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Abstract A novel rhodamine-based chemosensor has

been designed and synthesized. The chemosensor, a col-

orless and nonfluorescent compound, exhibited remarkable

fluorescent and colorimetric response toward Fe3? in

aqueous media with high selectivity and sensitivity, and no

significant response toward other metal ions such as Hg2?,

Ag?, Pb2?, Sr2?, Ba2?, Cd2?, Ni2?, Co2?, Fe2?, Mn2?,

Cu2?, Zn2?, Ce3?, Mg2?, K?, and Na?.

Keywords Fluorescence � Colorimetric � Chemosensor �
Rhodamine B spirolactam

Introduction

In recent years, considerable efforts have been devoted to

development of artificial fluorescent receptors for detection

of biologically and environmentally important ionic spe-

cies, especially heavy transition-metal (HTM) cations

[1–6]. Among them, the Fe3? ion plays vital roles in many

biological processes, and deficiencies or excesses of this

ion are toxic or can lead to a variety of diseases [7–9]. For

instance, Fe3? provides the oxygen-carrying capacity of

heme and acts as a cofactor in many enzymatic reactions

involved in the mitochondrial respiratory chain.

It is well known that Fe3? acts as a fluorescence

quencher due to its paramagnetic nature, and in general the

fluorescence turn-off response leads to less sensitivity than

the turn-on response because of the low signal-to-noise

ratio. Interestingly, relatively few examples of fluorescent

chemosensors that selectively identify iron cations with

amplified fluorescence have been documented [10–14].

Thus, there is an urgent need to develop selective fluo-

rescence turn-on chemosensors for Fe3?.

Rhodamines are an important class of fluorogenic and

chromogenic probes and are ideal platforms for develop-

ment of fluorescent chemosensors for specific HTM

cations, due to their unique properties such as long-wave-

length emission, high fluorescence quantum yield, and

large molar extinction coefficient. They are generally

nonfluorescent and colorless, whereas metal-induced ring-

opening of the corresponding spirolactam gives rise to

strong fluorescence emission and pink color [15–20].

Herein, we report the synthesis and the sensing prop-

erties of a new derivative of rhodamine-based fluorescent

and colorimetric chemosensor 1, which exhibited high

selectivity and sensitivity toward Fe3? in aqueous media

(Scheme 1).

Results and discussion

Recently, Kim and coworkers [21] reported a new rhoda-

mine 6G derivative 2, as a fluorescent and colorimetric

chemodosimeter in aqueous solution with broad pH span

and high selectivity towards Hg2? through a guanylation

reaction. Based on this irreversible desulfurization reac-

tion, we envisioned that the introduction of an additional
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carbonyl group in 2 could have an activating effect on the

guanylation reaction [22–25]. Therefore, compound 1

bearing a benzoyl group was designed to detect Hg2? in

aqueous media in order to obtain pronounced fluorescent

emission and high selectivity compared with other HTMs.

Contrary to our expectation, 1 showed almost no detectable

binding affinity toward Hg2?, instead behaving as a turn-on

chemosensor for Fe3? with high selectivity and sensitivity.

Synthesis of chemosensor 1

Chemosensor 1 was readily prepared from rhodamine B

through a two-step protocol. According to Scheme 2,

reaction of rhodamine B and ethylenediamine (EDA) in

ethanol gave 3 [26], which on treatment with benzoyl

isothiocyanate in acetone under reflux afforded 1 in 51%

yield. Compound 1 was confirmed by spectroscopic and

analytical data, which are in good agreement with the

presented structure.

Spectral studies

Time evolution of the response of 1 (10 lM) in the pres-

ence of 20 equivalents of Fe3? in methanol–water (9:1,

v/v) was first studied. As shown in Fig. 1, the recognition

interaction was completed at 40 min after addition of Fe3?.

Thus, further optical spectral data in this work were

recorded at 40 min after addition of ionic species.

The fluorescence response of 1 (10 lM) toward various

metal ions (Hg2?, Ag?, Pb2?, Sr2?, Ba2?, Cd2?, Ni2?,

Co2?, Fe2?, Fe3?, Mn2?, Cu2?, Zn2?, Ce3?, Mg2?, K?,

and Na?) in methanol–water (9/1, v/v) was then

investigated, and the results are shown in Fig. 2a.

Chemosensor 1, without any metal ion, is colorless and has

a weak fluorescent emission at 567 nm when excited at

530 nm. Upon addition of 20 equivalents Fe3? to a solution

of 1, a red-shift and strong fluorescence peak at 580 nm

with 92-fold fluorescence enhancement were observed. At

the same time, under identical conditions, none of the other

tested metal ions led to considerable fluorescence increase.

Hence, in order to verify the high selectivity of 1 toward

Fe3?, competition experiments in the presence of poten-

tially competitive metal ions were also conducted.

Figure 2b shows that, except for Fe3?, other metal ions

(100 equiv to 1) did not produce any noticeable increase in
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Fig. 1 Time course of response of 1 to Fe3? (10 lM 1 and 0.2 mM

Fe3?) in methanol–water (9:1, v/v). Excitation wavelength was

530 nm
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fluorescence intensity. Nevertheless, upon addition of Fe3?

(20 equiv to 1) to the solution containing 1 and competitive

cations, a significant increase in fluorescence intensity was

observed. These results indicate that the recognition of

Fe3? by 1 is not significantly influenced by other coexisting

cations and therefore that 1 exhibits very high selectivity

toward Fe3?. Furthermore, the behavior of chemosensor

1–Fe3? in the presence of various anions such as Cl-, Br-,

NO3
-, CO3

2-, HCO3
-, CH3COO-, H2PO4

-, ClO4
-, and

SO4
2- in methanol–water (9/1, v/v) was investigated. As

shown in Fig. 2c, no significant variation in fluorescence

intensity was found, except for 47% quenching by CO3
2-

and 26% quenching by HCO3
- and CH3COO-. Due to their

competitive affinity with Fe3?, the spirocyclic form of 1 is

reproduced in the mixture, thus CO3
2-, HCO3

-, and

CH3COO- can cause some interferences for chemosensor

1–Fe3? in the proposed method.

Figure 3 shows the fluorescence titration of 1 (10 lM)

with Fe3? under excitation at kex = 530 nm in methanol–

water (9:1, v/v). Incremental addition of Fe3? resulted in

gradual increase of the fluorescence intensity with emission

peak at 580 nm, reaching saturation at addition of 150

equivalents. Nonlinear least-squares fitting of the titration

profiles based on the 1:1 binding model strongly support the

1:1 stoichiometry of 1 and Fe3?, and the binding constant was

calculated to be 4.27 9 105 [27]. The equation used was:

Y ¼ Y0 þ
Ylim � Y0

2
1þ CM
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þ 1
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where Y is the recorded fluorescent intensity, Y0 is the start

value without addition of Fe3?, Ylim is the limiting value,
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Fig. 3 Fluorescence titration spectra of 1 (10 lM) in methanol–water

(9:1, v/v) upon gradual addition of Fe3? (kex = 530 nm). Inset:

changes in fluorescence intensity at 580 nm against concentration of

Fe3?. Excitation wavelength was 530 nm (excitation slit 2.5 nm;

emission slit 5.0 nm)
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Fig. 2 a Fluorescent emission changes of 1 (10 lM) upon addition of

various metal ions (20 equiv) in methanol–water (9:1, v/v). Excitation

wavelength was 530 nm. b Fluorescence responses of 1 (10 lM) to

various metal ions in methanol–water (9:1, v/v) at 580 nm. Black bars
represent the addition of an excess of the appropriate metal ion (1.0 mM

for all other cations and 0.2 mM for Fe3?) to a 10 lM solution of 1.

White bars represent the addition of Fe3? (0.2 mM) to the solutions

containing 1 and 100 equiv. of the cations studied. 1 none; 2 Hg2?; 3
Ag?; 4 Pb2?; 5 Sr2?; 6 K?; 7 Ba2?; 8 Cd2?; 9 Ni2?; 10 Co2?; 11 Fe2?;

12 Mn2?; 13 Cu2?; 14 Zn2?; 15 Ce3?; 16 Mg2?; 17. Na?; 18 Fe3?.

c Fluorescence responses of 1 (10 lM) containing 0.2 mM Fe3? to the

selected anions (0.2 mM) in methanol–water (9:1, v/v) at 580 nm.

1 none; 2 FeCl3; 3 Br-; 4 NO3
-; 5 CO3

2-; 6 HCO3
-; 7 CH3COO-;

8 H2PO4
-; 9 ClO4

-; 10 SO4
2- (excitation slit 2.5 nm; emission slit

5.0 nm)
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CM is the Fe3? concentration, and CL is the sensor

concentration.

Furthermore, upon addition of an increasing amount of

Fe3? ions to 1, as shown in Fig. 4, a new absorption band

centered at 557 nm appeared with increasing absorbance,

which corresponds to the ring-opening process of the spi-

rolactam moiety in 1. The binding stoichiometry of 1 and

Fe3? was further proved by a Job plot according to the

continuous variations with a total concentration of

[Fe3?] ? [1] of 200 lM (Fig. 5). The absorbance approa-

ched a maximum when the molar ratio of Fe3? was 0.5,

indicating a 1:1 stoichiometry for the 1–Fe3? complex.

We also investigated the reversibility of the 1–Fe3?

binding by a simple titration methodology with EDA.

Accordingly, titration of 1–Fe3? with EDA led to signifi-

cant decrease of absorbance and fluorescence intensity. At

the end point, the solution returned to its original colorless
state, which reveals that the response of 1 to Fe3? is

reversible rather than a cation-catalyzed reaction. This

colorless solution was further confirmed as compound 1 by

thin-layer chromatography (TLC) and mass spectrometry

(MS) analysis. For practical applicability, the effect of pH

on the absorbance of 1 in both the presence and absence of

Fe3? in methanol–water (9:1, v/v) was evaluated. Figure 6

clearly indicates that the chemosensor 1, which has weak

absorbance, can detect Fe3? ions in the pH range between 4

and 7 because of its remarkable increase of absorbance on

addition of Fe3? ions.

Binding mechanism

The possible binding mechanism of 1 with Fe3? that led to

the absorbance and fluorescence changes is shown in

Scheme 3. According to the proposed mechanism of some

rhodamine-based chemosensors reported so far, it may be

that Fe3? coordinates with the corresponding atom of 1 and

induces ring-opening of the spirolactam. However, in

recently reported rhodamine-based chemodosimeters with

high selectivity and sensitivity toward Hg2? [16, 18–26],

the desulfurization guanylation mechanism is usually

considered to be main reason for the recognition event.

Nevertheless, during the spirolactam ring-opening and

guanylation processes, the metal-induced spirolactam ring-

opening is the first and critical step, which leads to sig-

nificant absorbance and fluorescence enhancement, as they

are the most important signals for the recognition event.

Although chemosensor 1 has the potential model structure

for the Hg2?-promoted guanylation reaction, it exhibits

higher binding affinity toward Fe3? than other metal ions

and leads to the easily detectable ring-opening process.

This result may be attributed to the addition of a more

electron-withdrawing carbonyl group to the thiourea moi-

ety of 1. The electron density on the sulfur atom of the

Fig. 4 UV–Vis titration spectra of 1 (10 lM) in methanol–water

(9:1, v/v) upon gradual addition of Fe3?
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Fig. 5 Job plot according to the method of continuous variations,

indicating the 1:1 stoichiometry of 1 and Fe3?. The total concentra-

tion of ([Fe3?] ? [1]) was 200 lM
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Fig. 6 Effect of pH on the absorbance of 1 (10 lM) in methanol–

water (9:1, v/v) in absence and presence of Fe3? at 557 nm
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thiourea group may decrease and lower the mercury

affinity, and thus the relatively harder Fe3? can easily bind

with 1 according to the proposed mechanism depicted in

Scheme 3.

Conclusions

We report herein a new simple rhodamine-based turn-on

chemosensor 1 which displays high selectivity toward Fe3?

with no significant response to other metal ions. The Fe3?-

induced ring-opening of the rhodamine spirolactam

moiety of 1 leads to dramatic absorption and fluorescent

enhancement. The binding of 1 and Fe3? is reversible with

1:1 binding stoichiometry.

Experimental

Compound 3 was prepared according to a literature pro-

cedure [26]. Acetone was dried over 4-Å molecular sieves

prior to use. All other chemicals were purchased directly

from commercial suppliers. Column chromatography was

performed on silica gel (100–200 mesh). Nuclear magnetic

resonance (NMR) spectra were recorded on a Bruker

300 MHz NMR spectrometer with tetramethylsilane

(TMS) as internal standard. High-resolution mass spec-

trometry (HRMS) was carried out on a UPLC/Q Tof mass

spectrometer. Ultraviolet (UV) spectra were measured on a

SP-1900 spectrophotometer. Fluorescence spectra were

obtained with a Hitachi F-4500 FL spectrophotometer at

room temperature for aerated solutions.

N-[[[2-[30,60-Bis(diethylamino)-3-oxospiro[1H-isoindole-

1 , 9 0-[9H]xanthen]-2(3H)-yl]ethyl]amino]thioxomethyl]-

benzamide (1, C38H41N5O3S)

Compound 3 (0.6 g, 1.24 mmol) and 0.202 g benzoyl

isothiocyanate (1.24 mmol) were dissolved in 30 cm3

acetone and refluxed for 2 h. The solvent was evaporated

under reduced pressure, and the crude solid was purified by

silica-gel column chromatography with dichloromethane

and ethylacetate (10:1) as eluents to give 0.43 g (51%) 1.

M.p.: 199–201 �C; 1H NMR (300 MHz, CDCl3): d = 8.84

(s, 1H), 7.51 (m, 9H), 6.27 (m, 2H), 6.19 (m, 6H), 3.51 (t,

2H), 3.33 (dd, 8H), 1.26 (t, 1H), 1.16 (t, 12H) ppm; 13C

NMR (75 MHz, CDCl3): d = 167.83, 153.97, 153.30,

152.97, 152.56, 152.24, 152.09, 151.85, 149.41, 148.88,

146.15, 145.59, 136.78, 136.23, 135.97, 134.93, 134.52,

133.24, 132.53, 128.96, 128.62, 128.02, 127.48, 123.82,

123.03, 108.34, 97.94, 44.73, 44.36, 38.52, 12.61 ppm;

HRMS (ESI) calcd. for C38H41N5O3S 647.8286, found

647.8288.
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Tolmachev AI, Daub J, Rurack K (2005) J Am Chem Soc

127:13522

13. Mao J, Wang L-N, Dou W, Tang X-L, Yan Y, Liu W-S (2007)

Org Lett 9:4567

14. Fan L-J, Jones WE Jr (2006) J Am Chem Soc 128:6784

15. Kim H-N, Lee M-H, Kim H-J, Kim J-S, Yoon J (2008) Chem Soc

Rev 37:1465

16. Huang J-H, Xu Y-F, Qian X-H (2009) J Org Chem 74:2167

17. Wu H-M, Zhou P, Wang J, Zhao L, Duan C-Y (2009) New J

Chem 33:653

18. Lee M-H, Wu J-S, Lee J-W, Jung J-H, Kim J-S (2007) Org Lett

9:2501

19. Wu D-Y, Huang W, Duan C-Y, Lin Z-H, Meng Q-G (2007) Inorg

Chem 46:1538

O

N

O
H
N

N N

HN

S
O

O

N

O

NH

N N

S

OFF ON

+

NH

OFe3+

Fe3+

Scheme 3

An unprecedented rhodamine-based fluorescent and colorimetric chemosensor 619

123



20. Shiraishi Y, Sumiya S, Kohno Y, Hirai T (2008) J Org Chem

73:8571

21. Wu J-S, Hwang I-C, Kim KS, Kim JS (2007) Org Lett 9:907

22. Cunha S, Costa MB, Napolitano HB, Lariucci C, Vencato I

(2001) Tetrahedron 57:1671

23. Lee M, Cho B-K, Yoon J, Kim JS (2007) Org Lett 9:4515

24. Liu B, Tian H (2005) Chem Commun 3156

25. Leng B, Zou L, Jiang J-B, Tian H (2009) Sens Actuators B

140:162

26. Soh JH, Swamy KMK, Kim SK, Kim S, Lee S-H, Yoon J (2007)

Tetrahedron Lett 48:5966

27. Connors KA (1987) Binding constants—the measurement of

molecular complex stability. Wiley, New York

620 L. Tang et al.

123


	An unprecedented rhodamine-based fluorescent and colorimetric chemosensor for Fe3+ in aqueous media
	Abstract
	Introduction
	Results and discussion
	Synthesis of chemosensor 1
	Spectral studies
	Binding mechanism

	Conclusions
	Experimental
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


