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Summary 

In this paper, the syneresis behaviors in the post-gel region of hydrogels of 
hydroxyethylcellulose (HEC) and its hydrophobically modified analogue (HM-HEC) 
were investigated by means of a new high precision swell-ratio-tester. The gels were 
prepared by cross-linking cellulose ether derivatives with divinyl sulfone (DVS) in 
alkaline solution at various cross-linker concentrations and temperatures. Increasing 
the cross-linker density promotes a faster shrinkage of the gel, and a more compressed 
gel. The compression of the 1 wt % HEC gel starts at an earlier time at 40°C than at 
25°C, because the increased mobility of the chains is more favorable to a faster 
formation of interpolymer cross-links. The results from the deswelling measurements 
show that the hydrophobic modification of the polymer yields less contracted gels. 
This novel finding is ascribed to the fact that some of the hydroxyl groups for the 
formation of intermolecular cross-links are deactivated through the incorporated 
hydrophobic groups at these sites. 
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Introduction 

As early as the 1950s, attempts were made for the development and use of 
environmental sensitive materials in various applications. These attempts ultimately 
resulted in the discovery of a new class of polymer substances commonly known as 
hydrogels. Hydrogels are three-dimensional networks made of polymer chains cross-
linked by physical or chemical bonds, in an aqueous environment [1-5]. Chemical gels 
do not dissolve in contact with liquid phases but, depending on the external 
conditions, they may swell or shrink. This behavior is utilized in many applications 
within different areas such as biotechnology, bioengineering, pharmacology, 
medicine, agriculture, and the food industry [6]. Gels may undergo reversible or 
discontinuous volume changes in response to alterations of the environmental 
conditions, such as solvent composition [7-11], temperature [7,8,10,12-19], pH 
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[15,18,19], cross-linker density [16], salinity [19-24], ion complexation [25,26], and 
electric fields [27]. 
In this work, shrinking measurements have been carried out on semidilute aqueous 
gels of hydroxyethylcellulose (HEC) and its hydrophobically modified analogue (HM-
HEC) in the presence of various concentrations of the chemical cross-linker divinyl 
sulfone (DVS). HEC is a hydrophilic non-ionic polysaccharide with many interesting 
properties that makes it useful for the development of products such as cosmetics, 
personal care products, and drug delivery systems. The HM-HEC sample has 
hydrophobic hexadecyl (C16) groups attached to the polymer backbone. The chemical 
structures of the polymers are displayed in Figure 1. 

 
Figure 1. Chemical structures of HEC and the hydrophobically modified HEC employed in this 
work. 

At alkaline conditions (pH ≈ 11.8; the reaction only proceeds at high pH values) and 
sufficiently high polymer and cross-linker concentrations, the aqueous solutions of 
HEC or HM-HEC will undergo a sol-gel transition through a cross-linker reaction via 
hydroxyl groups [28-30]. In the postgel region, the contraction of the gels under 
various conditions of polymer concentration, levels of crosslinker addition, and 
temperature is monitored over a long period of time (ca. 24 h) with the aid of a high 
precision swell-ratio-tester. This new device is capable of measuring the shrinkage of 
the polymer gel network by following the changes in the height of the probe in contact 
with the sample undergoing shrinkage. By applying this new and simple instrument, 
the shrinkage rate of the sample can be monitored with a good time-resolution, and 
therefore the complications that may be encountered in the classical gel 
swelling/shrinking experiments, where the sample is dried and weighted at different 
times, can be avoided.  
The aim of this work is to gain insight into the kinetics of the deswelling behavior of 
HEC and HM-HEC gels at different conditions in the postgel region. This will give us 
important information about the extent and duration of the chemical cross-linking 
process in the postgel region. The novel feature of this investigation is the presentation 
of a detailed picture of the extent and kinetics of the syneresis in these systems. To the 
best of our knowledge, results with this experimental technique have not been 
reported before. Furthermore, the effects of crosslinking density, polymer 
concentration, temperature, and hydrophobicity on the gel compression and 
deswelling kinetics of this type of gels have not been investigated. Polymer hydrogels 
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are employed in many drug release applications, where small drug molecules 
embedded in the gel matrix are to be released in a controlled manner. In this context, it 
is crucial to know how the contraction of the gel-network in the postgel region will 
affect the porosity of the gel-matrix and thereby the release-rate of the drug molecules.  

Experimental 

Materials 

In this study a HEC sample with the commercial name Natrosol 250 GR (Lot no. V-
0403) was obtained from Hercules, Aqualon Division. The degree of substitution of 
hydroxyethyl groups per repeating anhydroglucose unit of the polymer is 2.5 (given 
by the manufacturer). The weight average molecular weight of this sample was 
determined to be approximately 400 000 by means of intensity light scattering [31]. 
The same HEC sample was also used as the precursor for the synthesis of its 
hydrophobically modified analogue. The crosslinking agent DVS was purchased from 
Merck and utilized without further purification. Millipore water was used for the 
preparation of all solutions. The other reagents for the synthesis of the HM-HEC were: 
glycidyl hexadecyl ether (2,3-epoxypropyl hexadecyl; C19H38O2), technical grade, 
Sigma-Aldrich, and 3-chloro-2-hydroxy-1-propanesulfonic acid sodium salt hydrate 
(C3H6ClNaO2S.xH2O; 95 %), Sigma-Aldrich. Dilute HEC solutions were dialyzed 
against Millipore water for at least 1 week to remove salt and other low molecular 
weight impurities, and thereafter the polymer was isolated by freeze-drying. 
Regenerated cellulose with a molecular weight cutoff of 8000 (Spectrum Medical 
Industries) was used as dialyzing membrane. 

Synthesis of HM-HEC 

The HM-HEC polymer was synthesized according to a standard procedure that has 
been described elsewhere [32]. In this synthesis, 50 g of the above mentioned 
hydroxyethyl cellulose, 400 g of 88 % isopropyl alcohol (ARCUS), and 3.5 g of a 
48 % aqueous solution of sodium hydroxide were introduced into a 1000-ml glass 
separable reactor, equipped with a mechanical stirrer, thermometer, and condenser 
tube, to prepare a slurry. This mixture was stirred at room temperature for 30 min in a 
nitrogen atmosphere. An amount of 9.7 g of glycidyl hexadecyl ether was added to the 
slurry, and the reaction proceeded at 80°C for 8 hours. After the completion of the 
hydrophobization reaction, the liquid reaction mixture was neutralized with acetic 
acid, and the product was collected by filtration. The reaction product was washed 
twice with 500 g of 80 % acetone (acetone/water = 4:1V/V) and then twice with 500 g 
of acetone, and dried at 70°C for 24 hours under reduced pressure to remove rests of 
acetone. By this procedure, 44.8 g of the HM-HEC polymer was obtained. The 
polymer was then dialyzed against Millipore water for 7 days in order to remove the 
low molecular weight impurities, and thereafter freeze-dried. The chemical structure 
and purity of the HM-HEC was ascertained by 1H-NMR spectrum making use of 
deuteron-DMSO as a solvent with a Bruker AVANCE DPX 300 NMR spectrometer 
(Bruker Biospin, Fällanden, Switzerland) operating at 300.13 MHz at 298.2 K. The 1H 
chemical shift in DMSO-d6 is referred to the residual C2HD5-SO proton (2.50 ppm) of 
C2D6SO. The hydrophobic modification degree (glycidyl hexadecyl ether groups) was 
determined from the peak ratios between anisomeric protons and the methyl protons 
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of the glycidyl hexadecyl chain. The degree of substitution by the hydrophobic group 
(glycidyl hexadecyl ether group) calculated from the 1H-NMR spectrum was 1 mol %. 

Sample Preparation 

In this work, the measurements have been carried out in the semidilute regime on 1 wt 
% and 2 wt % hydrogels of HEC and 2 wt % of HM-HEC in the presence of three 
different concentrations of the cross-linker DVS. The overlap concentration c* was 
determined from viscosity measurements [30] on dilute aqueous solutions of HEC. 
The intrinsic viscosity ([η]) is found to be 4.02 wt %-1 and from the relation c* = 1/[η] 
the value of c* = 0.25 wt %, which suggests that the considered polymer 
concentrations are well in the semidilute regime. Measurements of HEC and HM-
HEC gels were carried out at 25°C, and some deswelling experiments on the HEC 
samples were also conducted at an elevated temperature (40°C). The polymers were 
dissolved in aqueous alkaline (NaOH) media with a pH of 11.8 (at this pH the cross-
linker reaction proceeds). The solutions were prepared by weighing the components, 
and the samples were homogenized by stirring at room temperature for one day. The 
addition of cross-linker has no effect on the pH of the samples. The prescribed amount 
of DVS (in the range of 15-60 μl/g of polymer solution) was added to the sample and 
a fast homogenization of the solution was performed.  

Gel Swelling Experiments 

The SRT-1TM swell-ratio-tester, purchased from the Cambridge Polymer Group, Inc., 
Boston, MA, can be used to measure the swelling/shrinkage properties of polymer 
gels. The instrument is capable of measuring swelling ratios at temperatures up to 
150°C (with a temperature accuracy of ± 0.1°C) with a position resolution of ± 15 μm. 
The instrument utilizes a laser micrometer to measure the displacement of a probe in 
contact with the gel sample, thereby producing the transient and steady-state change in 
height of the sample as it swells or shrinks (see Figure 2). If the sample is assumed to 
be isotropic, the change in volume can be readily determined. If the sample is non-
isotropic, samples can be placed in several orientations to determine the degree of 
anisotropy. The samples in this study are found to be isotropic. 

 
Figure 2. Schematic picture of the swell-ratio-tester. 
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The chamber lid of the swell-ratio-tester was removed and 2 ml (h ≈ 4.06 mm) of 
the sample was transferred into the stainless steel chamber. To avoid evaporation of 
the solvent, the free surface of the sample was always covered with a thin layer of 
low-viscosity silicone oil. Thereafter the chamber lid was replaced and the 
experiment was started when the solution was transformed into an incipient gel, 
which could be observed visually by tilting the flask containing the rest of the 
sample [14]. All the measurements were started in the post-gel regime just after the 
gel point of the considered sample. Before an experiment was started, a piece of 
very thin filter paper (the height of the sample was not affected by this filter) was 
placed on the top of the gel to prevent the probe from penetrating the gel. The 
ceramic probe rod was inserted through the hole in the lid, and the height of the 
probe was monitored as a function of time by a laser beam detection device. The 
apparatus is interfaced to a PC, and data are collected through a software package 
provided by the manufacturer. 

Results and discussion 

Deswelling of HEC Hydrogels 

It has been observed [15,25] for other gelling polymer systems with a chemical 
crosslinker that contraction of the gel networks occurs in the course of time. Little 
attention has been paid to the kinetics of the crosslinking process of polysaccharide 
gels in the postgel domain. The shrinking (deswelling) or swelling of a gel or a film 
can be probed accurately as a function of time for different types of hydrogels with the 
aid of the present swell-ratio-tester. The shrinking of the gel can be described by the 
following relationship: 

Γ (%) = (ht/h0) ⋅ 100 (1) 

where Γ is the swelling ratio, h0 and ht are the heights of the sample in the initial state 
and at the time of measurement, respectively. 
To provide a more detailed description of the kinetics of the shrinking process, the 
data are analyzed in the framework of an empiric quantitative model. The data for 
both HEC and HM-HEC hydrogels at different conditions are well fitted by means of 
the following fitting equation 

Γ( t ) = ( 100 – P ) exp [- ( t / tr )
α ln ( 100 – P )] + P (2) 

where P is the final plateau value of the swelling ratio parameter Γ, t is the time of 
measurement, tr is the relaxation time, which refers to the time where the shrinkage of 
the sample terminates (the time for the onset of the plateau at long times), and α is an 
exponent. 
Figure 3 shows the results (determined from eq 1) from the shrinking experiments, 
together with the curves fitted with the aid of eq 2, for the HEC samples (1 wt % 
and 2 wt %) in the presence of different cross-linker concentrations. It is evident that 
the shrinking rate, at a given polymer concentration, is substantially affected by the 
cross-linker concentration. The results reveal that the initial shrinking commences 
earlier as the level of added cross-linker increases, and the amplitude of shrinkage to 
the final stage is higher. It is interesting to note that the cross-linker reaction 
proceeds over a long time, and as expected the results indicate that the reaction is 
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terminated at an earlier time for a system with a high cross-linker concentration.  
A close inspection of the data suggests that the cross-linking process continues over 
a longer time for the gel with the higher polymer concentration, which may be 
ascribed to the higher number of active “sites” for cross-linking with this more 
concentrated sample. 

 
Figure 3. Time dependencies of the swelling ratio for 1 wt % (a) and 2 wt % (b) HEC gels in the 
presence of different cross-linker concentrations. (□ every 50 point is shown, ○ every 30 point 
is shown, ∆ every 10 point is shown). The lines are fitted with the aid of eq. 2. 

These findings suggest that the deswelling process commences earlier and the degree 
of compression at the final stage is more pronounced for a gel with a higher cross-
linker density. An increase in DVS concentration promotes a faster evolution of the 
gel because of a higher probability for intermolecular cross-links, and this is expected 
to lead to a more compacted gel network. In this context we may note that previously 
it has been observed [29] that the turbidity of HEC gels rises over a long time in the 
postgel region, and this effect is strengthened as the cross-linker concentration is 
increased. In this study we have also noticed a similar behavior for the HM-HEC 
systems. 
Figure 4 shows the results for the relaxation time tr and the equilibrium gel 
compression P, obtained from the fitting of the data with eq 2, for the HEC gels at 
different polymer and cross-linker concentrations. The results demonstrate that a high 
concentration of cross-linker leads to a shorter relaxation time for both HEC samples. 
It is obvious that at higher levels of DVS addition, the magnitude of HEC 
concentration has little effect on the relaxation time, whereas tr is faster for the highest 
polymer concentration in the presence of a small amount of DVS. At a low crosslinker 
addition, the higher number of active “sites” in the more concentrated HEC sample 
will favor a faster cross-linker reaction, whereas at sufficiently high cross-linker 
concentrations this effect should be reduced. We note that for the higher polymer 
concentration (2 wt %) the degree of compression is less (see Figure 4b). This can 
probably be ascribed to the higher density of polymer chains in the gel matrix and 
more entanglements. As a result the gel network is less prone to contract. 
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Figure 4. (a) Plot of tr versus cross-linker concentration for 1 wt % and 2 wt % HEC. (b) Plot of 
P as a function of cross-linker concentration for 1 wt % and 2 wt % HEC. 

Effect of Temperature on Shrinking of the HEC Hydrogels 

 
Figure 5. Time dependencies of swelling ratio for 1 wt % and 2 wt % HEC samples in the 
presence of 60 μl/g DVS at 25°C and 40°C. 

Figure 5 shows the temperature effect on the shrinking behavior of 1 wt % and 2 wt % 
HEC postgels in the presence of 60 μl/g DVS. The results for the HEC sample of the 
lowest concentration reveal that the time at which the gel begins to shrink is shifted 
toward shorter time with increasing temperature. This can probably be attributed to 
enhanced mobility of the polymer chains and cross-linker molecules at elevated 
temperature. In this stage, the augmented collision of active "sites" promotes a faster 
formation of intermolecular cross-links and thereby an earlier outset of the shrinking 
process. At the higher polymer concentration, only a small effect is visible because the 
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growth of entanglements subdues the temperature-induced augmented mobility of the 
polymer chains, and the cross-linking situation is virtually unaltered. We notice again 
that due to higher chain density in the gel matrix for the 2 wt % sample, the degree of 
compression at longer times is less pronounced than for the 1 wt % HEC gel.  

Deswelling Properties of HM-HEC Hydrogels 

In semidilute aqueous solutions of HM-HEC, strong associations are mediated 
through intermolecular hydrophobic interactions, and the conjecture is that the 
addition of a cross-linker agent to this system should yield a gel with different 
swelling properties than the corresponding gel from the unmodified HEC. In the case 
of the 1 wt % HM-HEC sample, it was not possible to produce mechanically stable 
gels in the considered cross-linker concentration range (15-60 μl/g). The reason for 
this may be that the number of effective hydroxyl groups accessible for intermolecular 
cross-linking (some groups have been consumed in the reaction to attach hydrophobic 
groups onto the chains) of the polymer chains is reduced and the reactivity of the 
groups may be decreased so that no stable gel network is formed. In addition, the 
bulky hydrophobic groups on the polymer backbone may course steric hindrance 
problems during the cross-linking process. At higher polymer concentration, the 
increased number of accessible hydroxyl groups and more entanglements will 
facilitate the gelation of the sample. Therefore, only 2 wt % HM-HEC gels are 
examined here.  

 

Figure 6. Time dependencies of Γ for 2 wt % HM-HEC solutions in the presence of different 
cross-linker concentrations (every 30 point is shown). The lines are fitted with the aid of eq. 2. 

Results from the shrinking experiments of 2 wt % samples of HM-HEC with different 
cross-linker concentrations are depicted in Figure 6. It is obvious that a higher level of 
cross-linker addition leads to an earlier onset of the syneresis and more contracted 
gels. The general behavior is reminiscent of the features observed for the HEC 
samples, but the characteristics of the plateau domains at long times are different. To 
evaluate the differences between the HEC and HM-HEC gels quantitatively, the 
values of the characteristic parameters tr and P are plotted as a function of the DVS 
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concentration in Figure 7. In the presence of the lowest cross-linker concentration, the 
value of tr is much shorter for the HM-HEC sample than for the HEC gel, whereas for 
the higher two cross-linker concentrations the relaxation times are virtually the same 
for the two systems. The incorporation of hydrophobic groups will reduce the number 
of reactive hydroxyl groups somewhat (1 mol % of attached hydrophobic groups use 
up some OH groups) and steric hindrance may decrease the reaction rate of forming 
crosslinks. Under these conditions, the probability of forming effective crosslinks is 
least at the lowest level of crosslinker addition, whereas at higher crosslinker 
concentrations the enhanced probability of forming crosslinks will suppress the 
difference in shrinking kinetics between the systems. We should bear in mind that the 
shrinking in the postgel is considered, and at this stage a large amount of DVS has 
already been consumed, especially when the original crosslinker concentration is low. 

 
Figure 7. (a) Plot of tr versus cross-linker concentration for 2 wt % of HEC and HM-HEC. 
(b) Plot of P as a function of cross-linker concentration for 2 wt % of HEC and HM-HEC. 

A comparison of the plateau values (P) of the shrinking postgels at long times for the 
HEC and HM-HEC systems (see Figure 7b), discloses that the compression of the gel 
in the postgel region is more palpable for the HEC sample than for the corresponding 
HM-HEC gel. This difference in behavior can probably be traced to decreased 
reactivity and less number of reacting sites of HM-HEC and it is possible that the 
network structure is different for HM-HEC due to the hydrophobic associations.   

Conclusions 

In this work, shrinking kinetics and swelling ratio of chemically cross-linked gels of 
hydroxyethylcellulose and its hydrophobically modified analogue have been 
monitored over a long time after gelation with the aim of a high precision swell-ratio-
tester. It is shown that measurements with this apparatus can provide quantitative 
information about deswelling kinetics and the extent of shrinkage of chemically cross-
linked gels. This knowledge is essential in the physical chemical characterization of 
gels that undergo changes in course of time.  
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The rate of deswelling depends on many variables such as cross-linker density, 
polymer concentration, hydrophobicity, and temperature. It was demonstrated that an 
increased cross-linker density leads to an earlier onset of syneresis, and more 
compressed gels. The results show that in the presence of higher polymer 
concentration, the degree of compression of the gels declines. The faster and earlier 
outset of shrinking of HEC hydrogels at elevated temperatures is ascribed to enhanced 
mobility of the chains, which promotes a more efficient formation of interpolymer 
cross-links. The hydrophobic modification of the polymer results in a reduced number 
of accessible hydroxyl groups for the formation of cross-linked gels. Consequently, at 
the same conditions of polymer and cross-linker concentrations, the HM-HEC gels are 
less contracted compared with the HEC gels. The smaller shrinkage and earlier decay 
to the plateau region for the HM-HEC sample at the lowest level of cross-linker 
addition can be attributed to steric hindrance and less number of hydroxyl groups, 
leading to a reduced efficiency of the cross-linker reaction. 
An important finding of this work is that hydrophobicity and polymer concentration 
can be employed as variables to tune the contraction of the gel-matrix in the postgel 
region. This effect can be utilized to modulate the porosity of the hydrogel, and 
thereby the drug release characteristics in controlled drug delivery. 

Acknowledgement. A.M. appreciates Dr. D. V. Shantsev for stimulating discussions and A.M. 
and B.N. acknowledge support from FUNMAT, Norway. The swell-ratio-tester was financially 
supported by FUNMAT. B. N. and K. Z. gratefully acknowledge support from the Norwegian 
Research Council through a NANOMAT Project (158550/431). 

References 

1. Bajpai SK (2001) J. Appl. Polym. Sci. 80:2782. 
2. Burchard W, Ross-Murphy SB (eds) (1990) Physical Networks: Polymers and Gels, 

Elsevier Science Publishers Ltd.: Cambridge, UK. 
3. Aharoni SM (ed) (1992) Synthesis, Characterization, and Theory of Polymeric Networks 

and Gels, Plenum Press: New York. 
4. Cohn Addad JP (ed) (1996) Physical Properties of Polymeric Gels, Wiley: Chichester. 
5. Norisuye T, Kida, Y Masui, N, Tran-Cong-Miyata Q (2003) Macromolecules 36:6202. 
6. Malmsten M (2002) Surfactants and Polymers in Drug Delivery, Drugs and the 

Pharmaceutical Sciences, Marcel Dekker: New York, Vol.122. 
7. Tanaka T (1978) Phys. Rev. Lett. 40:820. 
8. Tanaka T, Fillmore D, Sun S, Nishio I, Swislow G, Shah A (1980) Phys. Rev. Lett. 

45:1636. 
9. Ilavsky M (1982) Macromolecules 15:782. 
10. Hirokawa Y, Tanaka T.J (1984) Chem. Phys. 81:6379. 
11. Katayama S, Hirokawa Y, Tanaka T (1984) Macromolecules 17:2641. 
12. Hoffman AS (1987) J. Control. Rel. 6:297. 
13. Xue W, Champ S, Huglin MB (2001) Polymer 42:2247. 
14. Okajima T, Harada I, Nishio K, Hirotsu S (2002) J. Chem. Phys. 116:9068. 
15. Goycoolea FM, Heras A, Aranaz I, Galed G, Fernández-Valle M.E, Argüelles-Monal W 

(2003) Macromol. Bioscience 3:612. 
16. Takahashi K, Takigawa T, Masuda T (2004) J. Chem. Phys. 120:2972. 
17. Xue W, Champ S, Huglin MB, Jones TGJ. (2004) Eur. Polym. J. 40:703. 
18. Bag DS, Sarfaraz A, Mathur GN (2004) Smart Mater. Struct. 13:1258. 
19. Zhao Y, Su H, Fang L, Tan T (2005) Polymer 46:5368.  
20. Ohmine I, Tanaka T (1982) J. Chem. Phys. 77:5725. 



 445 

 

21. Ricka J, Tanaka T (1984) Macromolecules 17:2916. 
22. Park TG, Hoffman AS (1993) Macromolecules 26:5045. 
23. Rodríguez E, Katime I (2003) J. App. Polym. Sci. 90:530. 
24. Edgecombe S, Schneider S, Linse P (2004) Macromolecules 37:10089. 
25. Shibayama M, Uesaka M, Shiwa Y (1996) J. Chem. Phys. 105:4350. 
26. Harada T, Sato H, Hirashima Y, Igarashi K, Suzuki A, Goto M, Kawamura N, Tokita M 

(2004) Colloids Surf. B: Biointerfaces 38:209. 
27. Eisenberg SR, Grodzinski AJ (1984) J. Membr. Sci. 19:173. 
28. Liu S, Weaver JVM, Save M, Armes SP (2002) Langmuir 18:8350. 
29. Maleki A, Kjøniksen AL, Knudsen KD, Nyström B (2006) Polym. Int. 55:365. 
30. Maleki A, Kjøniksen AL, Nyström B (2005) J. Phys. Chem. B. 109:12329. 
31. Maleki A Intensity Light Scattering Measurements on Dilute HEC Solutions. Unpublished 

data. 
32. Miyajim T, Kita K, Kamitani H, Yamaki K (1999) US Patent 5891450. 
 



<<
  /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


