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Abstract The aim of this research work was to clarify the
role of the mixed emulsifier in the structure formation and
water binding mode in the case of o/w creams prepared
with different surfactants. The swelling behavior of mixed
emulsifiers was examined by means of direct investigation
methods such as transmission electron microscopy (TEM)
and X-ray diffraction. The detailed structure image of the
creams was created with the help of the latter. The
influence of the structure of the hydrophilic gel phase,
and the structural changes during storage were studied
with rheological methods. On the basis of the results, it
can be stated that the investigated creams had different
structures from those mentioned in the literature: surfac-
tant did not create a mixed bilayer with the structure to
furnish fatty amphiphile; instead, micelles were formed.
These results correlated well with the results of the
rheological tests.
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Introduction

O/w creams are complex, multicomponent preparations.
They are combinations of a number of surfactants,
polymers, and other additives. Mixed emulsifiers are
frequently used in o/w systems; these are the combinations
of an ionic or nonionic surfactant with fatty amphiphiles,
such as fatty alcohols, fatty acids, or monoglycerides [1].
Phase-separation processes can be eliminated through their
use, which is essential for the preparation of a product with
consistently equal long lasting therapeutic properties, real
storage ability, and good stability. The gel-network theory,
developed by Barry and Eccleston [2—5], gave a coherent
explanation for the manner in which mixed emulsifier not
only stabilize o/w creams but also control their consisten-
cies. The lamellar theory of the microstructure of creams
was set up by summarizing the results of X-ray diffraction,
electron microscopic, thermoanalytical, and rheological
studies. O/w creams stabilized with a mixed emulsifier are
at least four-phase systems, as follows: (1) crystalline/
hydrophilic gel phase: composed of bilayers of surfactant
and fatty amphiphile [6-8]. Water molecules are inserted
between the bilayers, thus forming an interlamellar water
layer. (2) Bulk water layer: mechanically bound water [9—
11]. () Lipophilic gel phase: the excess of the fatty
amphiphile, which is not part of the hydrophilic gel phase,
builds up a matrix with lipophilic character; (4) dispersed
0il phase: this inner phase is mainly immobilized mechan-
ically from the lipophilic gel phase [12—14]. The literature
findings indicate that this four-phase structure theory is
generally valid for o/w creams prepared with ionic or
nonionic surfactants. The proportions of the various water
phases (interlamellarly bound or bulk water) in o/w creams
depend on the composition and proportions of the con-
stituents of the mixed emulsifier. It is assumed that
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Table 1 Surfactants and their properties

Abbreviation Surface active agent Chemical name Properties
EC Eucarol® AGE/EC (Cesalpinia Chem., Aqueous solution of alkylpolyglucoside citrate Anionic, liquid, HLB~20
Lamberti Spa.)
ET Eucarol® AGE/ET (Cesalpinia Chem., Aqueous solution of alkylpolyglucoside tartrate Anionic, liquid, HLB~20
Lamberti Spa.)
Tegin Tegin® (Goldshmidt AG) Glyceryl stearate SE Nonionic POE-free, solid,
HLB=12, Mp=77-80 °C
TCPS Tego Care® PS (Goldshmidt AG) Methyl glucose sesquistearate Nonionic POE-free, solid,
HLB=12, Mp=77-78 °C
T60 Tween® 60 (Sigma) Polyoxyethylene (20) sorbitan monostearate nonionic with POE chain,

liquid, HLB=14.9

HLB Hydrophilic-lipophilic balance value from the manufacturer, Mp melting point value from the manufacturer

interlamellarly bound water molecules exhibit different
physicochemical and biopharmaceutical properties from
those of the bulk water phase because the interlamellarly
fixed water may serve as a formulation reservoir (“depot™)
for controlled release skin hydration [12, 13].

To understand the microstructure of o/w creams better,
simple models could be used that mimic the mode action of
the mixed emulsifiers in more complex systems. It was
shown that ternary surfactant/amphiphile/water systems
have similar structures and rheological properties to the
corresponding creams, and such ternary systems have been
extensively studied as structural models for the continuous
phases of dermatological creams [15-22].

The object of this study was to determine the exact
microstructure of the investigated creams with the help of
X-ray diffraction on ternary systems and to analyse the
role of the mixed emulsifier in the structure formation
and water binding mechanism through the examination of

Fig. 1 Freeze-fracture electrographs of o/w creams prepared with
T60, revealing the lamellar structure
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its swelling ability. We studied the modifying effect of
the different cream structure by means of rheological
measurements.

Materials and methods
Materials

The following members of three different emulsifier groups
were used during our research work: ionic, nonionic POE
chain containing, and nonionic POE chain-free surfactants
(Table 1).

Cetostearyl alcohol (CSA) as fatty amphiphile, isopropyl
myristate (IM) as the lipophilic phase of the creams,
distilled water, and the preservatives (methyl p-hydroxy-
benzoate and propyl p-hydroxybenzoate) were of Ph. Eur. 4
grade.

Sample preparation

For the swelling studies of the mixed emulsifier, a series of
ternary surfactant/CSA/water systems were prepared with a
constant ratio of surfactant to fatty alcohol of 1:4 and
increasing water contents 25, 40, 60, 70% w/w. A

Fig. 2 Freeze-fracture electrographs of o/w creams prepared with ET,
revealing the lamellar structure
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Table 2 X-ray diffraction data on the ternary T60/CSA/water system

Water (%) 20 (°) di (A) D (A) ny(=D/dy)
25 1.76 50.11 625.22 12.5

40 1.76 50.11 340.78 6.8

60 1.67 52.97 248.91 4.7

70 - - - -

corresponding series of CSA/water systems without any
surfactant was also prepared to identify the peaks
corresponding to crystalline CSA. Creams were prepared
with 4% w/w surfactant content (20% w/w mixed emulsi-
fier, 20% IM and 60% w/w distilled water). To prepare the
systems (30.0 g in each case), the mixed emulsifier or
mixed emulsifier/lipophilic phase (in the case of the
creams) were melted in a pan at 70 °C. The preservatives
were dissolved into hot distilled water. When the temper-
ature of both phases was 70 °C, the water was added to the
melted mixed emulsifier or mixed emulsifier/lipophilic
phase and the ternary system/cream was allowed to cool
under continuous manual stirring. The water that evaporat-
ed off was replaced up to the desired weight.

Microscopic analysis

The microstructure of o/w creams was studied with freeze
fracture techniques and TEM. Replicas were produced with
BAF 400D freeze-etching device (Balzers, Liechtenstein).
Specimens were mounted on 300-mesh copper grids and
examined in a CEM902 (Zeiss, Germany) transmission
electron microscope. Micrographs were made at a primary
magnification of x7,000-20,000.

X-ray diffraction

Qualitative investigation of the lamellar layer, and quanti-
tative characterization of the lamellar distance: the swelling
behavior of the applied surfactant and the water layer
thickness, the detailed microstructure of o/w creams and
were determined with the help of X-ray diffraction. The
repeat distances were therefore calculated according to the
Bragg equation:

nA = 2dL - sin©®

where n is the integer (the reflection order), A is the
wavelength of the incident X-rays, dp is the lamellar
spacing, and © is the angle of reflection [23]. The lamellar
spacing (di) values were determined with a Philips PW-
1830 diffractometer (Cu Ka radiation, 1=1.54 A) in the 20
range 1-10°.

Rheological measurements

A Haake Rheostress 1 rheometer (ThermoElectron, Ger-
many) was used to measure the rheological properties of the
creams. The yield stress test and constant stress test were
carried out as viscosity measurements. Cone—plate (CP4/40
and 1/35° TI) combinations were used as measuring system.
The temperature of the sample was 25+0.1 °C. The tests
were performed at least in triplicate.

Results

Structural elements, primarily of the lamellar phase-men-
tioned in the literature, were verified by means of TEM.
Figures 1 and 2 reflect the lamellar structure of the
investigated o/w creams.

Ternary systems

X-ray diffractograms of CSA, cetyl alcohol (CA), and
stearyl alcohol (SA) were collected and the dy values of the
typical peaks were determined from them. Values of the
calculated lamellar spacing (dpcqc) were determined via
the following equations in the case of CA and SA:

Lo=(127 n.+2.8) +h
chalc =2-L

where L. is the length of the alkyl chain containing n,
carbon atoms, 1.27 is the C—C distance in A.U., n is the
number of carbon atoms, 2.8 is the volume of the end
(methyl) group (in A.U.), and #% is the volume of the head
group. A comparison of the calculated values with the
measured data demonstrated that CSA formed a bilayer in
the investigated samples, the most likely angle of inclina-
tion of the molecules in this bilayer being 55° to the
horizontal. In accordance with the results presented in the

Table 3 X-ray diffraction data

on the ternary Tegin/CSA/ Water (%) 20 (°) d (A) DA ny(=D/dy)

water and TCPS/CSA/water - - - -

systems Tegin TCPS Tegin TCPS Tegin TCPS Tegin TCPS
25 1.76 1.67 50.11 52.97 536.50 475.47 10.70 8.98
40 1.79 1.67 49.06 52.97 493.18 678.66 10.05 12.81
60 1.76 1.68 50.11 52.37 588.17 610.80 11.70 11.66
70 1.74 1.67 50.66 52.97 661.69 684.51 13.06 12.92
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Table 4 X-ray diffraction data

on the ternary EC/CSA/water Water (%) 20 (%) dy (A) D (A) np(=D/dy)
and ET/CSA/water systems
EC ET EC ET EC ET EC ET
25 1.76 1.78 50.11 49.58 601.54 742.08 12.00 14.98
40 1.78 1.74 49.58 50.66 583.84 728.47 11.78 14.38
60 1.72 1.72 51.22 51.22 547.61 305.40 10.69 5.96
70 1.78 1.78 49.58 49.58 352.90 487.13 7.12 9.83

literatures [24], CSA alone in excess water exhibited
minimal swelling on hydration on increase of the water
content. In the presence of 25% water, a sharp diffraction
peak was present at 49.06 A, representing hydrated
crystalline bilayers of CSA. Upon addition of 40% water,
the crystalline hydrate swelled to 50.11 A. At water
concentrations above 40% w/w, two separate phases
formed: a water phase and a CSA phase.

Table 2 contains first-order reflection values of ternary
systems prepared with T60, where D is the size of the
domain and 7y is the number of bilayers within a domain.

On the basis of these data, it can be stated that the
ternary T60/CSA/water systems did not exhibit a signifi-
cantly higher swelling ability than that for systems
containing only CSA/water. This indicates that a bilayer
was not formed by the mixed emulsifier, but rather, the
lamellar phase was built up merely from CSA domains
containing 12-4 connected bilayers, depending on the
water content. The presence of the micelles leads to a
decrease in the domain size, and the formation of an ever
more disordered structure. Thus, part of the water exists
between the lamellas because the polar groups of the CSA
are hydrated. T60 forms micelles and the residual water is
chemically bound (hydrogen-bonded) to the POE chains
[25], and this layer is also capable of mechanically
entrapping a considerable number of water molecules.

Table 3 depicts the first-order reflection values of ternary
systems prepared with Tegin and TCPS.

The results clearly showed, that CSA formed 9-13
connected bilayers alone in the lamellar phase and the value
of D increased with increasing water content. The structure
became more ordered as a result of the increasing water
content. The explanation of this is the hydrophobic
structure and the HLB value of the surfactant, which
resulted in increasing ordering. It can be stated that apart
from the semihydrate water of the CSA in the structure,
most of the incorporated water was mechanically dispersed
in the structure [25].

Table 4 presents the first-order reflection values of
ternary systems prepared with EC and ET.

CSA formed domains alone containing 12—7 (EC) and
15-10 (ET) bilayers, depending on the water content and
the type of ionic surfactant applied. Thus, the structure was
more ordered than in the case of T60. The micelles formed
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by Eucarols were smaller because of the lack of POE
chains. Part of the incorporated water was positioned
around the head group of the CSA as semihydrate water.
The incorporated water, which is situated close to the
micelle, is bound by electrostatic forces. The surplus is
bound mechanically as bulk water in the gel structure [25].

The chemical structure and hydrophilicity play important
roles in the structure formed; this is demonstrated by the
results of rheological measurements. The results on ternary
systems containing 60% w/w water are listed in Table 5.
Considerable differences in viscosity were observed,
though the compositions of the ternary systems differed
only in the nature of the surfactant.

For the samples containing T60, which has a nonionic
character, larger and more asymmetric micelles were
formed than in the case of ionic ones. This led to a change
in the degree of order of the structure and the value of D
was smaller. The change in the rheological index correlated
well with the change in the domain size: the greater
thixotropic area indicates that the system took longer to
restore its original viscosity and structure. The reason for
this is the presence of the POE chains, which increase the
viscosity of the system; at the same time, this means a more
breakable structure.

For the less hydrophilic Tegin and TCPS, high thixotro-
pic areas and viscosities were observed. This was connected
not so much with the domain size, but rather with the lower
HLB values of the surfactants and the closely hydrophobic
character because such hydrophobic units tend to connect
and aggregate.

Table 5 X-ray diffraction and rheological data on ternary systems

Ternary system doo1 Viscosity Thixotropic
(60% water) _ area

dp (A) D (A) At D=10 (Pa/s)

1/s (Pa s)

T60 52.97 24891 29.63 2,094.61
EC 51.22 547.61 4.18 773.27
ET 51.22 305.40 2.33 346.49
Tegin 50.11 588.17 64.99 6,548.99
TCPS 52.37 610.80 38.05 3,942.90
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Yield stress (Pa)

4th week
8thweek EC

Fig. 3 Yield stress values of creams prepared with different
surfactants

Creams

X-ray measurements were made on creams; their structure
images were close to those of the ternary systems. CSA
alone formed a bilayer, the structure of which was not
influenced by the presence of the lipophilic phase. IM was
entrapped inside the micelles and incorporated between the
apolar chains of CSA.

The above-mentioned X-ray diffraction results and the
previously published thermoanalytical results [26] provide

Fig. 4 Flow curves of creams 600

a good explanation for the changes that occurred in the
measured rheological parameters (yield stress, thixotropic
area, and viscoelastic behavior) during storage. Each
investigated system was characterized by plastic-thixotropic
behavior.

The magnitude of the yield stress is related to the
strength of the interparticle interaction in the 3D network of
the microstructure of the creams. The following tendency
was observed for the yield stress: samples prepared with
nonionic POE chain-free surfactants had the highest yield
stress (Tegin and TCPS). These values were significantly
higher than the others (p<0.01). They were followed in
order of magnitude by the results for the samples prepared
with a nonionic POE chain-containing surfactant (T60).
The yield stress was smallest for ionic surfactants (EC and
ET). Significant changes in yield stress during storage were
observed only for samples containing nonionic POE chain-
free surfactants (Fig. 3), where the yield stress was
significantly higher by the fourth week (p<0.05). After
this, there was no further change up to the eighth week.

The higher yield stress values for the creams prepared
with Tegin and TCPS indicated larger contact surfaces and
stronger packing between the structural elements. On the
other hand, the lower yield stress values for the creams
prepared with the Eucarols, independently of the concen-
tration and the storage time, suggested that a small stress is
needed to initiate flow, which may be better in terms of the
applicability of the formulation to the skin. A further
advantage of these systems is that the yield stress did not
change significantly with change of the surfactant concen-
tration or during storage.

prepared with different surfac-

tants, after 8 weeks

500 +

——Tegin ——TCPS
——T60 ——ET

300 t+-------3

Shear stress (Pa)
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100
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Table 6 Thixotropic values of creams prepared with different surfactants (mean values+SD, n=3)

Thixotropic TCPS

area (Pa/s)

Tegin

T60 EC ET

Ist day 2,138.44 SD+10.30 1,952.60 SD+11.91
4th week 2,230.82 SD+5.59 2,566.70 SD+4.03
8th week 2,629.24 SD+2.84 3,496.73 SD+4.45

1,004.50 SD+5.73
1,298.00 SD+5.56
1,201 SD+2.45

374.00 SD+8.11
459.00 SD=+6.98
505.50 SD+2.21

273.50 SD£2.56
259.67 SD+5.45
261.67 SD+4.98

The most desirable type of flow behavior encountered in
pharmaceutical or cosmetic products is thixotropic flow. All
formulations behaved thixotropically (Fig. 4).

A thixotropic loop illustrates the deformation history of a
material, and the thixotropic area provides qualitative
information about its time dependence; it is proportional
to the invested work necessary to change the structure. A
significantly greater thixotropic area was observed for the
samples prepared with nonionic POE chain-free surfactants
(»<0.01), independently of the storage time. These were
followed by the samples prepared with nonionic POE
chain-containing surfactants, and the smallest thixotropic
area was found for creams containing ionic surfactants
(Table 6). This indicates that these latter creams had better
structure-recovery properties. The higher thixotropic values
for the creams containing POE chain-free surfactants imply
that these formulations took longer to restore their viscosity
at rest after being sheared, which is potentially an
undesirable property from the aspect of application.

No significant change was observed in the values during
storage for 4 weeks in any case, in accordance with the

structure-forming mechanism (hydration of the POE chains,
change in form of the micelles, and binding of further
aggregates of the surfactant).

Discussion

Detailed microstructural images of o/w creams prepared
with different mixed emulsifiers were created with the help
X-ray diffraction. The results revealed that the investigated
creams had different structures from those mentioned in the
literature. The surfactant of the mixed emulsifier formed
micelles, instead of mixed bilayers with the fatty amphi-
phile (Fig. 5). Bilayers were built up merely from CSA.
Thus, chemically bound water was present in the creams
prepared with nonionic POE chain-containing or ionic
surfactants (besides the bulk water). In the case of POE
chain-free surfactants, only the latter was present. The
chemical structure and hydrophilicity of the surfactant
played important roles in the structure formed; this was
demonstrated by the results of rheological measurements.

b contaiing mosionts (o Ao Hydrated
nary system = POE-chain &\:{;
dmicelle ﬁ— —_
Y Bulk water
RN
D| A S8 0000080, YOO r
00000000006000000060000000
d, I e
IR R

@ Springer




Colloid Polym Sci (2007) 285:657-663

663

Acknowledgement The work was supported by the Hungarian
Science Fund (OTKA) under grant number T046908.

References

NN L AW

. Eccleston GM (1997) Colloid Surf A Physicochem Eng Asp 123—

124:169

. Barry BW (1983) Dermatological formulations. Percutaneous

absorption. Marcel Dekker, New York

. Eccleston GM (1986) Pharm Int 7:63

. Eccleston GM (1985) Cosmet Toilet 101:73

. Barry BW, Eccleston GMJ (1973) J Texture Stud 4:53

. Kallionen S, Helenius K, Yliruusi J (1995) Pharmazie 50:478

. Junginger HE, Akkermans AAMD, Heering W (1984) J Soc

Cosmet Chem 35:45

. Niemi L, Laine E (1991) Int J Pharm 68:205

. Junginger HE (1984) Ber Bunsenges Phys Chem 88:1070
10.
11.
12.

Junginger HE (1985) Pharm Weekbl Sci Ed 7:59

Eccleston GM.J (1977) J Pharm Pharmacol 29:157

Swarbrick J, Boylan JC (1988) Encyclopedia of pharmaceutical
technology 5. Band. Marcel Dekker, New York

13.
14.

15.
16.
17.
18.

19.
20.

21.

22.
23.

24.

25.

26.

Junginger HE (1984) Pharm Weekbl Sci Ed 6:141

Peramal VL, Tamburic S, Craig DQM (1997) Int J Pharm
155:91

Eccleston GM (1985) Int J Pharm 27:311

Junginger HE (1984) J Phys Chem 88:1070

Vringer T, Joosten JGH, Junginger HE (1986) Colloid Polym Sci
264:691

Vringer T, Joosten JGH, Junginger HE (1987) Colloid Polym Sci
265:448

Rowe RCJ (1987) J Pharm Pharmacol 38:50

Vringer T, Joosten JGH, Junginger HE (1984) Colloid Polym Sci
262:56

Vringer T, Joosten JGH, Junginger HE (1987) Colloid Polym Sci
265:167

Rowe R, Barry MD (1989) Int J Pharm 53:139

Evans DF, Wennerstrom H (1999) The colloidal domain: where
physics, chemistry, biology, and technology meet. Wiley, Canada
Eccleston GM, Behan MK, Jones GR, Towns-Andrews E (2000)
Int J Pharm 203:127

Florence AT, Attwood D (1985) Physicochemical principles of
pharmacy. Macmillen Publishers, London

Konya M, Sorrenti M, Ferrari F, Rossi S, Csoka I, Caramella C,
Bettinetti G, Erds I (2003) J Therm Anal Calorim 73:623

@ Springer



	X-ray investigation of the role of the mixed emulsifier in the structure formation in o/w creams
	Abstract
	Introduction
	Materials and methods
	Materials
	Sample preparation
	Microscopic analysis
	X-ray diffraction
	Rheological measurements

	Results
	Ternary systems
	Creams

	Discussion
	References




<<
  /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


