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Summary 
Core and core-shell microgels are synthesized by aqueous free radical precipitation 

polymerization and their solvent release effects characterized. Dynamic light 
scattering (DLS) reveals hydrodynamic radii (Rh) decrease sharply at lower critical 
solution temperature (LCST) of 32°C. Electrochemical properties of microgels were 
also investigated using cyclic voltammetry (CV) and chronoamperometry (CA) with 
electroactive probes: Fc(MeOH)2, uncharged and Ru(NH3)6Cl3, positively charged. By 
measuring the effect of temperature change on the diffusion coefficients, I estimated 
the electrostatic interactions in varying solutions: aqueous (without migrogels), 25% 
core microgel and 25% core-shell microgel solution systems. The diffusion coefficient 
of uncharged ferrocenedimethanol Fc(MeOH)2 was found to increase as temperature 
increases, in both core or core-shell solutions. Positive charged Ru(NH3)6Cl3 shows  
a different behavior in both 25% core and 25% core-shell systems. In aqueous 
solution, increasing temperature brings increased diffusion coefficients. With the 
addition of core and core-shell microgel solution systems, diffusion coefficients fall 
sharply above LCST. This suggests that there is some amount of electrostatic 
interactions between negatively charged core and core-shell microgels and positively 
charged Ru(NH3)6Cl3.  

Introduction 
Stimuli-sensitive microgels continue to find utility in a wide variety of applica-

tions. The most widely researched temperature responsive polymers are the poly 
alkylacrylamides, of which the best known and studied is poly N-isopropylacrylamide 
(pNIPAm) [1-4]. pNIPAm is composed of the monomer N-isopropylacrylamide 
(NIPAm), and has a volume phase transition temperature, also known as a lower 
critical solution temperature (LCST) of ~31-32 °C. Other polymers have also been 
shown to have similar behavior [2, 5-8], but pNIPAm is unique in that the phase 
transition occurs in an experimentally useful temperature range; namely body 
temperature. Temperature responsive hydrogels composed of pNIPAm have been 
utilized for various applications such as actuators [9], modulated drug delivery [10-
13], protein release [14], chemical separations [15-17], and metal ion and biomolecule 
detection [18-19].  

In such applications, the knowledge of solute molecular mobility in microgels 
before and after volume phase transition is of great importance. Transport properties 
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of ions and molecules via polymeric gels are of interest for the characterization of 
biological fluids and ion-exchange membranes [20-23]. Core and core-shell microgels 
can be treated as model systems and can be used to mimic properties of a wide range 
of polyionic microgels characterized by various charge densities. Strong, long-
distance, electrostatic interactions between the polyion and the counterion suppress 
transport counterion [24-27]. 

Here, we examine the electroanalytical properties of core and core-shell microgels. 
The core and core-shell microgels were synthesized by aqueous free radical pre-
cipitation polymerization. The hydrodynamic radii (Rh) of the microgel particles were 
characterized with dynamic light scattering (DLS) over a temperature range of 25°C  
to 40°C. The diffusion coefficients of electroactive probes of Fc(MeOH)2 and 
Ru(NH3)6Cl3 were obtained by using cyclic voltammetery (CV) and chrono-
amperometry (CA) with a Pt microdisk as a function of temperature in aqueous, 25% 
core, 25% core-shell microgel solution systems. These diffusion coefficient values 
were used to explain the solvent release from polymeric network of microgels and 
electrostatic interactions between microgles and electroactive probes. 

Experimental  

Materials 
All chemicals were obtained from Sigma Aldrich unless otherwise stated. N-
Isopropylacrylamide (NIPAm) was recrystallized from hexane (J. T. Baker) prior to 
use. N,N′-Methylenebis(acrylamide) (BIS), ammonium persulfate (APS), anhydrous 
acrylic acid (AAc; Fluka), Fc(MeOH)2, Ru(NH3)6Cl3, lithium chlorate (LiClO4), 
sodium dodecyl sulfate(SDS) were used as-received from Sigma.  

Core and Core-Shell Microgel Synthesis and Characterization 
Synthesis of the pNIPAm core: pNIPAm core microgel particles were prepared via free 
radical polymerization using the method reported by Daoji Gan et al [28]. 
Polymerization was performed in a 500 mL reaction vessel equipped with a mech-
anical stirrer, reflux condenser, thermometer, and N2 gas inlet. 0.5665 g (88.7 %) of 
NIPAM, 0.0193 g (3.0 %) of BIS, 0.0242 g (3.8 %) of SDS were dissolved in 74 mL 
of water and this solution heated to 70°C while being purged with nitrogen gas and 
stirred vigorously for about 1 h. After 1 h, polymerization was initiated with 0.0288 g 
(4.5 %) of APS dissolved in 1 mL of water. This continued for 4 h under a nitrogen 
stream. Following synthesis, the particles were purified by centrifuging the particle 
solution. 
 
Synthesis of the pNIPAm core / AAc Shell: The first batch of microgel particles (core) 
served as the nuclei in a second stage of polymerization for shell addition. Here, 5 mL 
of crude microgel core and SDS (0.007g) was dissolved in 15 mL of water and heated 
to 70°C with stirring under nitrogen gas stream. 0.048 g of AAc and 0.0017 g of BIS 
were dissolved in 5 mL of water, degassed under nitrogen and added to crude 
microgel core solution. This solution was kept at 70°C under a stream of nitrogen. 
Polymerization was then initiated by the addition of 0.0009 g of APS dissolved in 
1 mL of water and carried out for 5 h for polymerization. Ciszkowska et.al. has 
successfully characterized such a system before demonstrating that the acrylic 
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monomer is successfully bonded to the core [29]. The core-shell hydrogel was 
subjected to seven centrifugation cycles (1hr/cycle) at 22000 RPM to minimize the 
presence of any monomer that may distort the result of the experiment.  
 
Electrochemical measurements: Voltammetric measurements were carried out in a 
jacketed glass cell by using CHI potentiostat and controlled via a personal computer 
with a three electrode system consisting of an Ag/AgCl reference electrode, a Pt wire 
as counter electrode, and Pt microdisk as working electrode (radius of 10.0 μm). The 
average current signal from at least 5 measurements was used to calculate the 
corresponding diffusion coefficient at scan rate of 100 mV/s. The chrono-
amperometric parameters were as follows: E initial = -0.2, E final = +0.4 for Fc(MeOH)2, 
E initial = -0.4 , E final = +0.2 for Ru(NH3)6Cl3. For 25% core and core-shell microgels 
solution systems, 1.5 mL of Fc(MeOH)2 solution (2.0 mM) with 0.1M LiClO4 as the 
supporting electrolyte was added to 0.5 mL of 10 %(v/v) core or core-shell microgel 
solution, and 1.5 mL of Ru(NH3)6Cl3 (2.0 mM) solution with 0.1M NaCl as the 
supporting electrolyte was added to a 0.5 mL aqueous 10 %(v/v) core or core-shell 
microgel.  
 
Dynamic light scattering (DLS) :The thermoresponsive behavior of the microgels used 
in this investigation was confirmed by DLS (Protein Solutions, Inc.) in the 10 mM 
solutions in pH 3.0, and 6.5 buffer systems (formate and phosphate) from 
temperatures 25°C to 40°C. 

Results and Discussions 
Figures 1 (a) and (b) show typical phase transition behavior of core microgels in 

pH = 7.0 buffer solution and core-shell microgels in pH = 3.0 and pH = 6.5 buffer 
solutions as a function of temperature. From the data shown in Figure 1(a), it was 
deduced that the core microgels have an average Rh of 103 nm at 25°C which 
decreases significantly at the lower critical solution temperature (LCST) of 32°C. 
Figure 1(b) shows a comparison of hydrodynamic radii of core- shell microgels in pH 
= 3.0 and pH = 6.5 buffer solutions over the temperature range of 25°C to 40°C. The 
core-shell microgels have an average radii of 110 nm at acidic pH values below the 
pKa of acrylic acid (pKa = 4.25). Therefore, the shell AAc groups are almost fully 
protonated and make hydrogen bonds between the hydrophilic group and water. When 
the temperature is increased above the LCST, these hydrogen bonds are weakened 
requiring water molecules to diffuse out resulting in a reduction in radii of the 
particles. In contrast, at pH =6, the hydrodynamic radii of microgels undergo only 
small changes in radii because of coulombic repulsion between carboxylate anions as 
the temperature is scanned from 25°C to 40°C.  

The representative voltammograms for the core system obtained in the swollen and 
shrunken states at approximately neutral pH are shown in Figure 2. Additionally, 
Figure 3 shows the temperature dependence of the diffusion coefficients of 
Fc(MeOH)2 and Ru(NH3)6Cl3 in core, core-shell microgel and aqueous solution. The 
diffusion coefficient D, of an electroactive probe was obtained from the following 
equation at microelectrode [30]: D= Is/4nFCrd where, Is is the diffusion limited steady 
state current at a disk microelectrode as shown in Figure 2, C is the concentration of 
an electroactive probe, rd is the radius of the microelectrode, n is the number of  
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Figure 1. Volume phase change curves taken from photon correlation spectroscopy for the core 
microgels at pH 7 (a) and core /shell microgels (b) at pH 3.0 (circles) and pH6.5 (squares). 
Error bars represent standard deviation over an average of five measurements.  

electron transferred, and F is the Faraday constant. The corresponding diffusion 
coefficients calculated from an averaged current (n = 5) and concentrations  
of electroactive probes ([Fc(MeOH)2] = 2.0 mM, [Ru(NH3)6Cl3 ] = 2.0 mM). As 
shown, the diffusion coefficients of Fc(MeOH)2 and Ru(NH3)6Cl3 increased with  
a temperature in aqueous solutions. Also, the diffusion coefficient of uncharged 
Fc(MeOH)2 probe increased in core, core-shell microgels solutions with 0.1 M LiClO4 
as temperature increased. The diffusion coefficients of Fc(MeOH)2 with microgel 
solution systems calculated from averaged currents and concentration of Fc(MeOH)2 
are close in value to those obtained in the aqueous system as shown on Table 1. The 
transformation that takes place at the LCST was expected to yield a denser network,  

(A) 

(B) 
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Figure 2. Cyclic Votammogram of the oxidation of 2 mM Fc(MeOH)2 in core microgel solution 
system at 25°C (----) and 50°C (_____). 

which would be characterized by a decrease in diffusion coefficient. In contrast, the 
data suggested that the permeability of the thin film increases with temperature both 
below and above the LCST. Since Fc(MeOH)2 has no electrostatic interaction with the 
microgel, the increase in permeability may be due not to the reduction in the size of 
the microgel, but instead, the newly acquired shape of the gel. Since the study was 
conducted with a micro-electrode another possibility is that the increase in the density 
of the microgel was not significant enough to impede the rate of movement of the 
probe towards the relatively small electrode surface. In figure 3(b), the diffusion 
coefficients of the positively charged Ru(NH3)6Cl3 probe dropped significantly about 
the LCST of microgels. As seen in Table 1, the diffusion coefficient just above LCST 
temperature in core system is about 50% smaller than that at 25°C. The diffusion 
coefficient just above the LCST temperature in core-shell system is decreased by 75% 
of that at 25°C. The observed decrease of the diffusion coefficient in the microgels 
above LCST temperature can be due to strong electrostatic interaction between 
positively charged Ru(NH3)6

3+ and collapsed polyanionic microgels. The diffusion 
coefficient of Ru(NH3)6Cl3 in the core-shell microgel solution decreased more than in 
the core microgel solution because of high total charge density in core-shell microgel. 
As a result, the diffusion movement of Ru(NH3)6

3+ in this system is slowed by 
electrostatic interactions.  

Chronoamperometry (CA) was applied to measure the diffusion coefficient of 
electroactive probes in core, core-shell microgel and aqueous solutions because CA is 
independent of concentration (unlike CV). This is ideal since an accurate 
determination of the concentration of the probe in the microgel system is not 
necessary in order to conduct exact diffusion coefficient analysis as is warranted by 
CV (29). The diffusion coefficients can be obtained from the slope of It / Is versus t-1/2, 
based on chronoamperometric equation [31]: It/Is = 1+ (2 rd/ D1/2 t1/2 π 3/2), where It is  
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Figure 3. Temperature dependence of the diffusion coefficients of a) Fc(MeOH)2 in 
aqueous(♦), core microgel solution system (■), and core/shell microgel solution system (▲), b) 
Ru(NH3)6Cl3 in aqueous (♦), core microgel solution system (■) , and core/shell microgel 
solution system(▲) measured by CV. 

the current at the time t, Is is the steady state current similar to that obtained from the 
CV acquired at scan rate of 100 mV/s. Figure 4 shows the transition current It as  
a function of t-1/2. The diffusion coefficients of the electroactive probes obtained using  

(A) 

(B) 
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CV and CA are summarized in tables 1 and 2, respectively. The diffusion coefficients 
of Fc(MeOH)2 increased with an increase in temperature from 25°C to 50°C in core, 
core-shell microgel and aqueous solutions. The diffusion coefficients of Fc(MeOH)2 
in core, core-shell microgel systems are 24% and 25 % smaller then that in aqueous 

 
Figure 4. Plot of the experimental It/Is vs t-1/2 for oxidation of Fc(MeOH)2 in core/shell 
microgel at 25°C. 

Table 1. Temperature dependence of the diffusion coefficients of Fc(MeOH)2 and Ru(NH3)6Cl3 
by CV. (The diffusion coefficients (cm/s2) were calculated by using the average of five time CV 
measurements.) 

Fc(MeOH)2 Ru(NH3)6Cl3  
Aqueous 25% core 25% core-shell Aqueous 25% core 25% core-shell 

25 2.02 x10-7 2.15 x10-7 2.10 x10-7 1.16 x10-7 1.28 x10-7 1.18 x10-7 
30 2.33 x10-7 2.36 x10-7 2.26 x10-7 1.44 x10-7 1.23 x10-7 0.94 x10-7 
35 2.64 x10-7 2.62 x10-7 2.36 x10-7 1.64 x10-7 0.54 x10-7 0.41 x10-7 
40 2.91 x10-7 2.90 x10-7 2.57 x10-7 2.07 x10-7 0.61 x10-7 0.30 x10-7 
45 3.29 x10-7 3.23 x10-7 3.01 x10-7 2.45 x10-7 0.64 x10-7 0.29 x10-7 
50 3.66 x10-7 3.55 x10-7 3.32 x10-7 2.75 x10-7 0.62 x10-7 0.29 x10-7 

Table 2. Temperature dependence of the diffusion coefficients of Fc(MeOH)2 and Ru(NH3)6Cl3 
by CA. (The diffusion coefficients (cm/s2) were calculated by using the average of five time CA 
measurements.) 

Fc(MeOH)2 Ru(NH3)6Cl3  
Aqueous 25% core 25% core-shell Aqueous 25% core 25% core-shell 

25 1.24x10-7 1.29x10-7 8.68x10-8 2.28x10-8 6.27x10-8 6.50x10-8 
30 1.67x10-7 1.31x10-7 9.39x10-8 4.15x10-8 7.80x10-8 7.80x10-8 
35 1.96x10-7 1.52x10-7 9.14x10-8 5.69x10-8 1.60x10-8 7.53x10-9 
40 1.82x10-7 1.68x10-7 1.03x10-7 6.07x10-8 1.94x10-8 3.91x10-9 
45 2.05x10-7 1.62x10-7 1.38x10-7 1.19x10-7 1.90x10-8 3.43x10-9 
50 2.07x10-7 1.58x10-7 1.55x10-7 1.17x10-7 1.63x10-8 3.17x10-9 
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solution system at 50°C, respectively. These reductions in diffusion coefficients 
results from the higher density of both core and core-shell system compared to the 
aqueous solution. When the positively charged probe was used, the diffusion 
coefficients of Ru(NH3)6

3+ increased as temperature increased in aqueous solution, but 
sharply decreased in the core and core-shell microgel solution systems. These results 
are consistent with those obtained from CV. The diffusion coefficients of Ru(NH3)6

3+
 

at 50°C were decreased by 98 % and 96 % of that 25°C in core, core-shell microgels 
systems, respectively. The observed large decreases of the diffusion coefficients in 
microgels systems above LCST temperature is due to strong electrostatic interaction 
as well as release of solvent from polymeric network. Based on the calculated 
reduction in diffusion coefficient, about 74-71 % of the decrease was be due to 
electrostatic interaction and 25-24 % due to solvent release of microgels. A com-
parison of the two electro-analytical methods show that the diffusion coefficients of 
Ru(NH3)6

3+ obtained from CA above LCST temperature in core, and core-shell system 
is decreased by 75 % and 90 %, respectively, compared to that of CV. As such, CA 
may prove a better method for diffusion coefficient measurement in microgel systems 
because this method is independent of concentration of electroactive probes. For the 
first time a comparison is been made between the diffusion coefficients in core and 
core-shell microgels systems.  

Conclusions 
In this investigation, the core and core-shell microgels were synthesized and the 

hydrodynamic radii (Rh) of microgels were characterized with dynamic light 
scattering. The hydrodynamic radii changes were obtained with a function of 
temperature in buffer solutions. Two electroanalytical methods, CV and CA were used 
to measure the diffusion coefficients of Fc(MeOH)2 and Ru(NH3)6Cl3 in aqueous, 
core, core/shell microgel solution systems with a platinum microelectrode. The 
diffusion coefficients of Ru(NH3)6

3+
 at 50°C decreased by almost 100 % compared to 

that at 25°C in both core and core/shell systems. A greater depression was observed in 
the core/shell system, which may be attributed to the high total charge density 
associated with this system. Based on the two electroanalytical method, the diffusion 
coefficients of Ru(NH3) 6

3+
, obtained via CA above the LCST in core and core/shell 

systems, diminished by 75 % and 90 % respectively in comparison to the values 
obtained using cyclic voltammetry. These results show the strong dependence of the 
transport of counterions in microgel solution system. This indicates that this 
methodology can be used to study the molecular properties of microgels in terms of 
charge density. Also, this method may be applied to study the transport properties of 
electroactive probes in various solvents and biological polyelectrolytes.  

Acknowledgements. This work was supported by a grant from the National Institutes of Health, 
RIMI program, Grant P20 MD001085, whose support is greatly appreciated.  

References 
1. Gehrke SH, (1993) In Advances in Polymer Science Springer-Verlag: Berlin Vol. 110:82-

144. 
2. Pelton R, (2000) Adv Colloid Interface Sci 85:1-33 
3. Schild HG., (1992) Prog Polym Sci 17:163-249 



 381 

 

4. Shibayama M, Tanaka T (1993) In Advances in Polymer Science Springer-Verlag: Berlin, 
109:1-62 

5. Duracher D, Elaissari A, Pichot C, (1999) J Polym Sci Pol Chem37: 1823-1837 
6. Lowe JS, Chowdhry BZ, Parsonage JR, Snowden MJ, (1998) Polymer 39:1207-1212 
7. Ito S, Ogawa K, Suzuki H, Wang B, Yoshida R, Kokufuta E,(1999) Langmuir 15:4289-

4294 
8. Liu HY, Zhu X X, (1999) Polymer 40:6985-6990 
9. Harmon M. E, Tang M, Frank C W, (2003) Polymer 44:4547-4556 
10. Bae YH, Okano T, Hsu, R, Kim SW, (1987) Makromol Chem Rapid Commun 8: 481-485. 
11. Hoffman A, (1997) In Controlled Drug Delivery: Challenges and Strategies; Park, K., Ed.; 

American Chemical Society: Washington, D.C., pp 485-498 
12. Li S K, D'Emanuele A, (2001) J Controlled Release 75:55-67 
13. Park TG, (1999) Biomaterials 20:517-521 
14. Cheng SX, Zhang JT, Zhuo RX, (2003) J Biomed Mater Res 67A: 96-103 
15. Annaka M, MatsuuraT, Kasai M, Nakahira T, Takayuki H, OkanoT, (2003) Biomacro-

molecules 4:395-403. 
16. Umeno D, Kawasaki M, Maeda M, (1998) Bioconj Chem 9:719-724 
17. Kayaman N, Kazan D, Erarslan A, Okay O, Baysal BM, (1998) J Appl Polym Sci 67:805-

814 
18. Lu ZR, Kopeckova P, Kopecek J, (1999) Nat Biotechnol 17:1101-1104 
19. Holtz JH, Holtz J.W, Munro CH, Asher SA, (1998) Anal Chem 70:780-791 
20. Hara M, Ed (1993) Polyelctrolytes: science and technology, Marcel Dekker, New York,. 
21 McLaughlin SA, (1977) Current Topics in Membrane Transport Bronner, T., Kleinzeller, 

T., Eds, Academic: New York, Vol. 9 
22. Record M T Jr, Mazur SJ, Melancon P, Roe JH, Shaner SL, Unger L, (1981) Annu Rev 

Biochem 50:997 
23. Manning GS, (1972) Annu Rev Phys 23:117 
24. Zhang W, Ma C, Ciszkowska M, (2001) J Phys Chem B 105:3435 
25. Hyk W, Ciszkowska M, (2000) J Electrochem Soc147:2268 
26. Ma C, Zhang W, Ciszkowska M, (2001) J Phys Chem B 105:10446 
27. Pyo M, Bard AJ, (1997) Electrochim Acta 42:3077. 
28. Daoji Gan, L. Andrew Lyon, (2001) J Am Chem Soc 123:7511-7517 
29. Petrovic S, C; Zhang, W; Ciszkowska M (2000) J Am Chem Soc 72:3449-3454. 
30. Zhang W, Irina Gaberman, Ciszkowska M, (2002) Anal Chem74:1343 
31. Denuault G, Mirkin M, Bard A J, (1991) J Electroanal Chem 308: 27  
 



<<
  /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 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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


