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Abstract—Effect of the acidity of the sorption solution on the recovery of Cu(II), Ni(II), Co(II), Ag(I), and Pd(II) 
ions was studied for dithiooxamidated polysiloxanes with degrees of modifi cation of 0.10 and 0.21. The constant 
acidity of the solution was maintained with ammonia, acetate, and ammonia-acetate buffer solutions. The optimal 
sorption conditions of metal ions from individual solutions were found. The distribution coeffi cients and pairwise 
selectivity coeffi cients were calculated for all the ions studied. It was fund on the basis of the selectivity coef-
fi cients that introduction of dithiooxamide groups into the structure of polysiloxane yields an effective sorbent 
for recovery of Pd(II) and Ag(I).
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To priority tasks in environment protection belongs 
a search for effective and ecologically safe techniques 
for purifi cation of industrial wastewater with sorbents 
[1, 2]. A no less topical task is to recover noble metals 
from complex-composition objects to which belong ores, 
ore-processing wastes, catalysts, biological materials, and 
medicinal preparations.

Rubeanic acid is widely used to detect and determine 
trace amounts of transition metal ions in various media. 
The acid forms with metal ions colored poorly soluble 
intracomplex compounds having a large stability constant 
[3–7].

In recent years, rubeanic acid has been rather 
frequently used to modify the surface of sorbents. A 
rather large number of studies are known, concerned 
with the fi xation of dithiooxamides on an organic surface: 
chitosan [8], various resins [9–11], fullerene [12], and 
cellulose [13]. The number of studies using an inorganic 
matrix is substantially smaller: only silica gels [14, 15] 
and silicas [16] are mentioned among representatives of 
silicon-containing sorbents.

Meanwhile, sorbents based on silicon compounds 
possess certain advantages: they show no swelling and 

are distinguished by a rather high rate of mass exchange; 
the time in which equilibrium is attained between a 
solution and a sorbent occasionally does not exceed 
several tens of seconds [17]. In addition, sorbents based 
on silicon compounds exhibit high heat resistance and 
radiation hardness and have a high mechanical strength. 
These sorbents are irreplaceable as stationary phases for 
modern high-performance liquid chromatography, one of 
the most effective and versatile methods of instrumental 
analysis [18–21].

The known organosilicon sorbents with dithiooxamide 
groups [13–15] demonstrate a high sorption affi nity 
and selectivity for transition metal ions, and especially 
for Pd(II) and Pt(IV) ions. Despite the positive results, 
their capacity remains rather low (0.19 mmol g–1) and 
the concentration of grafted groups does not exceed 
0.24 mmol g–1. Hence follows the need to improve the 
synthesis methods of sorbents of this kind and to test their 
sorption properties.

Sorbents with grafted dithiooxamide groups onto a 
polysiloxane matrix by the sol-gel technique have been 
synthesized at the Institute of Organic Synthesis, Ural 
Branch, Russian Academy of Sciences [22]. Polysiloxanes 
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differ from the conventional chemically synthesized silicas 
by the higher exchange capacity and the innovative way 
to synthesize sorbents, the sol-gel method, can modify the 
matrix to improve its thermal and chemical stability and 
change the general structure of the matrix. For example, 
it has been found [21] that the reaction of reamidation 
of rubeanic acid with aminopropylpolysiloxane (APPS) 
can yield dithiooxamidated polysiloxanes with a surface 
group content of up to 0.78 mmol g–1 at a general degree 
of substitution of up to 0.25.

The goal of our study was to examine the sorption 
properties of polysiloxanes modifi ed with dithiooxamide 
groups (DAPPS) for Cu(II), Ni(II), Co(II), Ag(I), and 
Pd(II) ions.

EXPERIMENTAL

Solutions of Cu(II), Ni(II), Co(II), and Ag(I) ions 
with a concentration of 2.5 × 10–3 M were prepared 
by dissolution of precisely weighed portions of the 
corresponding nitrate salts of chemically pure grade in 
distilled water. The solution of Pd(I) ions was prepared by 
dissolution of a precisely weighed portion of palladium 
chloride in a 0.1 M solution of hydrochloric acid.

Sorption solutions were prepared by dilution of the 
starting solutions immediately prior to an experiment. 
The required acidity was created and maintained in the 
solutions with ammonia, acetate, and ammonia-acetate 
buffer solutions; the precise pH value was monitored with 
an I-160MI ion meter with glass (ES-10603) and silver 
chloride (ESr-10103) electrodes.

The acid-base properties of the polysiloxanes 
synthesized in the study were studied using the limited-
volume method [23] by the following scheme: weighed 
portions of sorbents (10 mg each), 50.0 cm3 of a working 
solution of a metal, with a metal ion concentration of 1 × 
10–4 M and a certain pH value, were placed in conical 
vessels and allowed to stay for 48 h under periodic 
agitation. Then the solutions were fi ltered through a 
Blue ribbon filter and the sorbent was washed with 
distilled water to remove the residual mother liquor. Each 
experiment was performed in three parallel runs.

The concentration of metal ions in the solutions before 
and after the sorption was determined with a Solaar 
M6 atomic-absorption spectrometer (Thermo Electron) 
with atomization in acetylene–air fl ame by using the 
preliminarily plotted calibration plot. Working parameters 
of the spectrometer: fl ow rate of acetylene, 1.0 dm3 min–1; 

three parallel runs; time of each measurement, 4 s; lamp 
current 50%; no background compensation; wavelengths 
(nm): 324.8 for copper, 240.7 for cobalt, 232.0 for nickel, 
and 328.1 for silver. The width of the absorbing layer was 
chosen in relation to the required range of calibration 
concentrations.

The concentrations of palladium ions before and after 
the sorption were determined with an iCAP 6500 Duo 
atomic-emission spectrometer with inductively coupled 
plasma (Thermo Electron) by using a calibration plot. 
The analytical line at 342.109 nm was used for analysis.

To evaluate the sorption, the distribution coeffi cient 
D was calculated by the formula

                                         (c – ceq)V
D = –––––––––,

                                                 ceqg

where c and ceq are the metal ion concentrations in 
solution before and after the sorption, respectively 
(mol dm–3); V, volume of the sorption solution (cm3); 
and g, mass of the sorbent (g).

RESULTS   AND  DISCUSSION

The synthesized sorbents were identifi ed by elemental 
analysis and IR Fourier spectroscopy. The degree of 
modifi cation was calculated from the elemental analysis 
data to be 0.10 (DAPPS 0.10) and 0.21 (DAPPS 0.21), 
and the concentration of grafted groups, 0.31 and 
0.68 mmol g–1, respectively.

The structure of the modifi ed polysiloxanes can be 
represented as

The presence of dithiooxamide groups on the sorbent 
surface suggest that complex compounds with metal 
ions are formed. Most of complex-forming sorbents has 
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the maximum sorption capacity for ions of a particular 
metal in a rather narrow range of solution acidities, which 
provides conversion of all the functional groups to the 
coordination-active (deprotonated) form, with formation 
of precipitated hydroxides and basic metal salts ruled 
out [24]. Thus, a selective recovery of metal ions from 
solution on the background of accompanying ions can 
be achieved.

Because the interaction between metal ions and the 
sorbent surface is largely affected by the form in which 
a metal ion is present in solution, the dependence of the 
sorption of Cu(II), Ni(II), Co(II), Ag(I), and Pd(II) ions 
on the acidity of the medium was studied using ammonia 
(pH 6.5–10.5), acetate (pH 2–6), and ammonia-acetate 
(pH 2–10) buffer solutions.

To describe the state of equilibrium in the solution–
sorbent system, we plotted dependences of the distribution 
coeffi cients of metal ions on the solution pH (Figs. 1 and 
2). The absence of a linear relationship between the 
logarithm of the distribution coeffi cients and the acidity 
of the medium indicates that a coordination bond is 
formed between metal ions and functional groups of the 
sorbents [25]. In the course of sorption, the sorption bed 
is differently colored, depending on the metal ion: black 
for C(II), blue for Co(II), red for Ni(II), and dark brown 
for Ag(I) and Pd(II), which indirectly confi rms that the 
metals are sorbed by the complexation mechanism.

We found, judging from the maximum sorption 
capacity, that the optimal solutions for recovery of the 
metal ions are ammonia and ammonia-acetate buffer 
solutions with pH 6.5–9.0 for Cu(II), 7.0–9.5 for Ni(II), 
and 7.5–10.0 for Co(II), which was confi rmed in [26, 27]. 
It was shown in [28] that Cu(II) ions are present in 
dilute solutions as hydrated ions at pH < 6.0, and Ni(II) 
and Co(II) ions, at pH values smaller than 7.0 and 7.5, 
respectively. As the solution pH increases, ammonia 
complexes are formed, which is a probable reason for 
the shift of the optimal pH range for sorption of Ni(II) 
and Co(II) to the more alkaline range, compared with 
Cu(II) ions.

Ag(I) ions are quantitatively sorbed in all the pH 
ranges under study, which may be due to their low 
concentration in the sorption solution. Pd(II) ions are 
optimally recovered in an acid medium (pH 2–4); in this 
pH range, metal ions are present in the form of mixed 
chloride and hydroxide complexes [29].

Based on the dependences obtained (Fig. 1), we can 
arrange metal ions in order of increasing affi nity: Co(II) < 

Ni(II) < Cu(II) << Pd(II) ≈ Ag(I). The sequence Co(II) < 
Ni(II) < Cu(II), which corresponds to a fragment of the 
Irving–Williams stability series, is also confi rmed by the 
decrease in the solubility products of the corresponding 
rubeanates [30]. However, the stability constants of these 
compounds, determined in [31], are arranged in a different 
order: Ni(II) < Cu(II) < Co(II).

With increasing degree of sorbent modifi cation, the 
general run of the dependences is preserved. The values 
of the distribution coeffi cients for Ag(I) and Pd(II) ions 
reach in some cases seven orders of magnitude, which 
points to a high affi nity of the functional groups of the 
sorbent for these ions. At the same time, the distribution 
coeffi cients for Cu(II), Ni(II), and Co(II) ions are 3–4 
orders of magnitude smaller in all the pH ranges under 
study. This fact indicates that the sorbents exhibit 
selectivity for Ag(I) and Pd(II) ions to a greater extent.

To quantitatively characterize the capacity of 
polysiloxanes modifi ed with dithiooxamide groups for 
separation of Ag(I) and Pd(II) ions, we determined the 
selectivity coeffi cients βM1/M2 (see table) where M1 = 
Ag(I) or Pd(II); and M2 = Cu(II), Ni(II), Co(II), Ag(I), 
and Pd(II). A quantitative separation of a mixture of two 
elements by the selective sorption method is possible if 
the selectivity coeffi cient is on the order β ≥ 10–30 [32].

It follows from the data in the table that quantitative 
separation of Ag(I) from accompanying Cu(II), Ni(II), 
and Co(II) is possible in all the pH ranges under study; 
Pd(II) ions can be separated in ammonia–acetate buffer 
solutions with pH 2.0–4.0 and in acetate buffer solutions 
with pH 3.0–6.0. Separation of noble metal ions [Ag(I) 
and Pd(II)] is possible at pH 8.0–10.0 with ammonia 
buffer systems and at pH 2.0–3.0 with ammonia–acetate 
buffer systems.

It should be taken into account that, if selectivity 
is performed in the dynamic mode, the selectivity 
coeffi cients will be higher in all probability.

The whole set of the data available in the present 
communication evidences that introduction of 
dithiooxamide groups into the polysiloxane matrix 
yields materials with high sorption selectivity for Ag(I) 
and Pd(II) ions.

CONCLUSIONS

(1) The sorbability of Cu(II), Ni(II), Co(II), Ag(I), 
and Pd(II) ions was studied in relation to the acidity of 
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Fig. 1. Logarithm of the distribution coeffi cients, log D, of 
(1) Cu(II), (2) Ni(II), (3) Co(II), (4) Pd(II), and (5) Ag(I) ions 
on DAPS 0.10 vs. the solution pH in static conditions with 
(a) ammonia–acetate, (b) ammonia, and (c) acetate buffer 
solutions.

Fig. 2. Logarithm of the distribution coeffi cients, log D, of 
(1) Cu(II), (2) Ni(II), (3) Co(II), (4) Pd(II), and (5) Ag(I) ions 
on DAPS 0.21 vs. the solution pH in static conditions with 
(a) ammonia–acetate, (b) ammonia, and (c) acetate buffer 
solutions.
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the medium and nature of a buffer solution. It was found 
that dithiooxamidated polysiloxane recovers Cu(II), 
Ni(II), and Co(II) ions mostly from the ammonia buffer 
solution; an acid medium is the optimal for extraction 
of Pd(II) ions; and Ag(I) ions are predominantly sorbed 
from ammonia and ammonia–acetate buffer solutions in 
the whole range of pH values.

(2) The selectivity coeffi cients were calculated for 
Ag(I) and Pd(II) ions. It was demonstrated that these ions 
can be selectively separated from accompanying Cu(II), 
Ni(II), and Co(II) on dithiooxamidated polysiloxanes.

ACKNOWLEDGMENTS

The study was fi nancially supported by the Government 
of Sverdlovsk oblast and by the Russian Foundation for 
Basic Research (grant no. 13-03-96086 r_ural_a).

REFERENCES

1. Zav’yalov, V.S., Ekol. Prom-st. Ross., 2006, no. 8, pp. 7–9.
2. Valinurova, E.R., Kadyrova, A.D., Sharafi eva, L.R., and 

Kudasheva, F.Kh., Russ. J. Appl. Chem., 2008, vol. 81, 
no. 11, pp. 1939–1941.

3. Mustafa, S. and Nilgun, D.E., J. Hazard. Mater., 2006, 
vol. 137, pp. 1035–1041.

4. Sandell, E.B. and Onishi, H., Photometric Determination 
of Traces of Metals, General Aspects, New York: John 
Wiley & Sons, Inc., 1978, 4th ed., vol. 3.

5. Saha, M.B. and Chakraburtty, A.K., J. Indian Chem. Soc., 
1983, vol. 60, pp. 281–282.

6. Abdullin, I.F., Turova, E.N., and Budnikov, G.K., J. Anal. 
Chem., 2000, vol. 55, no. 6, pp. 567–569.

7. Saha, M.B. and Chakraburtty, A.K., J. Indian Chem. Soc., 
1983, vol. 60, pp. 176–177.

8. Guibal, E., Von Offenberg Sweeney, N., Vincent, T., and 
Tobin, J.M., React. Funct. Polym., 2002, vol. 50, no. 2, 
pp. 149–163.

9. Dutta, S. and Das, A.K., J. Appl. Polym. Sci., 2007, 
vol. 103, pp. 2281–2285.

10. Chanda, M. and Rempel, G.L., J. Appl. Polym. Sci., 1989, 
vol. 27, no. 10, pp. 3237–3250.

11. Ibrahim, D., Ibrahim, T., Remziye, G., and Recep, Z., Asian 
J. Chem., 2009, vol. 21, no. 1, pp. 165–175.

12. Muсoz, J., Gallego, M., and Valcбrcel, M., J. Anal. At. 
Spectrom., 2006, vol. 21, no. 12, pp. 1396–1402.

13. Jorgetto, A.O., Silva, R.I.V., Longo, M.M., et al., Appl. 

Surf. Sci., 2013, vol. 264, pp. 368–374.
14. Schilling, T., Schramel, P., Michalke, B., and Knapp, G., 

Mikrochim. Acta, 1994, vol. 116, nos. 1–3, pp. 83–90.
15. Kravchenko, O.V., Yatsimirskii, K.B., Belyakova, L.A., 

et al., Theor. Exp. Chem., 1998, vol. 34, no. 6, pp. 338–342.
16. Polonskaya, I.N. and Belyakova, L.A., Ukr. Khim. Zh., 

1995, vol. 61, no. 11, pp. 26–30.
17. Stremilova, N.N., Viktorovskii, I.V., and Zigel’, V.V., Russ. 

J. Gen. Chem., 2001, vol. 71, no. 1, pp. 19–23.
18. Modifitsirovannye kremnezemy v sorbtsii, katalize i 

khromatografi i (Modifi ed Silicas in Sorption, Catalysis, 
and Chromatography), Lisichkin, G.V., Ed., Moscow: 
Khimiya, 1986.

19. Kudryavtsev, G.V., Lisichkin, G.V., and Ivanov, V.M., Zh. 
Anal Khim., 1983, vol. 38, no. 1, pp. 22–31.

20. Savvin, S.B., Dedkova, V.P., and Shvoeva, O.P., Russ. 
Chem. Rev., 2000, vol. 69, no. 3, pp. 187–200.

21. Zolotov, Yu.A., Tsysin, G.I., Morosanova, E.I., and 
Dmitrienko, S.G., Russ. Chem. Rev., 2005, vol. 74, no. 1, 
pp. 37–60.

22. Puzyrev, I.S., Kholmogorova, A.S., Neudachina, L.K., 
et al., Russ. J. Appl. Chem., 2014, vol. 87, no. 6, pp. 715–
719.

23. Myasoedova, G.V. and Savvin, S.B., Khelatoobrazuyushchie 
sor benty (Chelate-Forming Sorbents), Moscow: Nauka, 
1984.

24. Saprykin, A.I. and Shelpakova, I.R., Zh. Anal. Khim., 1972, 
vol. 27, no. 6, pp. 1207–1208.

25.  Rieman., W. and Walton, H.F., Ion Exchange in Analytical 
Chemistry, Oxford: Pergamon, 1970.

26. Pestov, A.V., Petrova, Yu.S., Bukharova, A.V., et al., Russ. 
J. Appl. Chem., 2013, vol. 86, no. 2, pp. 269–272.

27. Lakiza, N.V., Neudachina, L.K., Yatluk, Yu.G., et al., Anal. 
Kontrol., 2005, vol. 9, no. 4, pp. 391–398.

28. Neudachina, L.K. and Lakiza, N.V., J. Inorg. Chem., 2014, 
vol. 59, no. 6, pp. 632–636.

29. Semikolenov, V.A., Russ. Chem. Rev., 1992, vol. 61, no. 2, 
pp. 168–174.

30. Kolling, O.W., Dithiooxamide as an Analytical Reagent, 
Kansas State College of Agriculture and Applied Science, 
1958.

31. Burger, K., Szanto-Horvath, G., and Papp-Molnar, E., 
ACHUDC, Acta Chim. Hung., 1972, vol. 71, no. 2, 
pp. 127–136. 

32. Ion Exchangers in Analytical Chemistry. Their Properties 
and Use in Inorganic Chemistry, Marhol, M., Ed., Elsevier 
Science & Technology, 1982.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 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

  /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.)
    /RUS (Pfeps)
  >>
  /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 [14400.000 14400.000]
>> setpagedevice


