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On the nanostructure of polymer layers formed
by adsorption from binary and ternary
solutions on a solid Si0,: a combined
adsorption and atomic force

microscopy (AFM) study

Abstract The thickness of nanolayers
formed by adsorption from dilute and
semi-dilute solutions on a solid SiO,
surface has been estimated from ad-
sorption isotherms and atomic force
microscopy (AFM) measurements for
polystyrene, poly(butyl methacrylate),
and their mixtures. The thickness of
the adsorption layers depends strongly
on the adsorption conditions and is
controlled by several features of the
adsorbing entities. In a low-concen-
tration regime of adsorption, the
length of polymer chains and the
nature of their interaction with

the substrate are the most important
factors controlling the adsorption
process. Above the critical concentra-
tion C*, macromolecular clusters
(aggregates of several overlapping
chains) are formed in a solution as a
result of polymer chains self-assem-
bly. Therefore, the final adsorption
layer thickness is determined mainly

Introduction

by the size of the clusters in this
concentrated regime of adsorption. We
also demonstrate that in the case of
polymer mixtures, the adsorption
leads to formation of mosaic structures
with alternation of the polymeric
components in plane of the substrate
and a characteristic domain size of
approximately 200 nm for each of the
components. AFM study reveals that
the adsorbed layers are fractal struc-
tures whose fractal dimensions
depend on the type of the polymer
and the adsorption process. We dem-
onstrate therefore that the structure of
nanolayers of polymers and their
mixtures on the solid surface can be
regulated by variation of the adsorp-
tion conditions.

Keywords Nanolayers - Polymer
adsorption from solutions - Fractal
structures - Polymer mixtures -
Self-assembling

While formation of self-assembled monolayers of small

The process of static self-assembly can be defined as a
process of spontaneous ordering in a closed thermody-
namic system, which proceeds in the direction of mini-
mization of its Gibbs free energy [1]. Such processes have
been studied for many polymeric systems [2—5]. Those of
particular interest are such self-assembly processes occur-
ring in monolayers. Self-assembled monolayers are mo-
lecular assemblies that are formed by immersion of an
appropriate substrate into a solution of a surfactant in an
organic solvent [6].

molecules was studied for several decades [6, 7], the pro-
cesses of self-assembly of polymeric molecules that take
place at the interface with solid by adsorption have at-
tracted considerable attention only recently. Meanwhile,
such processes are important both for basic research and
practical applications as they lead to the formation of
nanoscaled adsorption layers of a complicated structure.
Of a special interest are also fractal characteristics of
adsorption layers, which depend on their structure. It is
presently recognized that macromolecular coils are fractal
objects. The fractal dimension D of macromolecular coils
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in solution depends on the length of the Kuhn segment
and on the nature of solvent being used [8, 9]. It is evident
that the fractal properties of adsorption layers should be
determined by the fractal dimensions of coils or macro-
molecular clusters formed in solution as a result of self-
assembly process [10]. The formation of thin polymer
layers at the interface with solid also plays an important
role when producing layered nanocomposites using the
exfoliation—adsorption method [11]. Formation of adsorp-
tion layers at the interface with solids is a unique technique
of producing nanoscale films with a fine control of their
thickness and structure [12]. These features of the adsorp-
tion process are related to one special characteristic of
the polymer adsorption process that is the dependence of
the properties and thickness of the adsorbed layer on the
conformational state of polymer chains [13]. Depending on
a solution regime (dilute, semi-dilute, concentrated one),
the structure of the adsorption layer can be varied in a wide
range. In a route of adsorption from a very dilute solution,
macromolecules possess various conformational states at
the adsorbent surface (so-called trains, loops, and tails). At
higher concentration, the adsorption of macromolecular
coils as a whole takes place. In the concentration region
near the critical solution concentration C*, the macromo-
lecular clusters of fluctuation nature are formed as a result
of self-assembly. These clusters can pass to the adsorbent
surface and determine the structure of adsorption layers.
Therefore, the adsorption from polymer solutions is a
universal process of giving a great variety of the structures,
formed by one and the same polymer. The dimensions of
molecular coils are in the range of several tens of nano-
meters [14], whereas the cluster dimensions are in the order
of 40-300 nm [15]. That is to say, these dimensions pre-
determine the formation of nanoscale adsorption layers.

Another interesting type of nanoscale adsorption layers
may be produced by adsorption in mixed polymer systems,
i.e., from a solution of two different polymeric compo-
nents. In the latter case, the thermodynamic compatibility
of two species in the solution exerts the essential influence
both on the adsorption process and the structure of the final
adsorption layer. The latter will be determined both by the
ratio of polymer components in the layer and by their
thermodynamic compatibility [13].

The aim of the present investigation is to establish the
effect of the adsorption regime on the conditions of self-
assembly of polymer molecules on the solid surface by
adsorption from binary (polymer—solvent) and ternary
(polymer—polymer—solvent) systems and to find out the
features and fractal characteristics of the adsorption
nanolayers.

Experimental

Two polymers, polystyrene (PS) and poly(butyl methacry-
late) (PBMA), and their blends at the component ratio of

1:1 (w/w), were chosen for investigation. Their character-
istics are the following: PBMA: M,=2.7x10°, M/M,=1.9
and PS: M,=2.2x10°, M,,/M,=1.95.

The experimental methods of the adsorption measure-
ments were described elsewhere [16]. For the polymers
and their mixtures, the critical concentration of overlapping
C* was determined from the data on intrinsic viscosity
(C*pema=0.95 g/100 ml; C*pg=1.1 g/100 ml) [13]. The
thickness of the adsorption layers was calculated from the
experimental adsorption isotherms. To calculate the thick-
ness of adsorption layers for the case of adsorption of the
mixtures, the following equation was used:

6n1ix - (Al/pl +A2/p2)/SadS7

where p is the polymer density in the adsorption layer, 4 is
adsorption of component 1 or 2, and S,y iS a square of
adsorbent surface. It was accepted that the difference in the
densities of a polymer in the adsorption layer and in the
bulk is not essential.

Another method of estimation of the thickness and the
structural features of the adsorption layer was based on the
method of atomic force microscopy (AFM). The specimens
for AFM measurements were prepared as follows: Thin
plates of the adsorbent (glass or silicon substrates) were
cleaned according to a standard procedure [17]. These
substrates were immersed into polymer solution of a par-
ticular concentration below and above C* for 6-8 h to
achieve establishment of the adsorption equilibrium. Then,
substrates were quickly removed from the solution, cleansed
with pure solvent to remove the wetting layer of the poly-
mer solution, and then dried in air. The basis for this pro-
cedure consists of the fact that desorption of polymers from
the adsorbent surface is known to proceed extremely slow,
if any. The special experiments have shown that after such
procedure, the wetting layer of non-adsorbed polymer can
be easily removed (as follows from the thickness mea-
surements by AFM before and after cleansing).

The surface structure study and thickness determina-
tion of the adsorbed layers were done with the AFM. An
Autoprobe CP (Thermomicroscopes, USA) machine was
employed in two different modes of operation: in non-
contact mode to study the structure and surface roughness
and in force modulation mode (FMM) to study distribution
of the stiffness on the surface of polymer films deposited
from mixed polymer solutions. In the latter case, polymer
sample was mounted on top of a piezotransducer, and
sound waves of the frequency of 60 kHz were generated
across the substrate with a function generator. An addi-
tional 2 kHz modulation in conjunction with a lock-in
amplifier was used to detect a signal responsible for the
elastic reaction of the sample surface to the sound waves
propagating through the polymer film. The thickness of
polymer films was also measured from AFM experiments.
For this, scratches were intentionally produced on the
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sample surface down to the substrate surface, and the
thickness was then extracted from an AFM scan cross
sections as a relative elevation of the film surface against
the bottom of the scratch.

Surface root mean square roughness (RMS) of the films
has been measured at various scan sizes (typically, 10x10,
5x5, and 1x1 pum?) to perform surface fractal analysis as
discussed below.

Results and discussions

The experimental data on adsorption of PS, PBMA, and
their mixtures from solutions are given in Table 1. The
values of the thickness of the adsorption layers for PS,
PBMA, and their mixtures at various solution regimes are
presented in Table 2. The average dimensions of the mo-
lecular clusters of polymers and their mixtures formed at
the solution concentration above C* [16] are given in
Table 3. These values were found experimentally from the
light scattering data [18]. Before, it was shown that in case
of polymer adsorption at concentrations above C*, the
clusters are adsorbed along with individual coils [12].
Under such conditions of the adsorption, the value of the
adsorption and the layer thickness should be higher where-
as the fraction of the bound segments is lower. The fraction
of the surface-bound segments is therefore an important
characteristic of the polymer adsorption and has been
determined by infrared spectroscopy technique according
to well-established Fontana—Thomas method [19].

Figure 1 shows the dependence of the fraction of the
surface-bound segments, p, for pure components and for
the same components in the mixture (1:1 ratio of the
components) on the equilibrium concentration [16]. As can
be seen from the figure, the transition to the semi-dilute
regime leads to the decrease of p as a result of simultaneous
adsorption of molecular clusters.

Table 1 Concentration dependence of adsorption from binary and
ternary systems

Binary systems Ternary system

PBMA-PS-CCly

C, Region (PBMA-CCl,) PS—CCl, C., Appma, Aps,
g/100 of C  Apma, Aps, g/100 ml g/g g/g
ml g/g glg

0.02 C<C* 0.03 0.02 0.002 0.02 0.01
0.05 0.05 0.04 0.05 0.04  0.02
0.16 0.09 0.09 0.16 0.07 0.03
0.86 C=C* 0.23 0.22 0.90 0.19 0.06
1.10 0.24 0.23 1.10 020  0.03
2.25 C>C* 0.22 0.20 2.00 0.14  0.02
2.60 0.20 0.15 2.50 0.12 0.02

C. Equilibrium solution concentration, 4 adsorption

Table 2 Concentration dependence of the adsorption layer thick-
ness on silica under adsorption from binary and ternary systems

C., /100 ml Region Binary systems Ternary system

of C pBMA-CCl, PS-CCl, (PBMA-PS-CCly)
0, nm 4, nm 0, nm
0.05 C<C* 19 20 32
0.20 28 30 34
0.50 35 30 46
0.90 C=C* 54 44 60
1.10 60 54 55
1.50 C>C* 55 50 45
2.00 50 45 40

C. Equilibrium solution concentration, d adsorption layer thickness

The thickness of the adsorption layers was estimated in
two different ways: The first [16] one is based on the data
on the specific surface of an adsorbent and the amount of
the polymer, which was adsorbed. The layer thickness is
taken as a ratio of the volume of adsorbed polymer to the
adsorbent surface. It was accepted that the density of a
polymer in the surface layer was the same as in the bulk.
For the adsorption from the mixed systems, the total
thickness was taken as the ratio of the sum of volumes of
each adsorbed polymer to the surface area. These calcu-
lations are based on the following considerations: It is
known that the adsorption from very dilute solutions leads
to a saturation of the adsorbent surface at very low con-
centration. Meanwhile, after such saturation, the following
increase in solution concentration brings about further
increase in adsorption value due to reorganization of the
structure of the adsorption layer. Increasing solution con-
centration brings about the changing of the dimension of
the adsorbed entities (separated coils, molecular cluster).
We believe that all the processes of the reorganization in
the adsorption layer proceed when the surface is already a
fully covered, adsorbent surface. This assumption gives

Table 3 Dependence of PBMA and PS cluster dimensions on the
solution concentration and components ratio obtained from the light
scattering experiments

Binary system Ternary system

C, PBMA-CCIl; PS-CCl; Cpgma/Cps, PBMA-PS-CCl,
g/100 ml 7y, nm rw tm  g/100 ml I, NM

0.50 40 35 0.50/3.00 30

0.75 60 45 0.75/2.75 30

1.00 70 50 1.00/2.50 25

1.50 90 55 1.50/2.00 20

2.00 140 60 2.50/1.00 20

2.50 190 65 2.75/0.75 25

3.00 250 70 3.00/0.50 30

rw Cluster dimension
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C., g/100 mi

Fig. 1 Dependence of the fraction of bound segments, p, on the
equilibrium concentration for PBMA (1) and PS (2) and for the
same polymers PBMA (3) and PS (4) as components of the 1:1
mixture

basis for calculation of the thickness of the layer at any
equilibrium concentration of the solution.

As is seen from Table 1, the values of adsorption both
from binary and ternary solutions depend strongly on the
concentration regime of the solution, being higher above
C*. These data demonstrate that the calculated thickness of
the adsorption layer, J, increases with concentration both
for each individual polymer and for their mixture. All the
values of the thickness are on average in the range of 20—
50 nm. As follows from Tables 1 and 2 in case of solution
concentration above C*, the dimensions of the clusters
increase with concentration for pure polymers whereas for
the mixtures, they almost do not depend on concentration.
The latter effect is the result of diminishing the dimensions
of coils of both polymer components due to their incom-
patibility in solutions. The thickness of the layers formed
from binary or ternary systems above C* is approximately
2-2.5 times higher as compared with those formed at C<C*
and is comparable with the polymer cluster dimensions.
Based on the data given in Tables 2 and 3, one can draw a

conclusion that the transition through C* leads to the
increase in the thickness of the adsorption layer. This effect
is explained by adsorption of macromolecular clusters.

Presented results allow some speculations as for the self-
assembly process of polymer layers by adsorption from
polymer solutions. First of all, the layer thickness for pure
polymers and their mixtures depends on the solution con-
centration. As the saturation of the surface by polymer
adsorption usually takes place at a very low concentration,
we may suppose that the increase in solution concentration
is accompanied by the continuous reorganization of the
adsorption layer, i.e., by changing the structure of adsorb-
ing entities. That means that the self-assembly conditions
are determined by the solution regime. Thus, variation of
the thickness corresponds to a different structure of the
adsorption layer. This is especially clearly seen for the
adsorption layers obtained at concentrations above C*.
Higher thickness in this case seems to be connected
exclusively to a transfer of clusters already existing in the
polymer solution to the adsorbent surface. In the ternary
systems, the clusters of both types of polymers may be
present. The common clusters cannot be formed as the
given pair of polymers is not thermodynamically compat-
ible in solution. The data on the thickness of the layers in
the ternary systems allow speculation that the effect of the
incompatibility may play a role in the arrangement of the
adsorbed molecules and clusters in this case. The incom-
patibility implies that the surface of adsorbent has a mosaic
structure with alternation of the regions formed by each
polymer component.

Now let us consider the data on the structure of the
adsorbed layers obtained using AFM method. Table 4
shows the thickness and the surface roughness values
measured by AFM for adsorbed polymer films from binary
and ternary systems. The thickness of the adsorbed films is
about 20 nm for polymer films deposited from diluted
solutions (C<C*) but increases to higher values in case of
concentrated solutions. Even higher values of the thickness
(6) are registered for mixed films [15].

Figure 2 shows typical AFM images of PS and PBMA
films adsorbed from diluted and concentrated solutions.
The films are smooth and almost featureless in accordance
to their amorphous nature. The observed granular structure

Table 4 AFM results for the adsorption layer thickness and RMS roughness measured at various scan sizes for adsorbed polymer layers on

SiO,
Polymer system c<Cc* C>C*
RMS roughness, nm 0, nm RMS roughness, nm d, nm
10x10 pm®  5x5 um®  1x1 pm? 10x10 pm®  5x5 pum®  1x1 pm?
PS 44 4.1 3.1 25 3.5 0.5 0.3 59
PBMA 2.6 1.8 0.4 22 3.9 2.6 1.5 35
PS/PBMA=1/1 3.9 0.7 0.6 50-170 1.0 0.6 0.2 ~1,000
Si substrate 0.7 0.5 0.4 N/A 0.7 0.5 0.4 N/A

& Adsorption layer thickness
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on the scale of several nanometers is typical for amorphous
polymers [20]. Surface RMS roughness is in the order of a
few nanometers for 10x10 um? scan size (Table 4) and is
just slightly exceeding the roughness of the substrates
being used for polymer adsorption. On contrary to indi-
vidual polymers, the mixed films possess more developed
surface. AFM and FMM images of mixed polymer films
(the initial ratio of the components in the polymer solution
PS:PBMA=1:1) are presented in Fig. 3. The vertical scale
of the topography image is represented in angstroms while
on FMM image, it is given in arbitrary units (voltage
measured by the AFM photodetector). Higher contrast and
resolution are typical for FMM images. As follows from
the images consideration, ternary polymer systems form
heterogeneous films during adsorption on the solid sub-
strate. These films are characterized with a mosaic structure
constituted with nanosized domains of presumably individ-
ual polymers. The higher contrast is due to the difference in
stiffness for polymer components [21]. PS component with
glass-transition temperature, 7,=95°C, is slightly stiffer
than PBMA (with T, of about 60°C) providing better media
for sound waves propagation and therefore appears brighter
in FMM images. One can estimate from the images the
average size of individual domains as being equal to about
200 nm. This value is consistent with the cluster size
formed in concentration solution regime (see Table 3).

Fig. 2 AFM images of
adsorbed polymer films
of PS (C<C¥) (a),
PS (C>C*) (b), A
PBMA (C<C¥) (¢), 200
and PBMA (C>C¥*) (d)
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Similar mosaic structure with alternation of the compo-
nents is typical for the morphology of blends of incom-
patible polymers. However, the mosaic structure in
adsorption polymer nanolayers formed by two polymers
is observed and reported for the first time.

It is generally accepted now that amorphous polymers
can be considered as fractals. In accordance to such ap-
proach, they are characterized with a special and important
structural parameter, the fractal dimension, Dy, which can
be introduced through the following relationship between
the mass, M, (or some other macroscopic physical proper-
ties of the system) and the scale of observation, L:

M(L) oc L7,

Thin polymer films formed from the solution state are
fractal objects [21]. Therefore, interesting additional infor-
mation on the structure of the adsorbed polymer layers can
be extracted from a fractal analysis of their surfaces.

The fractal analysis based on the AFM data can be done
in our case through a Hurst approach [21]. In accordance to
the Hurst equation [22], an average surface roughness is
related to the lateral scale on the sample surface as:

(d—D)

< |h<xi)_h (x/)| > |x,~ﬂcj|:x ~ X

400

200

4 pm

120

80

40
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Fig. 3 AFM images of topog-
raphy (leff) and FMM images
(right) of the surface stiffness A

distribution for PSPBMA=1/1 200 ¥

films adsorbed on Si at C<C* 1.2
(top images) and C>C* 150

(bottom images) 0.8
100

50 0.4

0 0

0 0.5 10 15  20pm
0212 0212
Topography, 0212S003.HDF
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80
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0212

Topography, 0212Z00B.HDF

where h(x;) and A(x;) are relative attitudes for two arbitrary
points on the surface located on a distance x apart, sign <>
means averaging over different points on the surface, d is
dimension of space (3 in our case), and D is a fractal
dimension of the surface of interest.

We applied such approach to calculate D for the ad-
sorbed polymer films considering x as different scan sizes
of AFM images being used for surface RMS roughness
estimation.

A different behavior was revealed for PS and PBMA.
Thin PS films deposited from very dilute solutions pos-
sessed the fractal dimension of 2.85 which decreased to a
value of 2.04 with an increase of the solution concentration
over C*. In contrast, PBMA samples were characterized
with lower D for the case of the diluted solution deposition
(2.17), but this value increased to 2.6 for high solution
concentration. Mixed PS/PBMA films revealed some
intermediate fractal dimension of 2.3, which was even-
tually independent on the solution concentration regime.

AUX4, 0212Z00A.HDF

The above consideration of the fractal dimension
changes with concentration supports the discussed features
of the conformation behavior of polymer chains during
adsorption. PS chains can form special conformational
features (loops and mushrooms) in a regime of dilute
solution adsorption, which are then replaced with ordinary
random coil conformation of entangled polymer chains
under increase of the concentration. PBMA as a polymer,
which is characterized with chains having more “bulky”
substitutes, cannot adopt so closely packed conformation
as PS. At high concentration regime of adsorption, this
leads to formation of a film with more defect (more
developed) morphology and, therefore, higher fractal
dimension D (more intrusions into the third dimension).
Mixed polymer films should then possess the morphology
and fractal dimensions in-between of those of the indi-
vidual components as really revealed from our AFM data.
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Conclusions

The thickness of the adsorption layers formed by adsorp-
tion of polymers and their mixtures on the solid surface
depends strongly on the adsorption conditions (dilute or
semi-dilute solution regime). The structural features of the
adsorbed polymer films are conditioned by various pos-
sible conformational states of the adsorbing entities: iso-
lated coils for dilute solutions or macromolecular clusters
for semi-dilute solution. Above the critical concentration
of the coils overlapping, the macromolecular clusters are
formed and their adsorption brings higher thickness of
adsorption layers. The estimations of this thickness were
made independently from the adsorption isotherms and the
atomic force microscopy images agree rather satisfactorily.

As follows from the AFM data, the adsorbed polymer
layers have a fractal nature with fractal dimensions being
dependent on the adsorption conditions.

The adsorption layers formed under adsorption from
solution of the mixture of two polymers have a mosaic
structure with characteristic domain size of ~200 nm. Such
structural peculiarities appear as a result of thermodynamic
incompatibility of the two polymer components in the
solution state, which is then preserved under their adsorption
to a solid interface and formation of the film. It should be
noted that the dependence of the adsorption layer properties
on the adsorption conditions (i.e., on the route of the process)
testifies thermodynamically nonequilibrium state of the final
polymer film. Nevertheless, formation of nanoscale polymer
layers on solid surfaces of interest by the adsorption process
allows fine control of their thickness and structural
characteristics depending on the adsorption conditions.
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for his help with FMM experiments.

References

. Tretiakov Y (2003) Russian Progr
Chem 72:721
2. Isaacs L, Chin DN, Bowden N, Xia Y,
Whitesides GM (1999) In: Reinhoudt
DN (ed) Supramolecular technology.
Wiley, New York
3. De Rosa C, Park C, Thomas EL, Lotz B

. Kozlov GV, Zaikov GE, Novikov VN

(2003) Fractal analysis of polymers.
Nova, New York

. Kozlov GV, Afaunov VN, Mashukov

NI, Lipatov YS (2001) Fractals and
local orders in polymer materials.
Nova, New York, p 1

Menzheres G (2002) J Colloid Interface
Sci 255:36

18.

19.

. Gordon A, Ford R (1972) The chemist’s

companion. Wiley, New York

Lipatov YS, Sergeeva LM, Todosijchuk
TT, Khramova TS (1975) Colloid J
USSR 37:247

Fontana BJ, Thomas JR (1961) J Phys
Chem 65(3):480

(2000) Nature (Lond) 405:433 10. Kozlov GV, Lipatov Yu S (2002) 20. Goldbeck-Wood G, Bliznyuk VN,

4. Jones MN, Chapman D (1995) Mi- Compos Interfaces 9:509 Burlakov V, Assender H, Briggs GAD,
celles, monolayers and biomembranes. 11. Lerner MM, Oriakhi CO (1997) In: Tsukahara Yu, Anderson KL, Windle
Wiley, New York Goldstein A (ed) Handbook of nano- AH (2002) Macromolecules 35:5283

5. Gracias DH, Kavthekar V, Love JC, phase materials. Marcel Dekker, 21. Bliznyuk VN, Burlakov VM, Assender
Paul KE, Whitesides GM (2002) New York HE, Briggs GAD (2001) Surface
Adv Mater 14:235 12. Lipatov YS (1988) Colloid chemistry structure of amorphous PMMA from

6. Ulman A (1991) An introduction to of polymers. Elsevier, Amsterdam SPM auto-correlation function and
ultrathin organic films. From 13. Lipatov YS, Todosijchuk TT, Chornaya fractal analysis. Macromol Symp
Langmuir—Blodgett to self-assembly. VN (1999) Esumi K (ed) Polymer 167:89
Academic, New York interfaces and emulsions. Marcel 22. Meakin P (1998) Fractals, scaling

7. Semenov AN, Bonet-Avalos J, Johner Dekker, New York and growth far from equilibrium.

A, and Joanny JF (1996) Macromole- 14. Kawaguchi M, Takahashi A (1992) Cambridge Univ Press,
cules 29:2179 Adv Colloid Interface Sci 37:219-317 Cambridge, UK
15. Lipatov YS (2002) Encyclopedia of
surface and colloid science. Marcel
Dekker, New York
16. Chornaya V, Lipatov Y, Todosijchuk T,



	On the nanostructure of polymer layers formed by adsorption from binary and ternary solutions on a solid SiO2: a combined adsorption and atomic force �microscopy (AFM) study
	Abstract
	Introduction
	Experimental
	Results and discussions
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /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
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


