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Abstract A selective fluorescent cesium optode on a
chromoionophore consisting of anthracene covalently linked
through an imine bond to a 15-crown-5 derivative has been
reported. In the present system, 15-crown-5 derivative
including anthracene was used a fluoroionophore. The
fluorescence response mechanism is based on the photo-
induced electron transfer (PET) from the lone pair of
electrons of the nitrogen to the anthracene group and
inhibition of PET system by cesium binding while increasing
the fluorescence intensity. Emission intensity 15-crown-5
anthracene was measured at 500 nm with absorbance at
400 nm in CH;CN-H,0 (1:1) media. The method shows a
very good selectivity and sensitivity for cesium with respect
to other cations such as K", Na" and Li" with linear range
and detection limit of 5.0 x 107> to 5.0 x 10"'M and 3.0 x
107°M respectively.
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Introduction

New methodologies and reagents for selective determination
of hazardous ionic species deteriorating the environment as a
result of human activities have appeared of great scientific
aims. The use of Chemo-sensors can be found in many
disciplines such as clinical and medical sciences, cell biology,
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analytical chemistry, and environmental sciences due to the
almost-infinite number of possible target ions and a large
number of different techniques suitable for their study. There
is a significant need for the development of chemo-sensors
capable of selective recognition of cesium ions. The major
source of cesium is nuclear waste materials and its toxicity is
due to its ability to replace potassium in muscles and red cells.
In nuclear waste, cesium must be detected in a medium where
sodium and potassium are present in a large excess [1].
Various methods were reported for the determination of
cesium, including atomic absorption spectroscopy [2], radio-
analysis [3, 4] and ion-selective electrodes (ISEs) [5, 6].
Recent developments using ISEs were aimed at obtaining
very low detection limits [7]. Although those analytical
methods are sensitive and accurate, they have different
disadvantages of expensive instruments and controlled
experimental conditions. In contrast, fluorimetry is a simple
and highly sensitive method for the assay of a large number
of drugs and metals [8—11] and fluorimetric-based chemo-
sensor is a very interesting category for future practical
applications, thanks to the sensitivity, specificity, and low
costs of fluorescence measurements [12].

Fluoroionophore chemosensors are gaining interest due
to their easy use in solution as well as their high sensitivity
to and selectivity for trace metal ions. Many efficient
fluoroionophores have been developed for the specific
recognition of metal ions including alkali metals, alkaline
earth metals and zinc ions [13—15].

Anthracene and its derivatives constitute a very famous
class of fluorophores with very interesting photo-physical
properties. They are extensively used in designing lumi-
nescent chemosensors and switches and, recently, the
possibility of these aromatic units to give 77t stacking
and 7—cation or —H" interactions has been successfully
investigated [16-23].
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Fig. 1 Structure of N-(4-benzo-
15-crown-5)-anthracene-
9-imine
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In a fluorescent molecular sensor system, crown ether
derivatives have been commonly used as ionophores for
cations and crown ether-based ionophores have been widely
studied due to their structural and electronic features. They
show a high efficiency and good selectivity for alkali metal
ions [24, 25]. So many studies on the use of crown ether-
based ionophores for determining lithium [26-28], sodium
[29-31], potassium [32, 33], rubidium and cesium [34, 35]
have been successfully carried out. A number of 1, 3-
alternate calix[4]arenecrown-6 and -bis(crown-6) derivatives
containing coumarin, anthracene, and some other types of
fluorophores were utilized in determination of Cs* [36-42].

As far to our knowledge, the fluorimetric determination of
cesium ion using the N-(4-benzo-15-crown-5) fluoroiono-
phore has not yet been reported. It (Fig. 1) has crown ether
recognition site and the anthracene moiety as fluorescent

signal transducer which are connected through an imine
linkage. The fluoroionophore shows remarkably high Cs®
sensitivity and selectivity with respect to K*, Li" and Na"
ions. The interaction of a metal ion with an organic ligand
(crown-ether-based ionophores) may result in a fluorescent
enhancement of fluorophore. The enhancement in the
fluorescence intensity of 15-crown-5 derivative can be
explained by a photoinduced electron transfer (PET)
mechanism [43-47].

Experimental
Apparatus

Absorption measurements were carried out by a Shimadzu
UV/VIS spectrometer (model UV-1601PC). All the spectro-
fluorimetric measurements were conducted with a SPEX
Fluorolog-2 spectrofluorometer. The spectrometer used a
450-W xenon lamp as the excitation light source and an R
928 photomultiplier tube powered at 950V (Hamamatsu Co.)
as the detector. Absorbance and fluorescence measurements
were carried out in quartz cell of 1-cm path length. Excitation
and emission monochromator slit, increment, and integration
time were set at lmm, Inm and 1s, respectively. All spectral
data were obtained by SPEX DM 3000F spectroscopy
computer.

Reagents

All chemicals used were of analytical grade. Acetonitrile
(CH3CN) and metal nitrate salts (LiNO3z;, NaNOs;, KNO3,
CsNOs) were obtained from Aldrich. 15-crown-5-anthracene
was kindly gifted by Prof. Jang (Dae-Gu University, Korea).

Fig. 2 Absorption spectrum of 1.0
15-crown-5-anthracene (5.0

1073 M) in CH;CN-H,O (1:1,

v/v)
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Fig. 3 Fluorescence spectra of 200 T T T T
15-crown-5-anthracene (5.0 x
107° M) in different composi- = ]
tion solvents; A,,=400 nm, =
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Stock solutions of alkali metal ions (1.0 x 10~" M) were
prepared by dissolving the 99.9% pure metal nitrate salts in
purified water. The stock solution (1.0 x 10~* M) of 15-
crown-5-anthracene was prepared by dissolving 15-crown-
S-anthracene in acetonitrile.

Results and discussion

15-crown-5-anthracene is fluorescent in CH3;CN-H,O media.
It showed characteristic emission of anthracene at round
500 nm with absorbance at 400 nm (Fig. 2). Fluorescence
spectra in different composition of solvent are shown in
Fig. 3. Maximum emission intensity was obtained in solvent
a (CH3;CN-H,O/2:1, v/v). Fluorescence intensity of 15-
crown-5-anthracene in solvent ¢ is higher than that in solvent
b. These results indicate that protonation degree of 15-

Fig. 4 Fluorescence spectra of 250

Wavelength (nm)

crown-5-anthracene is higher in solvent ¢. To minimize
interference of protonation, the subsequent experiments were
performed in solvent b (CH;CN-H,O/1:1, v/v). In addition,
because of low intensity in the absence of cesium ion,
measurement in solvent b has advantage of the effective
observation (high sensitivity) for the enhancement of
fluorescence intensity by cesium ion.

The fluoroionophoric property of the 15-crown-5-
anthracene was investigated by measuring the fluorescence
in the presence of various concentrations of Cs' ions. The
luminescence spectrum of the host free 15-crown-5-anthracene
was measured in CH;CN-H,O (1:1, v/v, E, = 400 nm)
media. It showed a very poor fluorescence. The week
fluorescence intensity can be explained that the emission of
the anthracene group in the fluoroionophore is quenched by
intramolecular photo-induced electron transfer from the
lone pair of electrons of the nitrogen to the adjacent

15-crown-5-anthracene (5.0
10> M) in the presence of F
increasing concentration of Cs”
in CH3;CN-H,0 (1:1, v/v); A=
400 nm, CsNO; concentration
of (@) 0 M, (b) 5.0x107° M, (c)
7.0x107° M, (d) 1.0x107* M,
(€) 5.0x107* M, (f) 7.0

1074 M, (g) 1.0x107° M,

(h) 5.0x107 M, (i) 7.0%

102 M, (j) 1.0x1072 M,

(k) 5.0x10"" M in CH;CN—
H,>O solvent
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Ratio of fluoroionophore to cation: 0O 1:0 O 1:1 @ 1:10000

Fluorescence Relative
Intensity (I/Io)

1:10000
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K+
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Fig. 5 Fluorescence enhancement ratios (//ly) at 500 nm for
interaction of 15-crown-5 anthracene (5.0x 10> M) with alkali metal
ions in CH3;CN-H,0 (1:1, v/v); Aex=400 nm

anthracene group [48]. In this medium, addition of Cs®
induces the enhancement of emission behavior of 15-crown-
S-anthracene as shown in the Fig. 4. Maximum fluorescence
intensity was observed at 500 nm with excitation at 400 nm.
The enhancement of fluorescence intensity upon cesium
binding suggests that upon complexation the lone pair of
electrons on the nitrogen of fluoroionophore is stabilized and
thermodynamically it is unfavorable for them to serve
intramolecular photo-induced electron transfer to the imme-
diate anthracene group upon photoexcitation of the fluo-
roionophore, causing the emission intensity to enhance. A
linear response of the fluorescence intensity as a function of
cesium concentration was observed from 5.0 x 107> to 5.0 x
107'M. The detection limit calculated as three times the
standard deviation of the blank signal was found to be 3.0 x
107° M with correlation coefficient of 0.9985.

Finally we examined the selectivity of 15-crown-5-
anthracene for Cs™ with respect to other cations such as
Na', K', and Li" (Fig. 5). The emission of 15-crown-5-
anthracene in CH3CN-H,O (1:1) is not affected by the
presence of Li” and Na" at the concentration as high as
0.5 M, excluding the possibility of strong complexation of
these ions by the fluoroionophore. The emission of
fluoroionophore shows a slight increment up to a concen-
tration of K about 0.5 M, indicating complexation of K"
with 15-crown-5-anthracene because of some high stability
constants ratio. In comparison with Na*, K*, and Li" ions,
15-crown-5-anthracene shows outstanding selectivity for
Cs" and excellent sensitivity (up to 3.0x10°® M). As the
concentration of Cs* ions increases, the fluorescence
intensity of the fluoroionophore increases, gaining its
maximum value at the concentration of Cs™ of ca. 0.5 M.

In conclusion these results demonstrated that the
fluoroionophore is a novel ion probe that exhibits remark-

@ Springer

ably high sensitivity and selectivity for Cs’ by several
orders of magnitude and has a good photochemical stability
compared to the other previously reported probes. We are
currently examining other potential fluorophores that may
induce a much intense fluorescence response upon com-
plexation of alkaline metal ions.

Acknowledgement The support of this research by Korea Research
Foundation Grant (KRF-2004-005-C00009) is gratefully acknowledged.

References

1. Izatt RM, Bradshaw JS, Bruening RL, Tarbet BJ, Bruening ML
(1995) Solid phase extraction of ions using molecular recognition
technology. Pure Appl Chem 67(7):1069-1074

2. Vanhoe H, Vandecasteele C, Versieck J, Dams R (1989) Determi-
nation of iron, cobalt, copper, zinc, rubidium, molybdenum, and
cesium in human serum by inductively coupled plasma mass
spectrometry. Anal Chem 61(17):1851-1857

3. Theimer KH, Krivan V (1990) Determination of uranium,
thorium, and 18 other elements in high-purity molybdenum by
radiochemical neutron activation analysis. Anal Chem 62
(24):2722-2727

4. Van-Renterghem D, Cornelis R, Vanholder R (1992) Radiochemical
determination of twelve trace elements in human blood serum. Anal
Chim Acta 257(1):1-5

5. Saleh MB, Hassan SSM, Abdel Gaber AA, Abdel Kream NA
(2003) PVC membrane cesium ion-selective sensor based on
cephalexin antibiotic. Anal Lett 36(11):2367-2377

6. Arida HAM, Aglan RF, El-Reefy SA (2004) A new cesium ion
selective graphite rod electrode based on Cs-molybdophosphate.
Anal Lett 37(1):21-33

7. Radu A, Peper S, Gonezy C, Runde W, Diamond D (2006) Trace-
level determination of Cs” using membrane-based ion-selective
electrodes. Electroanalysis 18(13—14):1379—1388

8. Karim MM, Jeon CW, Lee HS, Alam SM, Lee SH, Choi JH, Jin
SO, Das AK (2006) Simultaneous determination of acetylsalicylic
acid and caffeine in pharmaceutical formulation by first derivative
synchronous fluorimetric method. J Fluoresc 16(5):713-721

9. Karim MM, Lee HS, Kim YS, Bae HS, Lee SH (2006) Analysis of
salicylic acid based on the fluorescence enhancement of the arsenic
(II)-salicylic acid system. Anal Chim Acta 576(1):136-139

10. Karim MM, Lee SH, Kim YS, Bae HS, Hong SB (2006)
Fluorimetric determination of Ce(IV) with ascorbic acid. J
Fluoresc 16(1):17-22

11. Karim MM, Alam SM, Lee SH (2007) Spectrofluorimetric
estimation of norepinephrine using ethylenediamine condensation
method. J Fluoresc 17(4):427-436

12. Czarnik W (1992) Fluorescent chemosensors for ion and molecule
recognition. ACS, Washingon DC

13. Ueyama H, Takagi M, Takenaka S (2002) A novel potassium
sensing in aqueous media with a synthetic oligonucleotide
derivative. Fluorescence resonance energy transfer associated with
guanine quartet-potassium ion complex formation. ] Am Chem
124(48):14286-14287

14. Miyawaki A, Llopis J, Heim R, McCaffery JM, Adams JA,
Ikura M, Tsien RY (1997) Fluorescent indicators for Ca>" based
on green fluorescent proteins and calmodulin. Nature 388(6645):
882887

15. Gee KR, Zhou Z-L, Qian W-J, Kennedy R (2002) Detection and
imaging of zinc secretion from pancreatic (3-cells using a new
fluorescent zinc indicator. J Am Chem Soc 124(5):776-778



J Fluoresc (2008) 18:853-857

857

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jazwinski J, Lehn JM, Meric R, Vigneron JP, Cesario M, Guilhem J,
Pascard C (1987) Polyaza-macrocycles of cyclophane type: synthe-
sis, structure of a chloroform inclusion complex and anion binding.
Tetrahedron Lett 28(30):3489-3492

Pietraszkiewic M, Gasiorowski R (1990) Novel access to poly-
azamacrocycles: non-template cyclization of terephthalaldehyde
and aliphatic polyamines. Chem Ber 123(2):405-406

Fabbrizzi L, Pallavicini P, Parodi L, Perotti A, Taglietti A (1995)
Molecular recognition of the imidazole residue by a dicopper(Il)
complex with a bisdien macrocycle bearing two pendant arms. J
Chem Soc Chem Commun 23:2439-2440

Fernandez-Saiz M, Schneider HJ, Sartorius J, Wilson WD (1996)
A cationic cyclophane that forms a base-pair open complex with
RNA duplexes. ] Am Chem Soc 118(20):4739-4745

Lai YH, Ma L, Mok KF (1996) 12, 13, 25, 26-Tetraaza-2,15-
dithia [3.3] phenanthrolinophane. Synthesis, conformational study
and complexation reactions. Tetrahedron 52(13):4673-4678
Inokuchi F, Miyahara Y, Inazu T, Shinkai S (1995) Cation-7t
interactions detected by mass spectrometry; selective recognition
of alkali metal cations by a 7t-basic molecular cavity. Angew
Chem Int Ed Engl 34(12):1364-1366

Allen FH, Howard JAK, Hoy VJ, Desiraju GR, Reddy DS,
Wilson CC (1996) First neutron diffraction analysis of an O-H 7t
hydrogen bond: 2-ethynyladamantan-2-ol. J] Am Chem Soc 118
(17):4081-4084

Dougherty DA (1996) Cation-pi interactions in chemistry and
biology: a new view of benzene, Phe, Tyr, and Trp. Science (New
York, N.Y.) 271(5246):163-168

Dobler M (1981) Ionophores and their structures. Wiley, New
York

Gokel GW (1991) Crown ethers and cryptands. Royal Society of
Chemistry, Cambridge

Shibutani Y, Sakamoto H, Hayano K, Shono T (1998) Synthesis
and cation-extraction study of chromogenic 14-crown-4 deriva-
tives for spectrophotometric determination of lithium. Anal Chim
Acta 375(1, 2):81-88

Wagner-Wysiecka E, Skwierawska A, Kravtsov, y VC, Biernat JF
(2001) New class of chromogenic proton-dissociable azocrown
reagents for alkali metal ions. J Supramol Chem 1(2):77-85
Luboch E, Wagner-Wysiecka E, Biernat JF (2003) Chromogenic
azocrown ethers with peripheral alkyl, alkoxy, hydroxy or
dimethylamino group. J Supramol Chem 2(1-3):279-291
Moriuchi-Kamakami T, Aoki R, Morita K, Tsujioka H, Fujimori K,
Shibutani Y, Shono T (2003) Conformational analysis of 12-crown-
3 and sodium ion selectivity of electrodes based on bis(12-crown-3)
derivatives with malonate spacers. Anal Chim Acta 480(2):
291-298

Su C-C, Liu LK, Lu L-H (2006) Sensing and fluorescence
behaviors of complex formation between new lariat crown ethers
bearing fluorescence sidearm and metal ions in methanol solution.
J Lumin 121(1):159-172

Liu H, Shao XB, Jia MX, Jiang XK, Lia ZT, Chen GJ (2005)
Selective recognition of sodium cyanide and potassium cyanide
by diaza-crown ether-capped Zn-porphyrin receptors in polar
solvents. Tetrahedron 61(34):8095-8100

Rounaghi G, Eshaghi Z, Chiamati E (1997) Thermodynamic
study of complex formation between 18-crown-6 and potassium

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

ion in some binary non-aqueous solvents using a conductometric
method. Talanta 44(2):275-282

Benco JS, Nienaber HA, Dennen K, McGimpsey WG (2002) A
fluoroionophore for detection of potassium ions: 9-anthryl-
substituted azacrown ether covalently linked to a 1,3-alternate
calix[4]arene. J Photochem Photobiol A 152(1-3):33-40
Neander S, Behrens U, Olbrich F (2000) Novel 18-crown-6
organometallic rubidium and cesium complexes containing cyclo-
pentadienyl, indenyl, pentamethylcyclopentadienyl, and fluorenyl
as carbanions. J Organomet Chem 604(1):59—-67

Bryan JC, Sachleben RA, Hay BP (1999) Structural aspects of
cesium ion selectivity by tetrabenzo-24-crown-8. Inorg Chim Acta
290(1):86-94

Arnaud-Neu F, Asfari Z, Souley B, Vicens J (1996) Binding
properties of calix[4]-bis-crowns towards alkali cations. New J
Chem 20(4):453-463

Ji H-F, Brown GM, Dabestani R (1999) Calix[4]arene-based Cs”
selective optical sensor. Chem Commun 7:609—610

Ji H-F, Dabestani R, Brown GM, Sachleben RA (2000) A new
highly selective calix[4]crown-6 fluorescent cesium probe. Chem
Commun 10:833-834

Ji H-F, Brown GM, Dabestani R (2000) A supramolecular
fluorescent probe, activated by protons to detect cesium and
potassium ions, mimics the function of a logic gate. ] Am Chem
Soc 122(38):9306-9307

Casnati A, Giunta F, Sansone F, Ungaro R, Montalti M, Prodi L,
Zaccheroni N (2001) Synthesis, complexation and photophysics
of 1,3-alternate calix[4]arene-crowns-6 bearing fluorophoric units
on the bridge. Supramol Chem 13(3):419-434

Ji H-F, Dabestani R, Brown GM, Hettich RL (2001) Synthesis and
sensing behavior of cyanoanthracene modified 1,3-alternate calix
[4]benzocrown-6: a new class of Cs* selective optical sensors. J
Chem Soc Perkin Trans 2(4):585-591

Leray 1, Asfari Z, Vicens J, Valeur B (2002) Synthesis and binding
properties of calix[4]biscrown-based fluorescent molecular sen-
sors for caesium or potassium ions. J Chem Soc Perkin Trans 2
(8):1429-1434

Benco JS, Nienaber HA, McGimpsey WG (2002) A sodium ion
sensor based on a covalently-linked aminorhodamine B-calix[4]
arene chromoionophore. Sens Actuators B 85(1-2):126—-130
Czarnik AW (1993) Fluorescent chemosensors for ion and molecule
recognition. American Chemical Society, Division of Organic
Chemistry: American Chemical Society Meeting, Washington
Gunnlaugsson T, Bichell B, Nolan C (2004) Fluorescent PET
chemosensors for lithium. Tetrahedron 60(27):5799-5806
Gunnlaugsson T, Kruger PE, Lee TC, Parkesh R, Pfeffer FM,
Hussey GM (2003) Dual responsive chemosensors for anions: the
combination of fluorescent PET (Photoinduced Electron Transfer)
and colorimetric chemosensors in a single molecule. Tetrahedron
Lett 44(35):6575-6578

Gunnlaugsson T, Ali HDP, Glynn M, Kruger PE, Hussey GM,
Pfeffer FM, Santos CMG, Tierney J (2005) Fluorescent photo-
induced electron transfer (PET) sensors for anions; from design to
potential application. J Fluoresc 15(3):287-299

Sung K, Fu H-K, Hong S-H (2007) A Fe*'/Hg*'-selective
anthracene-based fluorescent PET sensor with tridentate ionophore
of amide/3-amino alcohol. J Fluoresc 17(4):383-389

@ Springer



	Selective Fluorimetric Recognition of Cesium Ion by 15-Crown-5-Anthracene
	Abstract
	Introduction
	Experimental
	Apparatus
	Reagents

	Results and discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /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 [5952.756 8418.897]
>> setpagedevice


