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A New Chemosensing Ensemble for Colorimetric Detection of Oxalate in Water
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To realize highly selective recognition of oxalate in water, a new chemosensing ensemble that behaves highly selec-
tive colorimetric recognition of oxalate in water at pH 7.4 has been developed. The ensemble was constructed by a pyrrole 
containing mononuclear copper complex and chromeazurol S. The ensemble shows a highly selective recognition of 
oxalate through an obvious color change from blue to yellow upon the addition of oxalate, whereas, other dicarboxyl-
ates such as malonate, succinate, fumarate, maleate, glutarate, adipate, phthalate, isophthalate and terephthalate do not 
induce any noticeable color changes. The oxalate recognition process is not significantly affected by other coexisting 
dicarboxylate. 

Key Words: Chemosensing ensemble, Oxalate, Colorimetric detection

N
H

OHC
O

OMe

NH2

NH2

1) MeOH

2) NaBH4

NH

NH

N
H

O

OMe

H
N

O

OMe

CuCl2
N

N

N
H

O

OMe

H
N

O

OMe
Cu2+

H

H

1 2 L CuL

Scheme 1. Synthesis of copper complex CuL

Introduction

Recently, considerable attention have been paid to the de-
velopment of chemosensors for biologically important anions 
due to their fundamental roles in a wide range of chemical, 
environmental and biological processes.1-6 Colorimetric sensing 
of a specific anion is a particularly attractive research topic be-
cause of its simplicity and naked eyes detectable nature, which 
allows visual detection of anions without resort to expensive 
spectroscopic instrumentation.1,2,7-21 

Dicarboxylates are among the most attractive targets for 
anion recognition and sensing due to their critical roles in 
numerous metabolic processes such as the generation of high- 
energy phosphate bonds and the biosynthesis of important inter-
mediates.22,23 Detection of oxalate is particularly useful in food 
chemistry and in clinical analysis. For instance, the level of oxa-
late in urine is an indicator of calcium oxalate kidney stones.24 
Although a vast number of artificial receptors for dicarboxyl-
ates have been developed during the past decade,25-34 very few 
examples of optical sensors for oxalate have been reported to 
date.35,36 Thus, there is an urgent need to develop new water- 
soluble artificial receptors for the detection of oxalate under 
physiological conditions. 

Among the important design principles for anion sensing, 
the chemosensing ensemble approach is relatively new and 
simple, which is based on competitive binding of an indicator 
and an analyte to a receptor.37-42 In this protocol, a signaling 

unit (indicator) is bound to a binding site (receptor) by non-
covalent interactions to form a chemosensing ensemble, which 
avoid the complicated synthetic process to chemically link an 
indicator and a receptor, thus one can focus on design of re-
ceptors having complementary shape with the target anion. 
Generally, it is challenging to develop receptors that bind tightly, 
reversibly and selectively to small molecules in water for sens-
ing purposes.43 It has been demonstrated that some carefully 
designed metallic receptors can bind a target anion selectively 
and tightly in water.35,41,44

Herein, we developed a new chemosensing ensemble for co-
lorimetric detection of oxalate in water at physiological pH. The 
ensemble was constructed by copper complex CuL (Scheme 1) 
and chromeazurol S (3), which showed a high selectivity toward 
oxalate over other dicarboxylates.
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Figure 1. UV-vis absorption changes of 3 (1.0 × 10‒5 M) upon the 
addition of CuL. All were water solutions buffered by HEPES (10 mM,
pH 7.4). Inset: nonlinear least-squares fitting curve.
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Figure 2. Job plot of CuL with 3 (at 606 nm). The total concentration 
of CuL and 3 is 5.0 × 10‒5 M. 

Experimental Section

Compound 2 was prepared according to literature proce-
dure.45,46 All other reagents were purchased from commercial 
sources and used without further purification. 1H NMR spec-
tra and 13C NMR spectra were obtained on a Varian INOVA- 
400 MHz and Bruker AV-300 MHz Spectrometer, respectively. 
High-resolution mass spectrometry (HRMS) was carried out 
on a UPLC/Q Tof mass spectrometer. UV spectra were mea-
sured on a UV-2550 spectrophotometer. 

Preparation of compound L. To a 50 mL round bottom flask 
were added 1 (150 mg, 1.31 mmol) and 2 (500 mg, 3.27 mmol). 
These were dissolved in anhydrous methanol (20 mL) and the 
reaction mixture was stirred under a nitrogen atmosphere for 
6 h at room temperature. Then the reaction mixture was cool-
ed to 0 oC and NaBH4 (160 mg, 4.10 mmol) was added portion- 
wise during 1 h, and the reaction mixture was allowed to stir 
for further 1 h. After the completion of the reaction, the sol-
vent was removed under reduced pressure to give a white resi-
due, which on recrystallization from ethyl acetate-hexane 
(1:19, v/v) gave L as white solid. Yield: 77%. mp 107 - 108 oC. 
1H NMR (400 MHz, CDCl3) δ 6.83 (d, J = 3.6 Hz, 2H), 5.97 
(d, J = 3.6 Hz, 2H), 4.26 (d, J = 16 Hz, 2H), 4.01 (d, J = 16 Hz, 
2H), 3.78 (s, 6H), 2.24 (d, J = 9.2 Hz, 2H), 2.18 (d, J = 13.2 Hz, 
2H), 1.81 (b, 4H), 1.72 (d, J = 8.4 Hz, 2H), 1.17 (t, J = 10 Hz, 
2H), 1.01 (d, J = 8.4 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ 
163.4, 137.5, 121.4, 116.2, 106.8, 61.4, 51.1, 43.6, 32.9, 25.2. 
HRMS (ESI+): calcd for C20H29N4O4 [L+H]+ 389.2189, found 
389.2193.

Preparation of complex CuL. To a solution of L (100 mg, 
0.26 mmol) in 5 mL ethanol, ethanolic solution of CuCl2· 
2H2O (56 mg, 0.33 mmol) was added at room temperature, the 
mixture was stirred for 1 h. The blue precipitate formed was 
filtered and washed thoroughly with cold diethyl ether. The 
product CuL was isolated in 70% yield (102 mg). ESI-TOF MS: 
calcd for C20H27CuN4O4 [(L-H)Cu]+ 450.1317, found 450.2875. 

Results and Discussion

After screening several of colorimetric indicators for chemo-
sensing ensemble, chromeazurol S (3) was finally selected for 
this research. First, the UV-vis absorption changes of 3 (1.0 × 
10‒5 M) toward CuL in a HEPES (4-(2-hydroxyethyl)-1-pipe-
razineethanesulfonic acid, 10 mM) buffer (pH 7.4) at 25 oC was 
investigated (Fig. 1). With a gradual increase in the concentra-
tion of CuL, the absorption band of 3 centered at 426 nm grad-
ually decreased, simultaneously, a new absorption band center-
ed at 606 nm was formed and developed, accompanied with a 
significant color change from yellow to blue. A noticeable iso-
sbestic point appeared at 500 nm can be observed, which in-
dicated the formation of a stable complex between CuL and 3. 
When 10 equiv of CuL was added to 3 solution, the UV-vis 
absorption changes were completely saturated. Nonlinear least- 
squares fitting of the titration profiles (inset in Fig. 1, absor-
bance at 606 nm) was consistent with the formation of a 1:1 
receptor-indicator complex (the correlation coefficient is over 
0.99), and the binding constant Ks was calculated to be 1.01 × 
104 M‒1.47 The equation used was: 

A = A0 + 0.5 Δε{CL + CM + 1/Ks ‒ [(CL +CM + 1/Ks)2 ‒ 4CM CL]1/2}

Where A represents the recorded absorbance, A0 represents 
the start value without addition of CuL, Δε is the change in 
molar extinction coefficient, CM and CL represent the concentra-
tion of CuL and 3, respectively. Ks is the binding constant bet-
ween CuL and 3. 

The 1:1 binding stoichiometry of CuL and 3 was further 
proved by Job’s plot according to the continuous variation me-
thods with a total concentration of [CuL] + [3] as 5.0 × 10‒5 M 
(Fig. 2). The absorbance at 606 nm reached a maximum when 
the molar fraction of 3 was 0.5, which also demonstrated the 
1:1 binding stoichiometry of CuL and 3. 

Then absorbance changes of the prepared chemosensing en-
semble (water solution containing 3 (1.0 × 10‒5 M) and CuL 
(1.0 × 10‒4 M) buffered by HEPES, 10 mM, pH 7.4) upon the 
addition of some commonly existing dicarboxylates were ex-
amined (for each anion, 50 equiv to 3 of the sodium salt was 
used), and the results were depicted in Fig. 3. Among the test-
ed dicarboxylates, only oxalate is able to induce significant ab-
sorption changes, which indicates the successful displacement 
of 3 from the receptor-indicator pair, this also can be proved 
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Figure 3. UV-vis absorption changes of the ensemble upon the addi-
tion of different dicarboxylates (50 equiv to 3) in HEPES buffered 
(10 mM, pH 7.4) water solution. 

Figure 4. Color changes of the ensemble upon the addition of different
dicarboxylates in HEPES buffered (10 mM, pH 7.4) water solution. 
1. ensemble, 2. oxalate, 3. malonate, 4. succinate, 5. glutarate, 6. adipate,
7. phthalate, 8. isophthalate, 9. terephthalate, 10. fumarate, 11. maleate 
(50 equiv to 3 was used for each dicarboxylate).
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Figure 5. UV-vis absorption changes of the ensemble upon the addi-
tion of different amount of oxalate (0 - 100 equiv to 3). All were water
solutions buffered by HEPES (10 mM, pH 7.4). 
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Figure 6. UV-vis absorption changes of the ensemble in the presence 
of potentially competitive dicarboxylates. 1. fumarate; 2. maleate; 3. 
terephthalate; 4. isophthalate; 5. phthalate; 6. adipate; 7. glutarate; 8. 
succinate; 9. malonate; 10. oxalate. 
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Figure 7. Effect of pH on absorbance (at 606 nm) of the ensemble (black
square) and ensemble + oxalate solutions (red dot).  

by visual detection (Fig. 4). Whereas, no noticeable absorption 
changes were observed upon the addition of other surveyed 
dicarboxylates such as malonate, succinate, fumarate, maleate, 
glutarate, adipate, phthalate, isophthalate and terephthalate. 
These results demonstrated that the chemosensing ensemble 
has a high selectivity toward oxalate. 

The UV-vis absorption changes of the ensemble upon the 
addition of different amount of oxalate were illustrated in Fig. 5. 
Upon incremental addition of oxalate to the solution of en-
semble, the UV-vis absorption curves increased at 426 nm and 
decreased at 606 nm, the absorption at 426 nm reached satura-
tion when 100 equiv of oxalate (relative to 3) was added. The 
binding constant between oxalate and CuL was measured to 
be Ka = 1.85 × 104 M‒1 by fitting the data with a standard method 
for competition assays.47,48

To further verify the high selectivity of CuL toward oxalate, 
the competition experiments in the presence of potentially com-
petitive dicarboxylates were also carried out. As shown in Fig. 6, 
except oxalate, other dicarboxylates (100 equiv to 3) do not 
produce dramatic absorption decrease at 606 nm. Nevertheless, 
upon the addition of oxalate (50 equiv to 3) to the solution con-
taining ensemble and other dicarboxylate, a significant decrease 
in absorption at 606 nm is observed. These results revealed 
that the recognition of oxalate by this ensemble is not signifi-
cantly influenced by other coexisting dicarboxylate, therefore, 
the ensemble exhibits a very high selectivity toward oxalate. 

For potential applicability of the chemosensing ensemble, 
the effect of pH on absorbance (at 606 nm) of the ensemble in 

both the absence and presence of oxalate was also investigated. 
As shown in Fig. 7, the absorbance of the ensemble decreased 
significantly under both strong acidic and basic conditions com-
pared with that under near neutral conditions. After addition 
of oxalate (50 equiv to 3), the absorbance of the ensemble solu-
tions decreased remarkably and showed very weak absorbance. 
These results revealed that dramatic changes in absorbance of 
the ensemble before and after addition of oxalate only can be 
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obtained under near neutral conditions. Thus, oxalate recogni-
tion by this ensemble in water is applicable under near neutral 
conditions. 

Conclusion

In summary, we have presented a new chemosensing ensem-
ble that exhibits high selectivity toward oxalate in 100% aqueous 
solution at physiological pH. The readily prepared chemosens-
ing ensemble can effectively differentiate oxalate from other 
dicarboxylates such as malonate, succinate, fumarate, maleate, 
glutarate, adipate, phthalate, isophthalate and terephthalate. The 
recognition of oxalate is hardly affected by those commonly 
coexisted dicarboxylates. 

Acknowledgments. We are grateful to the Natural Science 
Foundation of Liaoning Province of China for financial support 
(No: 20102004).

References

  1. Martínez-Máñez, R.; Sancenón, F. Chem. Rev. 2003, 103, 4419.
  2. Suksai, C.; Tuntulani, T. Chem. Soc. Rev. 2003, 32, 192.
  3. Beer, P. D.; Gale, P. A. Angew. Chem. Int. Ed. 2001, 40, 486.
  4. Wallington, T. J.; Kaiser, E. W.; Farrell, J. T. Chem. Soc. Rev. 2006, 

35, 335. 
  5. Gale, P. A. Acc. Chem. Res. 2006, 39, 465. 
  6. Fabbrizzi, L.; Licchelli, M.; Rabaioli, G.; Taglietti, A. Coord. 

Chem. Rev. 2000, 205, 85.
  7. Niikura, K.; Metzger, A.; Anslyn, E. V. J. Am. Chem. Soc. 1998, 

120, 8533.
  8. Aït-Haddou, H.; Wiskur, S. L.; Lynch, V. M.; Anslyn, E. V. J. Am. 

Chem. Soc. 2001, 123, 11296.
  9. Leung, D.; Folmer-Andersen, J. F.; Lynch, V. M.; Anslyn, E. V. 

J. Am. Chem. Soc. 2008, 130, 12318. 
10. Folmer-Andersen, J. F.; Lynch, V. M.; Anslyn, E. V. J. Am. Chem. 

Soc. 2005, 127, 7986. 
11. Vázquez, M.; Fabbrizzi, L.; Taglietti, A.; Pedrido, R. M.; Gon-

zález-Noya, A. M.; Bermejo, M. R. Angew. Chem. Int. Ed. 2004, 
43, 1962. 

12. Lin, Y. S.; Tu, G. M.; Lin, C. Y.; Chang, Y. T.; Yen, Y. P. New. J. 
Chem. 2009, 33, 860. 

13. Kato, R.; Nishizawa, S.; Hayashita, T.; Teramae, N. Tetrahedron 
Lett. 2001, 42, 5053. 

14. Yen, Y. P.; Ho, K. W. Tetrahedron Lett. 2006, 47, 1193. 
15. Quinlan, E.; Matthews, S. E.; Gunnlaugsson, T. Tetrahedron Lett. 

2006, 47, 9333. 
16. Zhou, L. L.; Sun, H.; Li, H. P.; Wang, H.; Zhang, X. H.; Wu, S. K.; 

Lee, S. T. Org. Lett. 2004, 6, 1071. 
17. Choi, M. K.; Kim, H. N.; Choi, H. J.; Yoon, J.; Hyun, M. H. Tetra

hedron Lett. 2008, 49, 4522. 
18. Shao, J.; Lin, H.; Lin, H. K. Talanta 2008, 75, 1015. 
19. Kim, H.-J.; Asif, R.; Chung, D. S.; Hong, J.-I. Tetrahedron Lett. 

2003, 44, 4335. 
20. Ryu, D.; Park, E.; Kim, D.-S.; Yan, S.; Lee, J. Y.; Chang, B.-Y.; 

Ahn, K. H. J. Am. Chem. Soc. 2008, 130, 2394. 
21. Kim, H.; So, S. M.; Yen, C. P.; Vinhato, E.; Lough, A. J.; Hong, 

J.-I.; Kim, H.-J.; Chin, J. Angew. Chem. Int. Ed. 2008, 47, 8657. 
22. Kral, V.; Andrievsky, A.; Sessler, J. L. J. Am. Chem. Soc. 1995, 117, 

2953.
23. Gunnlaugsson, T.; Davis, A. P.; O'Brien, J. E.; Glynn, M. Org. Lett. 

2004, 4, 2449. 
24. Robertson, W. G.; Hughes, H. Scanning Microsc. 1993, 3, 391. 
25. Liu, S. Y.; Fang, L.; He, Y. B.; Chan, W. H.; Yeung, K. T.; Cheng, 

Y. K.; Yang, R. H. Org. Lett. 2005, 7, 5825.
26. Zeng, Z. Y.; He, Y. B.; Wu, J. L.; Wei, L. H.; Liu, X.; Meng, L. 

Z.; Yang, X. Eur. J. Org. Chem. 2004, 2888. 
27. Raker, J.; Glass, T. E. J. Org. Chem. 2002, 67, 6113. 
28. Linton, B. R.; Goodman, M. S.; Fan, E.; Arman, S. A.; Hamilton, 

A. D. J. Org. Chem. 2001, 66, 7313.
29. Ghosh, K.; Saha, I.; Masanta, G.; Wang, E. B.; Parish, C. A. Tetra-

hedron Lett. 2010, 51, 343.
30. Ghosh, K.; Masanta, G.; Chattopadhyay, A. P. Eur. J. Org. Chem. 

2009, 4515. 
31. Singh, N.; Lee, G. W.; Jang, D. O. Tetrahedron 2008, 64, 1482.
32. Moriuchi, T.; Yoshida, K.; Hirao, T. Org. Lett. 2003, 5, 4285.
33. Ghosh, K.; Masanta, G. Tetrahedron Lett. 2008, 49, 2592. 
34. Goswami, S.; Dey, S.; Jana, S. Tetrahedron 2008, 64, 6358. 
35. Tang, L. J.; Park, J.; Kim, H. J.; Kim, Y.; Kim, S. J.; Chin, J.; Kim, 

K. M. J. Am. Chem. Soc. 2008, 130, 12606.
36. Fabbrizzi, L.; Licchelli, M.; Mancin, F.; Pizzeghello, M.; Rabai-

oli, G.; Taglietti, A.; Tecilla, P.; Tonellato, U. Chem. Eur. J. 2001, 
7, 94. 

37. Wiskur, S. L.; Ait-Haddou, H.; Lavigne, J. J.; Anslyn, E. V. Acc. 
Chem. Res. 2001, 34, 963. 

38. Wright, A. T.; Anslyn, E. V. Chem. Soc. Rev. 2006, 35, 14. 
39. Zhu, L.; Zhong, Z. L.; Anslyn, E. V. J. Am. Chem. Soc. 2005, 

127, 4260. 
40. Nguyen, B. T.; Anslyn, E. V. Coord. Chem. Rev. 2006, 250, 3118. 
41. Boiocchi, M.; Bonizzoni, M.; Fabbrizzi, L.; Piovani, G.; Taglietti, 

A. Angew. Chem. Int. Ed. 2004, 43, 3847. 
42. Boiocchi, M.; Bonizzoni, M.; Moletti, A.; Pasini, D.; Taglietti, A. 

New. J. Chem. 2007, 31, 352.
43. Lee, J. H.; Park, J.; Lah, M. S.; Chin, J.; Hong, J.-I. Org. Lett. 

2007, 9, 3729.
44. Tang, L. J.; Li, Y.; Zhang, H.; Guo, Z. L.; Qian, J. H. Tetrahedron 

Lett. 2009, 50, 6844.
45. Schmuck, C.; Bickert, V.; Merschky, M.; Geiger, L.; Rupprecht, 

D.; Dudaczek, J.; Wich, P.; Rehm, T.; Machon, U. Eur. J. Org. 
Chem. 2008, 324. 

46. Schmuck, C. Chem. Eur. J. 2000, 6, 709. 
47. Connors, K. A. Binding Constants-the Measurement of Molecular 

Complex Stability; John Wiley & Sons: New York, USA, 1987. 
48. Kim, S. Y.; Hong, J.-I. Tetrahedron Lett. 2009, 50, 1951. 



<<
  /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
  /CreateJDFFile false
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


