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Abstract A reflective electrochromic display (R-ECD)
based on viologen-modified polymeric microspheres was
prepared and the influence of particle size on the electro-
optical characteristics was investigated. The diameters of the
viologen-modified polymeric microspheres were altered
changing the solvency of the medium during the dispersion
polymerization. The chloro-functionalized polymeric micro-
spheres were produced through seeded polymerization, and
then the viologen moieties reacted with the methyl chloride
functional groups. It was found that the coloration efficiency
and the response time of the R-ECD were significantly
affected by sizes of microspheres. In addition, the R-ECD
had good cyclic stability because the viologen moieties were
stably grafted on the surface of the microspheres.
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Introduction

Viologen, the common name given to N,N′-disubstituted-
4,4′-bipyridinium dications by Michaelis in 1933 [1, 2], has
been extensively studied as a herbicide [3], electron

mediator [4], and catalyst [5]. The compound is typically
derived from diquaternizing a 4,4′-bipyridine and changes
color depending on the redox state by electron-transfer
interactions between component molecules [6–10]. This
chromogenic property suggests that viologen is potentially
useful for the fabrication of electronic devices such as
electrochromic or photochromic displays [11–15]. Howev-
er, tens of seconds are needed to recognize the color
changes in the case of a conventional electrochromic
display (ECD) [16]. In addition, there is poor cyclic
stability in such an ECD resulting from the various side
effects of viologen such as the aging process [17],
dimerization [18], and comproportionation [19]. Because
of the drawbacks of the viologen, the conventional type of
ECD is insufficient for electronic display application.

It is well known that reflective-type displays have a
much higher resolution and readability than transmissive-
type displays in direct sunlight. Furthermore, a simpler
fabrication process is possible because backlighting is
unnecessary. In our previous studies [20–22], we proposed
a novel reflective ECD (R-ECD) utilizing polymeric
microspheres with viologen pendants. The R-ECD had an
original white background without using any additional
reflection mainly because of the micron size range of the
polymer particles and the bleached state of viologen
pendants. However, the coloration time of 4 s was deficient
for display, which resulted from a small amount of viologen
and nonconductive polymer substrate in the R-ECD device.
Therefore, the chain length of the viologen was controlled
to ensure fast electron-transfer interactions of the viologen
from electrolyte, achieving 0.92 s at the longest chain
length in our previous work [22]. The aim of the present
paper is to investigate the relationship between the
diameters of particles and the electro-optical properties of
the R-ECD.
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In the present research, the influence of particle size on the
electro-optical characteristics of the R-ECD was investigat-
ed. The diameters of the polystyrene (PS) particles were
controlled by the medium solvency in the dispersion
polymerization. The chloro-functionalized polymer particles
produced by seeded polymerization were refluxed with 1-
heptyl-4-(4-pyridyl)-pyridinium bromide; finally, the poly-
meric microspheres containing viologen pendants were
obtained. The preparation process of the viologen-modified
polymeric microspheres was monitored through a scanning
electron microscope. The respective response times of the R-
ECD cells using different-sized particles were measured, and
the relationship between the particle diameter and the
electro-optical properties is discussed. In addition, the cyclic
stability of the R-ECD cells was also measured.

Experimental

Materials

Inhibitors in styrene (St, Junsei), 1,6-hexandiol dimetha-
crylate (HDDM, Sartomer), chloropropene (CP, 98%,
Aldrich) were removed by passing through a removing
column (Aldrich). 1-Chlorododecane (CD, TCI) and 1-
heptyl-4-(4-pyridyl)-pyridinium bromide (Aldrich) were
reagent grade. Poly(vinyl pyrrolidone) (PVP, Mw=
40,000 g/mol, Aldrich), aerosol-OT (AOT, Wako), poly
(vinyl alcohol) (PVA, Mw=88,000–92,000 g/mol, 87–89%
hydrolyzed, Kuraray), and sodium lauryl sulfate (SLS,
Yakuri) were used without further purification. 2,2′-Azobis
(isobutyronitrile) (AIBN, Junsei) and benzoyl peroxide
(BPO, Aldrich) were recrystallized from methanol before
use. Distilled deionized water (DDI), ethanol (99.9%, J. T.
Baker), methoxy ethanol (Yakuri), and toluene (Taejung)
were used as solvents.

Polystyrene particles by dispersion polymerization

PS seed particles were prepared using dispersion polymer-
ization [23, 24]. PVP, AOT, and the solvent mixture were
weighed into a 250-ml four-necked glass flask equipped
with a reflux condenser, nitrogen inlet apparatus, and a
mechanical stirrer. After vigorous stirring for 30 min, the
mixture of St and AIBN was poured into the reactor. The
homogeneous solution was polymerized at 70 °C for 24 h
under a nitrogen atmosphere. The stirring speed was set at
40 rpm throughout the polymerization. The obtained
products were purified three times with ethanol by
centrifugation at 2,800 rpm for 10 min to remove the
surface anchored PVP molecules. The particles were dried
under a vacuum oven before use. A standard recipe of
dispersion polymerization is summarized in Table 1.

Preparation of viologen-modified polymeric microspheres

Seeded polymerization [20, 25] was carried out in a four-
necked glass reactor equipped with a mechanical stirrer, a
reflux condenser, and a nitrogen gas inlet apparatus. The PS
seed particles (0.2 g) dispersed in the SE solution (40 g
0.25 wt.% of SLS in ethanol aqueous solution; EtOH/DDI=
1:5, g/g) were swollen with fine CD emulsions. After
confirming the complete disappearance of the emulsions, a
mixture of the second monomers (St/HDDM/CP=6.5
g/0.5 g/3.0 g) and BPO (0.1 g) emulsified by an ultrasound
homogenizer in the SE solution (20.0 g) were poured into
the flask. The swelling continued for another 6 h at 30 °C,
then the swollen particles were stabilized with 5 wt.% of a
PVA aqueous solution (50.0 g). The polymerization was
carried out at 80 °C for 10 h. The chloro-functionalized
particles were repeatedly washed with water, decanted, and
dried under ambient temperature.

A one-necked glass flask equipped with a reflux
condenser was employed for the refluxing process. The
chloro-functionalized particles (0.2 g) were dispersed in
toluene (50 ml), and 1-heptyl-4-(4-pyridyl)-pyridinium
bromide (0.4 g) was added. The solution was gently
refluxed for 4 h. For a good yield of the SN2 reaction [9]
between the nitrogen and alkyl chloride groups, the solution
was magnetically stirred throughout the refluxing. After
cooling, polymeric microspheres containing viologen pen-
dants were collected and repeatedly washed with ether and
warm ethanol.

Fabrication of R-ECD cells

The R-ECD cells consisted of two species of indium tin
oxide (ITO) coated glass (30 Ω, Samsung Corning), on
which the ITO layers faced each other. The cell gap was
supported by a 75-μm-thick polyethylene telephtalate film
spacer. The operation area in the cells was about 2×2 cm.

Table 1 Standard recipe for the preparation of polystyrene particlesa

Ingredients Quantity (g)

Styrene 12.50
AIBNb 0.125
PVPc 1.79
AOTd 0.2
Ethanol 85.0 80.75 76.5 76.5
DDI water – 4.25 8.5 –
Methoxy ethanol – – – 8.5

a 70 °C; 24 h; 40 rpm; 10 wt.% of monomer concentration based on
total weight

b Initiator: 1 wt.% of 2,2′-azobis(isobutyronitrile) based on total
monomer content

c Stabilizer: poly(vinyl pyrrolidone), Mw=40,000
d Costabilizer; di-2 ethylhexyl ester of sodium sulfosuccinic acid
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The viologen-modified polymeric microspheres were mixed
with an electrolyte supplied by Cheil Industries, at a weight
ratio of 1:1. The mixture was rubbed onto an ITO glass and
sandwiched using another piece of ITO glass, and then all
edges of the cell were sealed with an insulating epoxy resin.
The device fabrication process was performed in a dry box
filled with an argon gas. The cross-sectional view of the R-
ECD cell is shown in Scheme 1.

Characterizations

The swelling stages and packed particles in the R-ECD
cells were monitored by an optical microscope (OM, Nikon
Microphot Fax), and the polymeric microspheres were
observed with a scanning electron microscope (JSM-6300,
JEOL) and Fourier transform infrared (FT-IR; Mahgna IR-
550, Nicolet). The determination of the effective chloro
groups on the particles was carried out based on the
nucleophilic attack of the deprotonated glycine on the
chloro groups [25]. The dispersed particles in DDI water
were reacted with 0.3 M glycine and 0.175 M NaOH. The
reaction was carried out at 35 °C for 5 h. To evaluate and
exclude the possible hydrolysis of chloro groups, a blank
without glycine/NaOH was run. After the reaction, the
reactant was centrifuged, and the supernatant was reacted
again with a 0.05 M AgNO3 aqueous solution. The release
of chloride ions was determined as a function of AgNO3

concentration. Reflectance transients of the R-ECD were
recorded using a white light-emitting diode array spectro-
photometer in combination with a digital multimeter
(Keihley 2000) as shown in Scheme 2.

Results and discussion

Diameter alternation of seed particles

The sizes of PS seed particles were adjusted to control the
size of the viologen-modified polymeric microspheres.

Many parameters in the dispersion polymerization could
affect the properties of the polymer particle. The solvency
of the reaction medium was controlled without changing
the other properties, such that the particle diameter could be
varied [26, 27]. In this work, the medium composition was
controlled using ethanol (ET99), a mixture of ethanol/DDI
water (95/5: ET95, 90/10: ET90, w/w), and ethanol/
methoxy ethanol (90/10 w/w, EM10) following the reaction
recipe shown in Table 1. The particle size decreased by
increasing the DDI water content because the medium
solvency against the polymer chain was diminished during
polymerization. A larger size was obtained by mixing
10 wt.% of methoxy ethanol with ethanol as shown in
Table 2. In addition, a high monodispersity and the smooth
surface of the PS particles were confirmed in Fig. 1. By
using the particles as seed particles, seeded polymerization
and the refluxing process were carried out to produce the
viologen-modified polymeric microspheres.

Viologen-modified polymeric microspheres

St, HDDM, and CP were chosen as the second monomers,
and the total amount of this mixture was fixed at 50-fold
based on the weight of seed particles. The composition ratio
of St/HDDM/CP was fixed at 65:5:30 by weight percent
following our previous work [20]. A 1:5 ratio of ethanol/
water solution containing 0.25 wt.% SLS was used as a
medium in the seeded polymerization for the efficient
swelling of excessive monomer emulsions into the PS seed
particles. The second monomer emulsions remained in the
medium at lower ethanol amounts; at higher amount of
ethanol, the emulsions were dissolved into the medium
resulting in poor conversion. Under these conditions, no
emulsions remained in the medium, and spherical polymer-
ic microspheres with smooth surfaces were observed as
shown in Fig. 2a–d. It was also confirmed in Table 2 that
the various-sized chloro-functionalized polymeric micro-
spheres that sustained their original monodispersity were
obtained according to the diameter of seed particles.

The structural difference between the PS seed particles
and the chloro-functionalized polymeric microspheres was
examined by using FT-IR measurements. After seeded

Scheme 1 Cross-sectional view of the manufactured R-ECD device
(The space cell gap=75 μm)
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Scheme 2 Schematic diagram of the experimental setup used to
measure the response time of the R-ECD devices
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polymerization, the CH2–Cl spectrum by the CP and sharp
characteristic carbonyl peaks by the HDDM newly
appeared at 1,263 and 1,720 cm−1, respectively (Fig. 3b).
The methyl chloride functional groups for the reaction with
1-heptyl-4-(4-pyridyl)-pyridinium bromide were confirmed
utilizing a conductometric titration method. As shown in
Table 2, the percentages of the effective functional groups
against the CP weight used in the second monomer
gradually increased as the diameter decreased because of
the specific surface area of the particles. The results
indicated that larger contents of the viologen moiety, which
mainly affects the electro-optical property of the R-ECD,
can be incorporated on the surface of the microspheres.
Many nodules emerged on the surface without affecting the
size and monodispersity of particles as confirmed in
Fig. 2e–h. From the results, it could be determined that
the tertiary amine in the 1-heptyl-4-(4-pyridyl)-pyridinium
bromide reacted with the methyl chloride group on the
surface.

Electro-optical properties

The R-ECD devices were simply fabricated by mixing the
viologen-modified polymeric microspheres and electrolyte
between two pieces of ITO glass as shown in Scheme 1. In

Fig. 2 SEM photographs of the chloro-functionalized (a–d) and the
viologen-modified polymeric microspheres (e–h). a, e ET90, b, f
ET95, c, g ET99, d, e EM10

Fig. 1 SEM photographs of the PS seed particles by dispersion
polymerization: ET90 (a), ET95 (b), ET99 (c), EM10 (d) as a reaction
medium

Table 2 Characteristics of the PS seed and chloro-functionalized and viologen-modified polymeric microspheres

Symbola PS seed particles Chloro-functionalized microspheres Viologen-modified microspheres

Dn (μm) PSDb Dn (μm) PSD [Cl]c (%) Dn (μm) PSD

ET90 1.14 1.01 3.3 1.01 45.0 3.3 1.01
ET95 1.50 1.01 4.6 1.01 43.3 4.6 1.01
ET99 2.02 1.01 6.0 1.01 40.0 6.0 1.01
EM10 2.44 1.01 7.9 1.01 31.7 7.9 1.01

a ETα: α indicates the purity of the ethanol medium; EMα: α is the wt.% of methoxy ethanol in the ethanol medium.
b Particle size distribution: Dw/Dn
c Effective chloro-functional groups (methyl chloride groups on the surface)/(weights of chloropropene used in the second monomer)×100 (%)
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addition, the device had an innate white background
(Fig. 4a) because of the micron-sized particles, which reflect
light, and the bleached state of zero potential viologen
pendants. The viologen moieties were converted from the
dication state to the radical cation state resulting in a dark
color when 2.7 V was applied to the device as shown in
Fig. 4b. The OM images of the inner R-ECD prepared by the
viologen-modified polymeric microspheres were shown in
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Fig. 3 FT-IR spectra of the PS seed particles (a), and the chloro-
functionalized microspheres (b)

Fig. 4 Photo images of the R-ECD devices without an applied
potential (a), and with an applied potential of 2.7 V (b)

Fig. 5 OM images of the inner R-ECD devices using ET90 (a) and
EM10 (b) as seed particles
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Fig. 6 The reflectance transients of the R-ECD using ET90 as a
function of time (2.7 V for 10 s)

Colloid Polym Sci (2007) 285:1675–1681 1679



Fig. 5, using ET90 (Fig. 5a) and EM10 (Fig. 5b) as seed
particles. The viologen-modified polymeric microspheres
were densely filled in the R-ECD because of high mono-
dispersity and multilayered because of a thick cell gap
(75 μm).

In Fig. 6, the solid line depict the reflectance changes
(ΔR) of the R-ECD using ET90 seed particles as a function
of time, and the dotted line guided the applied potential
(2.7 V) to the device (On) for 10 s then removed (Off). The
response time, coloration (tc) and decoloration time (td), are
defined as the time needed to reach two thirds of the final
change in the reflectance [28]. The electro-optical character-
istics of the R-ECD using different sized viologen-modified
microspheres are summarized in Table 3. Upon decreasing
the diameter of the viologen-modified microspheres, there
was a substantial increase (up to 35%) in the ΔR of the R-
ECD. This occurred because the viologen content on the

surface of the viologen-modified polymeric microspheres
varied according to the particle size. As mentioned in
Table 2, the concentration of the methyl chloride functional
groups, which directly affect the content of the viologen
pendants, was influenced by the particle diameters. Closer
packing of the particles was confirmed when smaller
microspheres were used in the R-ECD device (Fig. 5). To
conclude, a higher coloration efficiency of the R-ECD was
obtained because of the smaller viologen-modified polymeric
microsphere, which affect the larger viologen pendants.

It was also found that the response time of the R-ECD
improved to less than a second as the particle diameter
decreased. Generally, the switching speed of electrochromic

Table 3 The electro-optical properties of the R-ECD cells

Symbol Ri
a (%) Rf

b (%) ΔRc (%) tc
d (s) td

e (s)

ET90 38.0 3.1 34.9 0.97 6.7
ET95 38.0 8.5 29.5 1.3 4.6
ET99 38.0 11.1 26.9 2.2 5.3
EM10 39.0 16.1 22.9 3.9 5.6

a Initial reflectance value
b Final reflectance value
c Reflectance changes between initial and final reflectance value
d Coloration time [28]
e Decoloration time [28]

d1
(1.6µµm)

a
Working electrode

Viologen-modified
microsphere (ET90)

d2
(3.8µm)

b

Viologen-modified
microsphere (EM10)

Working electrodeITO glass

ITO glass

Fig. 7 A schematic representation of the inside of the R-ECD device
using different particle sizes: ET90 (a) and EM10 (b)
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Fig. 8 The reflectance transients of the R-ECD using ET90 as a function of time (30 s for one cyclic test, 1,000 cycles, the potential ranges 2.7 to
−2.7 V)
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materials is dependent on several factors such as the ionic
conductivity of the electrolyte, the accessibility of the ions
to the electroactive sites (ion diffusion), the magnitude of
the applied potential, the film thickness, and the morphol-
ogy of the thin film [28]. As mentioned earlier, it was
reasonable to think that the content of the viologen
pendants affected the coloration efficiency of the device,
not the response time. Hence, it is supposed that the
distance (d) between the working electrode and viologen
decreased, which resulted in a fast electron transfer to the
viologen pendants when microspheres of smaller size were
used as shown in Fig. 7 (d1<d2). A rapid response time
could be obtained in this R-ECD, although the actual
relationship between viologen contents and the response
time has not been determined. A more detailed exploration
of the operation mechanism of the R-ECD is underway.

The electrochromic stability is usually associated with the
electrochemical stability because the degradation of the active
redox couple results in the loss of electrochromic contrast and
the performance of the electrochromic materials [29]. A
thousand cyclic tests of the R-ECD prepared by the smallest
viologen-modified microspheres (ET90) were carried out in
the potential range of 2.7 to −2.7 V to investigate the
stability of the viologen pendants. During the measurements,
theΔR of the R-ECD gradually decreased as shown in Fig. 8
(the solid line) mainly as a result of the evaporation of the
electrolyte in the device. After replenishing the electrolyte,
the original magnitude of ΔR was obtained, and no sign
indicating adverse side reactions were observed. In addition,
the same stability results were confirmed when viologen-
modified polymeric microspheres of different sizes were
utilized. This led to the general conclusion that the R-ECD
has good cyclic stability because the viologen moiety was
stably grafted on the microsphere surface.

Conclusion

The influence of the microsphere diameters on the electro-
optical properties of the R-ECD was investigated. The sizes
of PS seed particles were controlled utilizing the medium
solvency during the dispersion polymerization, and the
viologen-modified polymeric microspheres of different
sizes were prepared using the same condition in the seeded
polymerization. Through conductometric titration analysis,
it was confirmed that the methyl chloride functional groups
were largely incorporated when the smallest-sized seed
particle was used owing to the large specific surface area.
Simultaneously, high contents of the viologen pendants

were introduced on the surface of the microspheres and
resulted in a higher coloration efficiency of the R-ECD. In
addition, a rapid response time of less than 1 s was obtained
because the distance between the electrode and the viologen
pendants became smaller. The results of the cyclic stability
tests implied that the R-ECD had a good stability because
of chemically grafted viologen moieties on the surfaces of
the microspheres.

References

1. Michaelis L, Hill ES (1933) J Gen Physiol 16:859
2. Michaelis L (1935) Chem Rev 16:243
3. Moctezuma E, Leyva E, Monreal E, Villegas N, Infante D (1999)

Chemosphere 39:511
4. Kuxana T, Steckhan E, Bunsenges B (1974) Phys Chem 78:253
5. Liao Y-T, Zang L, Akins DL (2005) Catal Commun 6:141
6. Mortimer RJ (1999) Electrochim Acta 44:2971
7. Webster RD, Dryfe RAW, Eklund JC, Lee C-W, Compton RG

(1996) J Electroanal Chem 402:167
8. Lund H, Porat Z, Rubinstein I (2003) J Electroanal Chem 553:183
9. Monk PMS (1998) The vologens: physicochemical properties,

synthesis and applications of the salts of 4,4¢-Bipyridine. Chichester,
Wiley

10. Monk PMS, Mortimer RJ, Rosseinsky DR (1995) Electrochrom-
ism: fundamentals and applications. Weinheim, VCH

11. Bach U, Corr D, Lupo D, Pichot F, Ryan M (2002) Adv Mater
14:845

12. Corr D, Bach U, Fay D, Kinsella M, McAtamney C, O’Reilly F,
Rao SN, Stobie N (2003) Solid State Ionics 165:315

13. Pettersson H, Gruszecki T, Johansson L-H, Edwards MOM,
Hagfeldt A, Matuszczyk T (2004) Displays 25:223

14. Lampert CM (2004) Mater Today 7:28
15. Nanasawa M, Matsukawa Y, Jin J, Haramoto Y (1997) J

Photochem Photobiol A 109:35
16. Ho K-C, Fang Y-W, Hsu Y-C, Chen L-C (2003) Solid State Ionics

165:279
17. Jasinski RJ (1977) J Electrochem Soc 124:637
18. Monk PMS (1998) Dyes Pigments 39:125
19. Monk PMS (1997) J Electroanal Chem 432:175
20. Ryu J-H, Shin D-O, Suh K-D (2005) J Polym Sci A Polym Chem

43:6562
21. Ryu J-H, Lee J-H, Han S-J, Suh K-D (2006) Marcromol Rapid

Commun 27:1156
22. Ryu J-H, Lee J-H, Han S-J, Suh K-D (2007) Colloids Surf A

(in press)
23. Ryu J-H, Kim J-W, Suh K-D (1999) Colloid Polym Sci 277:1205
24. Kim J-W, Kim B-S, Suh K-D (2000) Colloid Polym Sci 278:591
25. Park J-G, Kim J-W, Suh K-D (2001) Colloids Surf A 191:193
26. Shen S, Sudol ED, El-Aasser MS (1993) J Polym Sci A Polym

Chem 31:1393
27. Paine AJ (1990) J Polym Sci A Polym Chem 28:2485
28. Cinnsealach R, Boschloo G, Rao SN, Fitzmaurice D (1998) Sol

Energy Mater Sol Cells 55:107
29. Argun AA, Aubert P-H, Thompson BC, Schwendeman I, Gaupp

CL, Hwang J, Pinto NJ, Tanner DB, MacDiarmid AG, Reynolds
JR (2004) Chem Mater 16:4401

Colloid Polym Sci (2007) 285:1675–1681 1681


	Effect...
	Abstract
	Introduction
	Experimental
	Materials
	Polystyrene particles by dispersion polymerization
	Preparation of viologen-modified polymeric microspheres
	Fabrication of R-ECD cells
	Characterizations

	Results and discussion
	Diameter alternation of seed particles
	Viologen-modified polymeric microspheres
	Electro-optical properties

	Conclusion
	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
  ]
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


