chen, W.Y ., Lee, K.M., Van Horn, R.M., Quirk, R.P., Lotz, B., Thomas, E.L., Shi, A.C. and
Cheng, S.Z.D., Macromolecules, 2006, 39: 641

25 Butt, H.J. and Franz, V., Phys. Rev. E., 2002, 66: 031601

26 Goncalves, R.P., Agnus, G., Sens, P., Houssin, C., Bartenlian, B. and Scheuring, S., Nat. Methods, 2006, 3: 1007

27 Loi, S., Sun, G., Franz, V. and Butt, H.J., Phys. Rev. E, 2002, 66: 031602




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


