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Abstract Resonance light scattering (RLS) spectra were used to study the for-
mation of complexes of carboxymethyl cellulose (CMC) and polylactic acid (PLA)
in a mixed solvent of 10% DMSO/90% H,O(V/V). The RLS results showed that the
CMC and PLA could form a steady homogeneous complex due to the interaction of
hydrogen bonding. With the increasing of CMC mass fraction in the complex, the
observed durative enhancement RLS signal with two inflexion points indicated the
forming of complexes and aggregation of complexes. The aggregation equilibrium
and thermo stability of the complexes were also investigated based on RLS values.

Keywords Carboxymethyl cellulose - Polylactic acid - Association -
Complex - Resonance light scattering

Introduction

It is well known to us that when polymer-polymer interactions are stronger than the
interactions inside of polymer-solvent, the two polymers can form interpolymer
complexes (IPCs) upon mixing the two constituent polymer solutions in solvent [1].
IPCs have received much considerable research interest during the past decade
mainly because of their important role in foods and related soft solid materials, and
there is a continuing need to modify the properties of these materials for the
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enhanced and novel applications [2-4]. The IPCs can be formed by intermolecular
secondary binding forces, such as coulombic interaction and hydrogen bonding,
etc., and the properties of these complexes or blends strongly depend on the
components and parameters of preparation process [5, 6].

The search for material-specific applications for natural polymers is currently a
topic of great interest due to the increasing environmental concerns. Convenient
blends of natural and biodegradable synthetic polymers with a reactive group
capable of reacting with the natural polymer may be wide used ideally because the
(IPCs) based on polysaccharides would be anticipated to give rise to a diversity of
degradation phenomena according to the degree of graft substitution onto the
carbohydrate backbone and the total composition [7, 8].

In the family of biodegradable synthetic polymers, poly(lactic acid) (PLA) appears
to be the most attractive because of their facile availability, variable biodegradability,
and good mechanical properties, which make it have the potential applications such as
the drug delivery systems, sutures, and surgical implants [9—12]. Cellulose derivatives
have attracted great interest in the past as they are used in food, cosmetics,
pharmaceuticals, etc. [13]. But PLA is easy to be degraded and has high hydrophobic
property, which limits its application to a certain extent. As for carboxymethyl
cellulose (CMC), it is one important polymer based on the renewable resource and has
been widely used in various applications due to the fact that the individual chains are
highly stabilized by a well-organized system of hydrogen bonds present at intra or inter
macromolecular chains [14, 15]. But the rigidity of molecule chains also brings some
limitation in its application. Therefore, to investigate the association behaviors of
CMC and PLA is important for understanding their performance in solution and
expected to expand their usage for further wide-ranging application.

Up to now, some techniques have been used to investigate the interaction
between different macromolecules such as small-angle neutron scattering or small-
angle X-ray scattering, gel permeation chromatography, capillary electrophoresis,
fluorescence spectra and so on [16-21]. In recent years, as a newly developed
technique, resonance light scattering (RLS) has received much attention to
determination of biological macromolecules, trace amounts of inorganic ions,
molecular structure and investigating interaction mechanism for its simplicity,
rapidity and sensitivity [22-25]. RLS is special elastic scattering which might
emerge when the wavelength of light scattering is located at or close to the
molecular absorption band. In this case, the frequency of the electromagnetic wave
absorbed by the electron is approach to its scattering frequency which leads to
intensively absorb and re-scattering. In particular, RLS can be easily obtained by
simultaneously scanning of the excitation and emission monochromators of
ordinary fluorometer and maintains some advantages of the conventional light
scattering and fluorescent spectroscopy synchronously.

For the moment, the complexes formed from CMC and PLA have been scarcely
reported. In this paper, the main objective focuses on interaction mechanism
between CMC and PLA in mixing solvent through the RLS method. From the
simple theory based on RLS values, the association abilities and the thermal
stability of the complex have been revealed. In particular, RLS is employed to
“see” the formation and aggregation of complexes in mixing solvent directly.
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Experimental
Materials and preparation of samples

All chemicals are of analytical-reagent grade or the highest available purity. All
aqueous solutions are prepared with distilled, deionized water. CMC is purchased
from Guangzhou Chemical Reagent Co. and PLA from Shanghai Chemical Reagent
Co. CMC(0.1 g, dry basis) is dispersed in 50 ml de-ionized water and heated above
90 °C until gelatinize the CMC molecules, then 10 ml DMSO is added and the
sample is kept stirring for 15 min. Finally, the CMC solution is transferred into a
100 ml volumetric flask with the final concentration 1.0 g/l. The PLA solution
(0.1 g/1) is prepared by melting in mixed solvent of 10% DMS0O/90% H,0O (V/V)
following the above procedure. Blends of different mass ratios (10:90, 20:80, 30:70,
40:60, 50:50, 70:30, 90:10, w/w, dry basis) of CMC to PLA are prepared by
pipetting the calculated volume of CMC and PLA solution obtained above,
respectively, mixing them by churn up to form homogeneous solutions before
determination in spectrofluorometer.

Apparatus and general procedure

The samples obtained are added into series of 10-ml calibrated flask, then incubates
at room temperature for 0.5 h subsequently. The RLS measurements are performed
by scanning simultaneously the excitation and emission monochromators of the RF-
5301PC spectrofluorometer (Kyoto, Japan). When fixed the wavelength interval
(AZ = 0 nm) and keep the slits 1.5 nm wide, the RLS spectra is obtained. The
fluorescence spectrum is obtained when excited at 380 nm with the emission slit
3.0 nm. These above measurements carried out at room temperature. The thermal
properties of these samples are performed by VARIAN Cary Eclipse (Australian)
spectrofluorometer equipped with a thermostated cell compartment at a certain
heating rate and keep the slit 3.0 nm wide.

Results and discussion
Character of RLS spectra

The RLS spectra of the CMC and CMC/PLA blend are shown in Fig. 1. In this case,
a specific interaction is observed by the distinct change of RLS signal. As can be
seen from the Fig. 1, the RLS character peaks of PLA are locked at 381 and 440 nm
and the RLS character peaks of CMC are locked at 381 and 479 nm, respectively.
For CMC/PLA blend, there are three RLS character peaks locked at 381, 436 and
465 nm, respectively. Obviously, the RLS intensity of CMC/PLA blend is much
higher than the sum of RLS intensity of the individual component. This
phenomenon strongly implies the interaction between CMC and PLA due to the
presence of hydrophilic groups in CMC and carbonyl group in PLA (shown in
Scheme 1), which leads to the formation of hydrogen bond and consequently results
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Fig. 1 RLS profile of CMC (0.1 mg/ml), PLA (0.1 mg/ml) and CMC/PLA = 1/1 blend

in the more swelled associates of PLA/CMC complex in comparative with the single
polymer [26, 27].

Fluorescence emission evidence of association process of CMC and PLA

Another argument in favor of the association of CMC with PLA comes from the
appearance of the weak fluorescence of PLA by addition of CMC. The fluorescence
spectra of PLA, CMC and CMC/PLA blends are shows in Fig. 2 (excited at
390 nm). The characteristic fluorescence peak of PLA occurs at 448 nm with

H CH>OH
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Scheme 1 Schematic of the chemical structures of CMC and PLA molecules. Carboxymethyl cellulose
(CMC) Poly(lactic acid) (PLA)
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Fig. 2 Fluorescence spectra of CMC (0.1 mg/ml), PLA (0.1 mg/ml) and CMC/PLA = 1/1 blend

several shoulder peaks in the region from 390 to 560 nm, while CMC has no
fluorescence emission. The blend of CMC to PLA not only results in the decrease of
fluorescence intensity of PLA, but also leads to the blue shift of maximum emission
wavelength from approximately 448-440 nm. It effectively suggests that there is
association process between CMC and PLA. Probably the presence of hydrophilic
groups along the CMC chains is likely to be responsible for formation of the stable
CMC/PLA complex by hydrogen bonding which inhibiting the fluorescence
emission of PLA [28].

Association process of CMC and PLA

Since the component ratio of two kinds of macromolecules can influence their
association process in solution, to further understand the aforementioned results, the
influence of the component ratio on the formation of CMC/PLA complexes has been
considered. Figure 3a displays the RLS profiles of CMC/PLA complexes as a
function of the mass ratio (MR) (MR = mcyc/mpra) at room temperature. It can be
seen that the RLS intensities of the blends increase as the MR increases. Because
both the RLS intensity of single CMC and PLA are weak, this persistent increase of
RLS intensity is due to the association process between CMC and PLA in solutions.
Furthermore, in Fig. 3b, the plot of RLS intensity versus MR shows two obvious
inflexion points at 5/5 and 7/3, suggesting some important characteristic of the
interaction between these two polymers.

Figure 4 shows the schematic representation of the association process between
PLA and CMC at various mass ratios. There are three regions with the change of the
mass ratio as follows: (1) Formation of complexes, MR < 5/5. (2) Association
equilibrium, 5/5 < MR < 7/3. (3) Turning into aggregate, MR > 7/3. When
MR < 5/5, the RLS intensity of the complexes enhances dramatically, which can
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Fig. 3 RLS profile of CMC/PLA blends in different of mass ratio: a RLS profile as a function of
wavelength; b RLS profiles as a function of mass ratios
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Fig. 4 Schematic representation of the association process between PLA and CMC

be attributed to the association process of these two polymers. The RLS intensities
sharply grow up mainly because of the great change in shape of complex. Maybe
PAA molecule chains are coiling for interaction with CMC by formation of
hydrogen bonding. But with increasing the amount of CMC molecules, a plateau
region appears in the range of 5/5 < MR < 7/3, this indicates the formation process
of complexes reaches a temporary association equilibrium. Interestingly, in the
range of MR from 7/3 to 9/1, the RLS intensity increases remarkably again, which
implies at the MR 7/3, the aggregation of CMC/PLA complex might occur. This is
because that the high concentration of CMC results in the aggregation of CMC/PLA
complex by the interaction of hydrogen bonds between CMC and the complexes
[29].

As can be seen from Fig. 3b, the presence of the aggregation for CMC/PLA
complexes occurs when MR > 7/3. The aggregation process in solution can be
explained on the basis of the simplistic association model [30]. The model assumes
a dynamic equilibrium between aggregates of CMC/PLA complex.

M; + M = M, (1)
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Fig. 5 Relationship of RLS intensity and temperatures for CMC/PLA complex with various mass ratios

where i =1, 2, ...

Here M; is the aggregate consisting of i particles. When gaining another particle,
M; is to become M, Then the equilibrium constant Koq = [M;]/[M;][M] can be
obtained. So we can assume the aggregation equilibrium in different temperatures.

As shown in Fig. 5, the RLS intensity of CMC/PLA complexes at MR 7/3 does
not change significantly as temperature increases, which means that K., is
independent of temperature 7. From the expression K.q o< exp[-AH/RT + AS/R],
where R is the gas constant, AH and AS are the molar enthalpy change and the molar
entropy change in aggregate process, temperature independence of K4 can be leads
to AH =~ 0. This suggests that the aggregation formation is governed mainly by the
entropy increase.

Thermal stability of CMC/PLA complexes revealed by RLS

For multicomponent polymer solutions, the total scattered intensity, [, 1S given
by [31]:

Itolal = Icomplex + ICMC + Ipra (2)

where Icmc, Ipea and Loompiex are the scattering light intensity from free CMC
molecules, free PLA molecules and the formed complex between CMC and PLA,
respectively. From Fig. 1, it can be seen that the scattering light intensity of free
PLA and CMC is very low compared with the complex. In addition, in these
polymer solution systems, there are few free CMC or PLA free molecules to exist
due to their interaction, so the contribution of free CMC and PLA to the RLS
intensity of the polymer solution system can be neglected, so the intensity of RLS
produces mainly based on the aggregation of particles in solution [32].
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In this case, to investigate thermal stability of CMC/PLA complexes not only can
further confirm the formation of the complexes but also obtain some useful
information of the complex structure. Here, we investigated the thermal stability of
the CMC/PLA complex by calculating the apparent decomposition activation energy.

The apparent decomposition activation energy for the thermal stability of
CMC/PLA was determined from the RLS curves could be expressed as a function
of the relative extent of change for RLS intensity, o, using the general formulation
[33]:

M) _ i1 - o) (3)
o is the extent of change of RLS intensity and is given by
o= (Ip—1)/I
k = Ae E/RT (4)
fl—0)=(1-a) (5)

where k is described as a rate constant, I is the RLS intensity at the initial tem-
perature and 7 is the RLS intensity of polymer at certain temperature, R is the gas
constant, and the Eq. 3 can be transformed by

@
dt

If we suppose the decomposition process to be the first order reaction,
n=10= % then Eq. 6 can be rewritten in the form:

= Ae ERT(1 — )" (6)

de) A —E/RT
L 1-— 7
2 = SRl ) )
where @ is the heating rate, here keep a fixed constant in this case, E, is the apparent
activation energy, A is the exponential factor, and therefore the follow simplified

formulary can be obtained

Infin[1/(1 — &)]] = —Eo/RT + In[(R/E,)(A/®)T?] (8)

Plots of In[In[1/(1 — «)]] versus 1/T for the temperature range from 25 to 70 °C,
then the values of the apparent activation energies, E, can be determined from the
slopes of these plots.

Figure 5 shows the representative plots for RLS intensity of CMC/PLA samples
as a function of temperature with various mass ratios. It can be seen that the durative
decrease of RLS intensity of CMC/PLA is found and these plots posses the good
linear relation with increasing temperature. The slope of these plots augments with
increasing MR, which reflects the association information of different samples at
various temperatures. Obviously, from the mutative slopes of these plots of CMC/
PLA samples with different MR, the most stable association of CMC and PLA
probable occurs at MR = 5/5, because the change of RLS intensity of the complex is
the least with changing the temperature. It implies that PLA molecules wrapped by
CMC molecules in appropriate proportion are prone to form the steady complex.
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Fig. 6 Plots of In[In[1/(1 — a)]] versus 10°T K™Y during the thermal degradation

Table 1 Activation energies

and slope during the thermal Sample E, (k/mol) r
treatment measured by RLS CMC/PLA = 7/3 19.05 0.876
method
CMC/PLA = 6/4 21.67 0.971
CMC/PLA = 5/5 2243 0.946

To further make sure above conclusion, we estimate the apparent decomposition
activation energy based on Eq. 8. As shown in Fig. 6, the fitting lines of In[In[1/(1—
o)]] versus 1/T of CMC/PLA complexes with various MR are obtained by using
Eq. 8. The slope and calculated apparent decomposition activation energies E, of
samples are listed in the Table 1. As seen from the Table 1, the E, values for the
samples with mass ratio 7/3, 6/4 and 5/5 are found to 19.05, 21.67, and 22.43 kJ/
mol, respectively. This suggests that the sample with mass ratio 5/5 embodies a
stronger association interaction between CMC and PLA and the relatively strong
thermal stability of the complex, which leads to the increase of apparent activation
energies of the decomposition process [34].

Conclusions

In this study, we report the possibility of association of CMC with PLA in solution
without chemical modifications. The intermolecular hydrogen bonding between the
oxygen atom of the carbonyl group of PLA and the hydrogen of the hydroxyl group
of CMC is a mainly mode of action which leads to the forming of CMC/PLA
complex. The thermal stability experimental results investigated by RLS indicate
the complex of CMC/PLA formed with appropriate mass ratio has better thermal
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stability property and the aggregation formation is governed mainly by entropy
increase. As a simple, sensitive method, RLS is a useful tool to study the
macromolecular interaction process and mechanism.

Acknowledgments X. D. Chen acknowledges the financial support from the program of National
Natural Science Foundation of China (Grant no. 50673104) and Natural Science Foundation of
Guangdong province (Grant no. 7003702).

References

1. Luo XF, Goh SH, Lee SY, Tan KL (1998) Interpolymer complexation between poly(N-methyl-4-
piperidinyl methacrylate) and acidic polymers. Macromolecules 31:3251
2. Wang Y, Goethals EJ, Du Prez FE (2004) Association behavior between end-functionalized block
copolymers PEO-PPO-PEO and poly(acrylic acid). Macromol Chem Phys 205:1774
3. Etrych T, Leclercq L, Boustta M, Vert M (2005) Polyelectrolyte complex formation and stability
when mixing polyanions and polycations in salted media: a model study related to the case of body
fluids. Eur J Pharm Sci 25:281
4. Dragan ES, Schwarz S (2004) J Polym Sci Pol Chem 422:495
5. Xiang ML, Jiang M, Zhang YB, Wu C, Feng LX (1997) Macromolecules 30:2313
6. Drogoz A, David L, Rochas C, Domard A, Delair T (2007) Polyelectrolyte complexes from poly-
saccharides: formation and stoichiometry monitoring. Langmuir 23:10950
7. Rhim JW, Mohanty KA, Singh SP, Ng PKW (2006) Preparation and properties of biodegradable
multilayer films based on soy protein isolate and poly (lactide). Ind Eng Chem Res 45:3059
8. Teramoto Y, Nishio Y (2004) Biodegradable Cellulose diacetate-graft-poly(L-lactide)s: thermal
treatment effect on the development of supramolecular structures. Biomacromolecules 5:407
9. Wang Q, Dordick JS, Linhardt RJ (2002) Synthesis and application of carbohydrate-containing
polymers. Chem Mater 14:3232
10. Liu LJ, Li SM, Garreau H, Vert M (2000) Selective enzymatic degradations of poly (L-lactide) and
poly (e-caprolactone) blend films. Biomacromolecules 1:350
11. Kikkawa Y, Fujita M, Abe H, Doi Y (2004) Effect of water on the surface molecular mobility of
poly(lactide) thinfilms: anatomic force microscopy study. Biomacromolecules 5:1187
12. Tsuji H, Carpio CA (2003) In vitro hydrolysis of blends from enantiomeric poly(lactide)s. 3. Ho-
mocrystallized and amorphous blend films homocrystallized and amorphous blend film.
Biomacromolecules 4:7
13. Wennerstrand AW, Olsson M, Janstrom L, Koschella A, Fenn D, Heinze T (2008) J Colloid Interface
Sci 327:51
14. Zhang MQ, Rong MZ, Lu X (2005) Fully biodegradable natural fiber composites from renewable
resources: all-plant fiber composites. Compos Technol 65:2514
15. Clasen C, Kulicke WM (2001) Determination of viscoelastic and rheo-optical material functions of
water-soluble cellulose derivates. Prog Polym 26:1839
16. Wang XY, Li YQ, Wang YW, Lai J, Huang QR (2007) Microstructure of beta-lactoglobulin/pectin
complex coacervates studied by small-angle neutron scattering. J Phys Chem B 111:515
17. Mi FL (2005) Synthesis and characterization of a novel chitosan—gelatin bioconjugate with fluo-
rescence emission. Biomacromolecules 6:975
18. Mycelia AC, Chen CC, Liu YW, Ker YB, Wu YY, Lai EY, Chyau C, Hseu TH, Peng RY (2007)
Chemical characterization and anti-inflammatory effect of polysaccharides fractionated from sub-
merge-cultured Antrodia camphorata mycelia. J Agric Food Chem 55:5007
19. Weinbreck F, Tromp RH, DeKruif CG (2004) Article composition and structure of whey protein/gum
Arabic coacervates. Biomacromolecules 5:1437
20. Antonov YA, Wolf BA (2005) Calorimetric and structural investigation of the interaction between
bovine serum albumin and high molecular weight dextran in water. Biomacromolecules 6:2980
21. Ducela V, Saulniera P, Richardb J, Bourya F (2005) Plant protein-polysaccharide interactions in
solutions: application of soft particle analysis and light scattering measurements. Colloid Surface B
41:95
22. Chen XD, Dong YP, Fan L, Yang DC, Zhang MQ (2007) Anal Chim Acta 2:597

@ Springer



Polym. Bull. (2009) 62:549-559 559

23.
24.

25.
26.

27

28.

29.

30.
31.
32.
33.

34.

Li YB, Chen XD, Zhang MQ, Luo WA, Yang J, Zhu FM (2008) Macromolecules 41:4873

Jiang ZL, Liu QY, Liu SP (2002) Resonance scattering spectral analysis of chlorides based on the
formation of (AgCl)n(Ag)s nanoparticle. Spectrochim Acta A 58:2759

Feng P, Huang CZ (2001) Environ chem 5:497

Luo HQ, Liu SP, Li NB, Liu ZF (2002) Resonance Rayleigh scattering, frequency doubling scattering
and second-order scattering spectra of the heparin—crystal violet system and their analytical appli-
cation. Anal Chim Acta 468:275

. Teramoto A, Takagi Y, Hachimori A, Abel K (1999) Interaction of albumin with polysaccharides

containing ionic groups. Polym Adv Technol 10:681

Xie HF, Bolam DN, Nagy T, Szab6 L, Cooper A, Simpson PJ, Lakey JH, Williamson MP, Gilbert HJ
(2001) Role of hydrogen bonding in the interaction between a xylan binding module and xylan.
Biochemistry 40:5700

Loh XJ, Tan YX, Li Z, Teo LS, Goh SH, Li J (2008) Biodegradable thermogelling poly(ester
urethane)s consisting of poly(lactic acid)—thermodynamics of micellization and hydrolytic degra-
dation. Biomaterials 29:2164

Chakraborty S, Sahoo B, Teraoka I, Grooo RA (2005) Solution properties of starch nanoparticles in
water and DMSO as studies by dynamic light scattering. Carbohydr Polym 60:475

Larsson A (1998) Colloid Surface B 12:23

Huang CZ, Li YF (2003) Anal Chim Acta 500:105

Qu X, Wirsén A, Albertsson AC (2000) Effect of lactic/glycolic acid side chains on the thermal
degradation kinetics of chitosan derivatives. Polymer 41:4841

Huang YH, Lu J, Xiao CB (2007) Polym Degrad Stabil 92:1072

@ Springer



	Association behaviors between carboxymethyl cellulose and polylactic acid revealed by resonance light scattering spectra
	Abstract
	Introduction
	Experimental
	Materials and preparation of samples
	Apparatus and general procedure

	Results and discussion
	Character of RLS spectra
	Fluorescence emission evidence of association process of CMC and PLA
	Association process of CMC and PLA
	Thermal stability of CMC/PLA complexes revealed by RLS

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


