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Abstract — A novel tetraphenylethene-based fluorescence probe compound 1
bearing 1,2-ethanedithiol wunits linked with tetraphenylethene moiety 1is
synthesized efficiently. Compound 1 exhibit sensitively and selectively to Hg*"
over other metal ions in DMF/H>O solution based on aggregation induced
emission (AIE) mechanism. The results show that compound 1 demonstrates an
Hg?*-specific bathochromic shift and fluorescent enhancement with a 1:2 reacting

stoichiometry. The detection limit of compound 1 for Hg*" is 2x10°® mol-L™..

INTRODUCTION

The development of the fluorescent probe with highly selective and sensitive recognition of metal ions
has attracted considerable attention in recent years, due to their significance in the fields of biology,
environment and chemistry, etc.! Among heavy metal ions, mercury is regarded as one of the most toxic
metal ions, which has a negative effect on cardiovascular, kidneys, immune system as well as central
nervous system in humans even at mercury concentration of ppm levels.? For this reason, the design and
synthesis of highly selective and sensitive fluorescence probes for mercury are important to human health.
Compared with the most traditional analytical methods, such as inductively coupled plasma mass
spectrometry,® atomic absorption spectroscopy’ and electrochemical analysis,” fluorescence probes for
mercury demonstrate high sensitivity and facile operation. Recently, many fluorescence probes for
mercury in aqueous medium based on the coordination® or chemical reaction between them’ have been
exploited. In these methods, reaction-based fluorescent probes has attracted considerable interest, because
their emission intensities could be measured at two different wavelengths, avoiding environmental effects
and increasing the dynamic range of fluorescence measurement. Reaction-based fluorescent probes have
been designed, including Hg?'-promoted desulfurization,® Hg?>*-promoted cycloaddition of thiourea

substrates,” mercuration'’ and Hg?*-promoted hydrolysis,!! for the detection of Hg*" in aqueous solution.
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As we all know, the thioacetals are severed by Hg?",!> which induces the formation of low polarity
compound, making remarkable aggregation induced emission (AIE)."* Various kinds of fluorescence
probe for mercury have been designed based on aggregation induced emission (AIE) mechanism.
However, many of these fluorescence probes show significant challenges for practical application.

In this paper, a novel tetraphenylethene-based compound 1 is designed and synthesized for mercury based
on the Hg**-promoted deprotection of thioacetal.!* The thioacetals are severed by Hg?*, which induces the
formation of low polar aggregates of compound 2 with a strong fluorescence signal. This induces
bathochromic shift and fluorescent enhancement of compound 2. As a result, compound 1 shows highly
selective and sensitive response toward mercury in aqueous medium. Hence, we report the synthesis,

characterization, and fluorescence properties of compound 1 in detail.

RESULTS AND DISCUSSION

The synthetic pathway of compound 1 is outlined in Scheme 1. Initially, 4-(1,2,2-triphenylvinyl)-
benzaldehyde (compound 2), as the starting material, is obtained from interaction between bromo-
triphenylethylene and 4-formylphenylboronic acid in the presence of catalytic amount of Pd(PPhs)4 under
reflux in toluene. Compound 1 is synthesized from the compound 2 and 1,2-ethanedithiol through
thioacetalization with iodine catalyst efficiently (Scheme 1). The chemical structures of these new

compounds are confirmed by "H-NMR, '*C-NMR spectroscopic methods.
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Scheme 1. The structure and synthetic of compound 1

Figure 1 shows the fluorescence spectrum change of compound 1 upon titration with Hg?" ion. As
anticipated, with addition of Hg**, the weak fluorescence emission aqueous solution of compound 1
becomes more and more strongly emissive. In fact, the fluorescence emission intensity of the mixture
system almost linearly increases at 490 nm with the concentration of Hg?>" in the range from 2x10°
mol'L" to 10x10° mol'L™!" and 12x10 mol-Lto 20x10° mol-L"!. This is associated with the formation
of low polar aggregates of compound 2 with a strong fluorescence signal based on aggregation induced

emission (AIE) mechanism. Compound 1 has response toward Hg*" at as low as 2x10° mol'L"!. In
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addition, the remarkable bathochromic shift indicates that compound 1 can be used as a potential

ratiometric fluorescent probe for Hg?".
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Figure 1. Fluorescence spectra of compound 1 (1x10”° mol'L™") in DMF-water (5:95) in the presence of
Hg?" (from 0 to 2 equiv). The plot of the fluorescence intensity at 490 nm (lex = 380 nm) vs the
concentration of Hg?"

Figure 2. Digital photographs of compound 1 (5x107 mol‘L™") upon addition of different metal ions (4
equiv) in DMF-water (5:95) mixtures solvent with a UV lamp (Aex = 365 nm)

700
3 600 |- _1+CI
— 2.
> 500t —1+8042
7} e -
S 400} 1+NO3
£ —1+C032-
g 300f __1+CH3C00-
@
§ 200 } _1+Hg2*
S 100}
i
0

400 450 500 550 600 650 700
Wavelength (nm)

Figure 3. Fluorescent intensity of compound 1 (5%10”° mol-L™") in DMF-water (5:95) mixtures solvent in
the presence of 10 equiv of different anions
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When Hg?" is added to compound 1 in DMF-water (5:95) mixtures solvent, the significant color changes
are observed with a UV lamp (A = 365 nm) (as shown in Figure 2), which shows that compound 1 has a
potential for practical application. In addition, the effects of some anions have also been investigated and
relative results are shown in Figure 3, the experimental results indicate that the anions do not almost
influence the fluorescence intensity of the detecting system. Above results show that the as-prepared
compound 1 can be excellent selective and sensitive fluorescence sensor for Hg?" ion in DMF-water

media.
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Figure 4. The fluorescence responses of compound 1 (5x107° mol-L!) upon addition of various metal
ions (2x10™* mol'L™!, 4 equiv) in the absence and presence of Hg?" (1x10* mol-L"!, 2 equiv) in
DMF-water (5:95, v/v) (Black bars: compound 1 with other metals, red bars: compound 1 with other
metals and Hg?" (Aex = 380 nm))

Compound 1 shows good selectivity fluorescence properties toward Hg?" over other metal ions, as shown
in Figure 4. In order to better comparison, nine kinds of metal ions with the same concentration are added
into compound 1 / DMF/H>O media (5:95), respectively, and the fluorescence intensity of compound 1
media show different feature. When other metal ions including Pb**, Ag*, Mn**, Co*", Ba**, Ni** and
Cd*" ions are added to the aqueous solution of compound 1, the fluorescence of the media do not
obviously enhance, except that Zn** ion causes a slight fluorescence enhancing of the media. However,
the media show significant fluorescence enhancing toward Hg?>*. The competition experiment also is
executed by adding Hg>" to the solution of compound 1 in DMF-water (5:95) in the presence of other
metal ions. The result is shown in Figure 4. As is expected, compared with single Hg®" ion, the
fluorescence intensity of the media have hardly been effected by other metal ions presented in the system,

this result suggest the compound 1 possess excellent selectivity toward Hg”" ion.



854 HETEROCYCLES, Vol. 96, No. 5, 2018

600
5 I - compound 1
500 -
s - compoundi+ieq ng+
> L
‘w400 - —— compound1+2eq Hg2+
c
9 - - compound 2
£ 300+
@ L
Q
& 200}
%}
e L
S 100}
3 !
[TH ol

400 450 500 550 600 650 700
Wavelength (nm)

Figure 5. The bathochromic shifted fluorescence emission of compound 1 (5x107° mol-L!) upon addition
of different Hg?" (from 0 to 2 equiv) in DMF-water (5:95) mixtures solvent

Figure 6. Digital photographs of compound 1 (5%107° mol'L!"), compound 1 (510 mol-L"") + Hg?*
(5%107 mol'L™"), compound 1 (5%107° mol-L™!) + Hg*" (1x10™* mol-L™"), compound 2 (5%10° mol-L™!) in
DMF-water (5:95) mixtures solvent with a UV lamp (Aex = 365 nm)
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Scheme 2. Schematic illustration of the reaction between compound 1 and Hg** ions

An obvious bathochromic phenomenon is appeared in the system consisted of compound 1 and
DMF-water (5:95) mixtures solvent as shown in Figure 5. The maximum emission is shifted from 450 nm
to 490 nm with Hg?>* ion is added from 0 to 2 equiv. The maximum fluorescence intension of the
detecting system is obtained with emission wavelength at 490 nm, which is in accordance with the result

obtained via the system made up of compound 2 and DMF-water (5:95) mixtures. This result indicates
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that the reacting ratio might be 1:2 (mol/mol) between compound 1 and Hg?’*. The compound 2 is
produced via reaction between compound 1 and Hg?>* ion. The obvious color change of experiment
sample images are further clearly demonstrated above conjecture shown in Figure 6. As shown in Scheme
2, compound 1 is severed by Hg?*" ions on the basis of Hg?"-promoted deprotection of thioacetal. The
formation of aggregates of compound 2 shows a strong turn-on fluorescence signal, accompanied with

obvious color change from colorless to blue.

CONCLUSION

In conclusion, a novel tetraphenylethene-based compound 1 bearing 1,2-ethanedithiol units linked with
tetraphenylethene moiety is synthesized. Compound 1 demonstrates an Hg?"-specific bathochromic shift
and fluorescent enhancement based on aggregation induced emission (AIE) mechanism. The fluorescent
spectra results indicate that compound 1 is a potential ratiometric fluorescent probe for Hg?" with a

detection limit of 2x10° mol-L".

EXPERIMENTAL

All chemical reagents were purchased as analytic grade. Compound 1 and 2 were synthesized according
to the reported procedures. The stock solutions of metal ions were prepared (1x10~° mol-L™!, H,O) from
NaCl, NaNOs3, NaxSO4, AcONa, KoCO3, MnSO4-H20, AgNO3, NiCla, (AcO):Pb-3H20, ZnSO4-7H>0,
BaCl,, Co(NO3)2-6H,0, CdCl-5H,0, Hg(NOs), with doubly distilled water. 'H-NMR and '*C-NMR
spectra were measured on a Bruker spectrometer (operating at 400 MHz and 100 MHz, respectively) at
298 K using DMSO-ds as solvent. UV-vis spectra were recorded using Shimadzu UV3600. TLC analysis
was carried on silica gel plates and column chromatography was performed over silica gel (mesh
200-300).

Synthesis of compound 1

To a solution of the 4-(1,2,2-triphenylvinyl)benzaldehyde (compound 2) (1.0 g, 2.77 mmol) and
1,2-ethanedithiol (0.3 mL, 3.33 mmol) in CHCl3 (25 mL) was added iodine (0.14 g, 0.55 mmol), and the
resulting mixture was stirred at room temperature for 15 min. After completion of the reaction, the
reaction was quenched with aqueous solutions of Na>S>03 (0.1 M, 25 mL) and NaOH (10%, 25 mL),
respectively. The resulting reaction mixture was extracted with CHCl3 (30 mL X 3), dried via anhydrous
NazS04, concentrated in vacuo and purified by column chromatography on silica gel (hexane:CH2Cla,
1:3). The 2-(4-(1,2,2-triphenylvinyl)phenyl)-1,3-dithiolane (compound 1) was obtained (1.1 g, 91%).
"H-NMR (DMSO-ds, 400 MHz, ppm): & 3.28-3.32 (m, 2H), 3.44-3.48 (m, 2H), 5.64 (s, 1H), 6.91-6.93 (d,
J=8.2 Hz, 2H), 6.95-7.00 (m, 6H), 7.09-7.18 (m, 9H), 7.26-7.28 (d, J=8.2 Hz, 2H); *C-NMR (DMSO-ds,
100 MHz, ppm): 6 37.39, 55.14, 127.02, 127.76, 128.25, 128.32, 131.06, 139.43, 140.57, 141.23, 143.13,
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143.54.

Synthesis of compound 2

Bromotriphenylethylene (2.01 g, 6 mmol), 4-formylphenylboronic acid (1.35 g, 9 mmol), TBAB (0.19 g,
0.6 mmol) and 1.2 M potassium carbonate aqueous solution (10 mL) were dissolved in toluene (40 mL)
in turn. The mixture was stirred at room temperature for 30 min under N» gas followed by addition of
Pd(PPhs)s (60 mg, 5.3x10~ mmol). The mixture was heated to 90 °C for 24 h. The solution was poured
into water and extracted with EtOAc. The organic layer was dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified by column chromatography with CH>Clz/n-hexane (v/v = 1:3)
as an eluent to afford yellow powder. The 4-(1,2,2-triphenylvinyl)benzaldehyde (compound 2) was
obtained (1.22 g, 90.1%). 'H-NMR (DMSO-ds, 400 MHz, ppm): & 6.98-7.02 (m, 6H), 7.14-7.17 (m, 9H),
7.18-7.20 (d, J=7.9 Hz, 2H), 7.67-7.69 (d, J=8.2 Hz, 2H), 9.89 (s, 1H); *C-NMR (DMSO-ds, 100 MHz,
ppm): 6 127.33, 127.48, 128.32, 128.46, 128.48, 129.50, 131.07, 131.15, 131.89, 134.64, 140.08, 142.80,
142.94, 143.08, 143.13, 150.14, 192.87.

ACKNOWLEDGEMENTS
The authors are thankful to the natural science foundation of Shanghai (No. 15ZR1428500) and the

national natural science foundation of China (No. 20906061) and for financial supports.

REFERENCES

1. (a) X. Ma, J. Wang, Q. Shan, Z. Tan, G. Wei, D. Wei, and Y. Du, Org. Lett., 2012, 14, 820; (b) E. M.
Nolan and S. J. Lippard, Chem. Rev., 2008, 108, 3443; (c) S. W. Thomas, G. D. Joly, and T. M.
Swager, Chem. Rev., 2007, 107, 1339.

2. (a) C.-C. Huang and H.-T. Chang, Anal. Chem., 2006, 78, 8332; (b) M. Matsushita, M. M. Meijler, P.

Wirsching, R. A. Lerner, and K. D. Janda, Org. Lett., 2005, 7, 4943; (c) L. Onyido, A. R. Norris, and

E. Buncel, Chem. Rev., 2004, 104, 5911.

E. Skrzydlewska, M. Balcerzak, and F. Vanhaecke, Anal. Chim. Acta, 2003, 479, 191.

M. C. Yebra, A. Garcia, N. Carro, A. Moreno-Cid, and L. Puig, Talanta, 2002, 56, 777.

L. N. Neupane, J.-Y. Park, J. H. Park, and K.-H. Lee, Org. Lett., 2013, 15, 254.

(a) P. Srivastava, S. S. Razi, R. Ali, R. C. Gupta, S. S. Yadav, G. Narayan, and A. Misra, Anal.

Chem., 2014, 86, 8693; (b) S. B. Maity, S. Banerjee, K. Sunwoo, J. S. Kim, and P. K Bharadwaj,

Inorg. Chem., 2015, 54, 3929; (c) A. Kumar, R. Pandey, A. Kumar, and D. S. Pandey, RSC Adyv.,

2014, 4, 55967; (d) M. Giorgetti, E. Scavetta, M. Berrettoni, and D. Tonelli, Analyst, 2001, 126,

2168.

7. (a) M. G. Choi, Y. H. Kim, J. E. Namgoong, and S.-K. Chang, Chem. Commun., 2009, 24, 3560; (b)

A



10.

11.

12.
13.

14.

HETEROCYCLES, Vol. 96, No. 5, 2018 857

Y. Shiraishi, S. Sumiya, and T. Hirai, Org. Biomol. Chem., 2010, 8, 1310; (¢) G. Zhang, D. Zhang, S.
Yin, X. Yang, Z. Shuai, and D. Zhu, Chem. Commun., 2005, 16, 2161.

(a) J. E. Namgoong, H. L. Jeon, Y. H. Kim, M. G. Choi, and S.-K. Chang, Tetrahedron Lett., 2010,
51, 167; (b) T. K. Khan and M. Ravikanth, Dyes Pigm., 2012, 95, 89; (c) R. Huang, X. Zheng, C.
Wang, R. Wu, S. Yan, J. Yuan, X. Weng, and X. Zhou, Chem. Asian J., 2012, 7, 915.

Q.-Y. Cao, M. H. Lee, J. F. Zhang, W. X. Ren, and J. S. Kim, Tetrahedron Lett., 2011, 52, 2786.

M. G. Choi, D. H. Ryu, H. L. Jeon, S. Cha, J. Cho, H. H. Joo, K. S. Hong, C. Lee, S. Ahn, and S.-K.
Chang, Org. Lett., 2008, 10, 3717.

(a) F. Lu, M. Yamamura, and T. Nabeshima, Dalton Trans., 2013, 42, 12093; (b) M. Santra, D. Ryu,
A. Chatterjee, S.-K. Ko, I. Shin, and K. H Ahn, Chem. Commun., 2009, 16, 2115; (c) F. Song, S.
Watanabe, P. E. Floreancig, and K. Koide, J. Am. Chem. Soc., 2008, 130, 16460; (d) Q.-W. Xu, C.
Wang, Z.-B. Sun, and C.-H. Zhao, Org. Biomol. Chem., 2015, 13, 3032.

X. Cheng, S. Li, A. Zhong, J. Qin, and Z. Li, Sens. Actuat. B: Chem., 2011, 157, 57.

(a) L. Liu, D. Zhang, G. Zhang, J. Xiang, and D. Zhu, Org. Lett., 2008, 10, 2271; (b) C. S. Purohit
and S. Verma, J. Am. Chem. Soc., 2006, 128, 400; (¢) C. S. Purohit and S. Verma, J. Am. Chem. Soc.,
2007, 129, 3488.

A. S. Rao, D. Kim, T. Wang, K. H. Kim, S. Hwang, and K. H. Ahn, Org. Lett., 2012, 14, 2598.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




