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Abstract Thermodynamics on inclusion complexation of
p-cyclodextrin (f-CD) with n-alkylpyridinium chlorides
(C,PC, n =12, 14, 16) were measured by conductivity
technique to evaluate the effects of chain length of C,PC
and temperature. The data obtained indicate that inclusion
complexes S(CD) and S(CD), had formed between sur-
factant and fS-CD in aqueous solution. Investigation
showed that the K; (first equilibrium constant) for S(CD)
formation is greater than K, (second equilibrium constant)
for S(CD), formation. It has been found that C;,PC forms
only the 1:1 complex, while C4,PC and C;cPC form 1:1
and 1:2 complexes. Thermodynamic parameters of the
complexation, i.e. AG®°, AH® and AS° have been also cal-
culated. The large values of AG® indicate that complexa-
tion between surfactant and -CD is very favorable.
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Introduction

Cycloamyloses (cyclodextrins, CDs) are doughnut-shaped
molecules, formed from D(4)-glucose units linked in a
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cycle. Because the interior of the doughnut predominantly
contains CH groups, it provides a relatively hydrophobic
environment into which nonpolar molecules can be trapped.
CDs can give beneficial modifications of guest molecules not
otherwise achievable. Because they are practically nontoxic,
they are added into pharmaceuticals and foods. The hydro-
phobic effect has been implicated as one of the key factors
contributing to the relatively strong, noncovalent complexes
that are formed between f-CD and apolar guest molecules.
p-CD shows amphiphilic character due to an apolar cavity
and a hydrophilic annulus consisting of a number of hydroxyl
groups. Surfactants and cyclodextrins are known to form
inclusion compounds in which the hydrophobic chain of the
surfactant resides in the hydrophobic environment of the
interior of the cyclodextrin [1-5]. Indeed, the ability of
cyclodextrins to modify the physicochemical properties of
such aqueous solutions has been used to study their com-
plexation behavior with surfactants, and a variety of exper-
imental techniques have been used for this purpose. These
techniques include UV-Vis and fluorescence spectroscopy
[6, 7], conductivity [8—11], potentiometry [12—16], surface
tension [17], NMR [3, 18], volumetric [19, 20]. In order
to gain a better understanding about the binding events,
theoretical methods were used to study the CD complexes
[21, 22].

In the present paper, the inclusion complex formation
interaction between ff-cyclodextrin and a homologous series
of n-alkylpyridinium chlorides (C,PyC, n = 12, 14, 16) are
analyzed by electrical conductivity measurement. The effect
of the chain length of the n-alkylpyridinium chlorides upon
the interaction with f-cyclodextrin solution is studied.
Conductometric measurements were undertaken to deter-
mine the stoichiometry and association constants of cyclo-
dextrin-surfactant inclusion complexes in the pre-CMC
concentrations (CMC = Critical Micelle Concentration) at
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different conditions. Also, thermodynamic quantities have
been evaluated using mass action model and temperature
dependence of complexation constants.

Experimental

p-Cyclodextrin (f-CD) was obtained from Fluka and used
as supplied. The water content of the cyclodextrin, deter-
mined by thermogravimetric analysis, was approximately
13.0%. The hydration water of the f-CD was taken into
account in the preparation of the solutions, that were pre-
pared by weight. Dodecylpyridinium chloride (C,PC) and
tetradecylpyridinium chloride (C4PC) and hexadecylpy-
ridinium chloride (C;cPC) were obtained from Aldrich and
they were used without further purification.

Conductance measurements were carried out with a
WTW conductometer (Model Inolab Cond. Level 1,
Germany) and a dip-type conductivity cell with platinum
black electrode (cell constant = 0.109 cm_l) was used.
The conductivity cell was calibrated with 0.01 M solution
of analytical-grade KCl (Merck) in thrice distilled
deionized water. In all measurements, the cell was
thermostated at the desired temperature £0.1 °C using a
Grant thermostat-circulator water bath (model W28,
England) water-bath circulator. In a typical experiment, a
surfactant solution was placed in the conductivity cell;
then, a known amount of the concentrated f-CD solution
were added in a stepwise manner using a calibrated
micropipette. The conductance of the solution was mea-
sured after each addition.

Results and discussion

In the evaluation of the complexation constants as
discussed above the following assumptions are made: (i) f-
CD does not associate in water; (ii) there is no interaction
between f-CD and counter ion (C17) to any extent; (iii)
each complex only contains one surfactant ion [16].

In the first instance it is necessary to check whether the
surfactant (S) and corresponding cyclodextrin (CD) form a
1:1 complex with the following equilibrium constant:
[S(cD)]

Ki = o (1)

S+ CD= S(CD) 5], €D,

where [S]; [CD]; and [S(CD)] are free surfactant monomer
concentration, free CD concentration and 1:1 stoichiome-
tric complex concentration, respectively.

If the second equilibrium proceeds, we should consider a
2:1 stoichiometry for complex formation. In this case, an
amount of the complex S(CD), is formed according to:

@ Springer

S(CD) + CD=S(CD), K» = % B

where [S(CD),] is the concentration of 2:1 complex.
According to the law of conservation of mass, it could be
stated:

[S], = [S]+[S(CD)] + [S(CD),] 3)
[CD],= [CD],+[S(CD)] +2[S(CD),] (4)

where [S], and [CD], are total surfactant and cyclodextrin
concentrations, respectively. In this case, the observed
specific conductance could be expressed as:

Kobs = Ks + Ks(cp) + Ks(cp), (5)

where ks Kgcpy and Kgcp)y, are surfactant and the com-
plexes (1:1 and 2:1) specific conductances, respectively.

Taking into account the definition of molar conductivity,
by combining Eqs. 1-5, Eq. 5 can be re-written as:

(Ag+ As(cp) Ki [CD}f + As(cp), K1 K2 [CD]f2)
(1+ K1 [CD), + K1 K2 [CD],?)

obs —

(6)

where A,pis the observed molar conductivity. Using the
Egs. 1-4:

K\K;[CD]}+ (K, — K1K,[CD],+2K K, [S],) [CD];
+ (1 + Ki[S],—K.[CD],) [CD],— [CD],= 0. (7)

The free cyclodextrin concentrations, [CD]; were
calculated by means of a Newton—Raphson procedure.
Once the value of [CD]; had been obtained, the
concentrations of all other species involved were
calculated by using the estimated values of the formation
constants at the current iteration step of the program. For
evaluation of the formation constants from the molar
conductivity versus [CD],/[S], mole ratio data, a non-linear
least-square curve fitting program KINFIT [23] was used.
The program is based on the iterative adjustment of
calculated conductance to the observed values. Adjustable
parameters are stepwise formation constants of all
complexes present (K;, K;) and the corresponding molar
conductances (Agcpy, Asccpy2)-

The procedure used for the evaluation of K; and K,
values from the experimental data is as follows. The free
cyclodextrin concentrations, [CD], were calculated by
means of a Newton—Raphson procedure. When the value of
[CD]; had been obtained, the concentrations of other spe-
cies involved are calculated from the corresponding mass
balance equations by using the estimated values of the
formation constants at the current iteration step of the
program. Refinement of the parameters was continued until
the sum-of-squares of the residuals between calculated and
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observed values of the the conductance for all experimental
points was minimized. The output of program KINFIT
comprises the refined parameters, the sum-of-squares and
the standard deviation of the data [9]. All the calculated
formation constants are summarized in Table 1.

Figures 1, 2, and 3 show Ay, as a function of -CD
concentration for C,PC, C;4,PC and C;4,PC solutions
at a constant concentration of each surfactant (1.0 x
107* mol dm™>) and different temperatures. A sample
computer fit of the molar ratio data is shown in Fig. 4.
These plots show how A, is affected by an increasing in
the f-CD concentration. The molar conductance decreased
sharply as f-CD was added presumably because the sur-
factants ions having been complexed by f-CD were less
effective as a charge carrier. As shown in Figs. 1, 2, and 3,
in all cases, there is a gradual decrease in the molar con-
ductance with an increase in the f/-CD concentration. This
behavior indicates the lower mobility of the complexed
surfactants compared to the solvated ones. At a certain
concentration in fS-CD, this linear decrease of molar
conductance with S-CD concentration shows a change
in gradient of slope. The stoichiometry at which this
halt occurred were 1:1 for S-CD:C,PC, 1:1.2 for
B-CD:C4PC and 1:1.3 for f-CD:C;¢PC. This indicates that
the inclusion complex of f-CD with C,PC is only 1:1,
while in the cases of C;4PC and C;¢PC the chief inclusion
complex is 1:1 with possibly a little 2:1 complex also
present.

The obtained results for C,4,PC and C,cPC showed that
K, > K, which indicates that the formation of 1:1 stoi-
chiometric complex predominate rather than 2:1 ones. The
cyclodextrin structure is such that the inside of the cavity is
covered with CH, groups thus providing a hydrophobic

Table 1 The formation constants for the inclusion complexes
between C,PyC and 5-CD at various temperatures

Surfactant ¢ (°C) K; (mol’1 dm3) K, (mol" dm3) Sum square

Cy,PC 25 17,220 - 0.88
30 13,731 - 0.19
35 12,238 - 0.27
40 7,302 - 1.56
Cy4PC 20 78,320 29 0.15
25 67,518 94 0.10
30 60,588 61 0.04
35 55,127 66 0.15
40 50,664 83 0.63
C,6PC 20 104,948 919 0.89
25 93,749 356 0.30
30 82,737 1,523 0.12
35 76,664 920 0.14
40 57,511 99 0.15
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Fig. 1 Molar conductivity of 1 x 10~* mol dm—> C,,PC with added
f-CD at (H) 25 °C, (A) 30 °C, (®) 35 °C and (*) 40 °C
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Fig. 2 Molar conductivity of 1 x 10~* mol dm™> C,4PC with added
p-CD at (@) 20 °C, (H) 25 °C, (A) 30 °C, (®) 35 °C and (*) 40 °C

environment that is favorable to interact with the hydro-
carbon chain of surfactant. X-ray crystallography shows
that the depth and inner diameter of -CD are 7.8 and
7.8 A, respectively. The length, [, and diameter, d, of
structural alkyl group with formula C,H,, , | are calcu-
lated from the following equations [4, 9]:

I(A) ~1.5+1.265(n—1) (8)

d(A) ~ 34.89 +34.25(n — 1)]"/?
T 1541.265(n—1)

9)
For C,,PC, C4PC and C;¢PC that have 12, 14 and 16

carbon atoms in their alkyl chain, using Eq. 8, give the
length of the chain as 1542, 17.95 and 20.5 A,
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Fig. 3 Molar conductivity of I x 10™* mol dm~ C,4PC with added
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Fig. 4 Computer fit of the molar conductance-mol ratio for the -CD
and C4PC system at 20 °C: (x) experimental point, (O) calculated
point, (=) experimental and calculated points are the same within the
resolation of the plot

respectively. Also, using Eq. 9, give the diameter as
approx. ~5.17 A for all surfactants. Comparison of these
values with the structural characteristics of f-CD show that
there is a good match fitting between [-CD cavity and
surfactant alkyl chain. On the other hand, there is the
possibility for simultaneous entry of two -CD molecules
in the length of the C{4PC and C;¢PC chain, but this is not
occurred for C,PC.

The obtained values of K; and K, from fitting of data
have been used for the calculation of the thermodynamic
parameters such as AG°, AH® and AS°. The Gibbs free
energy of each step complex formation could be calculated
from the following equation:

AG = —RTIK. (10)
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Fig. 5 A typical plot of logK; vs. 1/T for C14PC/f-CD inclusion
complex formation

The enthalpy of complexation was obtained from the
temperature dependence of the complexation constant (K)
using the van’t Hoff relation (see Fig. 5) and finally the
AS° values could be obtained from the following equation:
AG = AH — TAS (11)

The obtained results are listed in Table 2. The negative
values of AH® could be attributed to attraction between
hydrocarbon chain of the surfactant and hydrophobic
interior of f-CD. The results also indicate that —AG® at
various temperatures increases steadily with increasing
alkyl chain length of the surfactants. The results demon-
strate that the longer chain surfactants lead to a greater
association constant with S-CD, which concerned with
hydrophobicity of cyclodextrin cavity.

Molecular-level interpretations of linear enthalpy—
entropy compensation have been built on the inference that
such behavior constitutes evidence for a dominant mech-
anism throughout the correlated series. Recently, the last
two factors are considered to be the minor driving forces
for inclusion complexation [1]. C,PC and -CD do not
have the site for the hydrogen bonds and the ionic groups,
respectively. Thus, the hydrogen bonds and the electro-
static interaction do not participate in the driving force of
inclusion complexation between C,PC and f(-CD. The
arguments mainly center on hydrophobic and van der
Waals interactions.

As can be seen from Table 2, the inclusion complexes
for the first step of C4PyCl and C,;cPyCl with -CD are
exclusively exothermic and mostly enthalpy driven with
varying positive entropic contributions. From studies of the
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Table 2 The calculated values of thermodynamic parameters for complexation between C,PC and f-CD at various temperatures

Surfactant 7 (°C) K, (mol™'dm®  AG,° (k)/mol)  AH,° (kJ/mol) AS° U mol™'K™") K, (mol™'dm®)  AG,° (kJ/mol)
Cy,PC 25 17,220 —24.18 —41.59 —58.41 - -
30 13,731 —24.02 —57.98 - -
35 12,238 —24.12 —56.72 - -
40 7,302 —23.16 —58.86 - -
C4PC 20 78,320 —27.46 —16.43 37.66 29 —8.21
25 67,518 —27.56 37.36 94 —11.26
30 60,588 —27.75 37.37 61 —10.36
35 55,127 —27.97 37.46 66 —10.74
40 50,664 —28.21 37.62 83 —11.51
C,6PC 20 104,948 —28.18 —16.04 41.39 919 —16.63
25 93,749 —28.38 41.37 356 —14.56
30 82,737 —28.54 41.22 1,523 —18.47
35 76,664 —28.82 41.44 920 —17.48
40 57,511 —28.54 39.88 99 —11.96
thermodynamics of the S-CD/surfactant interaction, we  Conclusion

conclude that there is a significant contribution from the
classical hydrophobic effect but this contribution is
reduced by predominant binding forces characterized by
negative enthalpy and entropy changes. Using the simple
qualitative argument that a surfactant strongly bound
within the 5-CD cavity has lost some freedom of motion,
one expects it to have lower entropy than if it were weakly
bound within the cavity. The values of the entropy change
AS° are positive and decrease with increasing alkyl chain
length of the surfactants. This indicates that the degrees of
freedom of the surfactant included in the B-CD cavity
become lower with increasing alkyl chain length of the
surfactants [24-26].

However, AH® and AS® were both negative in C,PC/f-
CD system. The signs of AH® and AS° for inclusion
complexation of f-CD are inconsistent with those for the
hydrophobic interaction process. The negative values of
both AH® and AS° are attributed to other factors [27].

The rationalization of AH® and AS° values, while of
interest for understanding the molecular details and driving
forces involved in complex formation, is necessarily
somewhat speculative, and it must be realized that other
factors such as the displacement of high-energy water from
within the f-CD cavity, or structural changes of the f-CD
molecule may contribute to AH® and AS® for the surfactant
binding [28, 29].

The value of AS° is affected by several phenomena.
Hydrophobic effects that can be mainly attributed to the
hydrophobic interaction between the alkyl chain and the
inner wall of the CD molecule, and partly to the release of
water molecules from the alkyl chain of the surfactant and
the cavity of the CD during the penetration process, is one
of the most important factors.

Based on conductometry measurements, the interaction
between n-alkylpyridinium chlorides (C,PC, n = 12, 14,
16) and f-CD were studied. The association constants and
also stoichiometry of inclusion complexes were determined
using non-linear least-square curve fitting program KIN-
FIT. The program is based on the iterative adjustment of
calculated conductance to the observed values. Camparison
of the length and volume surfactants with the structural
parameters for -Cyclodextrin show that there is the pos-
sibility for simultaneous entry two fS-Cyclodextrin mole-
cules in the length of the C{4PC and C;¢PC chains, but it is
not occurred for C;,PC.

The larger value of K; with respect to K, predicts the
preferability of 1:1 complex. The calculated thermody-
namic parameters show that the Hydrophobic effects that
can be mainly attributed to the hydrophobic interaction
between the alkyl chain and the inner wall of the CD
molecule, and partly to the release of water molecules from
the alkyl chain of the surfactant and the cavity of the CD
during the penetration process, is one of the most important
factors.

Acknowledgment The authors are grateful for the financial support
from the Research Councils of Malayer University.

References

1. Connors, K.A.: The stability of cyclodextrin complexes in solu-
tion. Chem. Rev. 97, 1325-1357 (1997)

2. Bender, M.L., Komiyama, M.: Cyclodextrin Chemistry. Springer-
Verlag, Berlin (1978)

3. Fonasaki, N., Ishikawa, S., Hirota, S.: Chemical shifts as a novel
measure of interactions between two binding sites of symmetric

@ Springer



252

J Incl Phenom Macrocycl Chem (2010) 67:247-252

10.

11.

12.

13.

14.

15.

16.

dialkyldimethylammonium bromides to o-cyclodextrin. Anal.
Chim. Acta. 555, 278-285 (2006)

. Mwakibete, H., Bloor, D.M., Wyn-Jones, E.: Determination of

the complexation constants between alkylpyridinium bromide
and alpha- and beta-cyclodextrins using electromotive force
methods. Langmuir. 10, 3328-3331 (1994)

. Gharibi, H., Jalili, S., Rajabi, T.: Electrochemical studies of

interaction between CTAB and alpha, beta, cyclodextrins at
various temperature. Colloids Surf. 175, 361-369 (2000)

. Kitamura, K., Imayoshi, N.: Second-derivative spectrophoto-

metric determination of the binding constant between chlor-
promazine and f-cyclodextrin in aqueous solutions. Anal. Sci. 8,
497-503 (1992)

. Zhou, Y., Yu, H., Zhang, L., Sun, J., Wu, L., Lu, Q., Wang, L.

Host properties of cucurbit [7] uril: fluorescence enhancement of
acridine orange. J. Incl. Phenom. Macrocycl. Chem. 61, 259-264
(2008)

. Buschmann, H.-J., Jansen, K., Schollmeyer, E.: Cucurbituril and

o- and f-cyclodextrins as ligands for the complexation of non-
ionic surfactants and polyethyleneglycols in aqueous solutions.
J. Incl. Phenom. Macrocycl. Chem. 37, 231-236 (2004)

. Rafati, A.A., Bagheri, A., [loukhani, H., Zarinehzad, M.: Study of

inclusion complex formation between a homologous series of n-
alkyltrimethylammonium bromides and beta-cyclodextrin, using
conductometric technique. J. Mol. Liq. 116, 37-41 (2005)
Valente, A.J.M., Dinis, C.J.S., Pereira, R.F.P., Ribeiro, A.C.F.,
Lobo, V.M.M.: Interaction between f-cyclodextrin and some
sodium alkyl sulfates and sulfonates as seen by electrical con-
ductivity measurements. Port. Electrochem. Acta. 24, 129-136
(2006)

Bakshi, M.S.: Mixed micelles in the presence of macrocyclic
additives: a host—guest conductometric study. J. Incl. Phenom.
Macrocycl. Chem. 36, 39-54 (2004)

Rafati, A.A., Bagheri, A.: Electrochemical and thermodynamic
studies of inclusion complex formation between tetra-
decyltrimethylammonium bromide (TTAB) and beta-cyclodex-
trin (beta-CD). Bull. Chem. Soc. Jpn. 77, 485-490 (2004)
Rafati, A.A., Safatian, F.: Thermodynamic studies of inclusion
complex between cetyltrimethylammonium bromide (CTAB) and
-cyclodextrin (-CD) in water/n-butanol mixture, using potentio-
metric technique. Phys. Chem. Liq. 46, 587-598 (2008)
Tominaga, T., Hachisu, D., Kamado, M.: Interactions between
the tetradecyltrimethylammonium ion and alpha, beta, and
gamma-cyclodextrin in water as studied by a surfactant-selective
electrode. Langmuir. 10, 4676-4680 (1994)

Mwakibete, H., Cristantino, R., Bloor, D.M., Wyn-Jones, E.,
Holzwarth, J.F.: Reliability of the experimental methods to
determine equilibrium constants for surfactant/cyclodextrin
inclusion complexes. Langmuir. 11, 57-60 (1995)

Mwakibete, H., Bloor, D.M., Wyn-Jones, E.: Determination of
the complexation constants between alkylpyridinium bromide

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

and alpha- and beta-cyclodextrins using electromotive force
methods. Langmuir. 10, 3328-3331 (1994)

Jinxia, L., Zhao, C., Chao, J.: Investigation on the inclusion
behavior of norfloxacin with 2-methyl-f-cyclodextrin. J. Incl.
Phenom. Macrocycl. Chem. 62, 325-331 (2008)

Schneider, H.J., Hacket, F., Rudiger, V.: Cyclodextrins: intro-
duction. Chem. Rev. 98, 1755-1785 (1998)

Wilson, L.D., Verrall, R.E.: A volumetric study of a-cyclodex-
trin/hydrocarbon and a-cyclodextrin/fluorocarbon  surfactant
inclusion complexes in aqueous solutions. J. Phys. Chem. B 101,
9270-9279 (1997)

Wilson, L.D., Verrall, R.E.: Volumetric study of modified
p-cyclodextrin/hydrocarbon and/fluorocarbon surfactant inclusion
complexes in aqueous solutions. J. Phys. Chem. B 102, 480488
(1998)

Rafati, A.A., Hashemianzadeh, S.M., Nojini, Z.B.: Quantum
chemical study of the host—guest inclusion complexes of the local
anaesthetic drugs, procaine hydrochloride and butacaine hydro-
chloride, with a- and b-cyclodextrins. Monatsh. Chem. 139, 763—
771 (2008)

Rafati, A.A., Hashemianzadeh, S.M., Nojini, Z.B., Safarpour,
M.A.: Theoretical study of the inclusion complexes of & and f-
cyclodextrins with decyltrimethylammonium bromide (DTAB)
and tetradecyltrimethylammonium bromide (TTAB). J. Mol. Ligq.
135, 153-157 (2007)

Nicely, V.A., Dye, J.L.: A general purpose curve fitting program
for class and research use. J. Chem. Educ. 48, 443-447 (1971)
Eli, W., Chen, W., Xue, Q.: The association of anionic surfactants
with f-cyclodextrin. An isothermal titration calorimeter study. J.
Chem. Thermodyn. 31, 1283-1296 (1999)

Bastors, M., Briggner, L.E., Shehatta, I.: The binding of alkane-o,
w-diols to a-cyclodextrin. A microcalorimetric study. J. Chem.
Thermodyn. 22, 1181-1190 (1990)

Ikeda, T., Hirota, E., Ooya, T., Yui, N.: Thermodynamic analysis on
inclusion complexation between a-cyclodextrin-based molecular
tube and sodium alkyl sulfonate. Langmuir. 17, 234-238 (2001)
Inoue, Y., Hakushi, T., Liu, Y., Tong, L.H.: Calorimetric titration
of inclusion complexation with modified p-cyclodextrins.
Enthalpy—entropy compensation in host-guest complexation:
from ionophore to cyclodextrin and cyclophane. J. Am. Chem.
Soc. 115, 475-481 (1993)

Liu, Y., Tong, L.H., Inoue, Y., Hakushi, T.: Thermodynamics of
solvent extraction of metal picrates with crown ethers: enthalpy—
entropy compensation. 2. Sandwiching 1:2 complexation. J.
Chem. Soc. Perkin Trans2. 7, 1247-1252 (1990)

Liu, Y., Tong, L.H., Huang, S., Tian, B.Z., Inoue, Y., Hakushi,
T.: Complexation thermodynamics of bis(crown ether)s. 4.
Calorimetric titration of intramolecular sandwich complexation
of thallium and sodium ions with bis(15-crown-5)s and bis(12-
crown-4)s: enthalpy—entropy compensation. J. Phys. Chem. 94,
2666-2670 (1990)



	Thermodynamic studies of inclusion complex formation  between alkylpyridinium chlorides and  beta -cyclodextrin  using conductometric method
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


