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Abstract: The protonation constant values of two hydroxybenzoic acids (salicylic
and 5-nitrosalicylic acid) were studied in some water—ethanol solutions using spec-
trophotometric and potentiometric methods at 25 °C and in an ionic strength of 0.1
M sodium perchlorate. The results indicated that the pK, values increase with in-
creasing proportion of ethanol in mixed solvent. The dependence of the protonation
constants on the variation of the solvent were correlated by the dielectric constants
of the media. Furthermore, for a better understanding of the solvent influence, the
obtained results were explained in terms of the Kamlet-Taft parameters o (hydro-
gen-bond donor acidity), 7* (dipolarity/polarizability) and B (hydrogen-bond ac-
ceptor basicity) by means of linear solvation energy relationships. The multiple
linear regression analysis indicated that the pK, values of salicylic acid were
strongly dependent on the non-specific electrostatic solvent—solute interactions,
whereas specific hydrogen bonding interactions controlled the protonation of nit-
rosalicylic acid in water—ethanol binary mixtures.

Keywords: pK,; hydroxybenzoic acids; binary mixtures; solvent effects.

INTRODUCTION

The value of the protonation constant of compounds, pKg, is a key parameter
for predicting the extent of ionization of their functional groups with respect to
the proton concentration of a medium. This parameter is essential in a wide range
of research areas, such as chemistry, biochemistry and pharmacology. The funda-
mental physicochemical properties of drugs such as solubility and permeability
are influenced by pH. Thus these properties for a diverse set of acidic or basic
drug are directly related to their pKa values. It has been shown that the activity
of enzymes and acid-base homeostasis of living organisms are prominently de-
pendent on the protonation constants of the compounds present in the cell and in
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the body.2 Hence, knowledge of pK, values is necessary for the quantitative
understanding and stability constant determination of the interactions between
acidic or basic ligands and metal ionsin complexes.3-7

Solvent mixtures, especiadly binary solutions of water and organic solvents,
are widely used in a variety of chemical fields, such as solvent extraction, chemi-
cal synthesis and liquid chromatography. Furthermore, a pure solvent can fre-
quently be mixed with others in order to obtain solutions with a variety of phy-
sical properties. Systematic investigations of solvent effects on thermodynamic
and kinetic functions are interesting both from experimental and theoretical pers-
pectives in chemical and biochemical analysis. The study of solvent effectsin bi-
nary solvent mixtures is more complicated than in pure solvents because the solu-
te-solvent and solvent—solvent interactions can create new solvent properties
leading to preferential solvation. Preferential solvation occurs when solutes inter-
act stronger with one of the components of the mixture and then this differencein
the interactions is reflected in the composition of solute microenvironment.8:°

The use of empirical scales obtained from solvatochromic compounds is a
suitable method for explaining solute-solvent interactions at a microscopic level.
Some of the most extensively used parameters are the solvatochromic parameters
which take into account all possible specific and non-specific interactions between
solute and solvent molecules. Kamlet and Taft scaled their solvatochromic sol-
vent parameters by introducing a developed solvatochromic comparison me-
thod.10-14 The parameters «, 8 and 7* are a measure of the hydrogen bond donor
acidity, hydrogen bond acceptor basicity and dipolarity—polarizability of the sol-
vent, respectively. The sum of these solvent properties can be used to treat mole-
cular solvent effects with the framework of the concept of linear solvation energy
rel ationships. 15,16

In continuation of previous studies, 1721 in this study, the protonation cons-
tants of salicylic and 5-nitrosalicylic acid were determined in various mixtures of
water—ethanol solvents to examine the solvent dependence of their acid—base
equilibria properties. Salicylic and 5-nitrosalicylic acid are organic phenolic com-
pounds which are widely used in organic drug synthesis. Their chemical struc-
tures are presented in Fig. 1.

HO HO
i HO
HO II~;IJr.U
(o] 0 o
Fig. 1. Chemical structure of salicylic and 5-

S-nifrosalicylic acid salicylicacid  pjtrosalicylic acid.
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PROTONATION IN WATER-ETHANOL MIXTURES 1457

EXPERIMENTAL

Sdlicylic and 5-nitrosalicylic acid were obtained from Sigma-Aldrich. Ethanol was of
the highest available purity (Merck) and was used without further purification. Stock solutions
of NaOH and HCI were prepared from titrisol solutions (Merck). The water used was double-
distilled water with a conductivity of 1.3+0.1 uQ1 cml. Sodium perchlorate was supplied by
Merck as an analytical reagent grade material and was used without further purification.

Potentiometric measurements were performed in a double-walled electrochemical cell
thermostated at 25 °C. The ionic strength of the mixtures was maintained to 0.1 M with so-
dium perchlorate. A Jenway Research potentiometer, model 3520, with a combination of glass
and reference electrode was used for the measurement of the electromotive force (emf) in
potentiometric titrations of acidic solution mixtures.

Spectrophotometric measurements were performed on a UV—Vis Shimadzu 2100 spec-
trophotometer with a Pentium 4 computer using thermostated matched 10 mm quartz cells. A
flow type measurement cell was used. A peristaltic pump alowed for the circulation of the
solution under study from the electrochemical cell to the spectrophotometric cell; thus, the
absorbance and the emf of the solution could be measured simultaneously. To exclude carbon
dioxide from the system, a stream of purified nitrogen was passed through a sodium hydro-
xide solution and then bubbled slowly through the reaction solution.

Prior to each spectrophotometric titration, the electrochemical cell was calibrated to ob-
tain the formal electrode potential emf ©.2223 Approximately 20 ml of solutions of HCI in wa
ter—ethanol systems were titrated by the stepwise addition of NaOH solution. The equilibrium
emf ° values of the cell were recorded after allowing potential stabilization. The emf valuesin
each of binary mixtures were computed from the Nernst equation knowing the exact con-
centration of H* at each titration point and the reference electrode potential. In the next step,
25 mL of an acidic solution of hydroxybenzoic acid was titrated with a sodium hydroxide so-
lution (0.1 mol dm3). The absorbance data were recorded in the interval of 200400 nm after
reading the emf values of the electrochemical cell. Then, the spectroscopic titration data were
introduced to the Star program?* to calculate the pK, values of the two investigated com-
pounds.

RESULTS AND DISCUSSION
Calibration of the electrochemical cell in water—ethanol mixtures

According to the Nernst equation, the potential of a glass electrode can be
presented as:

emf = emf ° + klog [H*] + klog y4+ + E_3 Q)

where E|_j is the liquid junction potential, k = 2.303RT/F in which R, T and F
have their usual meanings and 4+ is the activity coefficient of the hydrogen
ions. Difficulties in computing the activity coefficients of hydrogen ion in va-
rious agueous mixtures of organic solvents lead to measuring emf vs. the H*
concentration in solution. As the ionic strength of the solution was kept constant,
the activity coefficient of the hydrogen ion was also constant. The non-ideality of
the solutions is then included in ky (the specific constant of a glass electrode in
the acidic region), and thus:

emf = ky + klog [H*] (2
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with kg being emf © + klog 94+ + E|_3. The use of a glass electrode (with an aque-
ous inner solution) in non-agueous media introduces a deviation from ideality.
However, it was shown that the deviation is negligible and that a glass electrode
is always usable in such mediato measure H* concentration with alinear relation
of Eggy Vs. log [H*].25

Thus, the hydrogen ion concentration can be easily calculated by:

[H*] = (MHciVo — MNaoHV1)/(Vo + Vi) ©)
where My and MygoH are the molarities of the acid and base, Vg and V1 are the
initial volume of acid and the added volume of sodium hydroxide solution, res-
pectively. The kg values were calculated from measured emf and the known con-

centration of solvated proton at every titration point by linear regression analysis.
The derived linear equations are reported in Table .

TABLE I. The calibration equation of the electrochemical cell in different water—ethanol mix-
turesat 25 °C

Ethanol content, % (v/v) Cell calibration equation

0 emf = 365.20 + 59.11log [H]
10 emf = 362.15 + 58.53log [H']
20 emf = 360.34 + 59.21log [H']
30 emf = 359.33 + 59.27log [H']
40 emf = 358.48 + 59.22log [H']
50 emf = 354.31 + 59.87log [H']

For al the binary mixtures, the slopes obtained from the least squares ana
lysis were close to the theoretical Nernst value (59.167 mV at 25 °C) with corre-
lation coefficients of nearly r2 = 0.99. Therefore the pH values of the binary mix-
tures can be properly measured according to:

PcH = (ka — emif)/k (4)

Computing protonation constants

The absorption spectra for salicylic acid and 5-nitrosalicylic acid at varying
pH valuesin 50 % (v/v) ethanol are shown in Figs. 2 and 3, respectively.

For each binary solvent, the spectral absorbance in different pH values were
used to construct a matrix R of size mxn, where mis the number of different pH
values in which the absorbance was determined at n wavelengths at 0.5 nm inter-
vals. According to the Beer law, a least squares analysis was performed in the
Star program environment to decompose the data matrix R into a matrix of pure
concentration, C, and a matrix of pure spectral profiles, S, with the optimal resi-
dual error matrix E.

R=CS+E (5)
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Absorbance
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Fig. 2. Spectral change of salicylic acid (2.2x10"* mol dm3)
with decreasing pH in 50 % (v/v) ethanol.

Absorbance

0.2 + T T
280 300 320 340 360

A/nm
Fig. 3. Spectral change of 5-nitrosalicylic acid (8.5x10°> mol dm-3)
with decreasing pH in 50 % (v/v) ethanol.

In iterative cycles, the matrices C and S were determined which best repre-
sent the original matrix R. These procedures were realized for a known number
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of components and using the initial estimation of the two C and S matrices. The
matrix of pure concentration profilesis related to the protonation constant and the
total concentration of the compounds. Under suitable constraints, the nonlinear
|east-sguares fitting continues until the best set of parameters (pKg and molar ab-
sorptivities of the species) is obtained that result in a minimum of E.

The protonation constants determined by the Star program are listed in Table
Il with the solvent parameters, dielectric constant () and KAT parameters in
various water—ethanol solvents mixtures.26.27

TABLE II. Protonation constants of salicylic acid and 5-nitrosalicylic acid with the KAT para-
meters and dielectric constants of different water—ethanol mixtures at 25 °C and constant ionic
strength (0.1 mol dm3 NaClQy); the KAT solvatochromic parameters and the dielectric cons-
tants were taken from refs. 27 and 26, respectively

) s
Ethanol content, % (VV) —o i licacd  5-Nitrosalicylic adid B e
0 2.916£0.072 2017:0010 117 047 109 7856
10 2.873£0.011 2003:0009 111 038 113 7395
20 2.927+0.009 2189£0009 104 040 115 69.05
30 3.052£0,009 2250£0010 101 048 114 6385
40 3.252+0.007 22620012 098 054 112 58.36
50 3.465£0.009 232060014 098 059 108 5262

Effect of the solvent

As shown in Table I, the pKg values of salicylic acid and 5-nitrosalicylic
acid increase with increasing volume percentage of ethanol. The electron with-
drawing nitro functional group in 5-nitrosalicylic acid leads to lower pKg values
in comparison to salicylic acid. The deprotonation equilibrium of the two hydro-
xybenzoic acids can be represented by HA S H* + A~ It is expected that be-
cause of solute-solvent electrostatic interactions, the neutral species (HA) are
thermodynamically more stable than the ionic species (H* and A-) in media with
higher percentages of ethanol in which the dielectric constants are lower. In order
to explore the possibility of this hypothesis, the pK; values of substances were
correlated to the reciprocal of the dielectric constants of the binary mixtures and
their dependence interpreted according to the Born equation.28 In the absence of
the specific solute-solvent interactions, a plot of pK; values vs. the reciprocal
dielectric constant of the media, ¢, should be linear:

pKa = (121.60/r)(L/e—0.0128) (6)

where r is the common radius of the ions and n is the square summation of the
charges involved in the protonation equilibrium. In this work, alinear regression
analysis was performed between pK; and /e values in different water—ethanol
mixtures by using the Linest function in the Microsoft Excel program.2® The fol-
lowing expressions were obtained in accordance with the Born equation, where
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PROTONATION IN WATER-ETHANOL MIXTURES 1461

the quantities shown in brackets are the standard deviation of the corresponding
coefficients:

pKg(salicylic acid)=1.60(0.20) + 59.97(12.72)l/e r2=0.93 @)
pKg(5-nitrosdicylic acid)=1.53(0.19) + 43.46(12.04)1/e r2=0.77 (8)

The squared correlation coefficient, r2, measures the goodness-of-fit of the
experimental data to the theoretical equation. These results indicate that the pro-
tonation constants of salicylic acid depend on the electrostatic forces and can be
explained based on the Born equation, whereas the pK, values of 5-nitrosalicylic
acid do not follow the same order, indicating the existence of additional factors
that influence the solute-solvent interactions. This observation is consistent with
aprevious study on the behavior of salicylic acid in water—DM SO mixtures.19

For a better evaluation of the solute—solvent interactions at the molecular le-
vel, the most significant KAT parameters were used. A multi-parametric equation
was proposed to evaluate specific and nonspecific interactions within the frame-
work of the linear solvation energy relationships (L SER) concept. The number of
parameters in the equation depends on the significance of the solute-solvent in-
teractions.309:31 However, the general equation for LSER is usually expressed as:

pKa=Ag +aa + bj + pr* (9)

where Ag, a, b and p are independent coefficients characteristic of the process
which indicate their sensitivity to the accompanying solvent properties. In order
to explain the obtained pKg values through the KAT solvent parameters, the pro-
tonation constants were correlated with solvent properties by means of multiple
linear regressions in the Microsoft Excel program.29 The fitted single, dual and
multiparameteric equations are tabulated together with their regression statistics
(r2, standard deviations and F-statistic) in Table |11 for each substance.

TABLE 1ll. The linear regression analysis of the KAT equation for the values of the proto-
nation constant of salicylic acid and 5-nitrosalicylic acid in water-ethanol mixtures

L SER correlation equation r’  F-statistic
Sdlicylic acid
DK, = 20.37(14.29) — 2.64(2.72) . 8.54(5.51) 7" — 9.18(9.56) 3 099 5225
pK, = 6.66(0.36) — 0.04(0.22) o — 3.28(0.49) 7* 098  79.99
pK, = —1.74(1.16) + 5.59(1.05) 4 + 1.52(0.55) o 097 5253
pK, = 6.58(1.43) + 0.07(0.79) 5 — 3.27(0.91) 7* 098 7943
PK, = 4.39(0.42) — 1.29(0.41) 071 984
0K, = 1.45(0.27) + 2.79(0.46) 8 090 3657
pK, = 6.70(0.25) — 3.35(0.23) 7* 098  211.28
5-Nitrosdlicylic acid

PK = —5.14(9.17) + 0.83(L 74)a + 3.05(3.53) 7" + 5.44(6.14) 098  30.09
pK, = 2.98(0.23) — 0.71(0.14)a— 0.07(0.31) 7* 097 4818
pK, = 2.76(0.59) + 0.16(0.53)5— 0.66(0.28) 097 4890
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TABLE Ill. Continued

2

LSER correlation equation r F-statistic
5-Nitrosalicylic acid

pK, = —0.80(0.80) + 2.53(0.44) 3 + 1.40(0.51) 7* 0.98 60.68

pKa = 2.94(0.07) — 0.74(0.07) ¢ 0.97 126.39

pK, = 1.38(0.12) + 1.37(0.21) 5 0.92 43.07

pKa = 3.69(0.48) — 1.39(0.44) =~ 0.71 9.81

The F-statistic values were used to assess which of the LSER equations is
statistically the optimum model. The best predictive mathematical equations in
the fitted models were those that have highest F-statistic values and small stan-
dard deviation (Table I11). In the case of salicylic acid, the non specific dipolari-
ty—polarizability interactions have the most important effect on the pK; values,
whereas the deprotonation of 5-nitrosalicylic acid is extensively sensitive to spe-
cific hydrogen bonding interactions. The 7* scale for sdicylic acid in the corre-
lated model has a negative effect which means a decrease in the polarity of the
media increases the pKg values. The coefficient of the o term for 5-nitrosalicylic
acid in the LSER equation is also negative, meaning a lower deprotonation of
compound with decreasing solvent hydrogen bond acidity. These results are in
compl ete agreement with the above assumption derived from the Born equation.

CONCLUSIONS

The protonation constants of salicylic acid and 5-nitrosalicylic acid were suc-
cessfully determined in water and water—ethanol mixtures of 0-50 % ethanol (v/v)
by spectrophotometric and potentiometric methods at 25 °C and at an ionic strength
of 0.1 M sodium perchlorate. Generally, it was observed that the pKg values of
substances increase with increasing volume fraction of ethanol. The high corre-
lation coefficients between the pKg values and solvatochromic parameters of the
binary mixtures («r and 7*) demonstrate the existence of a linear relationship be-
tween these magnitudes in these media.

Acknowledgement. The authors gratefully acknowledge the financial support from the
Research Council of 1slamic Azad University, Babol Branch.

U3BOJI
JEINMPOTOHOBAE CAJIMIIUIHE 1 5-HUTPOCAJIMIIUJIIHE KUCEJIUHE V
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HcnuTrBaHe Cy BPEAHOCTH KOHCTATE MPOTOHOBAaMA ABE XHUAPOKCHOCH30BE KHCEIUHE (Caiu-
[MIHA ¥ 5-HATPOCATIMIIIHA) ¥ Pa3IMIUTHM PACTBOPHMA Y CMEIIH BOAA—CTAHON, MTOTEHIIMOMET-
pujcku Ha 25 °C y pactBopy 0,1 M Hatpujym-niepxiopata. JJoOujeHn pe3yaraTu ykasyjy Ha TO aa
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pK 4 BpeaHOCTH pacTy noBehameM yena eTaHoNa y CMEIIH pacTBapada. 3aBUCHOCT KOHCTAHTE MPo-
TOHOBaFba O CACTaBa pacTBapada KOPEJIHCaHa je ca AUEICKTPHIHOM KOHCTAHTOM cpeanHe. Y Iu-
Jby OOJber pasyMeBarma yTHIaja pacTBapada, JOOMjeHH pe3yJTaTd O0jallllbeHH Cy JIMHEApHOM 3a-
sucromhy Kamner—TahToBux mapamerapa o (KHCEIOCT JOHOpPA BOJIOHHMYHE Bese), 77+ (mumomnap-
Hoct/monapu3abmwiHocT) U f (6asHOCT akienTopa BOJOHHYHE BE3e) U eHepruje consaranuje. Bu-
LIeCTpyKa JHHEapHa perpecuoHa aHaiusa ykasyje na pPKg BpeAHOCTH CANULIUIHE KUCEIHHE 3Havaj-
HO 3aBHCE O[] HECTICHM(pUIHUX ENCKTPOCTATHYKAX HHTEPAKIHja pacTBapady—pacTBOpEeHa CYICTaH-
I1a, 0K Creln(pruIHe HHTEPaKIKje BOJOHMIHNX Be3a YTUIY Ha MPOTOHOBAhE HUTPOCATHIIMIHE KH-
cenuHe Y OMHApHUM CMellaMa BOJa—eTaHoOIL.

(Tpumsbero 6. maja, pesuaupano 21. jyna 2011)

REFERENCES

1. H. V. D. Waterbeemd, B. Testa, Drug bioavailability: estimation of solubility, permeabi-
lity, absorption and bioavailability, Wiley-V CH, Weinheim, Germany, 2008

2. O. Holmes, Human acid-base physiology: a student text, Chapman & Hall Medical,

London, UK, 1993

A. E. Martell, R. M. Smith, Critical stability constants, Plenum, New York, USA, 1974

S. K. Sahoo, B. K. Kanungo, M. Baral, Monatsh. Chem. 140 (2009) 139

A. Fargjtabar, F. Gharib, P. Jamaat, N. Safari, J. Chem. Eng. Data 53 (2008) 350

F. Gharib, M. Jabbari, A. Fargjtabar, J. Mol. Lig. 144 (2009) 5

F. Gharib, A. Fargjtabar, Rev. Inorg. Chem. 29 (2009) 37

A. Habibi-Y angjeh, Bull. Korean Chem. Soc. 25 (2004) 1165

P. M. Mancini, L. R. Vottero, J. Phys. Org. Chem. 19 (2006) 34

M. J. Kamlet, R. W. Taft, J. Am. Chem. Soc. 98 (1976) 377

W. Taft, M. J. Kamlet, J. Am. Chem. Soc. 98 (1976) 2886

J. Kamlet, J. L. M. Abboud, R. W. Taft, J. Am. Chem. Soc. 99 (1977) 6027

S. U&umli¢, J. B. Nikoali¢, J. Serb. Chem. Soc. 74 (2009) 1335

14. J. B. Nikali¢, G. S. U&umli¢, J. Serb. Chem. Soc. 72 (2007) 1217

15. C. Reichardt, Solvents and Solvent Effectsin Organic Chemistry, Wiley-VCH, Weinheim,
Germany, 2004

16. O. A. El-Seoud, Pure Appl. Chem. 81 (2009) 697

17. F. Gharib, M. Jabbari, A. Fargjtabar, A. Shamel, J. Chem. Eng. Data 53 (2008) 1772

18. F. Gharib, A. Shamel, J. Chem. Eng. Data 54 (2009) 993

19. A. Fargjtabar, F. Gharib, Monatsh. Chem. 141 (2010) 381

20. A. Farjtabar, F. Gharib, J. Solution Chem. 39 (2010) 231

21. F. Gharib, A. Fargjtabar, A. M. Farahani, F. Bahmani, J. Chem. Eng. Data 55 (2010) 327

22. G. Gran, Acta Chem. Scand. 4 (1950) 559

23. G. Gran, Analyst 77 (1952) 661

24, J. L. Beltran, R. Codony, M. D. Prat, Anal. Chim. Acta 276 (1993) 441

25. J. S. J. Ferrer, E. Coudlier, M. Rakib, G. Durand, Electrochim. Acta 52 (2007) 5773

26. F.Hernandez-Luis, M. V. Vazquez, M. A. Esteso, J. Mal. Lig. 108 (2003) 283

27. U. Buhvestov, F. Rived, C. Rafals, E. Bosch, M. Roses, J. Phys. Org. Chem. 11 (2003) 185

28. J. Barbosa, D. Barron, J. L. Beltran, S. Buti, Talanta 45 (1998) 817

29. E. J. Billo, Excel for Chemists: A Comprehensive Guide, Wiley-VCH, Weinheim, Ger-
many, 2001

30. S.Z.Drmani¢é, A. D. Marinkovi¢, B. Z. Jovanovi¢, J. Serb. Chem. Soc. 74 (2009) 1359

31. N. D. Divjak, N. R. Banjac, N. V. Vadenti¢, G. S. Usumli¢, J. Serb. Chem. Soc. 74
(2009) 1195.

el el
WNPOOXOND U AW

R.
M.
G.
J.

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

2011 Copyright (CC) SCS

@0

56

PG MO





<<
  /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




