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Abstract—The complexation processes between Cd2+ cation and a macrocyclic ligand, 1,4,10-trioxa-7,13-
diazacyclopentadecane (Kryptofix 21) were studied by the conductometric method in pure acetonitrile and 
acetonitrile–methanol and acetonitrile-ethyl acetate binary mixtures at different temperatures. In some cases, 
the stoichiometry of the complex formed between Kryptofix 21 with Cd2+ cation is 1 : 1 [M L], whereas in some 
solvent systems 1 : 2 [ML2] and 1 : 3 [ML3] complexes are formed in addition to [ML]. The thermodynamic 
parameters (ΔS0

c, ΔH0
c) for the formation of the Kryptofix 21–Cd2+ complex were obtained from the temperature 

dependence of the stability constant of the [ML] complex. The complexation reaction between Cd2+ and 
Kryptofix 21 is athermic or exothermic, depending on the solvent system. 
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1 The text was submitted by the authors in English.   

Crown ethers are macrocyclic compounds 
containing oxygen, sulfur, and/or nitrogen as donor 
atoms. The first crown ether, dibenzo-18-crown-6, was 
synthesized in 1967 by Pedersen, and it has gained 
attention for its ability to form stable complexes with 
metal cations within its central cavity [1]. With the 
discovery of crown ethers, the focus on complexation 
through covalent interactions shifted to that of non-
covalent interactions. By accepting metal cations in a 
more or less “lock and key” fashion, macrocyclic 
compounds mimic in a relatively uncomplicated way 
the very complicated functions of biological materials 
such as enzymes. It is this mimicry that excites the 
scientists for study of the complexation of crown 
ethers with various cations in solution; therefore, these 
compounds can be used as models for ion transport 
through membranes in biological systems [2]. Study of 
various macrocyclic compounds in different solvents 
or solvent mixtures may indicate new approaches for 
developing pharmaceutical systems or a way to cross 
the blood organ barrier. Various physicochemical 
techniques such as spectrophotometry [3], polaro-
graphy [4], NMR spectrometry [5], calorimetry [6], 

potentiometry [7], and conductometry [8–14] have 
been used to study complex formation between macro-
cyclic polyethers (crown ethers) and various metal 
cations in solution. Among these methods, the con-
ductometric technique is a sensitive and inexpensive 
method with a simple experimental arrangement. 

The widespread use of nonaqueous solvents began 
in 1950s in various fields of pure and applied 
chemistry and has contributed greatly to later advances 
in chemical science and technology [15]. Numerous 
data have been published on equilibrium constants and 
thermodynamic functions of complex formation of 
crown ethers with metal cations and small organic 
molecules in pure organic solvents [16, 17]. The very 
small number of data concerning the complex 
formation in mixed nonaqueous solvents [18, 19] was 
the reason for undertaking this kind of studies in our 
laboratory. The nature and composition of the solvent 
system has been found to strongly influence the 
stoichiometry, selectivity, thermodynamic stability, 
and exchange kinetics of metal ion–crown ether 
complexes [20].  

Although the complexation processes between large 
macrocyclic crown ethers and metal cations in solution 
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have been extensively studied, the complexation of 
metal cations by small crown ethers such as Kryptofix 
21 has been studied to a very limited extent especially 
in nonaqueous solvents and binary solvent mixtures. 
With the aim of studying the influence of solvent 
properties on the interaction of metal ions with crown 
ethers, in this article we report the results of a 
thermodynamic study of the complexation reaction 
between Kryptofix 21 and Cd2+ cation in pure 
acetonitrile and acetonitrile–methanol (MeCN–MeOH) 
and acetonitrile–ethyl acetate (MeCN–EtOAc) binary 
mixtures at different temperatures using the conducto-
metric method. 

of molar conductance values as a function of [L]t/[M]t 
in MeCN–MeOH, pure MeOH, and MeCN–EtOAc are 
shown in Figs. 1, 3, and 4, respectively. 

The stability constants (log Kf) of the Kryptofix 21–
Cd2+ complex at each temperature (Table 1) were 
obtained from the variation of the molar conductance 
as a function of [L]t/[M]t using Genplot computer 
program [21]. The calculation details were given in 
[22]. The changes in the standard enthalpy (ΔH0

c) for 
the 1 : 1 [ML] complexation were determined in the 
usual manner from the slope of the van’t Hoff plots 
assuming that ΔCp is equal to zero over the examined 
temperature range. The changes in the standard 
entropy (ΔS0

c) were calculated from the relationship 
ΔG0

c,298.15 = ΔH0
c – 298.15 ΔS0

c. 

As seen from Fig. 1, addition of Kryptofix 21 to a 
solution of Cd2+ in MeCN–MeOH (75 mol % of MeCN) 
at different temperatures shows an increase in the 
molar conductivity with increase in the ligand concen-
tration. This behavior indicates that the complex 
formed by the ligand with Cd2+ cation is more mobile 
than free solvated Cd2+ cation. The change in the slope 
of the molar conductivity curves at all temperatures is 
low, which may be due to formation of a weak [ML] 
complex. In order to make the 1 : 1 [ML] complexa-
tion model clearer, the fitting and experimental curves 
for the Kryptofix 21–Cd2+ complex in MeCN–MeOH 

NH O

HN

O

O

1,4,10-Trioxa-7,13-diazacyclopentadecane (Kryptofix 21). 

Λm, Ω–1 cm2 mol–1 

[L]t/[M]t 
Fig. 1. Molar conductance vs. molar ratio plots for the complex 
formation of Cd2+ with Kryptofix 21 in MeCN–MeOH 
(75 :  25 mol %) at (1) 15, (2) 25, (3) 35, and (4) 45°C. 

Λm, Ω–1 cm2 mol–1 

[L]t/[M]t 

Fig. 2. Molar conductance vs. molar ratio fitting curves for 
the complex formation of Cd2+ with Kryptofix 21 in MeCN–
MeOH (75 : 25 mol %) at (1) 15, (2) 25, (3) 35, and (4) 45°C. 

The changes of the molar conductance (Λm) versus 
the ligand-to-metal cation molar ratio, [L]t/[M]t for the 
complexation of Kryptofix 21 with Cd2+ in MeCN–
MeOH and MeCN–EtOAc binary systems were 
studied at different temperatures. Here, [L]t is the total 
concentration of the ligand, and [M]t is the total 
concentration of the metal cation. Three typical series 
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are shown in Fig. 2. A very good agreement between 
the fitting and the experimental data is observed.  

The complexation of Cd2+ with Kryptofix 21 in 
pure methanol showed a different behavior. As follows 
from Fig. 3, the molar conductivity remains virtually 
constant upon addition of Kryptofix 21 to a solution of 
Cd2+ in pure methanol at 15 and 25°C up to a [L]/[M] 
value of 2 and then increases. At higher temperatures, 
the molar conductivity initially decreases until the            
[L]/[M] molar ratio reaches a value of about unity and 
then increases. 

It seems that the solvation of Cd2+ and its complex 
with Kryptofix 21 by methanol molecules changes 
with temperature in such a way that the mobilities of 
the solvated cation and solvated complex are almost 

similar at 15 and 25°C, but the mobility of the complex 
at higher temperatures is lower than the mobility of the 
solvated metal cation. Therefore, the molar conduc-
tivity decreases up to [L]/[M] ≈ 1. Such behavior may 
be explained according to following equilibrium: 

Cd2+ + Kryptofix 21 ↔ (Kryptofix 21·Cd)2+. 

It seems that addition of the ligand to cadmium 
cation solution, results in the formation of a 1 : 1 
complex which is present as an ion pair. Addition of 
the second ligand molecule to the ion pair complex 
gives a stable 1 : 2 complex with a sandwich structure 
[(Kryptofix 21)2·Cd]2+, which reduces the space for 
diffusion and interaction between NO3

– anion and Cd2+ 
cation. This leads to dissociation of the ion pair and 
hence the conductivity increases. 

Table 1. Stability constants (log Kf) of the Kryptofix 21–
Cd2+ complex in acetonitrile and its binary mixtures with 
methanol and ethyl acetate at different temperatures 

Solvent 
log Kf 

15°C 25°C 35°C 45°C 

Pure MeCN 3.6±0.1 3.7±0.1 3.8±0.1 3.6±0.1 

MeCN–MeOH 
(75 : 25 mol %) 

3.0±0.1 3.0±0.1 3.0±0.2 3.4±0.1 

MeCN–EtOAc 
(75 : 25 mol %) 

2.9±0.1 3.1±0.1 3.1±0.1 3.2±0.0 

Table 2. Stability constants (log Kf) and thermodynamic 
parameters for the formation of the Kryptofix 21–Cd2+ 
complex in acetonitrile and its binary mixtures with 
methanol and ethyl acetate  

Solvent log Kf 
(25°C) 

–ΔG0
c, 

kJ/mol 
ΔH0

c, 
kJ/mol 

ΔS0
c, 

J mol–1 K–1 

Pure AN 3.7±0.1 21.4±0.7 ~0 91.9±27.3 

MeCN–MeOH 
(75 : 25 mol %) 

3.0±0.1 16.9±0.7 –
22.4±11.3 

132.1±35.9 

MeCN–EtOAc 
(75 : 25 mol %) 

3.1±0.1 17.5±0.4 –13.4±2.1 103.5±5.6 

Λm, Ω–1 cm2 mol–1 

[L]t/[M]t 
Fig. 3. Molar conductance vs. molar ratio plots for the complex 
formation of Cd2+ with Kryptofix 21 in pure methanol at     
(1) 15, (2) 25, (3) 35, and (4) 45°C. 

Λm, Ω–1 cm2 mol–1 

[L]t/[M]t 
Fig. 4. Molar conductance vs. molar ratio plots for the 
complex formation of Cd2+ with Kryptofix 21 in MeCN–
EtOAc (25 : 75 mol %) at (1) 15, (2) 25, (3) 35, and (4) 45°C. 
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An interesting behavior was observed in the 
complexation of Cd2+ with Kryptofix 21 in MeCN–
EtOAc (25 mol % of MeCN). As shown in Fig. 4, 
addition of Kryptofix 21 to a solution of cadmium 
nitrate in MeCN–EtOAc at different temperatures 
increases the molar conductivity until the molar ratio 
[L]/[M] reaches 1 : 1. The Λm value then decreases 
until [L]/[M] ≈ 2 : 1 and increases again. This pattern 
can be rationalized by the following chemical equations: 

(Kryptofix 21· Cd)2+ + Kryptofix 21  
↔ [(Kryptofix 21)2·Cd]2+, 

[(Kryptofix 21)2·Cd]2+ + Kryptofix 21  
↔ [(Kryptofix 21)3·Cd]2+. 

Somewhat similar behavior was observed for the 
complexation of Cd2+ with the macrocyclic ligand in a 
MeCN–EtOAc binary mixture containing 50 mol % of 
each component. Presumably, addition of the ligand to 
a solution of Cd2+ results in the formation of a relatively 
stable 1 : 1 [ML] complex whose mobility is higher 
than that of free solvated Cd2+ ion; addition of the 
second ligand molecule to the 1 : 1 complex gives 1 : 2 
[ML2] complex with lower mobility than the mobility 
of the 1 : 1 complex, and further addition of the ligand 
to the 1 : 2 [ML2] complex leads to the formation of 
the 1 : 3 [ML3] complex. The lower molar conductivity 
of [ML2] compared to [ML] and [ML3] may be due to 
stronger solvation of the former in MeCN–EtOAc 
(25 : 75 mol %). In fact, the solvation of the complexes 
depends on their chemical structure and conformation 
in solution. Presumably, the structure of the 1 : 2 
complex is more favorable for the solvation by 
MeCN–EtOAc binary solvent, and hence the molar 
conductivity of this complex is lower than those of the 
other two complexes. In addition, the conformation of 
the solvated macrocyclic ligand in MeCN–EtOAc (25 
and 50 mol % of MeCN) at all studied temperatures 
may be suitable for the formation of 1 : 2 and 1 : 3. 

As is evident from Table 1, the stability constant 
(log Kf) of the Kryptofix 21–Cd2+ complex in pure 
acetonitrile at all studied temperatures is higher than in 
MeCN–MeOH and MeCN–EtOAc binary mixtures. It 
has been shown that the solvating ability of solvent, as 
expressed by the Gutmann donor number [23], plays a 
fundamental role in complexation reactions [24]. Since 
acetonitrile has a lower donor ability (DN = 14.1) than 
methanol (DN = 20) and ethyl acetate (DN = 17.1), the 
stability constant (log Kf) of the Kryptofix 21–Cd2+ 
complex in pure acetonitrile is higher than in its binary 
mixtures with methanol and ethyl acetate. Although 

the donor ability of EtOAc is lower than that of 
MeOH, it is obvious from the data in Table 2 that the 
stability constants of the Kryptofix 21–Cd2+ complex 
in MeCN–MeOH (75 : 25 mol %) and MeCN–EtOAc 
(75 : 25 mol %) are almost similar at all temperatures. 
Since the dielectric constant of EtOAc (ε = 6.2) is 
lower than that of MeOH (ε = 32.6), some amount of 
Cd(NO3)2 in MeCN–EtOAc may be present as ion 
pairs. 

As expected, the values of ΔH0
c
 and ΔS0

c strongly 
depend on the solvent nature. The value and sign of the 
standard entropy changes are expected to depend on 
various factors such as flexibility of the macrocyclic 
ligand during the complexation process and cation–
solvent, ligand–solvent, complex–solvent interactions. 
As is evident from Table 1, the stability constant 
(log Kf) of the Kryptofix 21–Cd2+ complex in pure 
acetonitrile does not change with temperature within 
the experimental error; therefore, the standard enthalpy 
for the complexation of Cd2+ with the macrocyclic 
ligand in pure acetonitrile is almost zero (H0

c ≈ 0). The 
H0

c values in MeCN–MeOH (75 : 25 mol %) and 
MeCN–EtOAc (75 : 25 mol %) are negative, 
indicating that the complexation process in these 
binary solvents is favorable from the enthalpy 
viewpoint. The data in Table 2 also show that the 1 : 1 
complex [ML] is entropy-stabilized in both pure 
acetonitrile and its binary mixtures with methanol and 
ethyl acetate. 

In summary, our experimental results obtained for 
the complexation between Cd2+ cation and Kryptofix 
21 in pure acetonitrile and acetonitrile–methanol 
(75 : 25 mol %) and acetonitrile–ethyl acetate                  
(75 : 25 mol %) binary mixtures show that the 
stoichiometry and the stability of the complex formed 
change with the nature and composition of the nonaqueous 
solvent system. The standard thermodynamic param-
eters for the formation of the Kryptofix 21–Cd2+ 
complex (obtained from the temperature dependence 
of the stability constant) indicate that the complexation 
process is enthalpy-stabilized in the binary solvent 
mixtures. The 1 : 1 [ML] complexation is favorable 
from the entropy viewpoint in both pure acetonitrile 
and its binary mixtures with methanol and ethyl acetate. 

EXPERIMENTAL 

Commercial Kryptofix 21 (Merck) and cadmium 
nitrate (Merck) were used without further purification. 
The solvents (acetonitrile, methanol, and ethyl acetate) 
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of highest purity grade (Merck) were used. The 
experimental procedure for the determination of the 
stability constants was as follows: a solution of 
cadmium nitrate (c = 10–4 M) was placed in a titration 
cell, and the conductance of the solution was 
measured. A solution of Kryptofix 21 in the same 
solvent (c = 2 × 10–3 M) was then added in portions 
using a microburette, and the conductance of the 
resulting solution was measured after each step at a 
required temperature. The conductance measurements 
were performed on a digital Metrohm conductivity 
apparatus (model 712) in a water bath maintained at a 
constant temperature within ± 0.01°C. The electrolytic 
conductance was measured using a cell consisting of 
two platinum electrodes to which an alternating 
potential was applied. A conductometric cell with a 
cell constant of 0.86 cm–1 was used throughout the 
studies. 

ACKNOWLEDGMENTS 

The authors acknowledge the support of this work 
by the Islamic Azad University, Mashhad Branch, 
Mashhad, Iran. 

REFERENCES 

 1. Pedersen, C.J., J. Am. Chem. Soc., 1967, vol. 89,                 
 p. 2495. 
 2. Stolwijk, T.B, Sudholter, E.J.R, and Reinhoudt, D.N.,    
 J. Am. Chem. Soc., 1987, vol. 109, p. 7042. 
 3. Ohyoshi, E., and Kohata, S., Polyhedron, 1989, vol. 8, 
 no. 12, p. 1561. DOI: 10.1016/S02775387(00)80335-6. 
 4. Parham, H. and Shamsipur, M., J. Electroanal. Chem., 
 1991, vol. 314, p. 71. DOI: 10.1016/00220728(91)85429-S. 
 5. Rounaghi, G.H. and Popov, A.I., Inorg. Chim. Acta, 
 1986, vol. 114, p. 145. 
 6. Lamb, J.D., Izatt, R.M., Swain, C.S., and Christensen, J.J., 
 J. Am. Chem. Soc., 1980, vol. 102, no. 2, p. 475. 
 7.  Gokel, G.W., Goli, D.M., Minganti, C., and Echegoyen, L., 
 J. Am. Chem. Soc., 1983, vol. 105, p. 6786. 

 8.  Takeda, Y., Yano, H., Ishibashi, M., and Isozumi, H., 
 Bull. Chem. Soc. Jpn., 1980, vol. 53, p. 72. 
 9. Shamsipur, M. and Saeidi, M., J. Solution Chem., 2000, 
 vol. 29, p. 1187. 
10. Rounaghi, G.H. and Mofazzeli, F., J. Inclusion 
 Phenom., 2005, vol. 51, p. 205. 
11. Rounaghi, G.H., Soleamani, A., and Sanavi, K.R.,          
 J. Inclusion Phenom., 2007, vol. 58, p. 43. 
12. Rounaghi, G.H. and Gerey, N.G., Asian J. Chem., 2007, 
 vol. 19, p. 929. 
13. Rounaghi, G.H., Masroornia, M., Ghaemi, A., and 
 Rahchamani, H.A., Asian J. Chem., 2007, vol. 19,         
 p. 1679. 
14. Ansarifard, M. and Rounaghi, G.H., J. Inclusion 
 Phenom., 2005, vol. 52, p. 39. DOI: 10.1007/s10847-
 004-7162-y. 
15. Izutsu, K., Electrochemistry in Nonaqueous Solutions, 
 Weinheim: Wiley-VCH, 2002. 
16. Izatt, R.M., Pawlak, K., Bradshaw, J.S., Bruening, R.L., 
 and Tarbet, B.J., Chem. Rev., 1992, vol. 92, p. 1261. 
17. Wagner-Czauderna, E., Koczorowska, A., and 
 Kalinowski, M.K., J. Coord. Chem., 1999, vol. 46,             
 p. 265. DOI: 10.1080/00958979908048471. 
18. Rounaghi, G.H., Gerey, N.G., and Kazemi, M.S.,                 
 J. Inclusion Phenom., 2006, vol. 55, p. 167. DOI: 
 10.1007/s10847-005-9033-6. 
19. Taghdiri, M., Rofouei, M.K., and Shamsipur, M.,                
 J. Inclusion Phenom., 2007, vol. 58, p. 181. DOI: 
 10.1007/s10847-006-9142-x. 
20. Shamsipur, M., and Popov, A.I., J. Am. Chem. Soc., 
 1979, vol. 101, p. 4051. DOI: 10.1021/ja00509a005. 
21. GENPLOT, A Data Analysis and Graphical Plotting 
 Program for Scientists and Engineers, Ithaca, USA: 
 Computer Graphic Service, 1989. 
22. Rounaghi, G.H., Eshaghi, Z., and Ghiamati, E., Talanta, 
 1997, vol. 44, p. 275. DOI: 10.1016/S0039-9140(96)
 02045-0. 
23. Gutmann, V, The Donor–Acceptor Approach to Mole-
 cular Interactions, New York: Plenum, 1978. 
24. Rounaghi, G.H. and Popov, A.I., Polyhedron, 1986,    
 vol. 5, p. 1935. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  5   2015 

NASIRI, ROUNAGHI 1178 



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


