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Abstract Two ligand isomers [Zn{4-ClC6H3-2-(OH)

COO}2(Menia)2(H2O)2] (I) and [Zn{5-ClC6H3-2-(OH)

COO}2(Menia)2(H2O)2] (II) (Menia = N-methylnicotina-

mide) were prepared and characterized by elemental

analysis, IR spectroscopy and thermal analysis. The X-ray

crystal structures of complexes (I) and (II) were deter-

mined. Compound (I) crystallizes in the triclinic space

group P�1 with a = 8.105(1) Å, b = 10.036(2) Å, c =

10.545(2) Å, a = 109.088(9)�, b = 91.416(8)�, c =

102.757(9)�, V = 786.2(2) Å3, Z = 1. Compound (II)

crystallizes in the triclinic space group P�1. Its cell

parameters are: a = 8.133(1) Å, b = 10.119(2) Å, c =

10.428(1) Å, a = 66.44(1)�, b = 74.32(1)�, c = 80.16(1)�,

V = 755.5(2) Å3, Z = 1. The molecular structure of both

isomers is monomeric. Each Zn(II) atom is hexacoordi-

nated by three pairs of unidentate ligands in trans-positions

(ZnO4N2). The 5-Clsal complex is somewhat less distorted

than 4-Clsal complex (Cl-sal = chlorosalicylate). The

structural data are compared with those found in similar

[Zn(RCOO)2(NL)2(H2O)2].

Keywords Structure � Chlorosalicylate � Zinc(II) �
N-methylnicotinamide � Thermal, spectral ligand isomers

Introduction

Zinc is an element of strong interest in biology, medicine,

materials and catalysis. It forms zinc finger proteins with

key function in gene expression and also plays important

roles in the central nervous system and neurodegenerative

disorders, and it is a critical cofactor for many cellular

functions [1]. Coordination numbers of zinc are most

commonly four to six, with three not quite so common, and

two, seven and eight less often observed and more

dependent on donor or ligand types [2–5]. Four-coordinate

zinc plays a structural role in zinc finger proteins and

enzymes [6]. Of particular interest is the coordination

environment of zinc in complexes with carboxylic acids

and N-, O- and S-donor ligands. It is well known that the

presence of ligand in the zinc complex can increase its

bioactivity. Therefore the variety of zinc(II) carboxylate

complexes with heterocyclic ligands e.g. nicotinamide,

isonicotinamide, methyl-3-pyridylcarbamate, etc. [7, 8]

attract the attention of many authors. Except for the above

mentioned bioactive ligands, one of the major primary

metabolites of nicotinamide, N-methylnicotinamide is

often chosen for the study of synthesis and physicochem-

ical properties of the complex compounds. It has been

shown at in vitro study to be a potent anti-inflammatory

agent [9–12].

In our previous papers we dealt with the synthesis,

spectral and thermal properties of zinc(II) salicylates and
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5-chlorosalicylates with bioactive ligands (urea, thiourea,

nicotinamide, caffeine, theobromine and theophylline)

[13–15]. In this paper the study of the structural, spectro-

scopic and thermal properties of ligand isomers 4-chloro-

salicylato- and 5-chlorosalicylatozinc(II) complexes with

N-methylnicotinamide is presented.

Experimental

Preparation of Complexes

Preparation of [Zn{4-ClC6H3-2-(OH)COO}2

(Menia)2(H2O)2] (I)

An aqueous solution of ZnCl2 (2.17 g; 15.9 mmol) was

added under continual stirring to an aqueous solution of

NaHCO3 (2.68 g; 31.9 mmol) and stirred together for an

hour. A hot methanol/aqueous solution of 4-chlorosalicylic

acid (2.75 g; 15.9 mmol) was added to an excess of the

freshly prepared suspension of ZnCO3 and stirred for

90 min. The excess of ZnCO3 was filtered off. Then

N-methylnicotinamide (2.17 g; 15.9 mmol) was added to

the filtrate and stirred together for 2 h. Reaction mixture was

reduced in volume to the half in a water bath at 80 �C and

left to crystallize. After a few days light brown crystals

precipitated. Calculated for C28H28Cl2N4O10Zn (MW:

716.81): C 46.92, H 3.94, N 7.82, Cl 9.89, Zn 9.12. Found C

46.50, H 3.41, N 7.21, Cl 9.61, Zn 9.67%. IR (KBr pellet,

cm-1): 3323 m(N–H), 3109 m(C–H)ar, 2974 m(C–H), 1657

m(C=O), 1628 dðO� H)H2O, 1572 mas(COO-), 1485 m(C–C)ar,

1431 dasðC� H)�CH3
, 1369 ms(COO-), 1315 dsðC� H)�CH3

,

1236 m(C–OH), 1201 m(C–N), 1149 d(N–H), 1034 m(C–C),

866 d(C–H), 783 m(C–Cl), 750 c(C–H), 704 c(N–H), 447

m(Zn–O).

Preparation of [Zn{5-ClC6H3-2-(OH)COO}2

(Menia)2(H2O)2] (II)

A hot methanol solution of 5-chlorosalicylic acid (1.45 g;

8.4 mmol) was added to the freshly prepared aqueous sus-

pension of ZnCO3, which was in a higher amount than the

calculated stoichiometric one. They were stirred together for

an hour and the excess of ZnCO3 was filtered off. Then a

solution of N-methylnicotinamide (1.14 g; 8.4 mmol) was

added to the filtrate of zinc(II) 5-chlorosalicylate in a molar

ratio 2:1 and stirred for 1� h. The reaction mixture was

reduced to the half of the volume in a water bath at 80 �C

and left to crystallize at room temperature. In a few days

white crystalline product precipitated. Calculated for

C28H28Cl2N4O10Zn (MW: 716.81): C 46.92, H 3.94, N 7.82,

Cl 9.89, Zn 9.12. Found C 46.81, H 3.93, N 7.79, Cl 9.80, Zn

9.02%. IR (KBr pellet, cm-1): 3430 mðO� H)H2O, 3288

m(N–H), 3043 m(C–H)ar, 2939 m(C–H), 1659 m(C=O), 1610

dðO� H)H2O, 1564 mas(COO-), 1483 m(C–C)ar, 1433

dasðC� H)�CH3
, 1367 ms(COO-), 1313 dsðC� H)�CH3

,

1252 m(C–OH), 1205 m(C–N), 1149 d(N–H), 1034 m(C–C),

904 d(C–H), 798 m(C–Cl), 744 c(C–H), 715 c(N–H), 463

m(Zn–O).

Analysis, Spectral and Thermal Characterization

Elemental analyses were performed on a Perkin Elmer

2400 CHN analyser. The content of zinc was determined

complexometrically using Complexone III as an agent and

Eriochrome black T as an indicator.

Infrared spectra of prepared compounds were recorded

on AVATAR 330 FT-IR Thermo Nicolet using KBr pellets

(2 mg/200 mg KBr) in the range 4,000–400 cm-1.

TG/DTG measurements were performed in nitrogen

atmosphere on a Perkin Elmer TGA 7 Thermoanalyser

with a heating rate 10 �C min-1.

X-ray Diffraction Data Collection and Refinement

Intensity data for [Zn{4-ClC6H3-2-(OH)COO}2(Menia)2

(H2O)2] (I) and [Zn{5-ClC6H3-2-(OH)COO}2 (Menia)2(H2

O)2] (II) were collected using a Siemens P4 diffractometer

with graphite monochromated Mo Ka radiation at 293 K

[16]. The diffraction intensities were corrected for Lorentz

and polarization effects. Absorption corrections were

applied using the program XEMP [17]. The structures were

solved by direct methods using the program SHELXS-97

[18] and refined by the full matrix least-squares method on

all F2 data using the program SHELXL-97 [19]. Geometrical

analyses were performed using SHELXL-97. The structures

were drawn by ORTEP-3 for Windows. The Single Crystal

Suite WinGX was used as an integrated system for all

crystallographic programs and software for preparing

material for publication [20]. Crystal data and conditions of

data collection and refinement are reported in Table 1.

Results and Discussion

IR Spectra

The IR spectrum of I indicates the typical carboxylate

stretching frequencies for the antisymmetric stretching

vibration mas(COO-) at 1,572 cm-1 and for the symmetric

stretching vibration ms(COO-) at 1,369 cm-1. Similarly in

the IR spectrum of II the absorption bands at 1,564 and

1,367 cm-1 are assigned to mas(COO-) and ms(COO-). The

existence of water in complexes I and II is approved by the
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characteristic deformation vibration dðO� H)H2O at 1,628

and 1,610 cm-1. The strong absorption band of stretching

vibration m(C=O) of the ligand N-methylnicotinamide in

complex I appears at 1,657 cm-1 and in complex II at

1,659 cm-1. They are shifted to higher wavenumbers as

compared with the free N-methylnicotinamide (1,644

cm-1). It can be explained by the fact, that the pyridine

nitrogen of the ligand N-methylnicotinamide is involved in

coordination with zinc, therefore the electron density in the

ligand is shifted towards the pyridine nitrogen leading to the

increase in the double bond character of the carbonyl group.

Thermal Properties

The thermogravimetric analyses of the prepared com-

pounds I and II were carried out in nitrogen atmosphere up

to 800 �C. The thermal decomposition of complex I is

shown in Fig. 1. In the first step of the thermal decompo-

sition the release of water takes place at 70 �C. Then the

organic ligand N-methylnicotinamide and 4-chlorosalicylic

acid are liberated in the temperature range 120–320 �C. In

the temperature range 320–800 �C carbon monoxide and

3-chlorophenol are released. The final solid product of the

thermal decomposition is zinc oxide. On the basis of the

mass loss, the following equation is proposed for the ther-

mal decomposition:

Zn 4-ClC6H3�2� OHð ÞCOOf g2 Meniað Þ2 H2Oð Þ2
� �

!
2H2Oþ 2Meniaþ 4-ClC6H3�2� OHð ÞCOOHþ CO

þ 3-ClC6H4OHþ ZnO

The thermal decomposition of complex II is similar to I.

Crystal Structure Description

The structures of the ligand isomers I and II are very similar

and the structure of the former complex is shown in Fig. 2.

The zinc(II) atoms in both isomers are octahedrally

Table 1 Crystal data and structure refinement for [Zn{4-ClC6H3-2-(OH)COO}2(Menia)2(H2O)2] (I) and [Zn{5-ClC6H3-2-(OH)COO}2

(Menia)2(H2O)2] (II)

(I) (II)

Identification code mk40 mk39

Empirical formula C28H28Cl2N4O10Zn C28H28Cl2N4O10Zn

Formula weight 716.81 716.81

Temperature 293(2) K 293(2) K

Wavelength 0.71073 Å 0.71073 Å

Crystal system, space group Tricline; P�1 Tricline; P�1

Unit cell dimensions a = 8.105 (1) Å a = 8.133 (1) Å

b = 10.036 (2) Å b = 10.119 (2) Å

c = 10.545 (2) Å c = 10.428 (1) Å

a = 109.088 (9)� a = 66.44 (1)�
b = 91.416 (8)� b = 74.32 (1)�
c = 102.757 (9)� c = 80.16 (1)�

Volume 786.2 (2) Å3 755.5 (2) Å3

Z, calculated density 1, 1.514 mg/m3 1, 1.576 mg/m3

Absorption coefficient 1.012 mm-1 1.054 mm-1

F(000) 368 368

Crystal size 0.40 9 0.42 9 0.6 mm3 0.06 9 0.38 9 0.24 mm3

h range for data collection 4.43–26.37� 4.10–26.37�
Limiting indices -1 \ h \ 10, -12 \ k \ 12, -13 \ l \ 13 -1 \ h \ 10, -12 \ k \ 12, -13 \ l \ 13

Reflections collected/unique 3790/3124 [R(int) = 0.0473] 3741/3069 [R(int) = 0.0657]

Completeness to H 26.37–97.3% 26.37–99.6%

Absorption correction XEMP program XEMP program

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 3124/0/207 3069/0/206

Goodness-of-fit on F2 0.939 0.857

Final R indices [I [ 2r(I)] R1 = 0.0337, wR2 = 0.0811 R1 = 0.0468, wR2 = 0.1169

R indices (all data) R1 = 0.0397, wR2 = 0.0846 R1 = 0.0776, wR2 = 0.1337

Largest diff. peak and hole 0.468 and -0.447 e Å-3 0.388 and -0.324 e Å-3
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coordinated. The rhombic D2h stereochemistry around each

zinc(II) atom is created by three pairs of unidentate ligands in

trans-positions. Selected bond distances and bond angles

are given in Table 2. As can be seen, the Zn–O(g1-RCOO),

Zn–OðH2OÞ and Zn–N bond distances are differing. The mean

value of the respective bond distances I versus II, are elon-

gated in the sequence: 2.081 versus 2.098 Å \ 2.128 versus

2.142 Å \ 2.219 versus 2.167 Å. The maximum deviation of

the cis-L–Zn–L bond angles from 90 are 1.7� and 2.3�,

respectively. The trans-L–Zn–L bond angles are exactly 180�.

The sum of all six (Zn–O(94) plus Zn–N(92)) bond distances

are 12.858 and 12.818 Å respective. This indicates that the

isomer I is somewhat less crowded than the isomer II.

The trans-[Zn(n-Clsal)2(Menia)2(H2O)2] are clearly

hypervalent. The central Zn(II) cation is surrounded by a

total of 22 electrons (10 electrons of Zn2? and 6 electron

pairs of ligand atoms). The coordination polyhedron of

Zn2? displays Oh site symmetry. Those deformations are

then stabilized in the solid state e.g. by hydrogen bonding

networks. The observed diminishing of symmetry in the

zinc(II) isomers, which have D2h site symmetry could be

due to hydrogen bonds. The n-chlorosalicylate anions have

two carboxylate oxygens ready to form both coordination

and hydrogen bonds. In the isomers each n-chlorosalicylate
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Fig. 1 TG/DTG curves of [Zn{4-ClC6H3-2-(OH)COO}2(Menia)2

(H2O)2] (I)

Fig. 2 ORTEP drawing of

[Zn{4-ClC6H3-2-

(OH)COO}2(Menia)2(H2O)2]

(I). Thermal ellipsoids are

drawn at the 50% probability

level

Table 2 Selected bond distances (Å) and bond angles (�)

[Zn{4-ClC6H3-2-

(OH)COO}2(Menia)2

(H2O)2] (I)

[Zn{5-ClC6H3-2-

(OH)COO}2(Menia)2

(H2O)2] (II)

Zn1–O1 2.128 (2) 2.142 (2)

Zn1–O11 2.082 (1) 2.098 (2)

Zn1–N21 2.219 (2) 2.167 (3)

O1–Zn1–O11 88.27 (6) 92.28 (10)

O1–Zn1–N21 89.27 (6) 88.39 (10)

N21–Zn1–O11 91.60 (6) 88.71 (10)

Table 3 Hydrogen bonds in the structures of the ligand isomers

[Zn{4-ClC6H3-2-

(OH)COO}2(Menia)2

(H2O)2] (I)

[Zn{5-ClC6H3-2-

(OH)COO}2(Menia)2

(H2O)2] (II)

O13_H131 0.820 Å 0.811 Å

O12_H131 1.798 Å 1.858 Å

O12_O13 2.528 Å 2.543 Å

O13_H131_O12 147.45� 141.36�
O1_H1 0.810 Å 0.901 Å

O12_H1 1.957 Å 1.859 Å

O1_O12 2.722 Å 2.679 Å

O1_H1_O12 157.23� 150.40�
O1_H2 0.813 Å 0.879 Å

O21*_H2 1.975 Å 1.908 Å

O1_O21* 2.778 Å 2.758 Å

O1_H2_O21* 169.60� 162.37�
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anion is coordinated to zinc(II) atom only by one oxygen

atom of the respective carboxylate group. In both isomers

the non-coordinated oxygen O12 participates in the

hydrogen bonds (Table 3; Fig. 2). As can be seen, the

hydrogen bonds are differing in these two isomers, with

somewhat narrower angles in the 5-Clsal, than those in the

4-Clsal isomer.

A search of the Cambridge Crystallographic Database

revealed a total of seven [Zn(RCOO)2(NL)2(H2O)2] com-

plexes with similar molecular structures to the ligand iso-

mers studied (Table 4). The Zn–OðRCOO�Þ, Zn–OðH2OÞ and

Zn–N bond distances range from 2.082–2.115, 2.109–2.199

and 2.150–2.219 Å with the mean values increased in the

sequence: 2.095 \ 2.144 \ 2.167 Å. The sum of all six

(Zn–O(94) plus Zn–N(92)) bond distances elongated from

12.694 Å [21] to 12.898 Å [22], indicating that from top to

bottom (Table 4) the inner coordination sphere around

Zn(II) atom (ZnO4N2) magnify. Noticeable, except for

example [Zn(phtbz)2(py)2(H2O)2] which belongs to the

monoclinic P21/c crystal class, all the others are triclinic P�1.

The mean Zn–N bond distances reflect the ‘‘bulky’’ as well

as p-bonding system of respective N donor atom ligand

elongated in the order: 2.150 Å (ptio) \ 2.160 Å

(Et2nia) \ 2.162 Å (py) \ 2.193 Å (Menia). The T param-

eter (T = RS/RL) for ZnX2(NL)2(H2O)2 complex indicating

the degree of tetragonal distortion about the Zn(II) centers

decreases in the sequence: 0.991 (X = phtbz [22]) [ 0.987

(4-NO2bz [25]) [ 0.986 (2-OHbz [24]) [ 0.983 (4-Brbz

[23]) [ 0.978 (4-Clbz [27], 5-Clsal [this work]) [ 0.976

(4-Fbz [26]) [ 0.948 (4-Clsal [this work]).

Supplementary Material

CCDC 753017 and 761392 contain the supplementary

crystallographic data for this paper. These data can be

obtained free of charge from The Cambridge Crystallo-

graphic Data Centre via www.ccdc.cam.ac.uk/data_request/

cif or from The Cambridge Crystallographic Data Centre,

12 Union Road, Cambridge CB2 1EZ, UK; fax: (?44)

1223-336-033; or e-mail: data_request@ccdc.cam.ac.uk.
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J Coord Chem 35:179
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(2000) Polyhedron 19:2573

9. Wozniacka A, Wieczorkowska M, Gebicki J, Sysa-Jedrzejowska

A (2005) Clin Exp Dermatol 30:632

10. Gebicki J, Sysa-Jedrzejowska A, Adamus J, Wozniacka A, Rybak

M, Zielonka J (2003) Pol J Pharmacol 55:109

11. Adamiec M, Adamus J, Ciebiada I, Denys A, Gebicki J (2006)

Pharmacol Rep 58:246
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Zn(3,5-(NO2)bz)2(ptio)2(H2O)2 2.088 (1) 2.109 (1) 2.150 (2) 12.694 tr P�1 [21]

Zn(4-Brbz)2(Et2nia)2(H2O)2 2.097 (3) 2.143 (3) 2.157 (3) 12.794 tr P�1 [23]

Zn(2-OHbz)2(Et2nia)2(H2O)2 2.098 (3) 2.153 (4) 2.154 (4) 12.808 tr P�1 [24]

Zn(4-NO2bz)2(Et2nia)2(H2O)2 2.115 (1) 2.137 (2) 2.153 (2) 12.810 tr P�1 [25]

Zn(4-Fbz)2(Et2nia)2(H2O)2 2.090 (2) 2.143 (2) 2.169 (3) 12.810 tr P�1 [26]

Zn(4-Clbz)2(Et2nia)2(H2O)2 2.097 (2) 2.143 (2) 2.168 (2) 12.816 tr P�1 [27]

Zn(5-Clsal)2(Menia)2(H2O)2 2.098 (2) 2.142 (2) 2.167 (3) 12.818 tr P�1 This work

Zn(4-Clsal)2(Menia)2(H2O)2 2.082 (1) 2.128 (2) 2.219 (2) 12.858 tr P�1 This work

Zn(phtbz)2(py)2(H2O)2 2.088 (16) 2.203 (17) 2.16 (2) 12.898 m P21/c [22]

3,5-(NO2)bz = 3,5-dinitrobenzoate; ptio = 2-(4-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxy-3-oxide; 4-Brbz = 4-bromobenzoate; Et2nia =

N,N-diethylnicotinamide; 2-OHbz = 2-hydroxybenzoate; 4-(NO2)bz = 4-nitrobenzoate; 4-Fbz = 4-fluorobenzoate; 5-Clsal = 5-chlorosalicy-

late; 4-Clsal = 4-chlorosalicylate; phtbz = (bis(2,3,4,5,6-pentachlorophenyl)methanido)2,3,5,6-tetrachlorobenzoate-; py = pyridine

J Chem Crystallogr (2011) 41:443–448 447

123

http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif


17. Siemens (1990) XEMP Version 4.2. Siemens Analytical X-ray

Instruments Inc, Madison

18. Sheldrick GM (1997) SHELXS97, program for the solution of

crystal structures. University of Gottingen, Gottingen

19. Sheldrick GM (1997) SHELXL97, program for crystal structure

refinement. University of Gottingen, Gottingen

20. Farrugia LJ (1997) J Appl Crystallogr 30:565

21. Zhang CX, Sheng J, Zhang YY (2006) Transit Met Chem 31:93

22. Maspoch D, Domingo N, Ruiz-Molina D, Wurst K, Hernandez

JM, Lloret F, Tejada J, Rovira C, Veciana J (2007) Inorg Chem

46:1627

23. Ozturk A, Hokelek T, Ozbek FE, Necefoglu H (2008) Acta

Crystallogr E64:m1218

24. Necefoglu H, Clegg W, Scott AJ (2001) Acta Crystallogr

E57:m462

25. Necefoglu H, Clegg W, Scott AJ (2001) Acta Crystallogr

E57:m465

26. Hokelek T, Caylak N, Necefoglu H (2007) Acta Crystallogr

E63:m2561

27. Sari M, Gokce G, Sahin S, Necefoglu H (2007) Acta Crystallogr

E63:m2191

448 J Chem Crystallogr (2011) 41:443–448

123


	Structures and Characterization of [Zn(n-chlorosalicylato)2 (N-methylnicotinamide)2(H2O)2] (n = 4 or 5) Ligand Isomers
	Abstract
	Introduction
	Experimental
	Preparation of Complexes
	Preparation of [Zn{4-ClC6H3-2-(OH)COO}2 (Menia)2(H2O)2] (I)
	Preparation of [Zn{5-ClC6H3-2-(OH)COO}2 (Menia)2(H2O)2] (II)

	Analysis, Spectral and Thermal Characterization
	X-ray Diffraction Data Collection and Refinement

	Results and Discussion
	IR Spectra
	Thermal Properties
	Crystal Structure Description

	Supplementary Material
	Acknowledgments
	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


