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Summary

Novel ampholytic terpolymer of N-vinylformamide (NVF), vinylamine (VAm) and
sodium acrylate (NA) with low cationic proportion was obtained by hydrolyzing
copolymer of NVF and NA (PNVFNA). Solution properties of the polymer were
investigated by methods of turbidity and viscosity experiment. The effect of sodium
dodecyl sulfate (SDS) on solution viscosity was also investigated. The results showed
that the turbidity curves were bimodal, and pH 3.0 was determined as the isoelectric
point (IEP). At high salt concentration, polyampholyte effect was noticeable at [EP in
viscosity experiment. Although the proportion of VAm in polyampholyte was lower,
the solution properties were influenced markedly in the presence of SDS. At IEP, the
viscosity increased more rapidly as salt concentration increased when 10 mol/L SDS
contained in solution. A mechanism of SDS bound to positive sites on the collapsed
globule surface was suggested.

Introduction

Polyampholytes carrying anionic and cationic charge groups on the polymer backbone
[1] have attracted widespread interest because of complex solution properties and
application in various fields of biotechnology [2] and medicine [3]. Ampholytic
polymers in dilute solutions typically exhibit unique globule-to-coil transitions with
increasing low-molecular-weight electrolyte concentration. Such transitions are
accompanied by increases of the hydrodynamic volume and solution viscosity, which
is called the antipolyelectrolyte effect or polyampholyte effect [1, 4]. Electrostatic
interactions are primary importance for polyampholyte solubility and solution
properties. Factors such as charge density, charge asymmetry, charge spacing and
distribution, and solution ionic strength are all critical parameters [5].

The pH responsible systems are often called annealed polyampholyte [6], recently,
such polyampholytes have caused much attention for application requiring triggerable
changed in the solution viscosity [7-10]. Vinyl groups with tertiary amines are
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commonly used as pH-responsive cationic monomers [11, 12], whereas they can
exhibit hydrophobicity at certain pH value. Polyvinylamine (PVAm) is an attractive
polymer because of the very high content of primary amine groups. These both are
a source of reactive centers and are readily protonated in water, giving a highly
cationic polymer [13-15]. PVAm has been synthesized only via indirect routes, which
hydrolysis of Poly (N-vinylformamide) (PNVF) is the most convenient method to
produce PVAm [16]. However, there were little reports of polyampholytes with
vinylamine as cationic units.

In the present paper, low cationic proportion polyampholytes of Poly (N-vinylamine-
vinylformaminde -sodium acrylate) (PVAmNVFNA) were obtained from the
hydrolization of Poly (N-vinylformamide-sodium acrylate) (PNVENA) [17]. The
structure of the copolymers was characterized by *C NMR, and the dilute solution
properties of polyampholyts were investigated by methods of turbidity and viscosity
experiment. Interactions between Sodium dodecyl sulfate (SDS) and PVAmNVFNA
were also studied by viscosity experiment.

Experiment

Materials

Acrylic acid was purified by distillation. 2, 2’-Azobis (N, N’-dimethylene-
isobutyramidine) dihydrochloride (VA-044) (Wako Chemicals Inc.) and NVF
(98%)(Aldrich) were used as received. Sodium dodecyl sulfate (SDS) was
recrystallized from ethanol twice. All other reagents were analytical grade, and
without further purification to use.

Synthesis

The copolymers of PNVFNA were prepared in an aqueous solution at 45°C using
0.1 mol % VA-044 as the initiator. The total monomer concentration was held
constant at 10 wt% in each reaction. After a designated time, the resulting polymer
solution was precipitated into acetone. The polymers were further purified by
reprecipitation into acetone followed by drying in the oven.

Hydrolysis

The PNVFNA precursor copolymers were subjected to alkali hydrolysis maintained
solution pH > 12 at 80°C for 24h. The hydrolysate was neutralized to pH 7~8,
discharged to dialysis tubing (Mn cut-off=8000~15000 g/mol) and dialyzed for
1 week, with the dialysis water being changed every 24h. The purified copolymers
were isolated from water via lyophilization.

NMR Experiment

The sample for NMR spectroscopy analysis was dissolved in D,O. *C NMR spectra
were obtained at Bruke AV 600MHz NMR spectroscopy. For the quantitative
determination of the polymer composition, a gated decoupled pulse sequence with
a 6.70 s relaxation delay was used to suppress nuclear Overhauser effect.
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Size Exclusion Chromatography Experiment

Aqueous size exclusion chromatography (SEC) system was comprised of a Waters
515 HPLC pump, two columns (a guard column and Ultrahydrogel-2000 and
Ultrahydrogel-1000 column from Waters) connected in series, and Waters 2414
refractive index detector. All the analysis was conducted at 30°C. Poly (sodium
acrylate) standards (Mp 900~1100000 g/mol) were used with a mobile phase of 0.1M
NaNOj; aqueous solution for PNVFNA and 0.2M Na,SO, (SmM sodium phosphate
buffer, pH 7.5) aqueous solution for PVAmMNVFENA at a flow rate of 0.5 mL/min.

Turbidity

The pH value of polymer solution was adjusted by 0.1 mol/L. NaOH aqueous solution
and hydrochloric acid. Turbidity measurements were carried out at 280nm, using
Lambda 900 UV/VIS/NIR Spectrometer (PerkinElmer Instruments), at ambient
temperature.

Viscometry

Reduced viscosity was made at 25 + 0.1°C with an Ubbelohde dilution-type
viscometer, and all the flow time was above 100s.

Results and Discussion

Synthesis and Characterization

The copolymer of NVF and NA was synthesized firstly using water-soluble VA-044
as initiator, and then hydrolyzed to form low cationic proportion polyampholyte. The
structure of PNVFNA was characterized by *C NMR (shown in Figure 1), and the
composition of copolymers was calculated from the integral area of the chemical shift
at 183.61 ppm (COQO), 166.37 ppm and 163.15 ppm (CHO). The molecular weight
and polydispersity (PDI) of copolymers were determined by aqueous SEC, and the
results were listed in Table 1. As shown in Table 1, the composition in copolymers
is similar to that of in feed and low cationic proportion polyampholyte
(PVAmMyNVF5sNA) is successfully synthesized.
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Fig.1. Representative inverse gated decouple *C NMR spectrum of PNVF3,NA¢q in D,0.
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Table 1. Monomer feed ratios and copolymer compositions for PNVFNA and PVAmNVFNA.

NVF (in feed, NVF (in polymer, VAm (in polymer, =~ Mw  PDI

mol %) mol %) mol %) (107)
PNVF3,NAgg 40 34.4 0 54 4.87
PNVF;,NAq 80 71.8 0 53 4.07
PVAmM, NVF;;NAg - 30.6 412 44 -

Turbidity titration

Figure 2 shows the relationship between the polymer concentration and the amount of
salt with polymer solution and turbidity. At the isoelectric point (IEP), the
polyampholyte solution is expected to show maximal turbidity. However, the shape of
each curve exhibits two maxima and one minimum, and pH 3.0 is considered as IEP
of PVAmMyNVF,5sNAgs. The similar phenomenon was also observed by C. S. Patrickios
[18]. A possible explanation provided by them: as the excess charge is very small, the
electrostatic repulsion is too weak to inhibit aggregation but sufficient to increase the
spacing of the components of an aggregate compared with the isoelectric point. As
seen in Figure 2, turbidity is increased with increase of salt and polymer
concentration, but the IEP is not shifted. The turbidity experiment couldn’t carry out
at higher polymer concentration (> 0.05 g/L) because the precipitation took place
immediately around the IEP. The 0.02 g/L polymer solution could stabilize several
hours at IEP, thus the concentration was selected to investigate the effect of salt
concentration on the turbidity as well as viscosity experiments except specially
mentioned.

—=a—0.02g/L polymer, OM NaCl
—aA— 0.02g/L polymer, 0.1M NaCl
—o—0.05g/L polymer, OM NaCl
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Fig.2. Effect of salt and polymer concentration on turbidity curves of PVAmMgNVFsNA.

Viscosity analysis of polyampholyte solution

Figure 3 shows the effect of salt concentration on reduced viscosity as a function of
solution pH of PVAmMgNVFsNAg. The reduced viscosity shows an unconspicuous
lowest point around pH 3.0, and increases rapidly as pH > 3.0 in the absence of salt.
When pH is lower than 3.0, the polymer carries positive charge, and the reduced
viscosity is little changed because of VAm fully protonized under pH 3.0. In contrast,
the polymers take negative charge above IEP; the polymer chain expansion due to
electrostatic repulsion and cause the reduced viscosity to increase.
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Fig.3. Effect of salt concentration on reduced viscosity as a function of solution pH of
PVAmgNVFzsNA65, Cpolymer: 0.02 g/L
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Fig.4. Effect of salt concentration on reduced viscosity as a function of solution pH of
PVAm41NVF31NA28, Cpolymer: 0.02 g/L

In Figure 3, the viscosity decreases as salt concentration increases when pH >3.0,
which is attributed to polyelectrolyte effect. As mentioned by C.L. McCormick [1],
the IEP represents the pH at which the polyampholyte is electrically neutral and also
at this point the copolymer is in its most compact conformation as reflected by the
minimum in reduced viscosity. Figure 4 shows effect of salt concentration on reduced
viscosity verse solution pH of PVAm4NVF3;NAy. The minimum viscosity exhibits
about at pH 8.5, and so the IEP of PVAm, NVF;NAyg is considered as pH 8.5.
Compared PVAmyNVF;NAy (shown in Figure 4) with PVAmMgNVF,5sNAg,
polyelectrolyte effect is also evident above or below IEP, and at IEP the reduced
viscosity increases along with salt concentration increase, meaning that
polyampholyte effect is also visible. Michael J. Fevola et al. [12] had stated that the
magnitude of coil expansion (as implied from the viscosity increase) became greater
with increasing ionic comonomer content because of greater electrostatic interactions
at higher charge densities. At pH 3.0, 9.4mol % VAm units (pKa 8.4) [20, 21] are
protonized, and 9.2mol % NA (pKa 4.75) units exists [22]. Therefore, for
PVAmMyNVF,sNAg, one of reason for unnoticeable viscosity increase is low ionic
proportion at IEP. As shown in Figure 5, viscosity increase is small when salt
concentration is below 0.1 mol/L, while viscosity increase is obvious at higher salt
concentration. Considered this fact, another reason for unconspicuous viscosity
increase in Figure 3 is low salt concentration used.
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Fig.5. Reduced viscosity as a function of salt concentration at the IEP of PVAmMyNVF,5NA¢q
compared without SDS with 10 mol/L SDS, Cpotymer= 0.02 g/L.

Viscosity analysis of polyampholyte interaction with anionic surfactant (SDS)

Interactions between polyampholyte and surfactants are also extensively studied due
to their applications in industrial and biological processes [23]. The interaction
between PVAm and SDS had been studied by S. M. Bystryak [24] and S. Q. Zhou
[25], and the results showed that SDS strongly influenced the properties of PVAm.
The effect of SDS on low cationic polyampholyte solution viscosity was detected in
this section.

Table 2 shows copolymer solution viscosity as a function of SDS concentration at
pH 2.5, 3.0 and 5.0. At pH 5.0, the reduced viscosity decreases obviously after adding
SDS, from 61.9 to 13.52. The reason is that Na' releases from surfactant after SDS
binding to positive units, and hence electrostatic repulsion is screened to some extent.
In the case of below the critical micelle concentration (CMC) of SDS (8.5 mM),
viscosity increases as SDS increases. The charged surfactant binds to polyampholyte
chain as shown in Scheme 1 (a), and causes coil expansion because of residual
negative charge. However, micelles are formed above the CMC of SDS, and binding
intramolecluar micellar as shown in Scheme 1(b) makes polyampholyte coil collapse
and the viscosity decrease. J. Greener et al. [26] stated that the “cross-linking”
association as shown in Scheme 1(c) contributed port of viscosity increase, whereas it
couldn’t explain viscosity increase at pH 2.5 for no micelle formed under low SDS
concentration used.

Table 2. Effect of SDS concentration on reduced viscosity at pH 2.5, 3.0 and 5.0 of
PVAmMyNVF,sNA in the absence of salt, Cpqjyme= 0.02 g/L.

SDS s (dL/g)
(mol/L) pH2.5 pH 3.0 pH 5.0
0 2.51 0.09 61.90
10° 2.45 1.47 13.52
5x107 14.92 14.18 18.99

102 17.31 17.04 16.51
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Figure 5 also shows viscosity versus NaCl concentration compared without SDS
with 10°mol/L SDS at the IEP of PVAmMyNVF,sNA. The reduced viscosity increases
with increasing salt concentration in spite of adding SDS, however, the magnitude of
the slopes which indicates the extent of conformational change induced by the
addition of electrolytes [27] is great difference. At higher salt concentration without
SDS, reduced viscosity increases distinctly, indicating classic polyampholyte
behaviour. Reduced viscosity increases more rapidly when SDS is added, and that can
be explain as shown in Scheme 2. At IEP, ampholytic polymers in dilution solution
typically exhibit coil-to-globule transition (State A) because of electrostatic attraction.
Added electrolytes, charge attractions between the ionic sites are shielded, leading to
the increase of hydrodynamic volume because the polymer coil assumes a more
extended conformation (State B). With the addition of SDS, SDS binds to the positive
sites of the globule surface, and causes more extended chain conformation for
electrostatic repulsion (State C), and hence solution viscosity is increased rapidly. The
viscosity increase in Table 2 and Figure 7 at pH 3.0 can be explained by the same
way.

(2) (b) (c)

Scheme 1. Possible association modes of polyampholyte molecules with negative charged
surfactants that cited from ref 24: (a) simple attachment of free surfactant; (b) intramolecular
micellar binding; (c) cooperative micellar binding (“cross-linking”).

State A State B State C

Scheme 2. Mechanism of coil expansion in the presence of salt and SDS at IEP of
polyampholyte. State A represented globule conformation of polyampholyte at IEP. State B
illustrated coil expansion caused by polyampholyte effect. State C displayed that added SDS
also led to coil expansion.

Figure 6 shows the effect of polymer concentration on viscosity as 10> mol/L SDS
contained in polymer solution. It could find that there is little difference in reduced
viscosity in the range of 0.02~0.2 g/L at pH 2.5 and 3.0, indicating no concentration
dependence on solution behaviour after adding SDS. At pH 5.0, solution behaviour is
more complex. 0.05 g/L polymer concentration gives rise to the maximum viscosity
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Fig.6. Effect of polymer concentration on reduced viscosity at pH 2.5, 3.0 and 5.0 of
PVAmMyNVF,sNA in the absence of salt, Csps=107 mol/L.

and 0.10 g/L polymer concentration gives rise to the minimum viscosity. The
causation is still not clear.

Figure 7 represents three dimensional (3D) plots of the combined pH- responsive
and salt-responsive characteristics of PVAmoNVF,sNAq in the present of 10~ mol/L
SDS. With the same amount of salt concentration, viscosity is lowest at pH 3.0. The
reduced viscosity decreases when salt concentration increases at pH 5.0, while
increases at pH 2.5 and 3.0. At pH 5.0, viscosity decreases because of polyelectrolyte
effect. It was surprising that viscosity increased at pH 2.5 where the polymer chain
carried positive charge. The possible reason was that the salt shielded part of
electrostatic attraction between SDS and positive charged polyampholyte chain,
making coil expansion.

It must specially mention that all the solution used was transparent after adding
SDS except for a little blue for 0.2 g/L polymer solution with 10~ mol/L SDS at pH
5.0. It also found that there must be a threshold SDS concentration for effective

Fig.7. 3D plots of reduced viscosity as functions of salt concentration and solution pH of
PVAmMoNVF;5NAgg, Cpoymer=0.02¢/L, Csps=107 mol/L.
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interaction with polymer because 10 mol/L SDS contained PVAmMoNVF,sNA«
solution still showed obviously turbidity around IEP. The fact illustrated the
interaction between PVAmMyNVF,sNA and SDS.

Conclusions

Low cationic proportion polyampholyte of PVAm¢NVF,5sNA¢ was successfully
synthesized, and the solution properties were investigated by methods of turbidity and
viscosity. The IEP (pH 3.0) of PVAmMgNVF,sNA¢ was determined by turbidity
experiment. Because of low ionic proportion of polyampholyte at pH 3.0,
polyampholyte effect was indistinct. At high salt concentration, reduced viscosity
increased in evidence as salt concentration increased, indicating classic polyampholyte
behaviour. The interactions between PVAmMgNVF,5sNA¢s and SDS were complex. It
found viscosity increased more rapidly as salt concentration increased at IEP even
though low SDS concentration used. That was owed to the electrostatic attraction
between negative charged SDS and positive sites on the polyampholyte globule
surface.

Acknowledgements. The financial supports from National Natural Science Foundation of China
(grant n0.50673089), and Natural Science Foundation of Jilin Province of China (grant no.
20050502) are gratefully acknowledged.

References
Lowe AB, McCormick CL (2002) Chem Rev 10:24177

[—

2. Asayama S, Nogawa M, Takei Y, Akaike T, Maruyama A (1998) Bioconjugate Chem
9:476

3. Georgiou TK, Phylactou LA, Patrickios CS (2006) Biomacromolecules 7:3505

4. Kudaibergenov S (1999) Adv Polym Sci 144: 115

5. Gotzamanis G, Tsitsilianis C (2006) Macromol Rapid Commun 27:1757

6. Fevola MJ, Kellum MG, Hester RD, McCormick CL (2004) J Polym Sci Part A: Polym

Chem 42: 3236

7. Fevola MJ, Kellum MG, Hester RD, McCormick CL (2004) J Polym Sci Part A: Polym
Chem 42:3252

8. Ezell RE, Gorman I, Lokitz B, Ayres N, McCormick CL (2006) J Polym Sci Part A: Polym
Chem 44:3125

9. Ezell RE, Gorman I, Lokitz B, Treat N, McConaughy SD, McCormick CL (2006) J Polym
Sci Part A: Polym Chem 44:4479

10. Lowe AB, Billingham NC, Armes SP, (1998) Macromolecules 31:5991

11. Sfika V, Tsitsilianis C (2003) Macromolecules 36:4983

12. Vo CD, Armes SP (2007) Macromolecules 40:157

13. Yamanoto K, Serizawa T, Muraoka Y, Akashi M (2001) Macromolecular 34:8014

14. Kirwan LJ, Papastavrou G, Borkovec M (2004) Nano Lett 4: 149

15. Chen XN, Wang Y, Pelton R (2005) Langmuir 21: 11673

16. Yamanoto K, Imamura Y, Nagatomo E, Serizawa T, Muraoka Y, Akashi M (2003) J Appl
Polym Sci 89: 1277

17. Kathmann EE, White LA, McCormick CL (1996) Macromolecular 29: 5268

18. Patrickios CS, Sharma LP, Armes SP, Billingham NC (1996) Langmuir 15: 1613

19. Griffith PC, Stilbs P, Howe AM, Whitesides TH (1994) Langmuir 12:5302

20. Gosgrove T, White SJ, Zarbakhsh A, Heenan RK, Howe AM (1994) Langmuir 11:744

21. Feng XH, Pelton R, Leduc M, Champ S (2007) Langmuir 23:2790



554

22. Clark SL, Hammond PT (2000) Langmuir 15:10206

23. Harrision IM, Candau F, Zana R (1999) Coll Polym Sci 277:48

24. Bystryak SM, Winnik MA (1999) Langmuir 15:3748

25. Zhou SQ, Hu HB, Burger C, Chu B (2001) Macromolecules 34:1772

26. Greener J, Contestable BA, Bale MD (1987) Macromolecular 20: 2490

27. Kathmann EE, McCormick CL (1997) J Polym Sci Part A: Polym Chem 35:231




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


