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We studied the detection of the Hg(II) concentration in an aqueous solution using rhodamine dyes on citrate-reduced Au 
nanoparticles (NPs). The quenching effect from Au NPs was found to decrease as the Hg(II) concentration increased un-
der our experimental conditions. As the fluorescence signals intensified, the surface-enhanced Raman scattering (SERS) 
intensities reduced on the contrary due to less rhodamine dyes on Au NPs as the Hg(II) concentration increased. The rho-
damine 6G (Rh6G) and rhodamine 123 (Rh123) dyes were examined via fluorescence and SERS measurements de-
pending on Hg(II) concentrations. Fast and easy fluorescence detection of an Hg (II) concentration as low as a few ppm 
could be achieved by naked eye using citrate-reduced Au NPs.
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Introduction

Because mercury(II) is one of the most toxic metal ions and 
damages various human organs,1-2 resulting in serious symp-
toms and health deterioration, its detection is necessary to pro-
tect people and the environment.3 Many currently employed 
spectroscopic techniques such as atomic absorption/emission, 
cold vapor atomic fluorescence spectrometry, or inductively 
coupled plasma mass spectrometry in use, require expensive 
and sophisticated instrumentation along with complicated 
sample preparation procedures.4

Fluorescent chemosensors have been widely tested for the 
detection of specific metal ions5 including Hg(II) ions due to 
their of high sensitivity and selectivity.6 On the other hand, nano-
particles (NPs) may exhibit superior optical properties including 
photoluminescence.7 Among many NPs, gold (Au) have been 
currently used in the colorimetic detection of biological and 
environmental sensors.8 Fluorescence from organic dyes should 
be decreased in the presence of gold (Au) NPs because of their 
role as unique quenchers for chromophores through energy or 
electron transfer processes. This fluorescence was however 
found to increase as the Hg(II) concentration as a result of the 
binding of mercury ions and organic dyes. Although nanostruc-
ture-based fluorescence sensors for Hg(II) in an aqueous solu-
tion have been reported by several scientists,9 it has not been 
reported in detail yet regarding how the organic dyes should int-
eract with Au NPs by means of either fluorescence measure-
ments or vibrational analysis. 

The surface enhanced Raman scattering (SERS) phenomenon 
has become one of the most sensitive techniques for monitoring 
the adsorbates on metallic substrates at the submonolayer cover-
age limit.10-14 SERS can detect a trace amount of organic con-
taminants in aqueous solutions with a sensitivity approaching 
single molecular identification. SERS has the advantage of clari-
fying chemical identity, biomolecules, and environmental pollu-
tants adsorbed on metallic surfaces. Analysis of spectral features 
has provided detailed information on interfacial structures, 
adsorption mechanisms, and surface reactions. Few reports have 

explored Hg ions’ chemisorption onto metallic surfaces directly 
using SERS.15 Although there has been a recent fluorescence 
study,16 either a minute investigation of rhodamine dyes’ che-
misorption on Au NPs or a combined fluorescence measure-
ments and SERS probing as a Hg(II) sensor has not been fully 
clarified to the best of our knowledge. In this work, we report 
on a spectroscopic study of Hg(II) detection of Rh6G and Rh123 
using Au NP-based fluorescence and SERS for a better under-
standing of the adsorption of rhodamine dyes on Au NP surfaces 
in the presence of Hg ions.

Experimental Section

Rh6G, Rh123, HAuCl4 and Mercury(II) chloride were pur-
chased from Sigma-Aldrich. Rhodamine dyes (5 × 10‒6 mol L‒1) 
were diluted with a solution of Au NPs by 10:1 respectively. 
5 × 10‒3 M sodium tetraborate at pH 9.0 was used to maintain 
the pH condition. A stock solution of Hg(II) was prepared by dis-
solving 11.1 mg of HgCl2 in 10 mL distilled water containing 
a few drops of HCl, and was diluted further to make lower con-
centrations. Stock Hg(II) solution was diluted again down to 
100 ppm. Stock solutions of rhodamine (5.0 × 10‒6 mol L‒1) dyes 
were prepared in distilled water.

Approximately 10 mL aqueous solution containing 3 mL of 
HAuCl4 (14 mM) was boiled in a vial with a magnetic stirring 
bar on a heating and stirring plate.17 A volume of 3 mL of sodium 
citrate (55 mM) was added to the above solution when it began 
to boil. A few minutes later the solution’s color changed from 
yellow to deep red. The solution boiled for 1 hour while being 
stirring, and we added distilled water to maintain its volume. 
The maximum absorption is at ~520 nm. The morphologies of 
particles show that the particle shape is nearly spherical for 
the particles with a Tecnai F20 Philips transmission electron 
microscope after placing a drop of colloidal solution on a carbon- 
coated copper grid. The Au NPs’ average size was ~20 nm. The 
particle’s mean diameters and their relative standard deviations 
were obtained for each sample by counting at least 100 particles. 
We found the quenching effects for rhodamine dyes to be diff-
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Figure 1. Our experimental scheme of Hg(II) using fluorescence quen-
ching of rhodamine dyes on Au NPs. 

Table 1. Absorption and emission band positions of Rh6G and 
Rh123a,b

Absorption Maximum Emission Maximum

Rh6G 525 553
Rh123 500 525

aUnit in nm. bConsistent with the data in refs. 19-23.
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Figure 2. (a) Photo and absorption spectrum of Au NPs and (b) repre-
sentative transmission electron microscopy (TEM) image of Au NPs.

erent depending on the Au percentages in the aqueous solution. 
Due to their different molecular structures, the optimum concen-
trations of Au NPs inducing fluorescence quenching and SERS 
should be different for the tested rhodamine dyes. The initial 
Au percentages in NP solutions were better quantified to be 
~140 ppm using a Perkin-Elmer OPTIMA 4300DV inductively 
coupled plasma-atomic emission spectrometer (ICP-AES). For 
the given synthesized Au NP solution, our data appeared to be 
consistent enough to discuss the reproducibility in a quantitative 
fashion.

Raman spectra were obtained using a Renishaw Raman con-
focal system model 1000 spectrometer equipped with an integral 
microscope (Leica DM LM).11 Since our excitation wavelength 
at 633 nm was somewhat off from the absorption bands of the 
three rhodamine dyes, the Raman intensities from the detached 
dyes due to the resonance effects were not expected to quite 
significant. In the presence of Au NPs, the fluorescence signal 
decrease due to the quenching effect. The reproducibility is also 
examined by obtaining and averaging the data of SERS spectral 
intensities for rhodamine dyes on Au NPs by taking the samples 
repeatedly. Since we performed the SERS measurements in a 
rather homogenous aqueous solution, we did attempt to obtain 
the spectra at different points in the same solution for a given 
concentration. Also we measured the SERS spectra after pre-
paring the three samples under the same condition of the rhoda-
mine, Au, and Hg concentration. 

Figure 1 illustrates our strategy of SERS detection of Hg(II) 
using SERS and fluorescence measurements of rhodamine dyes. 
As the mercury ion concentration increases, the amount of 
rhodamine dyes on Au NP surfaces should decreases on the 
other hand due to the preferential binding of rhodamine dyes 

with the Hg ion. It is also possible that the mercury actually binds 
to the gold displacing the rhodamine dye. The fluorescence 
signal should be recovered as the Hg ion increases. Regarding 
the Raman intensity, as the fluorescence signal increases because 
of either the binding of rhodamine dyes and the Hg ions or the 
displacements reaction of rhodamine dyes by Hg,9,16 the SERS 
signal should decrease on the contrary. We can quantify the 
Hg(II) ion concentration in an aqueous solution by measuring 
the SERS intensities of rhodamine dyes on Au NPs. The cali-
bration curves were obtained for the different batches to check 
the reproducibility. 

Results and Discussion

Figure 2(a) shows a photo and absorption spectrum of Au 
nanoparticles. The maximum absorption is at ~520 nm. Figure 
2(b) shows a representative transmission electron microscopic 
(TEM) image of particles. 

Fluorescence Data. Figure 3 compares photos of fluorescent 
images of Rh6G and Rh123 before and after adding Au NPs 
and a small amount of Hg ions in the concentration range bet-
ween 0 - 2.0 ppm. The fluorescence maxima of Rh6G and Rh123 
were found at 553 and 525 nm, respectively, exhibiting their 
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    Pure  Rh6G and    Hg(II)      Hg(II)      Hg(II)
   Rh6G   Au-NPs   0.5 ppm  1.0 ppm 2.0 ppm

    Pure  Rh123 and    Hg(II)      Hg(II)     Hg(II)
   Rh123   Au-NPs   0.5 ppm  1.0 ppm 2.0 ppm

(a) (b)
Figure 3. Fluorescence tests in the presence of Au NPs (~75 ppm) and
Hg(II) (0 ~ 2.0 ppm). Photos of (a) Rh6G and (b) Rh123.
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Figure 4. Fluorescence recovery spectra and their normalized intensities of (a) Rh6G and (b) Rh123 in Au NP solution, when Hg(II) are added.

own different colors. Although we found that the absorbance 
and emission maxima were slightly shifted by the concentrations 
of dyes,19 their positions in maxima were observed to be con-
sistent with the previous reports.20-22

The fluorescent emission maximum of Rh123 appears to 
locate at somewhat closer to the absorption band of Au NPs. 
In the presence of Au NPs, the fluorescent intensities appeared 
to decrease because of the quenching effect as shown in Figure 
3. Such a weakened fluorescent intensity was found to be 
recovered by adding the Hg ion in the concentration range 
between 0 ~ 2.0 ppm. When we added the Hg ions to rhodamine 
solutions containing the Au NPs, the reduced fluorescent inten-
sities were found to be recovered as in the previous reports.15,16 

We could observe the presence of the Hg ion in the concentration 
range of a few ppm from the color change. It is admitted that 
the absorption spectra of Au NPs can decrease the fluorescence 
intensities due to inner filter effects.18 Although we attempted to 
reduce this effect by decreasing the concentrations of Au NPs, 
it is expected that the emission maximum of Rh123 at ~525 nm 
could be more affected than that Rh6G at ~553 nm from the 
surface plasmon band of Au NPs at ~520 nm. This may explain 
why the photo images of Rh6G look better than those of Rh123. 
Figure 4 shows fluorescence recovery spectra of Rh6G in Au 
NP solution, when Hg(II) are added. To further investigate rho-

damine dyes’ adsorption characteristics in detail, we performed 
SERS on the two rhodamine dyes on Au NPs.

SERS Spectra of Rh6G on Au NPs Depending on Hg Con-
centrations. Figure 5(a) shows Hg(II) concentration-dependent 
SERS spectra of Rh6G (~5 × 10‒6 M) in aqueous Au NPs in the 
range of 0.01 ~ 2.0 ppm. We could not find any direct evidence 
of the aggregation of Au NPs caused by the Hg(II) ion. Also as 
seen in the decrease of the SERS intensities by increase of the 
Hg ion concentration, a hot spot due to the aggregated particles 
for much larger SERS enhancements were not likely created 
for the Au structures under our experimental conditions. The 
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Figure 5. (a) Hg concentration-dependent SERS spectra of Rh6G 
(~5 × 10‒6 M) in aqueous Au NPs in the range of 0.01 ~ 2.00 ppm in the
wavenumber region of 1000 - 1750 cm‒1. (b) Calibration curve for the
Hg(II) concentration versus SERS intensity of Rh6G on Au NPs. The
vibrational band at ~1359 cm‒1 was used to compare the relative inten-
sity. The error bars in the calibration curves indicate the standard devia-
tions of the three measurements for differently-prepared samples. 
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Figure 6. (a) Hg concentration-dependent SERS spectra of Rh123 
(~5 × 10‒6 M) in aqueous Au NPs in the range of 0.01 ~ 2.00 ppm in the
wavenumber region of 1000 - 1750 cm‒1. (b) Calibration curve for the
Hg(II) concentration versus SERS intensity of Rh123 on Au NPs. The
vibrational band at ~1191 cm‒1 was used to compare the relative inten-
sity. The error bars in the calibration curves indicate the standard devia-
tions of the three measurements for differently-prepared samples.

prominent features between 1050 and 1650 cm‒1 were assumed 
to be due to either xanthene or phenyl ring stretching modes.23-25 
As the concentration of the Hg(II) increased, the SERS intensiti-
es decreased. Using this phenomena, we determined the Hg(II) 
concentration in an aqueous solution. Figure 5(b) shows the cali-
bration curve for the Hg(II) concentration versus SERS intensity 
of Rh6G on Au NPs. One of the strongest vibrational band at 
~1359 cm‒1 in the SERS spectra of Rh6G was used to compare 
the relative intensity. We found that the decrease in SERS in-
tensities could be reasonably well correlated with the increase 
of the Hg(II) concentration in the aqueous solution under our 
experimental condition. When the Hg(II) ion was added into 
the solution, the rhodamine dyes molecules appeared to detach 
from the Au NP surfaces as Figure 1 show.

SERS Spectra of Rh123 on Au NPs Depending on Hg Con-
centrations. Figure 6(a) and (b) illustrate the Hg concentration- 
dependent SERS spectra of Rh123 (~5 × 10‒6 M) in aqueous Au 
nanocolloids in the range of 0.01~2 ppm and the calibration 
curve for the Hg(II) concentration versus SERS intensity of 

Rh123 on Au NPs, respectively. The prominent features bet-
ween 1300 and 1650 cm‒1 were assumed to be also due to either 
xanthene or phenyl ring stretching modes. One of the strongest 
vibrational band at ~1191 cm‒1 for Rh123 was used to compare 
the relative intensity. This band was ascribed to the C-H bending 
of the xanthene ring in Rh123.13 We found that the adsorption 
behaviors of Rh6G and Rh123 inferred from the SERS study 
appeared to be analogous to each other in the Hg concentration 
region under our experimental condition.

The SERS spectral intensity did not show a linear relationship 
particular at a low concentration of Hg2+ under our experimental 
conditions. It is expected that more attenuation in signal in-
tensities for the SERS spectra than the fluorescence data, since 
SERS should be more affected by the distance at the proximate 
region on the Au NP surfaces. This may be due to rather shorter 
distance dependence of SERS (d-12) than that of metal-induced 
fluorescence quenching (d-4).12 If the adsorbate is not close to Au 
surfaces, the SERS signal is expected to be much weaker, ex-
hibiting rather nonlinear behaviors. It has to be mentioned that 
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the SERS intensities should also be attributed to the coupling 
plasmon with neighboring Au NPs in an aggregate. These may 
make rather non-linear behaviors in our SERS measurements.

In this work, the fluorescence detection is one of the key 
factors to detect the Hg(II) ion in an aqueous solution. The sur-
face-enhanced Raman scattering (SERS) tool was used to pro-
vide the supporting evidence on the adsorption mechanism on 
Au NP surfaces by providing the vibrational structures of rho-
damine dyes. These two combined data of the fluorescence 
assays and vibrational analysis of the two different rhodamine 
dyes have not been performed in the previous reports.15,16 Tech-
nically, our experimental methods are substantially different 
from those using a microchip and a small volume of droplets.15 
We have to mention that our data are not contradictory to those 
in the previous report, since rather higher concentrations of the 
Hg ions have been examined in the present work. The dynamic 
range of 0.1 ~ 20 ppb spanned far below our experimental Hg 
concentration of 100 ppb ~ 2000 ppb (0.1 ppm ~ 2 ppm). It is ex-
pected that SERS can be applied for more minute change in 
adsorption by optimizing the experimental conditions than the 
fluorescence discrimination. The advantage of our scheme lies 
in the easiness of gold nanoparticle-based colorimetry assay 
of the Hg (II) ion at a subppm concentration without much using 
complicated instruments. 

The quenching effect from Au NPs is found to decrease as 
the Hg(II) concentration increased presumably due to the two 
possible processes of either the binding between rhodamine 
dyes and Hg ions or the Hg binding to the gold displacing the 
adsorbed rhodamine dye.9,16 To better provide a deeper insight 
of the Hg(II) detection mechanism of the rhodamine dyes on 
gold nanoparticle surfaces, we have employed the SERS techni-
que combined with the vibrational analysis. Because their si-
milar molecular structures of Rh6G and Rh123, their adsorption 
behaviors of Au NPs and detachment from the Hg surfaces 
appeared to be analogous. These dyes contain the nitrogen 
groups that can bind to either Au or Hg2+. To test the selectivity 
of our technique, we have worked on other ionic species beyond 
the Hg ion. Our preliminary results indicate other ionic species 
should show no similar result. In an aqueous solution, the adsorp-
tion and desorption of rhodamine dyes may occur with other 
possible mechanisms instead of binding to the Hg2+ ion, which 
makes a quantitative analysis rather problematic. Our experi-
mental data however indicated that most desorption of the 
rhodamine dyes should be caused by binding to the Hg2+ ion, and 
thus be correlated with the concentrations of Hg2+ in a controlled 
manner under our experimental conditions. Our study should be 
helpful to design a fast and easy fluorescence Hg(II) sensor 
using citrate-reduced Au NPs and rhodamine dyes by under-
standing their adsorption characteristics.

Conclusions

We studied the adsorption of the two different rhodamine 

dyes on Au NPs by changing the Hg(II) concentration in an 
aqueous solution. By monitoring the color change of rhodamine 
dyes, we detected an Hg(II) concentration as low as ~few ppm in 
an aqueous solution. Vibrational analysis was performed to 
study the rhodamine dye-Au NPs interactions to support our 
experimental observation. The advantage of our scheme lies in 
the easiness of gold nanoparticle-based assay of the Hg (II) ion 
at a concentration of a few ppm without much using complicated 
instruments.

Acknowledgments. This research was supported by the Basic 
Science Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Educa-
tion, Science, and Technology (2010-0001951).

References

  1. Zahir, F.; Rizwi, S. J.; Haq, S. K.; Khan, R. H. Environ. Toxicol. 
Pharmacol. 2005, 20, 351. 

  2. Zheng, W.; Aschner, M.; Ghersi-Egea, J-F. Toxicol. Appl. Phar-
macol. 2003, 192, 1. 

  3. Lewis, M.; Chancy, C. Chemosphere 2008, 70, 2016. 
  4. Vil’pan, Y. A.; Grinshtein, I. L.; Akatove, A. A.; Gucer, S. Anal. 

Chem. 2005, 60, 45. 
  5. Gao, T.; Lee, K. M.; Heo, J.; Yang, S. I. Bull. Korean Chem. Soc. 

2010, 31, 2100.
  6. Malashikhin, S. A.; Baldridge, K. K.; Finney, N. S. Org. Lett. 2010, 

5, 940.
  7. Han, N. S.; Shim, H. S.; Park, S. M.; Song, J. K. Bull. Korean Chem. 

Soc. 2009, 30, 2199.
  8. Daniel, M-C.; Astruc, D. Chem. Rev. 2004, 104, 293.
  9. Huang, C-C.; Chang, H-T. Anal. Chem. 2006, 78, 8332. 
10. Lombardi, J. R.; Birke, R. L. Acc. Chem. Res. 2009, 42, 734. 
11. Joo, S-W. Bull. Korean Chem. Soc. 2008, 29, 1761. 
12. Schatz, G. C.; Van Duyne, R. P. In Handbook of Vibrational Spec-

troscopy; Chalmers, J. M., Griffiths, P. R., Eds.; John Wiley & Sons: 
New York, 2002; Vol.1, p 759.

13. Sarkar, J.; Chowdhury, J.; Pal, P.; Talapatra, G. B. Vib. Spectrosc. 
2006, 41, 90. 

14. Zamarion, V. M.; Timm, R. A.; Araki, K.; Toma, H. E. Inorg. 
Chem. 2008, 47, 2934. 

15. Wang, G.; Lim, C.; Chen, L.; Chon, H.; Choo, J.; Hong, J.; deMello, 
A. J. Anal Bioanal. Chem. 2009, 394, 1827. 

16. Chen, J.; Zheng, A.; Chen, A.; Gao, Y.; He, C.; Kai, X.; Wu, G.; 
Chen, Y. Anal. Chim. Acta 2007, 599, 134. 

17. Lee, P. C.; Meisel, D. J. Phys. Chem. 1982, 86, 3391.
18. Lakowicz, J. R. Principles of Fluorescence Spectroscopy, 3rd 

ed.; Springer: New York, USA., 2006; p 55.
19. Zhu, J.; Li, J-J.; Zhao, J-W. Sens. Act. B 2009, 138, 9-13.
20. Liu, B.; Liu, Z.; Cao, Z. J. Luminesc. 2006, 118, 99-105. 
21. Griffiths, J.; Lee, W. J. Dyes. Pigm. 2003, 57, 107-114.
22. Emaus, R. K.; Grunwald, R.; Lemasters, J. J. Biochim. Biophys. 

Acta 1986, 850, 436.
23. Jensen, L.; Schatz, G. C. J. Phys. Chem. A 2006, 110, 5973. 
24. Saini, G. S. S.; Amit, S.; Sarvpreet, K.; Bindra, K. S.; Vasant, S.; 

Tripathi, S. K.; Mhahajan, C. G. J. Mol. Struct. 2009, 931, 10. 
25. Guthmuller, J.; Champagne, B. ChemPhysChem. 2008, 9, 1667. 



<<
  /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


