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Abstract: The solubilization and interactions of phenylalkanoic acids induced
by the cationic surfactant, cetyltrimethylammonium bromide (CTAB) and the
anionic surfactant sodium dodecy! sulfate (SDS) was investigated spectropho-
tometrically at 25.0 °C. The UV spectra of the additives (acids) were measured
with and without surfactant above and below the critical micelle concentration
(cmce) of the surfactant. The presence of an akyl chain in phenylalkanoic acids
was responsible for hydrophobic interactions resulting in a shift of the spectra
towards longer wavelengths (red shift). The value of partition coefficient (K,)
between the bulk water and surfactant micelles and, in turn, the standard free
energy change of solubilization (AG?) were also estimated by measuring the
differential absorbance (AA) of the additivesin micellar solutions.

Keywords: alkanoic acids; solubilization; cmc; CTAB; SDS.

INTRODUCTION

The augmented solubility of sparingly soluble solutes in water brought about
by a surfactant micellar solution is well known as solubilization, a phenomenon
that plays an important role in industrial and biological processes.1.2 The process
of solute (additive) transfer from one medium to another is of widespread impor-
tance and characterized by a free energy change of transfer in relation to the par-
tition coefficient. The solute transfer from one medium to another can be used to
predict the solubilization of small molecules and anesthetic drugs in biological
membranes.3

Amphiphilic additives containing a benzene ring are convenient to investi-
gate spectrophotometrically.# The physical behavior of the surfactant micelles
can be envisaged as the construction of a model membrane to mimic a biological
system. This experimental model is useful for studying the interaction of biolo-
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gica surfaces with the additive molecule.> Phenylalkanoic acids and their deriva-
tives are being used in pharmaceutical research. These compounds act as agonists
for hPPARs (human peroxisome proliferator activated receptors), in particular
the human PPARa isoform, and are effective in the treatment of abnormal lipid
metabolism, diabetes and other disorders.6.”

In the past, the solubilization of various hydrophobic additives in aqueous
micellized ionic surfactant systems were investigated.8-12 Recently, spectrosco-
pic studies of diverse organic additives in different ionic surfactant systems were
reported.13-15 |n the current study, short chain phenylalkanoic acids in agueous
solution of anionic sodium dodecy! sulfate (SDS) and cationic cetyltrimethylam-
monium bromide (CTAB) surfactants were investigated. The additives studied
were phenylmethanoic acid (PhMA), phenylethanoic acid (PhEA), 3-phenylpro-
pionic acid (3-PhPA) and 3-phenylpropeonic acid or cinnamic acid (CA). The ge-
neral structures of the additives are given below:

(CH,) —— COCH
m CH=CH —COCH

m=0-2
Phenylalkanoic acids Cinnamic acid

In this current study, the effect of increasing the alkyl chain length in acid
molecules on their solubilization in cationic and anionic surfactant solutions was
studied using UV spectroscopy. The incremental free energy change of transfer
per methylene group, AG®(CHy), and site of solubilization were evaluated and are
discussed.

EXPERIMENTAL
Reagents
The CTAB and SDS were obtained from Sigma and Fluka, respectively. Phenylalkanoic
acids (CgH5(CH,)\COOH, m = 0-2) and cinnamic acid were obtained from Merck. All che-

micals were used without further purification. The water used throughout was distilled twice
over akaline permanganate in a Pyrex all-glass set-up.

Smple absorbance measurements

The UV absorption spectra of phenylalkanoic acids, each of concentration 1x10¢ mol
dm3 in agueous solution, were measured at 25.0+0.1 °C on a Hitachi double beam UV-220
type spectrophotometer equipped with 10 mm matched quartz cells. Then the absorption
spectra of 1x106 mol dm3 phenylalkanoic acid solution containing CTAB and SDS were
taken at 25.0 °C using water as the blank.
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Differential absorbance measurements

An additive solution (phenylalkanoic acid) of a particular concentration (1x10° mol dm3)
was prepared. One portion of this solution was used as a solvent for SDS micellar solutions.
Measurements were made at 25.0+0.1 °C in such a way that a cuvette filled with an additive
solution was set on the reference side and cuvette filled with SDS micellar solutions at the
same additive concentration on the sample side of the instrument.

Conductance measurements

The specific conductance of twenty CTAB (1.29x104 to 13.5x104) and SDS (1.14x103
to 12.0x10-3) aqueous solutions were measured on a microprocessor conductivity meter
(WTW), LF 2000/C at 25.0 °C. A water thermostat was used to control the temperature within
0.1 °C. The critical micelle concentration (cmc) was determined from plots of the specific
conductance versus the concentration of the surfactant solution. The cmc values for SDS and
CTAB in water were determined to be 8.0x103 and 9.0x104 mol dm3, respectively.

RESULTS AND DISCUSSION

The absorption spectra of a representative acid (PhMA) in water and at cer-
tain concentrations of SDS and CTAB are shown in Fig. 1. Surfactant solutions
are known to cause a red shift in the spectra of organic additives. The effect of
various concentrations (cs) of CTAB and SDS on the maximum absorption wave-
length (Amax) Of the phenylalkanoic acids are shown in Figs. 2 and 3. In addition,
the absorbance (A) for two representative acids, PhMA and 3-PhPA, are given in
Tables | and Il. It can be inferred from Figs. 2 and 3 that the UV spectra shift
continuously to higher wavelengths. The increase in absorbance with increasing
Cs is due to the increased number of additive molecules in the micellar phase.16
At surfactant concentrations above the cme, the spectra no longer change with in-
creasing cg assuming all the additive molecules are taken into the micelles.

The value of red shift was greater for the more hydrophobic acid (3-PhPA)
than the less hydrophobic acid (PhMA) in presence of both the surfactants. The
more hydrophobic acid exhibited alarger red shift even at surfactant concentra-

0.4+

0.34

0.14

T T T T T T 1 Fig. 1. Absorption spectra of PhAMA in
190 195 200 205 210 215 220 \ater (-), in 6.0 mmol dm3 SDS (--) and
Alnm in 0.6 mmol dm3 CTAB (—).
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0 5 10 15 o9 Fig. 3. Effect of increasing con-

centration of SDS on the Ay

¢,/ mmol dm® of phenylalkanoic acids.

tions below their observed cmce. The shift aso depends on the nature of charge (po-
sitive or negative) present on the surfactant head group. In the case of 3-PhPA,
the value of red shift in the cationic surfactant (CTAB) was Adnax = 16.9 nm as
compared to the anionic surfactant (SDS), where Admax = 5.6 nm. Hence, the red
shift for each acid in the anionic surfactant solutions was smaller. The red shifts
in the spectra are generally representative of the interaction between surfactant
and additive acid. Theinitial shifts represent the association between additive and
monomeric surfactant, while the Amgx value becomes more uniform in the micel-
lar region. The red shift aso represents changes in the micropolarity around the
orientated chromophore, due to which the energy of transition is reduced. Thered
shift in the case of acids could also be due to their conversion to anions, the bands
of which are likely to appear at higher wavelength values compared to the un-
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dissociated acids. The anions are attached significantly to cationic CTAB and the
binding phenomenon could involve the parallel stacking of acid molecules with
surfactant monomer, and later reorientation to incorporate them into the micelles
as the cme is reached. On the other hand, owing to the repulsive interaction between
the acid anion and SDS head, the only possibility of interaction is through water
bridging, hence the wavelength was not altered much with the anionic surfactant.
Ascgisincreased, there is a continuous change in the wavelength, initially dueto
complex formation or binding with monomeric surfactant and later due to
appearance of premicellar aggregates and ultimately due to presence of polarity
gradient offered by the organized solutions of the two surfactants.

TABLE |. Absorbance (A) of phenylalkanoic acids at various concentrations (cs) of CTAB

cs/ mmol dm-3 PhMA 3-PhPA
0.0 0.256 0.291
0.050 0.305 0.304
0.10 0.339 0.327
0.20 0.351 0.349
0.40 0.389 0.403
0.60 0.402 0.435
0.91 0.409 0.539
1.0 0.539 0.552
15 0.618 0.591
2.0 0.620 0.588

TABLE II. Absorbance (A) of phenylalkanoic acids at various concentrations (cg) of SDS

Cs/ mmol dm-3 PhMA 3-PhPA
0 0.256 0.291
1.5 0.248 0.282
3.0 0.273 0.221
45 0.283 0.248
6.0 0.389 0.248
75 0.406 0.272
9.0 0.420 0.304
12 0.411 0.326
15 0.429 0.335
20 0.435 0.344

However, the Anax values of the CA obtained in pure water are comparable
to those obtained in the surfactant solutions of SDS. This means “no change in
polarity” around the oriented chromophore of the CA or, in other words, the inca-
pability of the CA molecules to penetrate into the SDS micelles. It was suggested
that the anions of CA are incapable of penetrating into the SDS micelles owing to
repulsive interactions between the negatively charged oxygen of the CA anion
and the anionic head of SDS.17 Similar behavior was observed for cationic hemi-
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cyanine dyesinto CTAB micellar solutions.® The CTAB, which contains positive
head group, interacts with the negative charge present on the phenylalkanoic acid
molecules. In turn, the acid molecul es penetrate easily into the CTAB micelles.

The differential absorbances (AA) spectra of PhMA solutions in the presence
of SDS at different concentrations are shown in Fig. 4. The AA values were ob-
tained at the wavelength Anax, Where the highest peak appears in the spectra. The
shift of each peak with increasing cs can be ignored within experimenta error
(0.5 nm). The Amax Wavelengths for the respective acids are given in Table I11.
The increase in AA with increasing surfactant concentration is attributed to the
increase in the number of solubilized additive molecules in the micellar phase, as
observed for other additives.8-14.18

1.0
0.8 S
0.6-
0.4-

0.2+

0.0 . T T
190 200 210 220 230

Alnm

Fig. 4. Differential absorption spectra of PhMA in: 1) 18.0, 2) 36.0, 3) 54.0, 4) 72.0
and 5) 90.0 mmol dm3 solutions of SDS.

The AA values of solutions of phenylalkanoic acids in the presence of va
rious concentrations of SDS at 25.0 °C are shown in Fig. 5. In the pre-micellar
region, AA is practically zero and increases for each acid with increasing concen-
tration of SDS. AA was recorded at the respective maximum wavelength (Amnax)-
Kawamura et al.,18 developed a relationship for the determination of the water—
micelle partition coefficient, Ke.

E I S
AA  KcAAL(cg+c0)  AA.
where AA.. represents the AA value at infinitive cs, c; is the concentration of ad-

ditive and ¢J° is the micellized concentration of the surfactant and is given by
Cs—CmMCg (cmeg is the cme of the surfactant in water). The dimension of K¢ in Eq.

(D
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(1) is dm3 mol—1, which is related to Ky as K¢ = Ky/ny, where ny, is the number
of moles of water per dm3, i.e., 55.5 mol dm3,

TABLE Ill. Values of Ay and K, for the added phenylalkanoic acids in SDS and CTAB
solutions

it DS CTABD

live  —— Ky  AGO/KIMOT  Jmm Ky  AGS/kimoll
PhMA 2043 1358 17.87 2087 13123 2349
PhEA 2034 2204 19.07 2116 34776 25,91
3PhPA 2038 3105 19.92 2107 54851 27.04
CA _ _ _ 2070 41658 26.35

0 20 40 60 80

¢,/ mmol dm™

Fig. 5. Effect of the SDS concentration on the differential absorbance of phenylakanoic acids.

The plots of 1/AA against 1/(c, + c™) for phenylalkanoic acids at a certain
concentration of additive (cg = 1.0x10-6 mol dm3) are presented in Fig. 6. The
intercept and slope of the linear relationship in Eq. (1) give the values of AA.
and K. The values of Ky calculated from K are given in Table 1.

The standard free energy change, AGS, of the transfer of the additives from
bulk water to micelles is given by the relationship:

AGp =—RTInK, )
where R is the general gas constant and T is the absolute temperature. The AGS
values are summarized in Table l11.

Free energy change per methylene group, AG®(CH5), from water to micelles
is obtained from straight-line plots using the following equation:
_AG®(CHy) = RT 9N Kx
dm

3
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where R and T are defined parameters and m refers to the number of methylene
groups in alkyl chain of the acid molecules. The plots of In Ky vs. m for both
systems are shown in Fig. 7. The values of AG®(CH,) evaluated from the plots
are—1.03 and —1.77 kI mol~2 for the SDS and CTAB system, respectively.

= PhMA
e PhEA
3 A 3-PhPA
S
=
24
14
an Cq+CI or phenylalka-
]j(Ca+ Crsno) / dm3 molfl n0|c aC| ds
10. //r
N2 /
£
54
e SDS
= CTAB
0 T T T Fig. 7. In Ky vs. the number of
0 1 2 carbon atomsin hydrocarbon chain
m of phenylakanoic acids.

The values of the free energy change per methylene group of transfer from
water to ionic micelles were reported to be —1.3 kJ mol—1 for alkyl phenoxide
ions and alkyl phenols, and —1.25 kJ mol—1 for benzoic acid and aniline.1® The
free energy of transfer per CH» group of the same compounds from water to n-
-heptane was close to —3.76 kJ mol—1. These results were taken to imply that the
compounds were solubilized within an agueous environment, such as near the
micellar interface region.20 It may be concluded from the above results that the
solubilization site of phenylalkanoic acids in the ionic micelles was the water—
—micelle interface. The lower value of AG®(CH>) in the CTAB system suggests
that this system was more favorable for solubilization than the SDS system. The
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negative value of AG®(CHy) indicates that the solubilization of phenylalkanoic
acids into micelles was a spontaneous phenomenon.

In view of the fact that the phenyl ring was common in the phenylalkanoic
acids, the alkyl chain appears to be an important factor for the solubilization. The
insignificant shiftsin the Anax of phenylalkanoic acidsin SDS solutions show the
presence of electrostatic repulsion between the anions of the acids and SDS.
However, phenylalkanoic acids were expected to interact favorably with CTAB.
The partition coefficients, Ky, obtained in CTAB micellar solutions were higher
than those found for the SDS micellar solutions. The higher Ky values indicate
stronger interaction and hence enhanced solubility of the acids in the CTAB mi-
celles. It is recognized that aromatic acids counter ions are more efficient with
cationic micelles.2! Furthermore, it was reported that CTAB micelles cause more
ionization of aromatic acids, which leads to increase in the van der Waals asso-
ciation between the surfactant molecules and the additive molecules.22 It is sug-
gested that additive molecule forms an ion pair with the surfactant monomer. The
adhesion of thision pair to the micellar surface enhances the incorporation of ad-
ditive molecule at alater stage. Where hydrophobic interactions allow for parallel
stacking of additive acids with monomeric surfactants!3 and incorporation of
acids into the micellesis in such away that their hydrophobic part is directed in-
wards towards micellar core, both these factors change the polarity of microen-
vironment around the oriented chromophore and hence cause a red shift by lo-
wering the energy of transition.

CONCLUSIONS

The differential absorbance of the phenylalkanoic acids increased with in-
creasing surfactant concentration, indicating that the acid molecules absorbed
light more favorably in the micellar phase than in the aqueous phase. However,
cinnamic acid is incapable of penetrating into SDS micelles due to analogous
charge. An increase in the hydrophobicity of the acid molecules affects an in-
crease in the Ky values. Moreover, the solubilization site of phenylalkanoic acids
inionic micellesis the water—micelle interface.
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are grateful to an anonymous referee for fruitful comments and suggestions.
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U3BOA

INTERAKCIJA KRATKOLANCANIH FENILALKANSKIH KISELINA SA MICELAMA
POVRSINSKI AKTIVNIH SUPSTANCI U VODENOJ SREDINI

KASHIF NAEEM?, SYED W. H. SHAH? BUSHRA NASEEM®u SYED S. SHAH?

Tcentral Analytical Facility Division, PINSTECH, PO Nilore, |slamabad 45650, *Department of Chemistry,
Hazara University, Mansehra, Pakistan u 3Department of Chemistry, Lahore College for
Women University, Lahore, Pakistan

PactBopspMBOCT M MHTEpakiMja GEHMITAIKAHCKUX KHCEJMHA y TPUCYCTBY KaTjOHCKE, IETHII-
TpuMeTuIamonnjymM-6pomuna (CTAB), 1 aHjoHCKe MOBPIIMHCKH aKTHBHE CYIICTaHLE HATPHjyM-/I0-
nerunicyndara (SDS) ucnurupana je crnekrpodoromerpujcku Ha 25,0 °C. UV crekTpu agutuBa
(xkucennna) cy MepeHH 0e3 MPHCYCTBA U Y MPHCYCTBY MOBPIIMHCKY aKTHBHHUX CYNCTAHIH, HCTIO U
M3HAJ KPUTHYHE MHILETapHe KOoHUeHTpauuje (CMC). [IpucycTBO anKMIHOT JIaHa y (eHUIaNKaH-
CKHM KHCEJIHHaMa je OrOBOPHO 3a XUIpo(oOHy MHTEpaKIHjy U OMEpaj y CIeKTpy npeMa Behum
TaJlaCHUM JayXHHaMa. Bpennoct mapruimoHor koepunmjenta (Ky) usmely Boge u Mumene moBp-
IIMHCKY aKTHBHE CYTICTAHIE ¥ CTAaHAApJHA CII000IHA eHEepruja pacTBapama (AGDe ) cy Takohe on-
pehenn mepemeM audepenujaine abcopbanuuje (A4) aauTHBA y MUIIETAPHOM PacTBOPY.

(Mpumibeno 21. janyapa, pesuaupano 10. asrycra 2011)

REFERENCES

P. H. Elworthy, A. T. Florence, C. B. Macfarlane, Solubilization by Surface-Active
Agents., Chapman & Hall, London, 1968
M. J. Rosen, Surfactant and Interfacial Phenomena., Wiley, New Y ork, 1978
J. A. Marqusee, K. A. Dill, J. Chem. Phys. 85 (1986) 434
L. Sepulveda, J. Colloids Interface Sci. 46 (1974) 372
H. Sato, Y. Kusumoto, N. Nakashima, K. Y oshihara, Chem. Phys. Lett. 71 (1980) 326
J. Kasuga, M. Makishima, Y. Hashimoto, H. Miyachi, Bioorg. Med. Chem. Lett. 16
(2006) 554
M. Pal, Tetrahedron 65 (2009) 433
8. S. S. Shah, R. Ahmad, S. W. H. Shah, K. M. Asif, K. Naeem, Colloids Surf., A 137
(1998) 301
9. S.S. Shah, G. M. Laghari, K. Naeem, S. W. H. Shah, Colloids Surf., A 143 (1998) 115
10. S. S. Shah, K. Naeem, S. W. H. Shah, H. Hussain, Colloids Surf., A 148 (1999) 299
11. S. S. Shah, K. Naeem, S. W. H. Shah, G. M. Laghari, Colloids Surf., A 168 (2000) 77
12. K. Naeem, S. S. Shah, S. W. H. Shah, G. M. Laghari, Monatsh. Chem. 131 (2000) 767
13. S. W. H. Shah, K. Naeem, B. Naseem, S. S. Shah, Coalloids Surf., A 331 (2008) 227
14. B. Naseem, S. W. H. Shah, A. Hasan, S. S. Shah, Spectrochim. Acta A 75 (2010) 1341
15. S.W. H. Shah, K. Naeem, B. Naseem, M. Hasan, S. S. Shah, Phys. Chem. Lig. 48 (2010) 316
16. Y. Miyashita, S. Hayano, Bull. Chem. Soc. Jpn. 54 (1981) 3249
17. M. Foti, M. Piatteli, M. T. Baratta, G. J. Ruberto, J. Agric. Food Chem. 44 (1996) 497
18. H. Kawamura, M. Manabe, Y. Miyamoto, Y. Fujita, S. Tokunaga, J. Phys. Chem. 93
(1989) 5536
19. C. A.Bunton, L. Sepulveda, J. Phys. Chem. 83 (1979) 680
20. C. Hirose, L. Sepulveda, J. Phys. Chem. 85 (1981) 3689
21. S. Kumar, Z. A. Khan, Kabir-ud-Din, J. Surfact. Deterg. 5 (2002) 55
22. C. A.Bunton, M. J. Minch, J. Phys. Chem. 78 (1974) 1490.

IS

~

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




