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Abstract Ultrathin Langmuir-Blodgett film properties of
tert-butyl silicon-[bis ethyloxy]-phthalocyanine (tbPcSi
(OC,Hs),) have been studied and characterised. Surface
pressure—area isotherms reveal an area per molecule of
around 0.85 nm?, and that a compact ‘solid’ phase occurs
in the region 10-30 m Nm~'. LB films of different
thicknesses were deposited onto gold interdigitated elec-
trodes on glass in order to facilitate [-V measurements and
assess the conductometric sensing properties in response to
5 ppm NO,. The I-V characteristic is Ohmic and yields
conductivity in the range comparable to that obtained for
other phthalocyanine monomers. The gas sensing behav-
iour of these films in response to NO, was investigated and
modelled using a double exponential model. Preliminary
UV-visible spectroscopic investigations indicate that the
film also responds optically.

Introduction

Phthalocyanines (Pc) are artificially synthesised macro-
cycles, which are related to porphyrins. They are brightly
coloured materials used in dyes and inks [1]. They are
simple to synthesise, highly stable and have strong
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m — 7 transitions in the visible region. Metal Pcs are
organic semiconducting materials, which have measurable
electrical conductivities, are considered to be useful
chemical sensors [2] and have strong affinity towards
electrophilic gases like oxygen and nitrogen dioxide [1].
Phthalocyanine films can be produced by several methods,
like spin coating, vacuum sublimation and Langmuir-
Blodgett techniques. LB films are highly ordered films
and one can make multilayer structures with varying layer
composition that can be deposited on a variety of
substrates [3].

Little work has been carried out on Silicon Phthalo-
cyanines over the years with respect to Langmuir—
Blodgett characterisation and studying properties such as
conductivity and gas sensing, according to our knowl-
edge. Series of silicon phthalocyanines are being
investigated for their potential as sensitisers for photo-
dynamic tumour therapy [4, 5] due to their intense
absorption in the visible region, high efficiency to gen-
erate reactive oxygen species (like singlet oxygen) and
low dark toxicity [6]. However, studies have been carried
out on Langmuir Blodgett films of tetra-4-tert-butyl-
phthalocyaninato-silicon dichloride, which could be
incorporated as sandwich layers in electronic devices like
photo voltaic devices and gas sensitive structures [7].
Extensive work has been performed on other metal Pcs
like Copper, Cobalt and Zinc. This has fueled interest in
other metal Pcs including the silicon derivative discussed
here (Fig. 1). The emphasis of this work is placed on the
conductivity behaviour and the variation of conductivity
in response to exposure to low concentrations of nitrogen
dioxide(NO,) gas. Tert-butyl Si phthalocyanine, shown in
Fig. 1 has been characterised by surface pressure—area
isotherms, UV-visible spectrocopy in solution and the
solid state. The I-V characteristics of the sample have
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Fig. 1 Tert-butyl silicon phthalocyanine(OC,Hs),; (SiPc)

been studied. Furthermore, the ability of the Pc to work as
an NO, gas sensor has also been investigated.

Experimental work

The (tert butyl silicon Pc(OC,Hs),), (SiPc) was supplied by
University of Durham and its synthesis has been published
elsewhere [8]. The surface pressure—area isotherms for
SiPc were studied in a clean room environment at room
temperature of 20 °C using a 102M model Nima trough.
Deionised pure water from an Elga Purelab water purifier
was used as the subphase. Chloroform (Aldrich) was used
as the solvent. The SiPc was dispensed from a 100 puL
Hamilton syringe drop by drop onto the water subpase.
Deposition was carried out on clean glass slides (which
were rendered hydrophobic by pretreating them with
HMDS) using the Langmuir-Blodgett method, which
involved vertical dipping of the substrate through the
monolayer. For electrical measurements, gold electrodes
(Iength = 2.88 mm) were used, which had 28 interdigitated
fingers. A Joyce-Loebl model trough (Mini-Trough) was
used for deposition. A deposition pressure of 15 m N/m
was used and the deposition speed was maintained at
10 mm/min. UV-visible solution spectroscopy for different
concentrations was carried out using an Ocean Optics
Spectrometer (World Precision Instruments) and similarly,
solid state spectra studies were recorded on a Spectromate
spectrophotometer (World Precision Instruments) The
conductivity chamber was a sealed entity with movable
probe wires, which made contact with the electrodes on
interdigitated samples. A Keithley 236 source measure unit
was used to monitor the flow of the current. Gas sensing
was carried out using 5 ppm NO; in N,. Two Tylan FC-
260 mass flow controllers (Millipore) enabled the regula-
tion of NO, and N, in the required ratios.
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Results and discussions
Surface-pressure—area isotherms

Figure 2 shows the surface pressure—area isotherms of SiPc
using a chloroform solution of concentration 0.326 mg/mL.
The area deduced by extrapolating the rectilinear portion of
the surface pressure—area isotherm, which is called the
“limiting area*, is approximately 0.85 nm>.

The material is stable at the air—water interface. The
isotherm shows a gradually rising surface pressure with no
abrupt phase transitions and is characteristic of isotherms
measured for many other phthalocyanine monomers [9].
The ligands attached to the metal ions are comparatively
short, so do not interfere drastically in the packing process
during compression unlike ligands composed of long alkyl
chains.

Chemical Modelling (Accelrys MS 3.1) has been carried
out in order to determine the size of the molecule and
consequently the orientation of the SiPc on the glass sub-
strate. Pc rings can have two extreme orientations; namely
they can lie parallel on the LB substrate or show an edge-
orientation. The width of the molecule is 0.7 nm and and
its length is 1.2 nm. The area per molecule is calculated to
be 0.84 and 1.44 nm® for edge-on and flat orientation,
respectively. So it is suggested that the molecules are tilted
edge-on in the water with the oxyethyl chains attached to
the central silicon atom protruding upwards and overlap-
ping with the neighbouring molecules. This value obtained
for edge-on orientation is similar to that obtained by the
surface-pressure—area plot, being approximately 0.85 nm?.
But it should be borne in mind that this alone does not
provide conclusive evidence of the orientation of the
molecules [10, 11].
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UV-visible spectroscopy

The SiPc was dissolved in chloroform and the optical
absorbance was studied as shown in Fig. 3. Phthalocyanine
macrocycle behaviour in solution is dependant on the
nature of solvent, dilution and the strength of molecule—
molecule interaction. There are two peaks visible at 618
and 325 nm, and a shoulder at 283 nm. There is no evi-
dence of dimerisation seen. Figure 4 indicates no
dimerisation for the specific concentration range taken, and
that the Beer—Lambert law is obeyed.

Electrical measurements

The material follows Ohm’s law. The I-V characteristics
for four different layers on independent glass slides, of
SiPc are shown in Fig. 5. It can be seen that 15 and 20 layer
conductivities are in between that of 5 and 10 layers. The
I-V behaviour for each film thickness shows that Ohm’s
Law is obeyed, but the dependance of the level of current
does not appear to follow the expected increasing trend.
This is most likely owing to the unpredictable reproduc-
ibility of the transfer quality of the SiPc layers beyond
around 10 layers.

The conductivity (five layers) is calculated to be
257 x 10°Qcem™' for parallel orientation and
1.50 x 107°Q cm™' for edge-on orientation on the sub-
strate. These values compare well with conductivities
obtained by other researchers suchas 5.7 x 1077 Qcm™!
for Co tetra-amine Pc hydrate, 1.3 % 107 Q ecm™! for Ni
tetra-amine Pc Hydrate to 7.6 x 107’ Q cm™' for Cu
tetra-amine Pc Hydrate [12].
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Fig. 3 Solution UV-visible spectra of SiPc
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Fig. 5 I-V Characteristics of SiPc
Gas sensing characteristics

The gas sensing response has been recorded for a five-layer
SiPc film. Initially gas sensing effects on the material were
studied optically, as seen in Fig. 6. There is a decrease in
intensity of the 618 nm peak over the time period of the
NO, gas flow. The corresponding recovery is very slow
(several hours). Hence, it was decided to test whether the
film would work more favourably as a conductometric gas
sensor. The gas sensing response of five layers Pc has been
studied for 5 ppm NO, at constant voltage of 5V, as
shown in Fig. 7. The gas response kinetics was studied for
around 7,000 s at a constant voltage of 5 V using a five
layer LB film. The conductivity increases over the time as
NO, adsorbs onto the film.

The sensitivity, S, is a very versatile indicator, which
relates the size of response to the original signal. In case of
conducting gas sensors, the sensitivity is given by:
§=x100% where dI =1 —1I,, where [ is the final
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Fig. 6 UV-visible spectra of SiPc and optical gas sensing activity of
SiPc

0.0008 - Gas sensing characteristics
11 NO, switched off

0.0007
0.0006 -
0.0005

0.0004 ~

Current (mA)

0.0003

0.0002 +

NO, switched on
t

50
T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000

Time (s)

Fig. 7 NO, gas sensing behaviour of SiPc

current when the toxic gas is switched off and I, is the
initial current when the toxic gas is switched on. One of the
gas sensing parameters to characterise the speed of
response and recovery is the #sq. It is defined as the time
taken for the conductivity curve to reach 50% of its final
saturated value.

A ideal gas sensor would exhibit a large and quick
response on exposure to the gas, which would result in a
large sensitivity and a small t5,, respectively. The tsy for
the five layers sample was also calculated and found to be
457 s. Gas sensing studies were also conducted on 2 and 10
layer samples in identical conditions and similarly, the #50s
for the corresponding 2 and 10 layer samples were found to
be 755 and 773 s, respectively. The sensitivities for the 2, 5
and 10 layer films are calculated to be 181.10, 706.3 and
635.3, respectively. These sensitivity values are in tandem
with vacuum sublimed films exposed to 0.5 ppm nitrogen
dioxide at 170 °C, which included PbPc, CoPc, NiPc,
FePc, CuPc and MgPc showed sensitivities (Percentage
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conduction change) ranging approximately between 1,500,
averages of 536, 463, 444, 1,200, 325 and 0. The authors
conclude that some of these are relative sensitivities and
can vary with conditions. Besides this, no data were
available for MnPc, Na,Pc and AgPc either because they
were difficult to deposit or showed no measurable con-
ductances. Also though ZnPc did show gas sensing ability,
the sensitivity values were not widely reproducible [13].
Armand et al. who deposited MPcs (M = Co, Cu, Zn and
Ni) as Langmuir Blodgett films on interdigitated gold
electrodes and exposed them to 28 ppm NO,, observed
conductometric response, but the metal sensitivity values
did not correlate to the metal sensitivity values obtained by
Bott et al. Phthalocyanine do make good gas sensors as
Armand et al. further conclude that all MPcs tested did
detect NO, even at concentrations as low as 2 ppm [14].
These above studies indicated that MPcs are electrically
very stable and make good gas sensors although they do
not seem to follow a specific trend and not very strongly
influenced by specific parameters like the central ions. In
the case of SiPc as well, though the sensitivities were not
reproducible at a large extent, the conductivity trend was
largely stable and its gas sensing properties were intact.
However, further work is in progress with respect to
reproducibility of the gas sensing characteristics.

There is a rapid increase in current once the NO, gas
stream is switched on. This can be attributed to the p-type
carrier activity of the Pc. The NO,, being an electron
acceptor, withdraws electrons from the Pc resulting in
increased conduction. Furthermore, we hypothesise that the
relatively short alkyl chains substituted onto this SiPc
derivative means that the tunneling barrier between adja-
cent Pc molecules is small, and that this leads to relatively
high conductivity. Also the four tert butyl groups are weak
electron donor groups; hence they can enhance the electron
donor power of a Pc macrocycle to an electron acceptor
molecule like NO,, as a result of which, the conductivity of
the Pc film is elevated [15]. As soon as the NO, is switched
off, the current begins to decrease since the NO, begins to
desorb, but recovery is very slow (taking several hours at
room temperature).

Gas adsorption modelling

We have tried to understand and model the gas sensing
response.The measure of sy is less meaningful when the
response does not reach full saturation. The standard
Langmuir gas adsorption model and the Elovich model
could not be fitted for this material. So an associative
exponential was modelled onto the graph, as shown in
Fig. 8. This model was also used to explain the gas sensing
response of Phthalocyanine Langmuir Blodgett films by
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Lando et al. namely for [(CgH;3)3S10SiPcOGePcOH]
phthalocyanine [16]. The theoretical discussion is carried
out in the subsequent section.

Theoretical background-gas sensing mechanism

Experimentally, the interactions of gases with solid Pc film
surfaces are complex. Basically, the morphology of thin
films of phthalocyanines depends on several factors:
material, substrate, deposition conditions and subsequent
treatment of the deposited film. Ideally, with respect to gas
sensing, there will be a range of different adsorption sites
available corresponding to the different crystal faces,
edges, corners and a range of structural defect sites [17].
According to Weaver et al., the long time scales taken to
achieve saturation or full conductivity change suggests that
migration of the adsorbed gas to more effective carrier
production sites is a slow process, as seen in Fig. 8 (so that
if reaction is not initiated during the initial adsorption
phase, a considerable delay may be expected before the
reactive sites are populated) [18]. A proportional correla-
tion would be expected between film thickness and the
magnitude, rate or reversal of the response to the gas, if
both surface and bulk contributions occurred [19]. In this
case, a direct correlation is between film thickness and
conductivity has not been observed, though it could be
assumed for lower number of layers. As the conductivity is
still increasing rapidly after the 1,000s mark has been
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Fig. 8 Electrical gas sensing activity of SiPc

Table 1 NO, gas response of t-butyl Si Pc-with reference to Fig. 8

crossed as seen in Fig. 8, it becomes clear that a secondary
slower process must follow the initial gas adsorption before
charge carriers are produced [18]. To adsorb on the surface
of the film, the NO, will have to displace the already
adsorbed gas, in this case oxygen, from the surface. The
presence of tert-butyl groups in the phthalocyanine rings
facilitates the reactivity towards oxidation processes [20].
Oxygen displacement will occur most easily from the
weakest adsorption sites on a heterogenous surface, so the
initial rate of adsorption will be small, as the NO, will have
to compete with the excess of oxygen molecules already
present. As the volume of NO, steadily increases with time
in the chamber, and as more NO, is adsorbed on the sur-
face, the molecules will begin to compete with the already
present oxygen, leading to lateral repulsions with the
adsorbed oxygen in the neighbouring sites, gradually
causing displacement of more strongly bound oxygen. Now
these sites, will have higher sticking coefficients as well, so
the NO, adsorption increases [19].

Two different values of #; and t, can be seen in this case,
with reference to Table 1; one is a fast process and the
other a slow process. The fast process could be attributed to
the receptive adsorption sites, where oxygen is displaced
easily. But the longer process will be the result of dis-
placement of more strongly bound oxygen molecules by
the NO,. There is clearly more than one process involved
in the contribution to the overall gas response [21]. This
feature can probably be due to the different processes
occurring on the surface and the bulk of the film, or the
presence of two types of adsorption centres [22].

It is to be noted that alkyl substituent chain lengths can
influence molecular packing and reorganisation in LB films
and hence, can influence properties of phthalocyanines like
photoconductivity, modulation of conductivity on exposure
to gases and also not the least, optical absorption [23].
Monolayer behaviour and film deposition are highly sen-
sitive to the type of alkoxy group attached to the ring and
whether the compounds have been rendered amphiphilic
through the modification of side chains. Similarly, metal-
lated derivatives show consistently better behaviour than
metal free derivatives [24]. To sum up, shortening the
chain has two effects: the more obvious is the reduction of
the insulating aliphatic component of the molecule, the less
obvious is a change in the molecular packing within the LB

Layers AG (Q’l) t (s) t (s) Ay A,

4.97 x 10712 558.8 9.92 x 100 1.6 x 1071 1.4 x 10~*
5 9.98 x 107° 418.9 1.16 x 102 1.3 x 1077 19.7
10 1.2x 1078 333.7 2.8 x 10 8.6 x 108 1951.1

With respect to the inset equation in Fig. 8 [16], ¢, and ¢, are the two time constants, AG is the conductance change and A, and A, are constants
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film [25]. Future work will continue to try to understand the
response of gases to the SiPc with respect to its dependance
on alkyl chain substituents and presence of metal ions.

Conclusions

Measurements of I-V characteristics of the SiPc have
shown Ohmic behaviour for 0.1-10 V. The SiPc is sensi-
tive to 5 ppm NO, since the conductivities increased over
the gassing time period. The reason for this is that the gas
being an electron acceptor interacts with the SiPc, thereby
increasing the number of charge carriers. The conductivi-
ties obtained are in the similar range as obtained for other
metal Phthalocyanines. A double-exponential model has
been fitted with the gas sensing kinetics and revealed a fast
initial response followed by a very slow contribution.
Future work will focus on studying a range of silicon
phthalocyanines containing axial ligands composed of
alkyl substituents of different lengths in order to establish
the relationship between ligand length, orientation within
the Langmuir layer and film conductivity.

Acknowledgement AF would like to thank Mr Alex McNaughton
for the use of the Accerlys software and Dr Alan Dunbar for helpful
discussions.

References

1. McKeown N (1998) Phthalocyanine materials. Cambridge Uni-
versity Press, UK

2. Valli L (2005) Adv Colloid Interf Sci 116:13

3. Richardson T (2000) Functional organic and polymeric materials.
Wiley and Sons, Ltd

@ Springer

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.

. Oleinick NL, Zaidi SI, Rihter BD, Kenny ME, Clay ME, Antunez

AR, Mukhtar H (1992) Proceeedings of the SPIE, vol 1645, p 242

. Decreau R, Richard MJ, Verrando P, Chanon M, Julliard M

(1999). J Photochem Photobiol B Biol 48(1):48

. Jiang X, Huang J, Zhu Y, Tang F, Ng D, Sun J (2006) Bioorg

Med Chem Lett 16(9):2450

. Hua YL, Jiang DP, Shu ZY, Roberts GG, Petty MC, Ahmed MM

(1990) Thin Solid Films 192(2):383

. Twigg MV, Baker S, Petty MC, Roberts GG (1983) Thin Solid

Films 99(1-3):53

. Souto A, de Saja JA, Gobenardo-Mitre MI, Rodriguez ML, Aroca

R (1993) Sensor Actuator B 16(1-3):306

Palacin S (2000) Adv Colloid Interf Sci 87:165

Roberts GG, Baker S, Petty MC, Fowler MT, Thomas NJ (1985)
Thin Solid Films (Electr Optics) 132:113

Achar B, Lokesh K (2004) J Organomet Chem 689:3357

Jones TA, Bott B (1986) Sensor Actuator 9:27

Armand F, Perez H, Fouriaux S, Araspin O, Pradeau J-P,
Claessens CG, Maya EM, Vasquez P, Torres T (1999) Synthetic
Met 102:1476

Lee Y, Hsiao C, Chang C, Yang Y (2003) Sensor Actuator B
94:169

Wang H, Lando J (1994) Langmuir 10:790

Wright J (1989) Progr Surf Sci 31:1

Weaver R, Wright J (1991) Sensor Actuator B 4:505

Archer PBM, Wright J, Chadwick AV, Miasik J, Tamizi M
(1989) Sensor Actuator 16:379

Rodriguez-Mendez ML, Arrieta A, De Saja JA (2003) Sensor
Actuator B 95:357

Richardson T, Smith VC, Topacali A, Jiang J, Huang CH (1997)
Supramol Sci 4:465

Fedoruk GG, Sagaidak DI, Misevich AV, Pochtenny AE (1998)
Sensor Actuator B 48:351

Poynter RG, Cook MIJ, Chesters MA, Slater DA, McMurdo J,
Welford K (1994) Thin Solid Films 243:346

McMurdo J, Cook MJ, Miles DA, Poynter RH, Simmons JM,
Haslam SD, Richardson RM, Welford K (1994) J Mater Chem
4(8):1205

Thorpe SC, Crouch D, Cook MJ, Chambrier I, Ray AK (1994)
Sensor Actuator B 18-19:411



	Conductometric gas sensing studies of tert-butyl �silicon-[bis ethyloxy]-phthalocyanine LB films
	Abstract
	Introduction
	Experimental work
	Results and discussions
	Surface-pressure-area isotherms
	UV-visible spectroscopy
	Electrical measurements
	Gas sensing characteristics

	Gas adsorption modelling
	Theoretical background-gas sensing mechanism
	Conclusions
	Acknowledgement
	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
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

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


